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T H E

P R E F A C E .
Ancients, wbilft they made a pretence of ßu-

dying Philofepby, andßarching out tie caufes of
natural things, bad no other method to proceed byy
than forming hypothetical conjectures eut of their ow»
heads according to their various fancies, without any
foundation in the nature of things. Ana then they
endeavoured to defend tbtir hypothefes, by plaußbie
arguments of wit, and the figures of Logic -, by
which they flattered tbemfehes, they bad fully eßa-
blißed their bypotbefes, and given a true account of
natural caufes and effeãs, ami that beyond the pojßbi-
lity of any apportion. And all this while they had
not the leaß thought of making fo much as one expe-
riment,, to confirm the truth of their theories ; which
is the only poßble way, that any theory in nature
can be ejlablijbed. By this means it came te paff,
thai their philofophy -was no more than a pbilvfopby
of words and empty founds, conßfting of endlefs terms
of art, without any meaning or ideas annext to them.
And whilß they proceeded in this abfurd method, true
pbilofophy was quite at aßand, and made no manner
of progrefs ; and the nature of things remained per-
fealy unknown. Let any operation in nature be pro-
pofed, and they prefextly had a name for it ; and a
few terms of art -were to explain its nature, though
they could not give us the leaß notion, how or by what
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Ц. Thé P 'R .E F А СЁ.
taitfa fach an operation or effeã was brought about.
&uk tbtis they imagined they coulä folve every diffi-
culty in nature, èy the mere magic of founds. Ex-
amples of this way of proceeding are endlefs ; but there
is nothing in which they have blundered more egre-
gioußy, than in explaining the nature of light, and the
manner of vißon.

Eut the moderns finding fbemfelves no -aoifer by this
philosophical gibberijb, found it necejfary to purfue ano-
ther method. They faw plainly, tbat the 'nature of
things could never be known without careful obferva-
lion and experience -, therefore they fet about to make
nil the experiments upon anffubjeg* that could poßßly
be made.-By this means they could find tout what, caufes
could produce fuch and fuch effeïïs, what caufes and
effeSs were linked together, and always Accompanied
one another; and what proportion they bore to one
another ; and after they bad. found thefe things in ene
fubjeft, by applying the fame method to other fubjetl-s
af the fame kind; they could findhew far thefê laws
were general, and agreeable to all of that fort. In
prof editing this method, it is found, that there are
.fome properties that belong but to a few kinds of bo-
dies, and feme that belong to a great many kinds ; and
fome properties that belong univerfally to all bodies :
this teaches us fcmething ; and the nature and proper-
ties of bodies, • thus found out by experiments, is called
Experimental Philofophy. By this method our great
Newton, the Prince of Philofophers, found out the
tiaiure of light, he anallzed it, and dijfohed it into
its conßiluent panicles. He has Jhewn us, that light
ccnjifls of particles of different colours, and different

. degrees of refrangibilily ; and that the colour of each

.ray of it is permanent and lafting; and its degree of
• tefrangibility invariable : that the particular colour
cf^it can »ever, be changed by any refraEïion or reflec-
tion. But before that, Philofophers were all of ofi-

that light had no difference or "variety of its con-
ßituent



The P R E F A C E. iil
ßi tuent parts, but was in its own nature, fimplé and
uniform ; and tbat colours were nothing but certain
modifications of the tight, or dilatations of the rays,
caufed by reflexions and refratlions -, whereas they de-
fend upon a real Reparation of the heterogeneous rays,
And all optic writers were generally of opinion, that
the reflexion of light was caufed by the particles there-
of flriking againfl the f olid parts of bodies, which
they could not enter into, and thence repelled back againy

like other reflected bodies. Eut Sir J. Newton has
ßewn, that they are driven back and reflected before
they touch the body, and that by fome inherent power
in the reflecting body, -which a fis at a j'mall dißance
from its furface, in lines perpendicular thereto.

Who could ever bave thought, tbat the opacity of
bodies depended on their porofity -, and yet the fame
great Philofopher has ßewn, that their opacity arifes
from the multiplicity of reflexions within the pores of
bodies, when the particles are of a determinate ßze.
And the fame bodies become tranfparent, when their
pores are filled with a medium of the fame denßty as
the particles of the body.

It is now put paß difpute, tbat vißon is caufed by
the rays of light entering, the eye ; and painting the
image of the objeSi, upon the retina at the bottom of
the eye. If thefe rays p.afs thro' the fame medium
continued between the object and the eye, then they
come from every peri of the objeft to the eye-in right
lines ; then this is called Dire6t Vifion. When :the
rays come not dtrealy to the eye from the objeiJ, but
fall upon fome polifhed body, and are reflected from
thence to the eye, in which they form the image of
that objeSi ; then this fort of vißon is called Reflex
Vifion. Here the eye properly Jets i be image caufed
by* the reflexion, and not the object itfelf. . Л body
muß be truly folijhed to give a perfeif image by re-
fleRion ; far a rough uneven jurface fcatters the rays,
that they make no image, or a very deformed one. If
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the ra$s paßng from the objeã to tbe eye, go thro* dif-
ferent mediums? as air, water, glefs, &c. then the
fays will be refrafled at entering a different medium,
and come to the eye in other right lines, of different
dïrefii.on from tbe formtr ; and Ms is called Refrac-
ted Tifion. So that .there are three different cafes of
vifion, whereby objects may be feen ; and thefe make
three dißin£l parts ,of tbefcience of Optics ; of which
fbefirß is tbemoßßmple, and the laß tbe meß complex*

Since we find tbe f roper ties of light to agree with
the known properties of body, we cannot fuppofe light
to be çny thing elfe but a body, confining of exceeding
f matt particles -, which are continually ßmkea off by the
vibrating motion of tbe luminous body, end expelled by
tbe repellent power thereof, with incredible velocity from
it in all directions. Some of which, by their exceeding
fmailnefs and tenuity, go thro' every point offpace. Some
of tbefe. enter our eyes, vahofe texture and conßmftion
is properly adapted thereto, and do there by their mo-
tion excite vibrations in tbe optic nerves, by which we
have tbe fenfation ef feeing -, and by the wonderful
ßruflure of our eyes, give us certain intelligence of ob-
jeEls exißing without us, and their affeäions, fucb as
their ßze, form, colour, motion, and even their dif-
tance : fo that -oifionis not made at random, but is
performed by certain uniform andfleady laws.

It .appears by experiment, that light conßßs of parts
both fitccejfive and contemporary. For one may fiep
that which comes one moment, and let that pafs which
comes tbs next. One may alfo flop it in one place, and
let it pafs in another. And the part that is ßopt can-
not be the fame with the part that is gone paß.

As vißon is the maß ufeful, as well as the maß de-
lightful fmfe we have\ f o that fcience which teaches
the improvement and perfeéîion of this fenfe, muß be
the maß valuable of any, and that is Optics, which
nut only explains the manner of vificn, but from tbe

fame
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rinciples teafbts bow tofitppfy a pfoptr befy for

bad eyes, and te remedy the feutrai defeRs ofourjïg&t,
by the help ef proper inftrttments contrived according
to the rules of ibis art, ßicb as jpcSacles, reading
glaffes, tele/copes, microfcopes, -Q?r. end to this art «
owing the invention of federal instruments, тяЫсЪ by
cttrioxs and ftirprïzing operations, give as the maß ex~
qui/iie delight ; fucb as the camera \obfcnra, the magic
lantborn, the perjpeffive views of countries, &c. fo
that it is a fcience of infinite pleafure as well as
profit.

Were there no other «fe of Optics, but the contri-
vance of fpeSiacles, to help the eyes of old men and
pttrblind people ; yet that alone would be fufficient to
recommend the ftudy of it. Of -what infinite advan-
tage are thefe to mankind, not one in a thoufand, bat
ivbat has need of their help, at fome time of life, ef-
pecially in old age. For as the fight is the maß noble
and maß extenßve of all our fenfes ; and as we can go
about no -concerns in life without making "aft of our
eyes ; certainly the inßrument muß be the moß valuable,
which relieves the decayed eyes, and cures their defecJs,
and makes them ufeful, and without which, they would
be almoß ufelefs. They are certainly in я miferaMe
condition that have the two windows of the foulß^tt
up, and are obliged to live in perpetual darknefs. And
fucb as have t bem partly obfcured, partake of the fame
mifery inferne degree. How miferable would the latter
part of men's lives be, if there were no fucb thing as
fpèttacles; and how tedious muß the lives of old peo-
ple have been before their invention. Without them
a mechanic grown old could not follow his bußnefs, fucb
as watchmakers, engravers, &c. nor a fcholar con-
I'S'fe wit b his books, or with his Jriends by leuer.
So that 'this cttricus invention cannot be too highly
valued.

Cnr
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'.-Our natural fight ií confined to very narrow

and t bo' it is very wtenfive, yet fame objefts at a dif-
tanct are fcarce perceptible, wèile otters more remote^
cannot be feen at all.. Here tb&n we bave the advan-
tage ,of telefcopes, by wbicb чае can 'behold wry re-
mote objefts very clearly ; thus -ape can have a full
view of the heavenly bodies, and by tbat means un-
derßand the wonderful mechanifm of t be- world ; witb-
out this inftrument, all thefe charming fcenes of na-
ture, fo far dißant, would be bid from us. Tbis no-
ble inßrument then can never be fufficiently recom-
mended, that has opened a -way for our difcoveries in
t be heavens, which could never be known by any other
means. By this, the whole fyßem of nature is laid
open to our view. By this we jinà the fun to be a
gréai gloèe of fire-, that the planets revolve about
him -, and tbat from their different phafes, they have
no tight but what they receive from him. By the
dark fpûts upon their furfaces, are found the times of
rotation rcund their axes, The fame inßrument bas.
given us intelligence of the fatellites of Jupiter and
Saturn, which move round thefe planets, in thiir fxt
periodic times ; a thing utterly unknown iff the an-
cients. And thefe are of great ufe for determining the
longitude ; and from thence the motion of light has
been proved. Saturn's ring is another difcovery owing
to the telefcope. The motion of all the heavenly bo-
dies, their aißances and magnitudes have been hereby
found out. The immenfe tißance of the fixt fiars is
proved by the felefiope ; and by this -we dijcover al-
moß an infinite number of ßars more than can be feen
with the flaked eye. Likewife ail that has been dif-
covered of the comets is owing to the ufe of the telef-
cope. And by it the times of the beginning and ending
of eclipfes are exaßly determined, with many other
things of like nature, equally aßonißnng and curious,
fbe advancement of ajlroncmy is wholly from the ufe
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cf the telefcope, Ttlefcopes may be elß ttfefully tm-
ployed upon the earth. The merchant may at agréât
dißance differn his ßjpj upon the fea. the feama*
may fee the enemies Jhifs at a diftance ; or he may fee
land from the maß head, long before he comes at it.
Generals may furvey the army of his enemy, or his
own. And any man may take a view of difiant lownst

cities, buildings, trees, and other obje&s in the coun-
try, efpecially -when he is feated on a high place.
Thefe are noble difcoveries of the telefcope ; which,
if it had been known to the ancients, would have put
an end to all their doubts and difpuies about the folar
fyflem.

If a telefcope be fixed in a certain pqßtion, and
thro' it -we fee the top of a tower, &c. at noon, we
ßallfee the lower part of it at night, or in the morn^
ing, owing to a greater refraclion at morn and night.

The microfcope difcovers to us another world of-won-
ders. And here our contemplations may be endlefs, all
bodies we took at, ßsewing us fuch curious contexture
of farts, and affording fuch admirable appearances,
and fuch glorious colours, as cannot be "well ссщегпзга
•without feeing them. . »

The very fmall parts of bodies cannot be dißinguiß-
ed by the eye, they fubtend an angle fo very fmall -,
and if they are brought nearer to fubtend a greater
angle, they aome without the limits of dißinSt vißon.
For the eye cannot contrail itfelf further than for an
cbjeft at 4 inches dißance to appear dißinfl. If it is
brought nearer, it will appear coafußd-, and fbe.
more confufed, the nearer it is. This confufion may
be prevented- either by looking thro' a hole in a thin
plate of lead, whofe aperture muß be the lefs, the
nearer the objett is ; or elfe by interpofmg a microf-
cope glafs, between the objecl and the eye, to look thro'.

To mention in •particular fome difcoveries made by
the microfcope. The Jkin of a human body- is compof-

ed
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eâ of fevtral f cales îyitig truer .ояе another-, between
thefe layers of f cales the excretory dtiïïs appeary t href
which <we perfpire -, tbtre are eeout $oo of theje duits
for one fcale, and 450 fcales are but ttptal to a grain
of fand. The particles of diffi flying out of the puff
ball, are perjeß fpheres of an 'orange colour; and
their diameters not above -^ of an hair's breadtb.
The circulation of tbe blood is feen fry tee microfcope,
in tbe fins ana tales of filhes, and ïbe feeï of frogs-,
and the infer item of the '•veins and arteries made -vifi-
Ые. Hence alfo may be feèn the armour of the flta,
the fnout of the tick, the brißles of tbe mite, tbe mo-
tion of the mufcles, and the pulfe in a laufe. Many
imperceptible animals may be feen with this inßrttment,
in green weeds, which grow in water, andinftanding
•water ; in the hallow of the cabbage atid teazle ; and
fuoarms of them in tbe water thai drains front a
horfe dunghill -, [mall animals lodged in the fcabs of
fucb as have the ilcb. It would be an infinite labour
to mention all the wonders that this little inßrument
ßews us.

yens it appears, that Optics is not only a fcience of
the meß extenßve ufe, but likeivife of the great'eß plea-
fure and delight. A great many things in philofophy
can neither be underjiood nor projected without tbe
knowledge of Optics. This gives an account 'of Light,
Colours, Opacity, Tranfparency, Brightnefs, Faintnefs,
&c. ' 'The fame fcience alfo accounts for the appearances
cf mœleors, the Rainbow, Coronas, Paraheliorís, Pa-
rafelene*s ; it gives account of the nature of feeing j
without it nothing can be done in aßronomy. Optics
alfo brings forth Perfpeffive, in which every rule of
it is founded.

Speftacles were not found out till the beginning of
tbe i%tb century. For the ancients had no knowledge
cf optic glajjes, as is evident from their uni-verfal
ßlence in this matter. Not one of them giving thé

leaft
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leaß bint thereof. And without doubt an invention of
fitch univerfal ufe to the world could never be conceal-
ed. Bui the ufe offingle glaffes was known 300 years
before men underßood how to combine them in telefcopes.
They knew nothing of the advantage the eye received
thereby* by increaßrig its power fome thousands of times
beyond its natural abilities. For telefcopes were not
invented till about the year 1600» nor microfcopes till
ID or i2 years after.

Many effets produced by optic glaffes fe em wonderful
ana furpnzing. A multitude of o&je£ls feem diffufed
ibro' a large fpace where there is no /pace ; and objeSis

feet» hanging in the air, where upon trial we can feel
nothing. Objefts appear fometimes greater, and fome -
times lefs than they are -, and fometimes pretty, and
fometimes deformed. Ana they that undsrßand the
principles of Optics and Perfpeclive, eafily underftand
the reafon of thefe phenomena. Optics aljo tends t»
free the mind from feveral prejudices it had imbibed -t

ana when glajfes are at hand to demonfirate their effects
by experiment, it gives a vaß pleafure to the mind, to
fee the Theory and Praãice agree, and at once con-
firms us in the truth of the Principles. And thefe
experiments inßnuate to us, the great affinity there is
between reafon and experience ; a matter of the great-
eß confequence in all kinds offcience ; as fitch an agree-
ment conduces more than any thing elfe, to the certain-
ty thereof, by freeing the mind from all doubt, and
fixing a firm affent therein.

From what has been f aid, and many more things
that might be faid, appears plainly the excellency of the
fcience of Optics, and its great ufe to mankind above
all others ; and how neceßary it is for us to be acquaint-
ed with it, to let us into the fecrets of nature, not
only in regard to the grand fabric of the whole univerfei
but tiktwife ts the maß minute and imperceptible parti
tf it.

As



x The P R E F A C E,
As to this Treatife, I bave bandied the three dif-

ferent parts of the fcience dißinblly ; and treated of
each of them as clearly as I could-, and in as /hört and
concife a manner, as I could think on ; and have de-
monßraied all the principles in a ßort way, and in a
method very natural and plain', omitting nothing that
1 could think conducive to the advancement of this
fcience, or could find in the moft approved authors.
Ana in the laß book have defcribed feveral optical
inßmmenis, anã demonßrated their powers and effects^
wbicb I hope will be acceptable to the reader.

W. Emerfon.
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A S Y N O P S I S , or ihort View of the Con-
tents of this Treatife.

B O O K I. SIMPLE Optics.

f\F dire£l vifion. Of the nature of light, and how
\-J' the colours are generated by refraflion thro' a
prifm. The apparent places, magnitude, and brightnefs
of objects fcen direftly. The colours of natural bodies
how caufed. Fits of eafy tranfmiffion and reflexion of
the rays of light. The action of light and bodies upon
one another. The motion of light is performed in time.
The proportion of moon-light, &c. to day-light.

BOOK II. CATOPTRICS.

The reflexion of light from plane and fpherical fur-
faces. À general theorem for finding the focus. Of i-
mages, their places, diftances, pohtions, magnitudes,
motions, and brightnefs. Burning concaves. The aber-
ration of the rays.

BOOK III. DIOPTRICS.

The refraâion of light thro' one or more refracting fur-
faces. The power of different bodies to refraâ light.
Of finding the focus of rays refracted by plane and fphe-
rical furfaces. A general theorem for finding the focus of
rays refraded by a fpherical furface. General theorems
for finding the foci, for all forts of lenfes. The conju-
gate foci of aU lenfes determined. To find the focus, and
the vertex of a lens by experiment. Images made by re-
fradion their places, diftances, portions, magnitudes,
ihapes, motions, and brightnefs. Burning glafles. Aber-
ration of the rays,

The
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B O O K IV. OPTICAL INSTRUMENTS.

The combination of glafles. Of vifion, and the ftruc-
ture of the eye. TeJefcopes with 2, 3, 4, glafles ; their
magnifying powers, diftinanefs, brightnefs, and vifual
angle. Table of their dimenfions. The folar telefcope.
Telefcepic fights, and taking angles. Telefcopes with-
out tubes. Reflecting telefcopes ; Gregory's, Caflegrain's,
Newton's ; their magnifying powers, diftinftnefs, bright-
nefs, and vifual angle. Tables of their dimenfions. To
find the magnifying power of a telefcope by experiment.
A fingle microfcope, its magnifying power and bright-
nefs. A double microfcope, its magnifying power, bright-
nefs, and vifual angle. A renewing microfcope. The
folar microfcope. The magic Ian thorn. Portable ca-
mera obfcura, feveral kinds of them. Several machines
for fbewing perfpe&ive views. Explanation of the co-
lours of the rainbow.

OPTICS.
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O P T I C S .

D E F I N I T I O N S .

D E F. L
is a fcience which teaches the nature

of vifion; and of every thing relating to the
%ht.

D E F. II.
A Ray of light, is an extremely fmall part of it

moving in a right line, or otherwife.

D E R I I L
A Beam of light is a fenfible part of it, confift-

ing of a great number of rays.

D E F. IV.
A Peticii of rays, is a portion of light of л

conical form, proceeding from a point, or elfe
tending to a point.

D E F. V.
Parallel Rays, are fuch as run in parallel di-

rections ; and converging rays, are thofe that tend to
a point ; and diverging rays, are fuch as proceed
from a point.

D E F. VI.
A Medium, is whatever the rays of light pafs

thro', as water, oil, glafs, air, or any tranfparent
body ; and even a vacuum,

B DEF.
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D E F. VII.

Reflexion, is when a ray of light flies off from
the furface is falls upon, without entering into it.

D E F. VIU,
Rffraiïion, is the bending or breaking of a ray

of light, where it goes.out of one medium into
another,

D E F. IX.
The Angle of Incidence, is th,e angle, made by

the incident ray,. and thé perpendicular to that
point of the furface on which the ray falls.

P E F , . ' _ ' X .

The Angle of Reflexion, is the angle, compre-,
hended between the reflected ray, and the per-,
pendicular on that point of the furface, on which
it falls.

D E F. XL
The Angle of RefraStion, is the angle which the

refracted ray contains^ with the perpendicular to the
refracting, furface, at the point of incidence. Afid
the refraaed angle, is that containçd between the*
incident and refracted rays.

D E F, XII.
The Focus, is a point in which all the reflected

or refracted rays meet together. The point from,
which the rays feem to diverge, is called the vir~,

'tud Focus. The point to which parallel rays are
reflected or refracted, is'the principal Focus.

D E F. ХШ.
The focal Dißance, is the diilance of the focus

from the reflecting or refracting furface. This ge-
nerally relates to the.principal focus.

D E F. XIV.
Conj.ug.ate Foci, are -two. fuch points, that -either

of them being the radianr point, the other will1 be
the focus.

B O O K
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B O O K L
I R E C T Vision, and facb Pro-

perties of Lighty as are deduced
from Experiments,

P R O P . L
E N the eye views many objeEfs at great dif*

tances, it refers all their f laces to the furface of
a fphere, wbofe center is the eye itfelf.

For as far as an eye can fee diftinftly in any
one direction, fo far it can fee in any other direc-
tion, if not hindered by intermediate bodies ; and
this it can do quite round. Hence, when the ob-
jects We look at, are at great diftances, it is natu-
ral to.fuppofe them at equal diftances. For under
equal circumftances, nothing appears to make one
diftance to be judged greater than another. There-
fore we take the fimpleft way, and fuppofe them
all equidiftant, or coniider them as fo. Whence
thefe diftances being all equal or fuppofed equal,
and all proceeding from one point, it it plain
they are the radii of a fpherical furface, whofe
center is that point. That is, the eye places "• all
thefe objects in the furface of a fphere whofe cen-
ter is the eye itfelf.

Cor. ï. The eye is always placed in the center of
its own view. í

Cor. 2. Any portion of the heavens which falls
under our view, uppearj as the portion of the concave
furface.of a fphere.

В 2 Cor.
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Fig. Cor. 3. When we look at the fun, moon, andftars-,

or even at the clouds ; they appear to us to befttuated
in the fur/асе of one and the fame fphere.

For thefe objects being beyond the extent of
diftinct vifion, therefore the eye cannot judge of
their true diftances. Therefore they will appear
to us, as all iituated in the furfacé of the fame
fphere, and fo equally di-ftant. Tho' they be real-
ly at different diftanres from us.

Cor. 4. Hence if the eye was to have a full vie
from any place on the furface of the earth ; it could
fee no more than a hemifphere,

For the horizon cuts off the other hemifphere ;
and the body of the earth below that, hinders us
from feeing any thing at a great diftance.

Cor. 5. The eye, keeping a fixed pofition, can fee
no more objetls than are contained in a hemifphere ly-
ing direfíly before the eye, nor quite fo much.

For if the bafe of this hemifphere is fup'pofed
to touch the pupil of the eye ; no rays can enter
below that bafe ; nor even in the plane of this
bafe or near it, to caufe any diftinct vifion.

P R O P . I I .

Such rays as enter the eye perpendicularly, havs
the greatcß power to caufe diftinu vifion.

This is matter of observation. And it is plain
that rays that are oblique have lefs force to pro-
duce their effecb -, and may be fo oblique as to
produce no fenfible effect at all. Therefore thofe
rays that are moit direct, are moil efficacious in
caufing vifion ; as they will fall perpendicularly
upon the retina, at the bottom of the eye. And
by thefe the image of any object will be painted
moít diftinclly upon,the retina.

Cor,
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Cor. Hence, we fee objetls the maß dißinflfy, Fig,

which are direElly before our eyes.
This is plain from this Prop. And is confirmed

by experience, as is evident by our turning our eyes
directly to the object -, or from one part of an ob-
ject to another, in order to fee it clearer.

P R O P . III.

An objeïï appears greater or lefs, according as if ï.
is fsen under, a greater or leffer angle.

Let ACa be the axis of the eye -, AB, DE two
equal objects. To the eye at C? draw BC£, and
EC<r. Then the object BA appears under the an-
gle BCAj or bca, and ED under the angle ECD
or eCa. But eCa is greater than bCa ; and ae
greater than ab. But ae, ab are the appearances
or pictures of the objects DE, AB, upon the re-
tina, ? Therefore the former appears greater than
the latter.

Cor. ï. .The diflance between two cbjefts A and B,
appears to be greater as the dißance of the fpetlator
is lefs.

For at the diftance CD, the diftance of the ob-
jects appears under the angle ECD or eCa. And
at the diftance AC, it appears under the angle
BCA or l>Ca,

Cor. 2. f be apparent linear magnitu.it of an ob*
jetl AB, is reciprocally as the diftance CA.

For AB appears no greater than DF. But DF :
DE or AB : : CD : CA. That is, the apparent
magnitude of AB : apparent magnitude of DE i í
CD : CA.

Cor. 3. f be fuperficial apparent magnitude of an
is reciprocally as the fquare of the dißance.

В For
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Fig. Î'or the apparent hights will be reciprocally as

ï, 'the diftance. And for the fame reafon, the appa-
rent breadths will alfo be reciprocally as the dif-
tance. Therefore the apparent furface compound-
ed of thefe, will be reciprocally as the fquare of
the diftance.

Cor, 4. A perfcn, efpedally at great difiances*
judges that objeil to be greatcß ; which appears under
the great eft angle.

For nature always takes the eafieft way ; and it's
eafier to 1'uppofe things at the fame diftance, than
at different diftaJices, when nothing appears to the
contrary. And at equal diftances, a greater objecl:
will appear under a greater angle.

P R O P. IV.

An oljeu appears fltuated in thatpface, from wbicb
tbe rays laß of all diverge, in coming -to thefpefiator's
eye.

For by frequent experience, a man always finds
an object fituated in that place from which "the
rays diverge, and come directly to his eye. And
being ufed to this, he judges fo always. For if
the rays had been brought there by reflexion or re-
fraction, they make the fame picture in the bot-
tom of the eye as if they had come directly from
that place. And all • viííòn being performed by the
pictures upon the retina^ when thefe are alike, we
muft judge .the fituation of the objeit to be alike."
Thus an object which appears by reflexion in a
looking ghfs appears'iehind the^lafs; and an ob-
ject feen thro' a fpectacle glafs appears further of£
And a milling in the bottom of a veflel of water
appears higher, and the water appears ihaliower,
than it is.

P R O P -
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Fio-.

P R O P. V. P

Prop every point; of a luminous objeff, the reys of
light diverge, and flow every where in 'right linest
thro" the fame medium.

For if the rays do not flow from every .part of
the objeft, fuch parts as. have none flowing from
them cannot bp vifible, fince nothing can be-feen
without light, either innate or reflected. And.it
ftows ifi ali manner of 4ireâiòns, becaúfe in any fi-
tuation of the eye the fame part of the object ap-
pears and may b.e feen. And being vifible in all
fituatioaSj the light muft flow in all directions.
And it muft flow in right lines in 'the fame medi-
um-, ter ho feáfòft can be given why it fhould de-
-viate more to one fide than another. Experiments
likcwife confirm that ft, moves in right lines.

Cot. ï. 'No rays of light are naturally converging \
lût always diverge.

For thé "rays aïe projected from bodies^ or the
parts of bodies ; whether the light is innate or not j
and therefore naturally diverge. . Whfen they c'on-
verge, they are made to do fo by art» by means
of gialTes, as mirrors, lenfès, &c.

Cor. 2. Rays thatßew things far dißant, fall 'tip-
en the eye parallel. And to /hew things near hand^
they diverge from a point -, which to 'taufe diflin£i_ vi~

fion, mght to 'havf a proper âiftance^ as 6, 8, 12
inches, &c- or as near as the eye will 'permit:

Cor. ï. And therefore Ja make an object feem at л
great, diflance ; the rays flpwing from each f oint of it
ought to be brought parallel 'tQ the eye.

This is to be done by the help of proper glaflesv
find then art will imitate nature.

В 4 PROP,
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.

P R O P . VI.

The denfity of rays flowing from em objecJ, er any
•part of an objefit ; is reciprocally as' t be fquare of
the dißance*

Let the rays flow from A, and fall upon the
plane BC ; then taking the plane BC away, let the
fame light fall on any other plane DE, which is
done by producing the lines AB, AC, to D and
E. Then the area of the furface BC, is to the
are? of the furface DE ; as BC1 to DE* ; or as
ABZ to ADX. Let s be any fmall fpace, / the
quantity of light contained in DAE. Then BC1 :

s : : I : OFT ̂  the number of rays on the fpace &,

. Is
at the diftance AB. And DE1 i's : : I :

number of rays on the fpace s, at the diftance AD.
And the denfity of light being as the number of
rays ; it will be, denfity of light at В :, denfity of

light at D : : r : -, : ; DE1 ; BC* : ; AP1 : ÄB*.

Cor. ï. The quantity or inttnftty of light-, flowing
from a luminous objett, is reciprocally as ihefyuare of
the dißcmce.

Cor. 2. fhe bright nef s of an objeïï, is jhe fame
at all diflances frotp the eye ; if none of f he rays be
fiept by the way.

For the brightnefs is the fame, when the fame
quantity of light falls- upon the fame quantity of
the retina, in the eye ; or when the denfity of
light on the retina is the fame. But the denfity of
light falling on the pupil, or the quantity of light
falling on it, is reciprocally as the fquare of the

diftance.
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diftance. And (III. Cor. 3.) the apparent magni- Fig.
tude of the object is reciprocally as the fquare of 2.
the diftance. Therefore the quantity of light on
the pupil, is as the apparent magnitude of the ob-
ject, that is, as the fpace taken up on the retina.
Therefore the quantity of light being as the fpace
taken up, its denfity is given; and .therefore the
brightnefs is given, or remains the fame.

Cor. 3. Hence the fainfnefs of remote objeSls is
owing te tbe den/ity and. opacity of tbe atmofpberey

•uubicb flops a great fart of tbe light, in coming to tbe
eye,

P R O P . VII.

If a room be made quite dark, and a fmall bole in 3-
the -window ßmt be made, ïhe objeïïs out of tbe
houfe being ßfongly illuminated ; tbe rays proceeding
from them, ibro' tbe hole, will form their рШигез on
a paper, or on the oppoßte 'wall, in their proper co-
lours; but in an in-verted pofition.

Let PQR be the dark room, F the hole in the
window fhut, ABCD an object without. The rays
proceeding from the top A, in the right line AF,
w:ll form its image at a towards the bottom of
the wall. And the rays proceeding from the
bottom C, in the line CF, will paint its image
at the top c. Likewife the rays proceeding from
the left B, in the line BF, will make the image
of В on the right hand at b. And thofe proceed-
ing from the right hand D, in the line DF, will
form its imagç on the left at -d. Likewife all the
rays proceeding from the line AC, will form its
image ac. A^d thofe from BD will make its image
bd. And the like for any other object expofed to

. the hole F,
Cor.
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Jug. Сот. ï. у the bole F be very fmall, the figures

3.. will be nierydifiinfï, but hardly vifible for want of
<hgbt. Aid if the bole Ъе large, the figures will he
brighter, but wt difiinS. To remedy thefe things, a
broad, convex lens of a Draper focus, muß be-placed in
ibe 'bo-le made wide enough to receive it.

Cor. 2. ,ïf an objeff, too near the eye, appear con-
fufed; it may be feen clearly thro* a hole made in a
Tpiece of .paper with a fin, and put chfe to f be eye.
f "ben it will appear AiftinSt, ana in its true pofttion.

This is ггроп the fame principle. For if the
hole is finall, the rays flowing from all the points
of the objedt, wHl fail upon as many diftindt
points of the retina ; ana make a diftindt pidture.

'Cor. 3. But if the paper with a finall hole in it,
be -,i>ild ел a fmdl dißance, and a needle bela clofe ft
}he 'eye, • or. any way between the eye and ihe pafer'-,
it will afpear inverted, and magnified. '

Thé réafon of this is, that the rays crofiing one
another at the hole, before they come to thé ob-
jeft,; the pidture of the objedt muft .be painted the
fame way that it lies ; contrary to the cafe of the
id Corel, where the rajs croffing one another be-
tween the objedt. and die eye, makes the pidture in-

. verted- But we know, that a pidture inverted in
the bottom of the eye,' makes the objedt feerr»
eredt; confequently, "when the pidture is eredt in
the bottom of the eye, the objedt will féem inverted.

42. C'or. 4. from the fabie principle it follows, that if
•the ßm flsines thro* a long narrow ßit AB in a win-,
âow ßwt ;. .its image CD aï a good dißaitce from the
window, 'will approach to a circle.

for the cone of rays flowing from all parts of
the ftm thro' the point A, will be prbjeeted into a
circle at С -, and thofe flowing thro' B will be pro-
jected into a circle at D. And fo rays flow-

ing
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ing thro' all points between A and B, are, projeft- Fig.
ed into innumerable circles between С and D; 42.
each of thefe circles is the image of the fun, and
all together make up the oblong figure CD. In
this figure the extreme circles C, D, grow larger
at a greater diftance, whilft the diftance of their
centers remains the fame, being equal to AB. So
that as the diftance increafes, the length and breadth
of the figure increafes equally, and at a great dif-
tance, their difference vanimes as to fenfe. At the
place FG, the figure is narrow, having rectilinear
-fides and circular ends. And after the fame man-
ner, if the fun mines thro' a triangular 'hole or arty
other figure, the image at a great diftance will be
nearly circular, and the centers of -the extreme
circles will form a triangle or other figure, fimilar
and equal to the hole.

S C H O L I U M .
An apparatus made after the fame manner de-»

fcribed in this Prop, is called a Cernera ebfcura.

P R O P . VIIT.

f be light of the fun confißs of rays differently rt*

ï.
To prove this by experiment. In a very dark 4»

chamber, make a round hole F, about •£• inchdii-
meter, in the window ihut EG. Place a glafs
prifm ABC very near the hole ; fo'tkafc a feeam >0f
light SF coming in at the hole, may pafs thro' the
prifm and be refraéled upwards^ towards the op-
pofite wall of the chamber, ami there- foittri a co-
loured image of the fun PT. This pfifm is tri-
angular at each end, 3 of 4 inch long, and is po-
lifhed on the 3 fides AB, BC, -GA. It и hefe
placed parallel t» the horizon, aôd ítá aícis perpen-

dicular
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Fig. dicular to the beam SF. Turn the prifm fiowly
4. .about the axis, and you will lee the refracted light

on the wall, or the coloured image of the fun, firft
to defcend, and then to afcend. Between the de-
fcent and afcent, when the image feems ftationa-

.ry, (top the prifm and fix it there. For in that
( pofture the refractions of the light on the two tides
CB, С A, are equal to one another.

So likewife in other experiments, when you
W-ould have the refractions on both fides the prifm
to be equal, you mufh note the place on the wall
where the image ftands ftill, between two contrary
motions ; and make it faft there. In this pofture
of the prifm all the following experiments are to

. be made, unlefs fome other pofture is defcribed.
The prifm remaining in this pofture, let the re-
frafted light fall perpendicularly upon a iheet of
•white paper at the oppofite wall of the chamber,
and you'll fee the folar image formed on the paper
to be oblong, and not ova], but terminated with
two rectilineal and parallel fides, and two femicir-
cuïar ends ; the fides bounded pretty diftinctly,
but the ends very confufedly and indiftinctly, the
light there decaying, and vanifliing by degrees.

-Here the breadth anfwers to, the fun's' diameter ;
at 18 4 feet from the prifm, the breadth diminiih-
ed by ^ inch, the diameter of the hole, is ï ^- inch,,

Jand fubtends ;an angle at the prifm of half a de-
gree, which is the fan's apparent diameter. The
length i o ̂  inches, when the refracting angle of the
priirn С is 64 degrees. With a lefs angle of the
.pçifm fhe length of the image will be lefs. If
the prifm be turned about its axis, that way which
makes the r^ys emerge more obliquely to the fide
'AC -y the image foon becomes an inch or two
ionger, or more. And if the prifm be turned
itVK>ut the contrary way, fo as to make the rays fall
more obliquely on the fide CB, the image foon be-

comes
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comes an inch or two ihorter. And therefore in Fig.
trying this experiment, one muft be as careful as 4.
can be, in placing the prifm, fo that the refrac-
tions on both fides may be alike.

This experiment tried with a prifm, whofe re-
fracting angle С is 62 4- degrees, the length of the.
image will be 9 £ or i o inches, at the fame dif-
tance. The magnitude of the hole in the window
íhut, the different thicknefs of the prifm, where
the rays pafs thro', the different inclinations of
the prifm to the horizon (or different hights of the
fun), make no fenfible changes in the length of the
image. Neither does the different matter of the
prifm make any -, for in a prifm made of plates of
glafs and water within, there is the fame refult.

Alfo the rays always go on in right lines from
the prifm to the image. And therefore at their
going out of the prifm, have all that inclination to
one another, which caufes the length of the image ;
that is the inclination of 2 ^ degrees or more. From
all which it is plain, the rays falling on P are more
refrangible than thofe falling on T. For if the
rays were all alike refrangible, the image PT
would be a circle, whofe length is equal to its
breadth ; which is eafily proved thus.

Let SKHP be a ray coming from the lower part
of the fun to the higher part of the image -, and
refracted by the prifm at К and H, SLIT a ray
which comes from the higher part of the fun, to
the lower part of the image, and is refraded at L
and I. Suppofe the refraction on both fides the
prifm, are equal ; we have, refraction at К =: re-
fraction at I, and refraction at H rz refraction at
L. Then by addition, the refractions at К and H
= refractions at I and L. And therefore the two
rays being equally refracted, have the fame incli-
nation to one another after refraction as before-
that is, half a degree, equal to the fun*s apparent

diameter.
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Fig. diameter. So then PT would fubtend an angle at
4. the prifm of half a degree, and therefore would be

equal to the breadth, and confequently the image
would be round. But inftead of that, it is five
times longer than it is broad.

Likewife the image PT is coloured ; for from T
to P it has thefe different colours in this order, red,
orange, yellow, green, blue, purple, violet ; af
the places, r, o, jy, £, £, p, ï;, respectively. So
that the moft refracted part at P is violet, and the
leaft refracted at T is red. A'nd' the intermediate
part, all the'other colours.

Exp. 2. When a beam, of light is let in at the
hole F, of the window iriut ; hold the prifm in
fuch a pofition that its axis may be perp. to the
beam. Then look thro' the prifm to the hole, and
turning the prifm about back and forward, to find
when the image is ftationary ; there Hop the prifrn,
the refraction on both fides being: then equal'. Then
looking thro' it, at the hole ; the length of the
image will appear to be many times greater than
the breadth. The moit refracted part being vio-
let ; and the leaft refracted, red. The middle
parts blue, green, yellow in order.

And if- the prifm be removed, out of the funr
beam, and then looking thro' it at the hole-, you
will have the fame appearance. Now if all the
rays were refracted alike, the hole would appear
round when.refrafted thro' the prifm. So that at
equal incidencies there is a considerable inequality
of refraction.

5. Exp. 3. To try what is the effect of refracting the
rays a fécond time. Things being ordered as in
the firft experiment, place a fécond prifm clofe by
the firft in a crofs pofition as DH, that it may
again refract the beam which comes thro' the firft
prifm. The firft prifm refracts jt upwards; and
the fécond, Adeways- By the firft prifm alone the

beam
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beam в refracted to PT, and qt is the image made Fig
by the refraction of the two crofs priftns cogetjjier. 5..
Then it will appear by the refraction o£ the fé-
cond prifm that the breadth of the. image is.pof ii^
creafedy but the upper part P fpfferjedl a greaterf
refraction in both prifms, and the lower part T, a»
lefs refraction in both prifms ; and th^t withput«
any dilatation of the image in brçadth. Likewiía
as before, the upper part q appears violet ; andthe
lower part t, red -, and the reft as before. So thaf
here is no dilatation or fplitting of rays.

And if a third and, even a fourth, priim be plac-
ed in the fame manner after the fécond, the refult
will be the fame -, and the moil refrangible rays
will be moft refracted, as before-, and the leaft,
the leaíl refracted, whilft their colours remain un-
changed.

Exp* 4. If inftead of one hole in the window, 6.
there be made two holes, under one another, at a
fmall diftance ; and. refracting the light upwards by
two parallel prifms, placed one at each hole ; and,
then refraft the two images to the qppofite wall j
in fuch manner that the two coloured images may
be joined end to end in a right line. Then if both
thefe refrafted: beams, were again refracted fide ways
by a third prifm placed acrois the two firft (as in
Exp. 3.). Then the two beams would be refra£t-
ed to the places, pi, mn.\ which would not now
lie in one right line with their ends touching as
before -, but be feparated and become parallel.
The blue ends от, p bejng by a greater refraction
tranilated further from its former place, than the
red ends я, t. And the fame happens if the third
prifm be placed at a good diftance from the others*

Exp. 5. If a beam of light be reflected by one
fidc, of;-.a-. ргЦгп, and th.e/i refracted by another
pttifflfe fciRC of the rays will be more refracted,
and others léfs. Or if'it paiTes.thro' one fide of

a prifm,
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Fig. a prifm, and is reflected by another fide, and made

6. to pafs thro* the third fide ; and after this be re-
frailed by another prifm ; fome rays will at laft
be more refraded than others. Or if a beam pafs
thro' parallel furfaces of glafs, and be then refract-
ed -, the confequence will ftill be the fame. And
therefore- it is fully proved, that the fun's light
confifts of rays differently refrangible.

4- Exp. 6. Let a fmall hole.be made in the paper
where the image PT is ; and let each of the co-
lours pafs fucceflively thro' this hole ; and be re-
frafted again by a prifm behind the hole. Then
each of thefe colours will be found to continue the
fame as before without any manner of alteration.
And the figure or fpot of light on the wall, will,
as to fenfe, be circular. So that none of thefe co-
lours are the leaft changed by refraftion. Like-
wife if fmall bodies be placed in this new light,
they will appear of the fame colour as that light,
red in the red light, green in the green light, &c.
So that the colours are no way changed by re-
flexion. Likewife if you look at any of thefe fpots
of new light upon the wall, thro' a prifm, they
will appear wholly of the fame colour, and no way
dilated or expanded in length. So that homogénea!
light fuffers no manner of alteration in any eafe.
And in all thefe trials it will appear that thofe
rays, which were moil refracted at firft, are always
afterwards moil refracted. And thofe that are leaft
at firft, are always leaft afterwards.

Cor. ï. Every ray of light has a peculiar degree of
refrangibility, which cannot be changed by any re~
flexions or refraSions ; but remains conßantly and /я-
•uariably the fame.

Cor. 'г. The confnfed •viftonof any oljett feen ter»'
a refraSîing body or medium^ arifes from the different
refratlion of the light.

For
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For different rays flowing from the fame point'Fig.

of an objecl, will be refracted to different points
on the retina at the bottom of the eye.

Cor. 3. The light refleEled or emitted from all la-
dies, conßfis of rays differently refrangible.

For. the light refledled from all bodies on the
earth, is the fun's light. And befides, if one
looks a,t any objecl: thro' a prifm, that object will
appear tinged with colours. Take a fniall part of
a. body, illuminate it ftrongly, and looking at it
thro' a prifm, you'll have an oblong image like
PT (fig* 4.) with all the colours. In like manner,
a ftar, a lamp, a candle, a burning coal, red hoc
iron, or any burning matter feen thro' a prifm,
gives the fame appearance.

Cor. 4. Hence alfo the ßtnple primary colours are 4«
feven; red, orctnge, yellow, green, blue, -purple, violet.
The red being leaft refrafted, and fo in order to the
violet, which is maß. And the jpaces taken up by
fbefe, are not equal ; the orange and purple being lit-
tle more than half- each of the reft, which are nearly
equal.

This is known by meafuring the parts of the
image PT.

• Cor. 5. Hence otisEls feen thro* glajjes in purified
or homogeneal light will appear dißinti ; but very con-
Jufed in heterogeneal or common light.

This is plain from the уЛ experiment ; and may
fee further evinced by placing flies, or the letters of a
book, or any minute objecls in homogeneal light,
where they will be perfeclly feen, and their parts
diftinétly denned; bu t 'w i l l appear confufed .in
common light, and their fmall parts cannot be dif-
tinguiibed therein,

С S C H O -
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•8* S C H O L I U M .
Sir J. Newton, by accurately meafuring the

fpaces, that the feveral colours take up, found them
as follows ;

red, orange, yellow, green, blue, indigo, violet.
1 - t i l l 1 2 ,

•— ) -*- » » -Г- » -7- » — » — •
« 40 15 6 6 9 9

"Where the whole length o£ the image is ï.

P R O P , I X .

Rays of light which differ in colour^ differ alfo in
degrees of refrangiUlily.

7. Exper. ï. Take an oblong piece of paper DGI,
draw a line crofs it in the middle, to divide it into
two equal parts. Paint one end DG with blue,
the other GI with red, as ftrong as you can. Lay
it flat where there is light enough ; look at it thro'
a glafs prifm, held parallel to it, and to the hori-
zon ; then if the refrafting angle of the prifm be
Upwards, fo that the paper may feem to be lifted
upwards by refraftion -, the blue half FO will be
lifted higher by refraftion, than the red half OK.
But if the refrafting angle of the prifm be tupned
downwards, fo that the paper may feem to be car-
ried lower by refraftion -, its blue half will be car-
ried lower than the red half. Therefore the light
from the blue is more refrafled, and therefore is
more refrangible, than the light from the red.

Exp. 2. Take the fame paper, whofe two halves
are painted with red and blue, and lap a thread of
black filk feveral times about it, fo that the parts
of it may appear upon the colours like fo many
black lines drawn over them. Set this paper per-
pendicular againft a wall in a dark room, or in the,
night ; fo that one of the colours may ftand to the
right, and the other to the left. Place a candle

near
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neat the paper to illuminate it ftrongly. Then Fig.
take a lens of a large focal diftance, and place it 7.
at fuch a diftance, that the rays coming from the
lèverai points of the paper may be collected to a
focus, at about the fame diftance, on the other
hand ; and fo form the image of the coloured pa-
per upon a white paper placed there. Then mov-
ing the paper to and from the lens, to find where
the images of the blue and red parts of the paper
appear moft diftindr. ; which is eafily known by the
images of the black threads of filk, which will be
diftinft there ; and you'll find where the red half
of the paper appears diftinft, the blue half will
appear confufed -, fo that the black lines on it can
fcarce be feen. «And on the contrary, where the
blue half appears diftind, the red half will be
confufed, Ib that its black lines can fcarce be feen.-
And therefore between thefe two places, where
thefe feverai images appear diftincl:, there will be
a remarkable diftance, which will be about an inch
and a half, if the diftance of the candle or paper
from the lens be about fix feet. Therefore the fo-
cal diftance of the red being greater, than that of
the blue ; proves the blue rays to be more refran-
gible than the red. Therefore rays that differ in
colour, differ alfo in their degrees of refrangibility.
The fame appears by the experiments in the laft
Prop.

Note, A lens is a folid piece of glafs, the two
fides being the fegments of fpheres, and poliihed.

Cor. ï. Hence all light naturally conßfts of hetero-
geneous rays, which exhibit different colours.

Cor. 2. Every fort of bomogeneal rays produces its
proper colour, according to its degree of refrangibility.
And tbofe that agree in colour, agree in the degree of
refrangibility ; and its colour cannot be changed by any
reflexions or refraclions.

C 2 Cor.
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Fig. Cor. 3. There are as manyßmpk colours as there

7„ are degrees of refrangibility, and therefore an infinite
number.

For tho' in Exp. ï. Prop. VIII. there are only
feven fimple colours mentioned ; yet each of them
confifts of an infinite number of degrees, and there-
fore are infinitely various.

Cor. 4. The perfe£îion of telefcopes and microfcopes
is prevented by the different refrangibility of the rays
of light.

This appears by the zà experiment ; for triefe
inftruments are compofed of lenfes of feveral forts.
No rays ifluing from a point can be refrailed ex-
actly to a fingle point.

Cor. 5. He fife it is plain, if the fun's light con-
fjßed but of one fort of rays ; there would be but one
colour in the -whole world, or all things would be of
one colour. Nor would it be poßible to produce any
new colour by reflexion or refraiîion. And of confe-
quence the variety of colours depenas upon the compo-

fition of light.
S C H O L I U M .

j If a large hole F be made in the window ihut
EG, and the prifm ABC placed near it, and clofe
to the prifm on the other fide, a tfoin board DO,
with a fmall hole in it ; and at 12 feet diftance, the
board MN be placed, having a fmàll hole in the
middle of it ; and clofe behind it, the prifm RQ.
Then if the prifm ABC be turned flowly to and fro
about its axis, the image PT will move up and down
on the board MN ; and by this means, all the fe-
veral parts of it may be made to pafs thro' the hole
in it. And each of thefe palling thro', is refracted
again by the prifm RQ, and fo paffes to the op-
pofite wall. Then it will appear, that the light
v/hich is moil refracted at ABC, is alfo moft

refrailed



B.I. LIGHT AND COLOURS. 21
refracted at RQ1, • and goes to the higher part Fig.
of the wall at X. And the light which is leaft 4,
refiaäed-at ABC, is alfo the leaft refracted at RQ,
and goes to the lower part of the wall at Y. And
that the moft refracted at X is violet, and the leaft
refracted at У is red. And all this happens, whilft
the two boards and the prifm RQjemain unmoved ;
by which means the incidence of the rays upon the
fécond prifm, remains always the fame. There-
fore at the fame incidence, fome rays are more re-
fracted than others ; and thofe that are more re-
fracted at firft, are more refracted afterwards, and
have always the fame colour annext -, and the like
for the reft. So that it is evident, that thofe rays
that are endued with different colours, have dif-
ferent degrees of refraction. From the perfpicuity
and evidence of this experiment, it is called the
Experimentam cruas.

P R O P . X.
All rays of light falling on a reflecting furface, in

the fame angle -, are reflected in equal angles, if they
be refleãed at all.

Exper. Let F be a hole in the window íhut, G 8.
a reflecting furface placed horizontally. Let a beam
of light from the fun FG, come thro' the hole F,
and fall upon the reflecting furface G, and then
be reflected to H on the oppofite wall ; the figure
of the reflected light at H will be circular like the
hole F. And therefore there is no feparation of
the rays as in refraction. And no colour's are
brought by reflexion.

Alfo if a paper be held any way between G and
H parallel to the wall at H -, the image received
upon the paper-will always be fimilar to the image
at H, and of a circular form. And therefore the
rays that had the fame incidence, will run parallel

С 3 ta
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Fig. to one another after reflexion ; and confequentljr

S. are refleûed at equal angles.
Indeed the Beam FG grows wider as it is further

from F, and G H grows bigger as it is further from
G ; but this is only owing to the apparent magni-
tude of the urn's diameter. For from any one
point of the fun's difc, the rays which fall parallel
on G, will be reflected parallel to H.

Cor. Hence there is no feparalion of the rays of
light by reflexion, any thing like what there is by re-
fraflion.

Indeed the moft refrangible rays will be the foon-
eft reflected, if they move out of a denfe medium
into a rare one -, as fuppofe a beam of heterogene-
ous light moves in direction FG -, fome of it is
refrafted along GD, and fome along GC. There-
fore if the angle FGA be diminiíhed i the way of
the moil refrangible rays, GC, will come to GB,
and be reflected along GH. But this is nothing
to the prefent Prop. For it is reflected, becaufe it
is impoffible it can be refrafled any longer, as it
cannot enter the medium- -, and in this fenie, the
moil refrangible rays are the moft reflexible.

P R O P . X L

Whitenefs, cr the fun's light, is compounded of all
the primary colours mixed in a. due proportion.

'A., Exp. ï. A beam of light being refrafted by a
prifm, as in Ex. ï. Prop. VIII, and made to form
the image P on a piece of paper. Take away the
paper, and hold a lens in the refradled rays, fo as
they may all fall upon it. This will caufe the co-
loured light, which diverged from the prifm to
converge, and meet again at its focus. If you hold
a paper behind the lens, the folar image will ap-
pear upon it intenfely coloured ; and that by re-

ceding
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ceding from the lens, thofe colours will come more Fig.
and more towards one another ; and by mixing to- 4.
gether, will more and more dilute one another
continually ; till at length the paper comes to the
focus, where by a perfect mixture, all the colours
will wholly vaniih, and be converted into white-
nefs -, the whole light appearing now upon the pa-
per, like a little white circle. And afterwards by
moving farther from the lens, the rays which con-
verged and met at the focus, will now crofs one
another there, and diverge from thence, and there-
by make the colours to appear again, but in a
contrary order, the red being now above, and the
violet below. Here then the fun beam SF, which
at firft was white, is by the refraétion of the prifm
ABC refolved into its original colours ; thele co-
lours, by the refraction of the lens, are again inti-
mately mixr, and reduced to their original white-
nefs.

Now it is evident this whitenefs is made up of
all the colours of the image. For if any of the
Colours be ftopt at the lens, the whitenefs will ceafe,
and degenerate into that colour which is made by
the compofition of the remaining colours. And
if the intercepted colour be then let pafs, and fall
upon that compound colour, it will immediately
Ttftore its whitenefs by mixing with them. Thus
if the blue rays be intercepted, the reft will appear
reddifti, and then letting the blue pafs, the white-
nefs is reftorçd. And if the red be ftopt, the reft
will appear blueiih -, and letting the red pafs, the
whitenefs is again reftored.

And in making this white, the feveral rays do
not fuffer any change by adling upon one another.
For if the paper be held beyond the focus, and the
red colour be ftopt and then let pafs again, the
violet colour-on the paper fufters no change. Nei-

C 4 ther
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Fig. ther will' the red be changed by flopping and let^
4. ting'p.afs the violet.

Wben the. paper is held in the focas, and the
white image there be viewed thro1 a prifm, you'll
have a coloured, image like PT. And if any co-
lour at the lens be ftopt and let pafs by turns, it
will difappear and return as often ; but the remain-
ing colours will not fufier any change. One co-
lour then depends on cae fort of rays, and another
colour, on another fort.

ID. Exp. 2. Make an inilrument XY in faihipn of a
comb, whofe teeth are i± inch broad, and diftance
two inches ; and interpofing fucceffively the teeth
of this inftrument near the lens MN, placed as in
the laft experiment, you will ftop part of the co-
lours by me teeth, whilft the reft go on, thro' the
fpaces between the teeth, to the paper DE, in the
focus, where it makes a round image. This image
appears white, when the comb is taken awayj
but the comb being interpofed, the whiteneis
changes its colour to that which goes on thro' the
comb. And the colour is perpetually fo varied by
the motion of the comb up and down, that in pair-
ing of all the teeth over the lens, the colours red,
yellow, green, blue, purple, do always fucceed
one another, when the motion is flow. But if the
comb be moved very quick, that the colours by
their quick fucceffion cannot be diftinguiihed from
one another, the appearance of the fingle colours
ceafes, and from a confufton of them all, there
ariies one uniform white colour. Therefore of the
whole light which now appears white, by the mix-
ture of all the colours, there is no part really
•white. One part is red, another is yellow, a third
green, a fourth blue, a fifth purple. If the im-
preffions of thefe feveral colours follow one another
flowly, fo that they may be feveraUy perceived,

there
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there is made a diftinct fenfation of all the colours Fig.
fucceffiyely. -Bat if the impreffions follow one апо- ю.
ther fo quickly, that they cannot be feverally per-
ceived, there arifes out of them all one common
fenfation, which is neither of this nor that colour,
but is indifferent to them all ; and this gives a fen-
fation of whitenefs. Therefore when all the co-
lours are viewed perfectly mixt in the focus of the
lens, this will much more ftir up a fenfation of
whitenefs.

Exp. 3. A bearft of light being refracted by a >
prifm ABC, and the fun's coloured image PT made '
to fall on the oppofite wall. If a fpectator ftand
at FG, and place another prifm clofe by ABC,
and in the fame pofition, and look thro' it to. the
image PT-, then the colour's.of it will appear to
be contracted into a round fpot perfectly white.
Which therefore is made fo by the mixture of all
the colours together.

Exp. 4. Take a large circle or wheel ADF. Di- 11»
vide its circumference into 12 equal parts ; fettwo
of them from A to В ; that is, make AB two of
them, BC ï, CD 2, DE 2, EF ï, FG 2, G A 2.
Draw lines to the center O. Then paint it, mak-
ing DOE red, EOF orange, FOG yellow, GOA
green, AOB blue, BOC purple, and COD violet ;
all of as bright colours as can be had. Then put
an axis thro' the center O, and caufe the wheel to
revolve fwiftly about its axis ; and none of the co-
lours will then appear fmgly ; but the whole will
appear to be white. And this white will be the
fuller, as the particular colours are the brighter.

Exp. 5. Whitenefs may be made by mixing co-
loured powders together. Thus, put together orpi--
ment, a purple powder, bife, and verdigreafe,
thefe being mixt well together, will compound a
white colour •,. the quantities of them muft be found
out by trials, and lels or more of each muft be

taken,
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Fig. taken, according to their brightnefs or dullncfs.

But all powders of this kind, lofe ór ftifle a great
deal of the light that falls upon them -, and there-
fore a white cannot be made bright enough of thefe,
but will appear duíky ; to help thus, it muft be
placed in a ftrong light, and viewed at a, diftance.
From all thefe experiments it appears, that white-
nefs is a due mixture of all other colours.

Cor. ï. A mixture of colours may be made wbici
Jhall be like the colour of homogeneal light. But it
•will differ in this, that the parts of it will be diffe-
rently refrangible.

For almoft any of the prifmatic colours may be
imitated by mixing the colours on each fide. Thus
red and yellow make an orange. Orange and
green make: a fort of yellow. Yellow and blue
make a green. Green and purple make a blueifli
colour. And blue and violet make a purple.

Cor. 2. Henc'e one may know bow to make a mix-
turt of colour'j, that ßall be like the colour of a given
objeEt.

Look at the objeft thro* a prifm, to fee the ob-
long coloured image of it, which divides the co-
lour of it into all the fimple colours it is compofed
of. Take fuch a quantity of every feparate co-
lour, you fee in the image, as mail be proportional
to its intenfity or degree of brightnefs. And fuch
as are faint or hardly appear, may be omitted.
Then mix them together.

Cor. 3. All colours in the world are either the co-
lours of homogeneal light ; or compounded of them.

This is evident from this and the foregoing Pro-
pofitions.

Cor. 4. A body that refers no colour, is black.

Сот.
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Cor. 5, Hence black is no colour, and white is all Fig.

colours.

P R O P. XII.

If any body be placed in ßmple or bomogeneal light
ef any colour ; *'/ W// appear of the fame colour.

Exp. ï. Suppofe the beam of light SF to pafs 4,
thro' the hole F, in the window ihut, and being
refrafted by the prifm A$C, to caft the image PT
on the oppofite wall, and to form all the original
prifmatic colours. Take a bit of paper, and hold
jn the red light, and it, will appear red. Hold it in
the orange, yellow, green, blue, &c. fucceffively, and
it will appear orange, yellovtr, green, blue, &c. fuc-
ceffively.

Take a bit of coloured paper, and hold it in the
red light, and it will appear red ; alfo hold it in
the orange, yellow, green, &c. and it will appear
orange, yellow, green, &c. refpeftively. But it
will appear moft luminous when placed in the light
of its own kind. The room muft be dark in try-
ing this experiment, • as well as in the following.

Exp. 2. The fame apparatus continuing* Take
cinnabar, and place it in the yellow'light, and it
appears yellow ; place it in the blue light and it
appears blue, &c. But place it in the red light,
and it is möft luminous, this is. its native colour.
Indigo placed in the red light is red, in the orange
it is orange, in the green it is green, &c. and placed
in the purple, its own natural light, and it is a
moft refplendent purple -, and its fplendor gradually
diminifhes, by moving it by degrees thro' the green
and yellow to the red. Place a bit of blue ribbon
in thé red light it appears red -, and in the orange,
yellow, green, it appears orange, yellow, or green,
but faint. Place it in the blue light, and it is a
moft bright blue.

Exp.
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Exp. 3. The feme thmga remaining. I£ cinnabar

and ultra marine be held together in the red light*
they will both appear red. , Byt the cinnabar will
appear of a ftrong luminous refplendent red ; and
the ultra rrlarine of a faint obfcure and dark red.
And if they beheld together in the blae light,
they will both appear blue; but the ultra marine
will appear of' a ftrong luminous and reiplendent
blue ; and the. cinnabar of a faint and dark blue.
So that tire cinnabar reflects the red light much
more copiouily than the ultra marine does ; and
the ultra marine reflects the blue light much more
copiouily than the cinnabar doth. The fame may
be tried with other bodies,

Cor. ï. 'fhe colours of all bodies arife from
that fome bodies reßefi one fort of rays, others anqther
fort of rays, more copioufly than the reß. And they
become coloured^ by refleaing the light of their own
colours more plentifully, and that of all other colours
more fparingly.

That this is the only reafon of their colours, ap-
pears,from thefe experiments ; and further from this
confideration, that the colour of homogeneal light
cannot be. changed by the reflexion of natural bo-
dies. And therefore they cannot appear colõureíi
by any other .means than by reflecting the light of
their own colour.

Cor. 2. "fis light only that gives colour to bodies ;.
ana they have naturally no colour in themfehes.

For a body cannot be íèen in the dark, when
there is no light. For there is nothing in the body
but a'difpofition to refleft this or that fart of rays,
which makes them be faid tobe of that colour.
And the rays properly fpeaking are no,t endued
with colours ; for in them there is nothing 'but a
certain power or difpofition to excite a fenfation of
this or that colour in the brain.

Cor.
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Gor. 3. Liquors that refleïï any colour,

the other forts. .
For inftahce, a liquor that reflefts the blue'light,

imbibes the red, which wî 1Ï'paf$ thro*- ifc, if the vef-
fel is not too broad; , And if there be.two liquors
a red and a blue,; tho' either liquor be tranfparejat
apart* yet you'll not be able to fee tnro' both to-
gether. For if only the red rays, pafs thro' one*
and only die blue thro''the Bother ; no rays can pafs-
thro* bothi Now if bodies become coloured by
reflecting, or tranfmitting this or that Ibrt of rays
more copioufly than the reft ; it muft be conceived,
that they ftop and' ftifle within themfelves the rays
which they do not reflect or tranfmit. ' : •

Colour of liquors varies with their -thicknefs.
Thus a red liquor in a conical glaß, looks of a pale
yellow at bottom ; a little higher it grows orange ;
higher ftill it becomes red; acyi where the r-ed is-
deepeft, the gtafs is bïoadbft. And higher it will1

tranfmit no*ays -, they being all loft, by degrees ia;-
t|jc body of the liquor. Aad thence if.appears that
red is the ftrongeft light, and will penetraue-fartheft'
IMO a fluid. And this is evident .'by? the obferva-
tions of thole that dive into the fea/v for the ob-;
jecb-look the reddef the deeper onegoesj.the othep
rays bèîftg reflefted 'back.

. Cor. 4, Hente the red rajs are tke,ßrongeßt are
leafl turned out of their way^ and.•penetnaU fartheß'
into a reßfting medium. And the. reft, of the colours
an^eakír-a^.-wu^^inihíir ordtr\, tae.rciokt being
the weakeß.

.Coc. 5. We can make а ЬоАу ta bt of any colour.
ive fleafe^ ly holding it, in the light of'that colour.

P R O P .
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P R O P . XIII.

Tie colours of natural todies depend upon the jize
and denfity of the compounding particles.

12. Exper. ï. Take two objeft glaflès belonging to
two long telefcopes, one a piano convex, the other
a double convex. Lay the plane fide of one AEB,
upon the convex fide of the other CED. Then
looking perpendicularly upon them, yoxi'll fee a
black fpot in the middle where they touch -, and
lèverai concentric rings of colours about it, at Z»
F, 'Q, H, I, A, &c. Thefe rings may be reck-
oned of feveral orders, by reafon of the fame colour
coining over again. Thefe orders are as follows,
ï. Z, black, blue, white, yellow, red. 2. F,
violet, blue, green, yellow, red. 3. G, purple,
blue, green, yellow, red. 4. H, green, red. 5.
I, greeniih blue, red, &e. Which colours grow

1 Weaker and weaker from the center ; and alfo nar-
rower and narrower.

JOut if the light be made to pafs thro' the glafles
to the eye, the fpot in the middle will be white -t
and the orders of colours, going from the center,
quite contrary to the others, ï. White, yellowiih
red. 2. Black, violet, blue, white, yellow, red.
a. Violet, blue, green, yellow, red, &c. The
black lines between the glaflès, at, F, G, H, I,
A, are diftances in arithmetical progreflîon, being
pie places where the fame colour returns, by re~
flefted light, as at the firft trial.

Meafuring the diameters of the rings in the
brighteft part, their fquares are found to be in
arithmetical progreffion of the odd numbers ï, 3,
5, 7, 9, ii, &c. And fince qne of the glaflès
•was plane and the other fpherical ; their diftances
a: thefe rings, that is, at Z, F, G, H, &c. muft

be
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be in the fame progreffion. Alfo meafuring the Fig.
diameters of the faint rings, in the middle between .12.
the bright ones; their fquares, and confequently
the diftances of the glafles there, appear to be in
'the arithmetical progreffion of the even numbers,
2, 4, 6, 8, ID, 1.2, &c. And from the known
radius of the lower glafs, the diameter of aay ring
may be computed, and confequently the diftance
of the glafles in that place. And hence the diftance
of the glafles in the middle of the firft dark ring,

was found to be —l-— part of an inch. And
89000 "

half of it multiplied by ï, 3, 5, 7, &c. gives the
diftance of the glafles or the thicknefs of the in-
cluded air, at the moil luminous parts of all the

bright rings, —í , •—2 —2_—, —Z ,
° 178000 178000 178000 178000

&c. and — , —-—, , Sec. the thick-
178000 178000 178000

nefs at the .darkeft parts.
Exp. 2.' Wetting the objeils with water-, as the

water crept in between them, the circular rings
grew lefs. And by meafuring their diameters, and
from thence finding the diftances of the glafles,
thefe diftances are found lefs than before in pro-
portion as 3 to 4 -, that is, as the fines of refrac-
tion out of water into air.

Exp. 3. Viewing thefe rings of colours in a dark
room, in homogeneal light, they become more dif-
tincb And trying all the prifmatic colours fuccef-
fively, the red circles will appear to be bigger than
the blue or violet. The diftances of the glafles,
at the red and violet circles, are as 14- to 9. Thefe
rings were not now of various colours, but appear-
ed only of that prifmatic colour, with which they
were illuminated. And the light which fell on the
deep fpaces between the coloured rings, was'tranf-

mitted
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Fig. mitted thro5 the glafles without any variation of co-
j2. lour. From hence the origin of thefe rings is ma-

nifefi. ; viz. That the air between the glaflès,, ac-
cording to its various thicknefs, is difpoied in fome

, places to reflect, and in others to tranfmit the Kght
of any one colour ; and in the fame place, to re-
flect that of one, where it tranfmits that of ariothef.

The diameter of the 6th circle ifiade by the yel-
low was 44тг of1 an inch. •

Exp. 4. If a little foap be agitated in water till
it diffolve, and a bubble of this water blow'n up,
and covered'with a glafs, to keep it from the air.
You'll obferve the bubble grow thin at the top,
by the continual defcent of the water. The bub-
ble at laft will grow fo thin at top, as to tranfmit
the light and appear black. Then observing the
bubble by reflected light from the iky, the black
fpot will be encompafled with the fame coloured

• circles, and in the fame order, as in the firft expe-
riment. As the water delcends, and the bubble
grows thinner, the rings continually grow bigger
till the bubble burfts.

If the bubble be viewed by light tranfrmtted
thro''it, all the colours will be contrary. Therefore
it appears that altering the thicknefs of a very thin
plate, the colour is altered.

Exp. 5. Take very thin plates of ifinglafs,
talk, or mufcovy glafs, that ihow the colours;
then by wetting thefe plates, the colours- remain
the fame as before, only they become more faint
and languid, efpecially when wet on the under fide.
Therefore the thicknefs of the plate to produce
any colour, depends only on the denfîty of the
plate, and not on the denfity of the inclofing me-
dium. But the colours are more vivid as their
denfities are different.

Exp. 6. Two object glafles being laid on one
another as in experiment ï. I£ a fpeftator looks

obliquely
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obliquely, at themv the rings of, colours will be in-Fig",
crèafed щ bignels. Hence the col out of fome
plates will change by changing the pofition of the
eye.

• From all thefe experiments it is plain, that the
dolours of bodies, depend upon the thicknefs and
de'niit'y of the particles that compofe them.

Cor. ï. Hence if the denßty orßze of i be particles
ft the far/асе of a body be changed-, the colour- is like'
wife changed.

Cor. 2. When, tbe thicknefs of the particles of a
body is fucb, that one fort of light or colour is refleti-
ed ; another light or. other colours will be tranfmit-
ted. And therefore the body, will appear' of thefirß
colour.

This appears by Exper. ï. where the tranimit-
ted light is different from the reflected light.

Cor. 3. Пе thicknefs of a plate of air, between
two glajfes, which refleEis a deep yellow -, muft be

—Î— , or .. 3 • ,„, or —-—, &c. parts of an
178000 178000 178000
inch. And that of a plate of wafer between two
gJaßes, will be ̂  of it.

This, is plain by the ift experiment, for the
thicknefs of the plates of air ; and by the 2d, for
thöfe of-water.

Cor. 4. Vhe thicknefs of any plate reflecting red, is
to the ihicknefs of the fame plate' reflecting violet ; as
19 to гг.

For by Exp. 3. they were as 14-5: to 9.

Cor. 5. Hence the thicknefs of a plaie may be fitch9

that it will reflett different colours.
If r, v, be the thtcknefles of plates that reflect

red and violet. Then (Cor. 4.) \гг and 19^ will
be thicknefles of plates that rerkdt both.

D Cor.
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Fig. Cor. 6. Tbe farts of bodies and their pores, muß

not be Ms than a certain bignefs to make them coloured.

For if a particle be thinner than part of
178000

an inch, it can reflect no yellow (by Cor. 3.) and
the like for others. In which cafes the light will
be tranfmitted, and the body be tranfparent.

Cor. 7. The -particles of bodies refitâ rays of one
colour, and transmit t bofe of another. And this is
the ground of all their colours.

-This appears from experiment the firft.

Cor. 8. 1'be bignefs of the compounding particles
of natural bodies may be conjeSlured by their colours.

We are let into this by Exp. ï. And from hence
a table may be made of the feveral orders of co-
lours, to form our judgment by. Such a table
you'll find in Sir J. Newton's Optics, pag. 206.

Cor. 9. The caufe of refletlion, is not the imping'
ing of light en the folia parts of bodies. Eut it is
done by a certain power, uniformly diffufed over the
whole furface of the reflecting body.

For in paífmg of light out of glafs into air,
there is a reflexion as ftrong as out of air into glais,
or ftronger -, and far ftronger out of glafs into
water. And air is not likely to have ftronger re-
flecting parts than water, or glafs. And the re-
flexion is as ftrong or ftronger in vacuo.

Again, if light paffing out of glafs into air, fall
at a greater angle than 40 or 41 degrees, it is all
reflected, if more perpendicular it is tranfmitted.
Now it is not to be imagined, that light at one
angle of incidence ihould meet with pores 'enow to
tranfmit it -, and at another incidence little diffe-
rent, Ihould meet with nothing but parts to re-
flect it.

Like-
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Likewife in the paffing of.' light out of glafs into Fig.

air ; at a certain incidence the blue is reflected, and
the red tranfmitted.

Again, where the glafles touch, there is no fen-,
fible reflexion.

Likewife at particular thicknefs of plates, which
are in arithmetic progreffion, there is no refledion
but a tranfmiffion.

Laftly the.fmall protuberances, left after poliih-
ïng, being innumerable and infinitely fmall -, would
throw the light in all directions. All thefe things
Ihew, that the reflexion is not caufed by impinging.

Cor. io. Bodies reflea and refraS light by one and
f be fame fewer.

For when light goes out of glafs into air, as ob-
lique as it can j if its incidence be made more ob-
lique, it is totally reflected.

Again experience íhews, that light is alternately
reflected and tranfmitted, by thin plates of glafs
for many fucceffions, according to the thicknefs of
the glais.

Likewife thofe bodies that have the.greateft re-
fracting power, reflect the greateft quantity of
light.

P R O P . XIV.

Every ray of light in its pajjage thro* any refraSI-
iagfurface, is fut into a certain tranßent conftitution
orßate^ which in the progrefs of the ray returns at
equal intervals -, and difpofes the ray at every return^
to be transmitted, und between the returns to be re-
flefied by it.

This is manifeft by Exper. ï, 2, and 3d. By
thefe experiments it appears, that one and the fame
fort of rays at equal angles of incidence, on any
thin tranfparent plate, is alternately reflected and

D 2 tranf-
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-Fig- tranfmitted; according as the plate increafes in pro-
greffion of the numbers o, J> 2, 3, 4, &c. fo that
at the thicknefs ï, 3, 5, 7, &c. the rays are re-
ßeded; and at the thickneííès 2, 4, 6, 8, &c. they
are tranlmitted -, and thereby make the rhigs of
light. And this (by Exp, 5.) depends on both the
•furfaces of the glafs.

Cor. ï. The reafon од&у the ftirfaees of bodies t re-
fleff fart of ibe light fulling on tbem^ anâtçanfmit
the reß, is becc.ufe fome rays aí their incidence-^ a/re i»
ßts of eafy reflexion^ and others in fits of eaß tranf-
mißon : calling the returns of thefe difpoßtions of the
rays, the fits of eafy reflexion or tranfmiffiön.

This appears from the feveral rings of coloupa,,
made by the object glaßfes ; and far mere of them
are vifible thro' à prifm, and always where the
plates are of the thicknefs ï, 2, 3, 4a &c, fo that
tbey return in equal times.

Cor. 2. Thofe furfaces which refraB -t]pe-.rays meß
flrongly in fits of eafy refrattion ; do reflefl them mß
firongly inßt~s of eafy refiexioa.

This foUows from the foregoing* and Qor, 9
and'io, of the laft Prop.

Cor. 3. When rays of a deep yellow pafs per p. out
of any medium . into air ; the interval of the fits of

eafy reflexion 'are the - tk part of an inch. Ana
89000

of. the fame length are the ftts of eafy tranfmßon.
From Exp. ï. of Prop. XIII.

Cor. 4. Wben a plate is thinner than - ,
170000

îhe-,rays, are all tranftnitîed.
This appears from the black, fpot, Ex. ï. Prop.

XIII,

Cor.
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. Cor. 5. The intervals of the fits areßorteß in tie Fig,

maß refrangible rays.
By Exp. 3. Prop. XIII.

Cor. 6. All bodies- appear tranfparent, wbofe par?
fides and pores are ton fmdl Po caufe any reflexions.

Cor. 7. The opacity of bodies arifesfrom the inul-
iituae of reflexions -within them.

Cor. '8- The parts of bodies 'vtt which 'their colours
depend^ are -deafer tèan ifa. -médium included in the
pores.

For where the thin body is rarer than the am-
•bient medivim, the obliquity of the rays caufes the
coloviir to change, fo that at any obliquity all forts
of raya; will be refledted, which ca\ife a whitene.ls'.
But ir tíhe thin boay "be much denfër, the colours
are little changed !by the obliquity, and fo the co-
ioor iwjll appear. •

Cor. 9. fie conftitutnt faris of bodies are the
greateft ivhofe folours are me/ft dilute.

for then it indicates a higher order of the co-
lours, as being more mixt, according to Exp. r.
Prop. ЗШТ. where the farther you recede from the
center, the more dilute and mixt thefe rings are.
And a table may be made therefrom in order to
judge by. Such a table you have in Sir J. New-
ton's Optics, pag. 206.

Cor. ID. АЪоау bêfffníes tranfpareut, ty filling tVt
of it, ivi.th a jßuid of i be faîne äenfity liútb

.
For all the partó beihg.of equal dehfity, there

can be no refradtioii within it, and therefore the
go ftf^t fofward arid pau thro' it.

D P R O P .



$8 LIGHT AND COLOURS.
Fig.

P R O P . XV.

If a beam of light paffes into any transparent body?
as glafs j part of it will be reßefied at its going in,
and the reß transmitted to the further furface, where
fome is tranfmttted there, and fome resetted back to
theßrß furface. And Jfo a quantity of light will, be
continually refle Red back and forward within it, for л
•vaß number of times till it be all loß. Whïlft at
every point, of incidence there is a part transmitted
into the air.

Take a glafs fpeculum, ground concave on one
fide, and convex on the other, and quickiUvered
on the convex fide. And let a beam of light,
coming thro' a fmall hole in the window ihut in a
dark room, fall upon the fpeculum. Then hold a
paper at the center of the glâfs, fo that the. beam
of light may pafs thro' a little hole made in the
middle of the paper, to the fpeculum, and fo be
reflected back to the hole. Then you'll obferve
feveral concentric rings of colours round the hole ;
like thefe before in the objeft glafles by tranfmit-
ted light. ' Thefe rings grow fainter as they grow
larger. Meafuring the diameters of thefe rings,
they are in the fame proportion as thofe tranfmitted
thro' objeót glafíès. Viewing them with homoge-
neal light, they appear more diftinot, and to a
greater number. The red are the largeft,, the vio-
let leaft, and fo in order. Placing the eye where
the rings appear plaineft; the foeculum will be
feen tinged all over with waves of colours. From
all thefe things, it is plain, thefe rings are made
by the light reflected back and forwards within
the glafs} whilft fome, being in the fits of çafy
reflexion, and fome in the fits of eafy tranfmiffion,
cauíèd tjiefe rings of colours. When the quick-

fxlver
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filver was rubbed off the glafs, there would be the Fig.
fame rings but fainter -, and therefore the quick-
filver only increafes the light of the colours, by in-
creafing the reflexion. A metal fpeculum tried,
produced no colours ; and therefore the colours de-
pend on both furfaces of the glafs, and the thick-
nefs between them. From what has been faid it is
evident, that light undergoes many reflexions in
fucceflion within a body, and many refractions out
of it for many viciflitudes.

Cor. ï. The outward furfaces of gla/es not only
refleff and refrafi incident light, in a regular man-
ner ; but fcaiters a part of it in all manner of di-
reftions,

That light is fcattered from glafles in all direc-
tions ; is evident from this, that the glafles can be
feen in all directions j and therefore the light re-
flected from them, enters the eye, let it be placed
where it will.

Cor. 2. Hence the image of a candle may be feen in
à glafs, repeated agréât many times ; till by the <weak-
nefs of the light it vanißes.

P R O P . XVI.

Bodies afl upon light at fmatt dißances, by attrac-
tion and repulfton,

Exper, r. Make a hole with a pin in a thin piece
of lead ; and placing it in the hole of a window
ihut, let a beam of the fun's light pafs thro' it, in-
to a dark room Then will the ihadows of hairs,
threads, pins, ftraws, &c. be bigger than they
would be, if the rays of light pafled by them in
right lines. And it is the fame thing, whether the
fmall body be encompafied with air or water, &c.

D 4 The
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fig. The :ihadows of fcratches in glals, and the veins in

it, are broader than they ought to be.
13. Let X be a hair placed in ehe beam; ADG,

ВЕН, KNQ, LOR, rays of Jight paffingby the
fides of it, bent at X, and falling upon the paper
GCX TI, VS, the dire.dt Jight. The light pafT-

.ing neareft the hair, as at D and JN, is the moil
.bent, paffing to G and Q, the fartheft .aiunder ;
thole that are further off, as at E and O, are lefs
bent ; and fo on, to TÍ and VS. Therefore the
force acling upon the light is ftrongeft at the leaft
diuänce, making the lhadow GO ; and weaker at
greater diftances.

'Exp. z. The lhadow of all forts of bodies are
bordered with three parallel fringes of coloured
light -, the ncareft to the ftiadow, the brighter}: ;
and the furtheil very feint. The order of the co-
lours, reckoning from the innemioft, are violet,
blue, green, yellow, red. So by looking on the
fun thro' a feather or black ribbon, hdd dole to
thc- eye, feveral fringes of colours will appear^

Exp. 3. Let the lun fh'me thro' a hole, a quar-
ter of an-inch broad ; place a fheet of pafteboard
two or three feet off, 'blackt over on "both fides,
and in the middle of it, a hole í- of an inch fquare,
for the light to pafs thro'. Behind the pafteboard
fatten the blade of a knife very ih,arp, to ftop part
of the light, going thro' the hole. The knife arçd
pafteboard are parallel, and both perp. to the rays.
Let a part of the light, which paffes by the knife
edge, fall upon a whke paper two or three feet
diibait; and chere will be made two ftreams of
light ; which will appear fairer, if the light pafles
thro' a hole in the paper, and fall on a black clqth
behind it. One of thefe ftreams fubtends an angle
of about twelve degrees ; and is perp. to the edge
of the kniie. And placing ones eye in the ftream,
a line of light will сю feen upon the edge of the

knife »
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knife -, and «ven wlien the eye is placed without F-ig.
the ftream. 13.

Exf. 4. 'Placing-another knife,, with its edge very
near and parallel то the -firft. If they 'he diftant
the 40oth part of 'an inch, the ftream of light,
paffing between them, wi'll part in the middle, and
îeave a fliádow between them, quite dark. As the
knives approach the fhadow grows broader, and
the -ft'reara narrower -at the inner -end.. Hence the
light that is leaft bent goes to the jnoer end of the
Arearn, and pafîès at the greatelt diftance from the
kflives. And chis diftant« is about the "Sooth part
of an inch, when the fhadow begins firft to appear.
And the light which paflès át diftances Jefs andlefs,
is more and more bent ; -and goes to tfet hand
which is furtheft from the direft light. A little
before the ihadow appears the •fringes begin to ap-
pear, on either fide -, and 'as the knives approach,
they grow diftinéter and larger, till they vaniih,
the utmoft firft, and the reft in order.

Hence one may conclude, that the tíght of the
firft fringe paffes by the knife, at a greater diftance
than the Sooth part of an inch,, the fécond at a
greater diftance, and the third greater ftill. And
the ftreams of light at a lefs diftance than any of
the fringes.

Exp. 5. Take two knives with ftrait edges,
and prick them into a board, fo as to make aü
angle with each other, and faften them fo that the
angle may be invariable ; let the angle be near two
degrees. Place thefe in a beam of Tight, in a dark
room, about the ^.zd part of an inch broad; ю or
12 feet diftant from the hole; ana1 let the light
paffing between their edges, fall very obliquely upon
a fmóoth white ruler, at '- an inch or an inch diftance.
Then you'll fee the fringes made by the two edges
of the knives, run along the edges of their íha»
dows, in lines parallel to thefe edges, without grow-
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Fig. ing fcnfibly broader, till they meet in angles equal

to that of the knives ; and where they meet they
end without croffing. But when the ruler is held
at a much greater diftance, the fringes are narrower,
the farther they are from the angular point, where
they crofs, and then become much broader.

Hence, the diftances at which the fringes pals
by the knives, are not increafed or altered by the
approach of the knives. But the angles, in which
the rays are bent, are much increafed by that ap-
proach. And the knife which is neareft any ray,
determines which way the ray ihall be bent ; and
the other knife increafes the bent. The diftance
of the edges of the knives (at the meeting of the
dark lines between the firft and fécond fringes on
each fide) is the 16oth part of an inch. Whence
half the light pafles by the edges of each knife,
within the 32Oth part of an inch thereof, and fal-
ling upon the paper makes the fringes of the iha-
dow of each knife. And the light which falls
,upon the paper where thefe dark lines meet, pafles
between the knives, where their edges are more
than the looth part of an inch diftant.

The light which makes the fringes is not the
fame light at all diftances of the paper from the
knives. ' But when the paper is held near the
knives,, the light, (that makes the fringes) pafles'
at "ä lefs diftance from the knives, and is more
bent, than when the paper is held at a greater
diftance.

Exp. 6. If the paper be held at a great diftance,
perpendicular to the rays ; the fringes of the íha-
dows will be in the form of hyperbolas, of which
there will be fix for the three fringes on each fide.
In any one of thefe hyberbolas, one aiymptote is
parallel to the edge of one knife, and its other
afymptote, is a line drawn perp. to the line which
bife£ts the angle, and pafles thro' the point where

that
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that direct ray of light cuts the paper, which ray Fig.
paffes thro' the angular point of the two knives.
Therefore the angle of the afymptotes of all the
hyperbolas will be in that point, where a line drawn
from the fun, thro' the angle of the knives, cuts
the paper. And thefe angles will be all obtuíèi
being greater than a right angle by half the angle
of the knives. And the three hyperbolic fringes
on one fide are equal to theiè on the other. All
thefe may be found, by actually meafuring the or-
dinates, &c. and fo proved to be hyperbolas.

E*p. 7. Let the fun ihine thro' a fmall hole
made by a pin in a plate of lead -, and place a
prifm at the hole to refract the light, on the oppo-
fite wall. The ihadows of all bodies held in the
coloured light, are bordered with fringes of the
colour of that light in which they are held ; in
the red they are red -, in the blue, blue, Sec. And
the fringes made in the red light are largeft, thofe

• jn the violet, kail i the green ones of a middle
bignefs.. And they were fo at all diftances from
the (mall body, as a hair, &c.

So then the rays which made .the fringes in the
red light, .paflèd by the hair at a greater diftance,
than thofe which made the violet fringes. There-
fore the hair in caufing. thefe fringes acted alike
upon the red rays at a greater diftance, as upon
the violet at a lefs diftance ; and by thefe actions
difpofed the red light into larger fringes, and the"
violet into frhaller, and middle ones into a middle
fize, without changing the colours of the.rays.

When a hair is held in a white beam of the fun's
light (Exp. ï and 2.) and cafts a fhadow, which
is bordered by three fringes of coloured light -,
thefe colours arife from the various inflexions, by
which the rays are feparated, and being feparated,
produce each its own colour. In this laft experi-
.ment, where they are feparated before the light

comes
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fig. comes to the hair j the red or Jeaft refrangible rays,

were inflected at a greater diftance, and the violet
or mo£t refrangible гаув at я leis diftance, mak-
ing three violet fringes at a lefs diftance, whilft
the red makes three red .fringes at a greater dif-
tance. And the other mean rays were inflected at
jtnean diftances, making three fringes of their pro-
sper colottrSj at mean diûances, from the lhadow
of the hair. And in the white light, thefe colours
are feparated by the various inflexions of the rays,
and .their fringes appear all together ; -and the in-
jiernioft fringes being contiguous make 'one broad
.fringe, còmpofed of all the colours in due order -,
the violet being next the lhadow, And the red far-
theft off, and the reft in their places. And in like
manner die middlemoft fringes compofe one broad
fringe, of all their colours ; and the outmoft fringes
compofe another broad fringe, like the teft. And
thefe are the three fringes of coloured ligfat, wish
Trhich the fliadows of all bodies Are bordered, AS
in Exp. 2.

From all thefe experiments it is obvious, that
the rays of light are acted on by fome force or
other that turns them out of their direct road.
And as this force bends die rays not into the iha-
dow of the body that acts upon them, but from the
fliadow ; in that reípect it muft be a repulfive force,
and (by Exp. ï.) is ftrongeft at the leaft diftance.

Cor. ï. // is probable, ibal ibe rays of light in the
points of contaïï with bodies, ana extremely near it.,
are afied on by &n atlraSlive force. Лпа at greater
diflances with a repuljlve one.

For if the rays were acted on in äU cafes and
circumftances by a repulfive force ; the light would
all be expelled at once out of the luminous body.
But it is more probable, that thefe particles of light
are kept in the body by fome attractive force -, till

'they
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they be ihaken off by the vibrating motion of the Eig.,
body, and thrown beyond the reach of attraction ;
the contrary power of repulfion then begins, and
drives it away with amazing velocity. Light is
acted on- entirely by attra&ion, by refraction in a
denfe medium, being made towards the perpendi-
cular.

Cor. 2. This power 'which aãs upon light is infi-
nitely flronger than the force of gravity.

For the velocity of light being furprifingly great,.
and the fmall diftance the active force extends to,,
makes the time of acting, fmali beyond all com-
prehenfion. And therefore in fuch an infinitely
fmali time, the finite,force of gravity would have,
no manner, of effect.

Cor.' 3. The force of repulßon ailing on light, de-
treafes very faß in regard to the dißance-, fo thai in
a very fmall fpaçe it becomes nothing.

The force of gravity decreafes as the fquare-of
the diftance. But this force being reduced to no*
thing in a very fmall fpace, ihews that it decreaíês
far fafter than,in that ratio,

Cor, 4« Hewe bodies and light aff mutually upon
one •another'; bodies, upon light by emitting^ refltííingt
rgfraãÍKg$ and i»fle£iing it. And light upon bodies^
by beating thcm* and. putting their parts into motion:

For aetion and re-action are always equal and
contrary.

Cor. 5. Black bodm, grow he t fooner by light
than-any- other bodies?, and white bodies later.

For the light falling on them is not reflected,'
but enters the bodies -, and by being often reflect-*
ed and refracted within it, excite а-briík motion
among the-internal parts of it. But white bodies
rcfloct. moflf'of the light, and therefore are but lit-
t& affected by it.-

P R O P .
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Tig.

P R O P . XVIE.

tfbe motion of light is not infîanteneous, tut is per*
formed in time -, andfpends about eight minutes in faff-
ing from tie fan to the earth.

This is proved from the eclipfes of Jupiter's
fatellites ; for when the earth is between the fun
and Jupiter, rhefê eclipfes happen about eight mi-
nutes fooner- than they ought to do, by the rules of
calculation. And when the earth is beyond the
fun, they happen eight minutes later than they
ought to do. The reafon is, the light has a leis
diftance to move over, from the fatellites to the
earth, in the firft cafe, than in the fécond, by the
diameter of the earth's orbit. And therefore the
radius of the earth's orbit requires eight minutes
of time for the light to pafs thro' it.

Cor. It is very probable, that the rays of light are
extremely ftnall bodies^ frojeïïed •with incredible velo-
city f rcm the luminous body.

For, ï. It is the property of a body to move
thro' fpaces which are proportional to the times, by
a uniform motion j and light does this. 2. It is
acted on by a body, when is is reflected, refracted,
and inflected ; and bodies can only aft upon bodies.
3. Light cannot be increafed or diminiihed. It
can only be increafed in any place, by robbing o-
ther places of its light ; and it can only be dimi-
niihed by conveying it to a different place. And
all this may be done with bodies. So that we can-
not increafe it in one place, but we muit decreafe
it in another. 4. Light conflits of parts both fuc-
cefilve in the fame lines, and contemporary in fe-
veral lines. For in the fame place one may ftop
that which comes one moment, and let that "país

which
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which comes the next moment. And at the fame Fig.
time, one may ftop it in one place and: let it pafs
in another. For that part of the light which is
ftopt, cannot be the fame with that which is let
pafs. And all thefe properties agree with what we
find in bodies.

P R O P . XVIII.

If light enters into a denfe medium, ana in its ma*
tion in that medium^ »part of it be laß, fo that only
the part p gets tiro' the fpace a. Then the quantity
of light which gets tiro' the fpace na in the fame con-
tinued medium^ will be p".

1 take it for granted, that if any quantity of
light paflès into a denfe medium, and in moving
thro* the fpace a lofes any part, as 7V thereof; if
half the quantity of light enters it, it will lofe -Лг,
of that half in the fame fpace ; or if a quarter of
the light enters it, it will lofe ^ of that quarter,
and fo on. Therefore there will always be a certain
part of the incident light, get thro' equal fpaces.

Suppofe then \ the light, gets thro' the fpace a \
then £ of that, or -§. of | will get thro' the next

~8Yipacee, that is, —J will get thro' 20, and £ of that

оЛ J jTy
or — will get thro* ^a; and fo on. Therefore —

9 I 9 '
of the entring light will get thro' the (pace na.
And inftead of •£ putting p, the quantity of light
getting thro' the fpace na, will be p".

Cor ï. If ï—-p be the licht laß er deßroyed in
faffing thrf the ff ace or depth a ; i—p* will be the
light laß in faßng thro' the depth na.

Cor,



4« bIGIír AND CO TL OU R S.
fig, ' Сот. 2. • The ligbp tTanfmifrfd at the depth ti№, it

to $e light* tranfimtted at tee dcpb • ла,. as p* to. -p.

Cor. 3. The ligfa transmitted thra' tic depth a, is
To' the light transmitted aro' tüf de$lh na, 'as ï to
f»-*.

For the lights tranfmitted are as p to f, that is,

os i to ?" or p*—1 j- where и.1 may be whole or
P

fraftkmal.
PRO P. ХШ.

Irightnefs of an -objeft' is ~ marly tb'e feme-, at
all diftances of tbe eye front ït;

For if the eye at any diftance receive any- quan-
tity of light, at half that- diftance it will receive
four times the light, and' the púíUtfé" upon the re-
tina will be four times as big, whence the deniTty
or brightnefs continues the fame. Alfo at a third
part of the diibnce it receives nine times the light,
and the pifture in ths eye will be1 nine times as
big-, and therefore the denfity is ftillthe fame.

Or in general at — of the diíbnce, n times the
я

light comes into the eye, and the pifture is я times
as big, and the denfity the fame as before, becauif
jf times the light is fpread over n times the fpace.

P R O P . X X .
<£be proportion of moon light to day ligbt^ or the

light of the fun, at full moo», is as ï to 96 tboufond,
nearly.

For the moon's radius is to1 the earth's -radius
as ï to 3.65; and fince the radius of the moon's
orbit is 60 of the earth's radii ; therefore the ra-
dius of the moon's orbit, or its diftance from the
earth is 60 X 3-65 or 219 of the moon's radii.

Now
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Now fuppoíê equal fpaces at the earth and mooh

to be equally illuminated -, and that the whole fur-
face of the moon was thus equally illuminated, and
the light reflected therefrom all around, fo far as
the furface of a fphere parting thro' the earth,
defcribed from the moon's center -, then all this
light is fpread upon this furface ; and confequently
its denfity will be lefs in the reciprocal proportion
of thefe furfaces, or reciprocally as the fquares of
the diameters. That is, the denfity of the light at
the moon (which is fuppofed the fame with day-
light) is to the denfity at the earth (reflected from
the moon)-, as the fqüare of 219 to ï, or as 47961
to ï. But fince in reality, there is not fo much
light falls on the moon, being no more than what
falls on' her difk, and her diik being but half her he-
mifphere ; the denfity of light at her furface, upon
each hemifphere will be but half as much. And
it matters not whether any falls upon the oppofite
diik or not, for (by the rule of proportion) that
would all be reflected to the oppofite hemifphere,
and does not concern us, who are oppofed to the
full moon. Therefore it will now be, as day-light,
to moon-light; fo is 4/961 to i, or as 95922 to i>
or in round numbers as 96000 to ï.

Cor. ï. Moon-light is to day-light ; as half the
fqiiarf of the moon's radius, to tbefquare of the moon''s
dißance, when /he is full. Ana in the quadratures,
as I. the fquare of the moon's radius, to the fquare of
the moon's dißance.

After the fame manner may be found the light
of any other celeftial body, compared with day-
light-, let it be Venus. Let d — fun's diftance
from the earth, т> — Venus diftance from the fun,
л := her diftance from the earth, r — her radius.
Then if Venus and the earth were equally illumina-
ted by the fun, then is her light to day-light : :

E í n :
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Fig. - r̂r : «я. But Venus being nearer the fun, is more

enlrghtned in the ratio of — to ï ; therefore her0 . vv

light is to day-light : : ̂ rr X — : aa : : 4. rrdd :
<u<u

*waa. But fmce in her quadratures, d — a nearly,
therefore, Venus's light is to day-light ; as ~rr to
w. And that is as ï to 804.000000, nearly.
Hence,

Cor. 2. Tie light of Venus in her quadratures', if
to day-light \ as ï to 800 millions.

This is fuppofing the radius of Venus, to her
diftance from the fun, to be as ï to 14200.

Cor. 3. Henct the light of the moon is 8000 t{mes
as great as the light of Venus. Swppofing thy both
«f them refieS all the light that falls op teem. '

B O O K
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C A T O P T R I C S ; O R R E F L E C T E D
V I S I O N .

D E F I N I T I O N S .

D E F. I.
f* AT O P T R 1C S, treats about that part of Op- Fig.

tics, which relates to feeing, or making the
piótures of objedb by refleded light.

D E F. И.
A Speculum or Mirror is any poliihed furface,

commonly of glafs or metal, which refleits thé
rays of light ; and may be either р/а/я, concave*
or convex. The glafs ones are commonly, quickfil-
vered over on the backiide -, to make the reflexion
ftronger.

P R O P . 1.

If a ray of light be refteaed from a plain furf ace -,
tie angle of reflexion will be equal to the angle of in-
cidence,

It is ihewn in Prop. XVI. that the rays of light
in being reflected or refrafted, are afted on by the
bodies they come near, by repelling or attracting
them. And thefe forces, be what they will, muft
acl in lines perpendicular to the fui faces of thefe
bodys -, and that force muft be equal at equal dif-
tances from the reflecting or refracting furface.

E 2 Let
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ITig. Let AB be the incident ray, CD the reflected
14. one. RS the reflecting furface, FQRS the infinitely

thin fpace, within which the repulfive force of the
body is contained, АВтйСТ) the progrefs of the
ray. Draw an infinite number of lines parallel to
PQ^or RS, fuch as »/, oq. Then fmce the repul-
five force begins at B, it will continually bend or
infleot the ray, into the curve Be»/, till it comes to
its loweft point »г, where it will be parallel to the
reflecting furface. Afterwards it will recede from
the plane SR, defcribing the curve mqC. *And
fmce the forces are equal 'at the equal diftances о
and j, n and /, &c. therefore the particle of th,e
curve mq, will be equal and fimilar to the particle
uHi, -and qi to on. And for the fame' reãfon, all
the particles of the curve гя^С, will be equal" and
fimilar to the correfponding particles of the curvo
p»ûB i and therefore the whole mqC will be equal
and fimilar to the whole moB. And confequently
the angles at С and B will be equal ; and the angle
of reflexion equal to the angle of incidence, being
their' compléments.

Cor. ï If a ray of light Ы refiefted from any
»f a curve fur face -, the angle of reflexion is equal 1 9
the angle of incidence.

For it, is the fame thing as if it was reflected
from a plane touching the curve in that point.

Cor. г . The ray of incidence and reflexion are both
in a plane^ perpendicular to the reflecting furface^ in
the point of incidence.

For there is no force ailing out of that plane.

Cor. 3. А глу of light falling perpendicular to. any
furface^ is reflected back in the fame perpendicular.
But moving parallel to г'/7 will continue fo.

Cor.
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Cor. 4. If the reflected ray at O, return back tiro1 Fig.

OS, it will be reflected te R. 14-

Sc но L rir м.

The curve B0wjC defcribed by the ray of light,
is fo extremely fmall, that it may be looked upon as
a fingle point. And therefore the points В and С
may be fuppofed to coincide.

P R O P . I I .

If rays proceeding from a radiant point R fall upon , r
л reflecting plane furface PL ; the focus of the refleft-
ed rays, will be at F, in the line RF perp. to the re-
fleiïing fur f ace ï and as far on the other fiàe of ;Y.
f bat is. PF = PR.

For fmce RPF is perp. to PL ; let RS be any
incident ray -, and SO the reflected ray. Produce
OS backward to F. Then (Prop. I.) <: PSR =
< LSOrzPSF. Therefore in the right angled tri-
angles PSR, PSF -, all the angles are refpectively
euq.ua!, and PS common -, therefore R F equal PF.
Therefore the reflected ray SO proceeds from F,
in the perp. RF, fo that PF = PR. And by the
fatne.reafoning, if RN be any other incident rayv
its reflected ray NH will proceed, from F. And,
therefore F is the virtual focus of all the reflected
rays,-, which therefore all diverge from F.

Cor. ï. The diflance of the fo.cus'F fr,om the eye at
O, is equal (o the incident and r.eßefled rays_.l.aken-t£-
gether, OF = OS -t- SR.

For OF - OS + SF = OS -h SR,

Cor. 2. Rays converging to F, and reflected by the
i, .converge to R.

Cor. 3. If rays proceeding from an objeïï at R
rtßeaed by the plane PL to. an eye at О ; the objeft

,E 3
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Fig. will appear to be placed at F, tbe focus of tbe rtßeS-

IK. ed rays, where tbey laß diverged from.
For we always judge an objeet to be in that place,

from whence the rays proceed direétly to the eye ;
which here is from F.

P R O P . HI.

ï 6. If rays proceeding from a radiant point R, fall up-
17. an any point В of & reflecting fpberical furface VS,

and F be tbe focus of tbe refletJed rays -, it will bet

SR : CR : : SF : CF. C being tbe- (inter of tbe
Jphere. - ' .

For (fig. 16.) the angle of reflexion CSF being
equal to the angle of incidence CSR (Prop. \.)\
therefore the angle RSF is bifefted ; and therefore
(Geom. II. 25.) SR : SF : : CR : CF.

And (ßg. 17.) draw. F A parallel to RS, and pro-
duce CS to В -, and if FSD be the reflected ray,
then the angle FSA =i BSD — (Prop. I.) BSR =:
SAF -, therefore SF ~ AF. Then by the fimilar
triangles CRS and CFA, SR : CR : : AF or
SF : CF.

Cor. ï. If tbe radiating point R, and the focus
F, be bath on one /tde the reflefling furface. If tbe
rays diverge Jr от one, tbey converge to tbe other.

Cor. 2. If the radiating point R and focus F be-
en 'different fides of tbe reßecling furface -, if the rays
diverge from one, they diverge from the other. But
if tbey converge to one, they converge to (be otber, by
reflection.

Cor. 3. If ^ R is at an infinite aißancet then SF =
CF.

For then CR = SR, and confequently CF z:

Cor.1
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Cor. 4. If R 'is tbe radiant f oint ; make the <: Fia,

RSC = CSF, or RSB = BSD, _and draw SF, or 16.
DSF, and F is tbe focus of tbe refle'S'ed rays. 17.

Cor. 5. The f ecus of rays proceeding from any ra-~
dianî point R-, is in tbe line RCV, joining the
point H and the center.

For taking Vj — VS, the focus is in the place
where the rays meet, which are reflected from all
points of the arch Sj. Let RS, Rj be two corre-
fpondent ones, then the angles 'SRF, jRF, being
equal, and alfo RSF, and RjF ; therefore SF, sF
will meet fomewhere in the line RCV, at F.

Cor. 6. Afmatt object placed in tbe cent'er', canne t
íe feen by reflexion. Or tbe eye placed in tbe center*
can fee nothing by reflexion.

For all the reflected rays go alfo to the center.

P R O P . IV.
If VA be a reflecting fpherical furfacCy -whofe cen- 1$.

ter is C. And if a ray of light R A s(or G A) pa-
rallel to CV, fall upon A, and be reßeßedtoF. Draw
tbe tangent AT •> then will TF = FC.

For CAT being a right angle, and (Prop. I.)
<C OAF being = angle CAR ; we lhall have

С AT '= RAF + FAG-—————— >.
2

and CAF =RAF
2

tbtn by fubtraetion FAT = FAG = TAG=ATF.y
2

therefore TF = AF = FC, becaufe < CAF =
CAR = ACF.

Cor. ï. Hence FC, FA» FT, are all equal to one-
tyotber.

Cor. 2. Tee tangent AT bifeEts tbe angle FAG.
E 4 Cor.
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Fig. Cor. з- If CQ^~ Q V, then Q i j the f ecus of tb*

l?, rays falling on V, or the principal focus.

Cor. 4. yiW QF-( = half TV) « /A* fpace on
•which all the rays fall that come from the whole fur-
face AV.

*9' Cor. 5. If AV be any curve^ and a ray of light
RA (cr GA) be refleßed into the line AH. If VL
Ъе drawn parallel to AR, and A.'L. perp. to the curve
at A. Then AH rr HL.

For produce AL to C, that AC may be the
radius of curvature in A ; draw CF parallel to VL,
and produce AH to interfeÄ it in F. Then F is
the focus of the rays reflected by the circle, paffing
thro' A, and therefore of the portion of the curve
,at A that coincides with it. Therefore (Cor. ï.)
CF = AF, and confequently (by fimilar triangles)
LH=AH.

Cor. 6. When parallel rays full on the furface of a
fphere, í bofe neareß t he-ver t ex, bave their fecus near-
eß the center.

P R O P . V,

2Ot If aVA be a fmail psrtîon of a reflecting fpherical
z ï. furface, С ils center, V its w t ex f R the radiant

pointysfrswor towards which the rayTftow^'F the
focus after reßexion at A. Then it will be VR : VF
: : CR : CF, nearly.

For (Prop. III.) If A be the point of incidence,
it is AR : AF : : CR : CF. But the arch VA be-
ing extremely fmall, AR — VR, and AF = VF,
very near. Therefore VR : VF : : CR : CF,

Cor. The points R, F are conjugate foci to one a~
»other -, that is, if R be the radiant point, • F чкШ Ъе
the focus -, or if F be the radiant point, R tvill be the
focas. Where I uf< radiant points in a general fettfe,

far
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for the point, -wbicb the rays either -diverge frem, W Fig.
converge to, before reflexion.

P R O P . VI .

If aVA be a fmall portion of a reflecting fpberical 22.
furface, wbofe center is C, and V its vertex. And
if parallel rays, or tbofefrom an infinite dißance, as
R A ejt&&ffall upon it, and F be the focus of tbs
refleSled rays -, then F íj in tie middle of tie radius
VC, or VF - FC.

For (by the laft Prop.) VR : CR : : VF : CF.
" But becaufe R is infinitely diftant, VR '=: CR,

therefore VF = CF. . '

Cor. ï. Rays diverging from F, tie middle point
of the radius, or converging to F, and reflected by
the fpberical furface VA : will after reflection go pa*
rallel to one anotber.

Cor. 2. A luminous body placed in F tbe middle
point of tbe radius, will cafl a light to a great dißancet
fy reflexion from tbe concave furface.

Cor. 3. Tee principal focus of a reflecting fpberi-
cd fur f ace, is in tbe middle point of the radius at
F. And tbe principal focal dißancet, is balf tbe
radius.

P R O P . VII.
АЙ be a fmall patt of a reflecting fpberical fur- 23.

face ; С the center, V the vertex, P the principal 24;
focus, R tbe radiating point (or that vohicb tbe rays
diverge from, or converge to, before reflexion]. 'And
if F : be the focus after reflexion, then will PR, PC
vr PV, and PF, be in continual proportion.

For (fig. 23), fince VF — PF = PF + FC,
therefore VF — FC = sPF. .But (Prop. V.) VR*
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Fig. : VF : : CR : CF i- by divifîon VR : VF : : VR -*
23. CR (VC) : VF — CF fzPF) . : 2VP : 2PF : : VP :
24. PF. And again, by divifîon VR : VF : : VR —

VP (PR) : VF — PF (VP). Therefore PR : VP
:;VP:PF. '

And' СЙГ/24.) VR : VF : : CR — VR (C V or
aVP) : CF — VF (2PF) : : VP : PF. And by
addition, VR : VF : : VR + VP (PR) : VF+PF
( VP.) Therefore PR : VP : : VP : PF.

Cor. i. F and R are conjugate foci to one another,
and lye always the fame way from P.

Cor. 2. f be r í3 angle of the difiaitces of the radi-
ant point, and of tbe focus, from the principal focus -,
is equal to ± the fquare of the radius of the fpbere.

Cor. 3, f be principal focal dißance, is equal to tbe
reSlangle of tbe dißances, of f be focus, and of the ra-
diant point ; from tbe vertex, divided by tbe fum'or
difference of tbefe dißances -, according as F and R are

on tbe fame or different fides of V. VP =

For we had VR : VF : : PR : PV. And VR"xPV'
= VF x PR = VFx VR+VP, and PVxVR + VF
= VF x VR.

Cor, 4, If^le the radiant point, F its correfpon-
dent focus ', or R and F, conjugate foci ; tbe diftance
of that focus F, from tbe principal focus P, or PF=

VF*«— — -— ;-• according as F and R are on tbe fame

er different fides of V.
For PF - VF - VP = VF-

VR + VF - - - VR—VF
VF*

" VR—VF" SCHO-
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S C H O L I U M . 2 2 .
The £ iaft propofitrons % thé foundation of all" 24.

that is practicable in Optics, fo far as reflected light
k concerned. For no curve whatever is made ufc
of to refleél the rays of fight, except the iphere-,
no method being yet found out to grind glaflbs
accurately into any other curve. Arid in ufing fpheri-
cal furfaces, a fmall iegment only is to be tak«n -, be-
caufe the parts-of the furface remote from the ver-
tex, refledt the rays to different focus's ; which are
fo much further from the principal focus, as the
reflecting part is furcher from the vertex. And
therefore if a large fegment was ufed, the ray»
from any fingte point of an object, could not be
brought to a fmgle point in the focus, which would
bfe attended with a deal of confuiion.

The following propofition gives a general rule
for determining the foci of all glaflès univerfally
•whether convex or concave ; and whether the rays
diverge or converge, and from whatever diftances,
finite or infinite, they proceed.

P R O P . VIII. Prob.

ií/ Ал & a fmatt portion of a reßf filing fpheri cal 2 ç.
furface, С its center, R the radiating point. To find
F tbe focus of the rays after reflexion.

Put the ефапсе TR . == а,
radius of ibefphere CV — r
focal diftance VF = /.

Then f = — L — , very »ear. Where, if tbe.
2d+r

rays converge, or AV be concave , d or r will be ne~
gafive.

For CR — d + r, and CF = r — /. And (by
Prop. V.) VR : VF : : CR : CF ; that is, d :/: :
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Fig. d -f r : r — /. Whence ar — df = df + rf, ané
25* dr = a<// + r/s and reduced, / = . ./r .

га+r

Cor. i. 7^ d is infinity or R MШ a» infinite>dif-'
tance, tben r vanißes, and f == ^r.

Cor. 2. „Tjf R íí on.the concßvejide, d is- negative*
J J О •

and f — -I—, /Ь/ м,/ = —2L_. And mort*
—гА+г га—г

, í/ r /j infinite* as in a f fane furfacc, f зг . — /

Cor. 3. If r is negative, or tie. reflefling fur/ace,

tencave towards R,

Cor. 4. ^ AV is concave towards R, and d infi-

»//<?, /^í» r w negative, and f ~ H , /èaí »i, /
20

Cor. 5. If it is a -plane furface, then r is infinite,
andf—d.

And many other corollaries may be deduced.

S C H O b l U M .

It 5s eafy to know whether the focus be real or vir-
tual, by the direaion and 'motion" of the rays; that
is, by their converging or diverging after reflexion.

From this general folution it is plain, that when
the focal diftance comes out affirmative, it is to be
taken right forward ; but if negative, it muft bu
taken backward, from the vertex.

From this Prop, feveral other Problems may be
refolved. As if it was required to know, wbat
muft be the radius of a fphere, to reprefent the

given
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given obje£t4R, at the given focüs F. , tíére'Hs

to be found from the equation/= -r mjulti- *
îd+r

ply by zd + r and we have idf+ rf — drt and
dr —fr =. 2<if, whence r = 4^>» tbe radius of

d—f
the fphere. From this equation, it is plain, that
if d be greater than /, the reflector will be con-
vex towards the object. But if /be greater than
3, r will come out negative, and the reflector will
be concave to the object. If â be equal to/, r
<x?mes out infinite, and in this cafe, the fpeculum
muft be a plane furface. •

Again, if it be required to find the diftance of
an cbject R, from the given fpeculum AV, to
have the focus at the given place F, Here we

-want to find dt from the equation / ±: —£— ; by
20 + Г

multiplying! we have idf + rf —• drt and tranf-

^ofing, dr — zdf •=. rf, whence d = -Q—., the
, • r—2/
diftance from a convex fpeculum. But if the fpe-

culum be concave to the object, then d •=. —2—
г+2/

Неясе in a convex fpeculum if r be greater than
2/, thé object will -be on the convex fide. But if
2/be greater than r, it will be on the concave fide.
And if r r: 2/, the diftance of the object willbe
infinite ; and/will be the focal diftance of parallel
rays.

The principal focus of a reflecting fpherical fur-
'face may alfo be found by experiments, as follows.

ï. For a concave reflector. Hold it directly
before the fun, and hold a bit of paper before it
to receive the reflected light. Move this paper
back and forward till the white fpot of light be the
feaft poffible, and that is the focus.

Or,
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Fig. Or thus, cover k with paper having feveral pin
25. holes made in it.. Then hold a piece of paper

before it, and you'll fee fo many white fpots on it
made by the light; reflected thro* the pin holes.
Move the paper back and forward, till they all co-
incide, and there is the focus.

2. For a convex refieclor. Cover it with paper,
having two pin holes nude in it on contrary fides.
Then expofe it to the fun beams, and hold another
paper before it, having a hole raade in it fo big as
to let the fun's rays pafs thro' to the two pin holes.
Then you will fee two white fpots of reflected
light on each fide the hole. Move the paper back
and forwards, till the diftance of the ípots be twice
the diftance of the holes in the cover, firft marked
upon the paper. Then the diftance of the paper
from the lens is the principal focal diftance.

P R O P . IX.

2 6. If rays flaw from one focus R of-a fpberoid or byper~
loIoidEA ; t bey will be refleSed by the curve furface,
into tbe other focus F.

For (Conies, B. I. Prop. X.) the lines AR, ÂÈ
drawn to the foci of an ellipfis, make equal angles
with the eurvej and therefore the angle of inci-
dence is equal ф the angle of reflexion. And the
fame is true of the hyperbola (ib. В. Ц. Prop. IX.');
therefore if RA be the incident ray, AF will be
the reflected one.

Cor. Пете F is tbe real focus in tbe ettipfa and
tnly a virtual focus in tbe by f er bola.

P R O P .
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Fig.

P R O P. X.

If rays RA , •parallel to the axis of л paraboloid RA , 2 7.
be reflected by the furface thereof; .they will. all fa re-

flefted into F the focus of it.

For (by Prop. VIII. Cor. 3. B. III. Conies), the
line FA drawn to the focus, and RA parallel to the
axis, make equal angles with the curve at A.
Therefore if RA be the incident ray, AF will be
the reflected one.

Cor. Rays proceeding from the focus F, will be re-
fleÏÏed 'by tbe furface of the paraboloid, parallel to the
axis.

P R O P . XI .

tbe rays, which come from all tbe feints
of an objefi, meef .again in fo many other feints, after
they have been made to converge by reflexion ; there
they will make the рШиге of tine objefi upon a white
paper, or any white body.

For if PR be any object, Aa a concave fpecu- 2S.
lum, the rays that diverge from any point O, fall
upon the fpeculum Aa, and are reflected to their
focus c> where they all meet, and upon a white
paper held there give q the image of C^ In like
manner the light which diverges from P, will fee
reflected from the fpeculum to their focus p. And
all the light diverging from R, will be reflected to
their focus r. And thus from every point in the
object, the light will be reflected to fo many corref-
pondent points in the focus ; and will form there
the picture pqr, of the object PQR, in its proper
íhapç and colours ; but fometimes the picture will
he inverted ; as in this figure, where the upper
end is downward, and the right to the left hand.

Cor.
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Fig. Cor. ï. The r ay í of light flowing from all tui
a 8. points of an objeB PR, paint the image thereof pr in

the real focus qi and it may be feen there banging w
tie air, by an eye at O, placed at a proper diftance,
andfituation to receive the rays coming from it.

Cor. 2. The extreme point of the image, as r, is
determined by the extreme ray Rr draw» thro' the
center C.

P R O P . XII.

The image of a right line made by a refleïïing plana
furface, ts alfo a right line.

29- Let AB be a reflecting plané, PR a right line,
Q the middle point of it. Draw Pp, Qq, Rr,
perpendicular to the plane AB, cutting it in D, I, L.
And make Dp = DP, Ц — IQ, and Lr = LR,
then (Prop. II.) p, 4, r, will be the foci of P, Q, R ;
and pr the image of PR. Whence the figure
DPQRL is fimilar and equal to the figure DpqrL,
by conftru&ion. And therefore fince PQ.R is a
right line, pqr is alfo a right line.

Cor. ï. Hence the image of a plain figure, feen in
a refleiling plain furface, is alfa a plain figure, equal
and fimilar to the figure itfelf.

For all the right lines drawn in it, are reprefen-
ted by right lines, equal to thole in the expofed
figure. And therefore the figure and its image
are equal and fimilar.

30. Cor, 2. The image of any cljeft, made by an up-
right reflecting plane, has, it s parts in a contrary po-
fttion, the Iff I fide being to the right, and the right
to the left hand -, the difference being the fame as the

fiai, and its print on the -wax. But in a horizontal
reßeßur, the objeïï -will appear upfîde dovin\ the

Marts lying to either band, remaining the fame aí in the
.dbje£t. For
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For if ABC be a perp, refleaor-, the objeftFig.

PQR, making the image par, where P on the left 30.
being neareft the glafs, will be reprefented by p
on the right hand, álfo neareft the glafs. But
Handing at D and viewing the uptight objedt PQR,
in the refleftor ABC, laid horizontally ; the loweft
point P, neareft the glafs, will be reprefented by
the higheft point p, alfo neareft the glafs ; whilft
R and r are on the right, and Q, q on the left.

Cor. 3. What has been f aid of the image of an ob-
je£l, is alfo true of the image of an image.

Cor. 4. Changing theßtuation of the eye, does not
at all change the ßtaation of the image ; it will al-
ways appear in the fame place, wbilfl the objeft and
refleftor are fixt.

Cor. 5. Wben. an objeft isfeen ly a plain fpeculam \
its image appears as far behind tbefpeculum, as the ob-
jeft is before it.

P R O P . XIII.

If AVa beafpherical refletJor, the objeft PQR an 3;.
arch of a circle, having the fame center C, its image 32.
pqr, by reflexion, will alfo 'be an arch of a circle, ha-
ving the fame center C. And its image will be direSl
or inverted^ according as it is on the fame or different
ftde of the center C, with the objett.

Here p is the focus of P, ^ of Q, and r of R.
Let e, /, g, be the principal foci, of the points
A, V, e, of the reflecting furface. Then (Prop. VII.)
we have/O : /C (/V : fq,} in continual proportion,
and £R : gC : gr ; alfo e? : eC : ept alfo in conti-
nual . proportion. But the two firft terms are the
fame in all, and therefore the laft ; that is f q =
gr =: ер. And fince fC—gC — ?C, the fums or

F remainders
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Fíg. remainders will be equal, qC == rC — /C, therefore
31. r/>£ is the arch of a circle whofe center is C.
32. And fince the rays crofs at the center C, if the

image be on the fame fide of С as the objecl; it
will be in the fame pofitión; but on different fides,,
in a different pofition.

Cor. ï. The length of the objeiJ PR, is to the
length of the image pr ; as C P the objeffs diflance
from the center ', is to Cp the dißance of the image from
the center.

Cor. 2. On the contrary , if pqr be a circular
its image PQR will alfo be a circular arch concentric.
•with the objecl.

Cor. 3. 'The image of a fpberical furface, fee» iy
reflexion in a fphetical reflector parallel to ft, witt ap-
pear a fpherical furface, alfo parallel to it,

P R O P . XIV.

33. If a right line be placed direffly before a concave
34. refletlor^ its image -will appear concave ; but in a con-

vex reflector, the image i/uitt appear convex.

To the center of the glqfs C, defcribe the arches
PQR, pqr-, fo as pqr may be the image of PQR»
A.nd let the expofed lines be OQ_or oq, tangents'to
the arches PQ, />#, in Q and q. Then if the' arch
PQ_.be an objecl, the arch pq will be its image.
Let e, /, g, be the principal foci to the points
A\ V, a. Then (fig. 33.) we ihall have (by Prop.
VII.) ep : eC : fP, and alfo eo : eC : Ю, continuai
proportionals ; fuppofmg о the image of O. There-
fore ep X eP = eC'- — eo X Ю, whence ep : e,o : :
Ю : fP. And by divifion ep : ep — eo (op) : : Ю í
eö — eP (OP), arid alternately ep:eO::of : QP, or

V
ю
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But ..gff- is greater than — £—\ therefore taking théiï''
eC Ю .

equals, ^. is greater than -^L or -A leijrthan

JÖL. Therefore 05 (the piaure of OQJ will n«T;
v^lr

ВЛ1. C A TO PT ï* I, C S.
JL. .35 Ж . But tf f<? bfi alio a right line, the
Ю OP . /S3

figures pqo and PQO will be fimilar ; whence 34

A 'would be = ®- . But ft is lefs than ^2- -,
CP O? OP CF
for fmce fp : e С : : eC : гР, by divifion ep. : íC : : eC

#-*; (CP), therefore - - == £ .

be a right line, but po will be leö ; and therefore
c% will be concave towards C. .

On the contrary, if oq (concave towards C) be
the objeft, the. right line OO will be the pifture.
But then a right line 'oq being an object, will not
Jiaye the right line OQJbr its piaure. For as о
approaches ey О will go farther from P. And
therefore OQJ the pidture of the right line oq) will
be convex towards V, or concave the contrary way.
$o that when the image appears on the concave
$de of Aa, it is always convex towards Ад, or
concave the contrary way, that is, towards the eye.

Agair^ (fig. 34.) fince pq is the image of PQ^an
оЬ]е,й -, if QO. becomes an objecl, then ад О goes
Further from A, its image will advance frojn p
towards e-, and therefore the image of the right
line OQ will be tnore curve than before, being con-
vex towards AV.. • • •>

On the contrary, if the arch pq be an object,
the arch PQ will be its image ; and therefore if
the line oq be an object, where о approaches nearer
A, P- (the image) will alfo approach, nearer A, and
the image .will then be more concave towards V,

F 2 or



68 C A T O P T R I C S .
Fig. or towards C. So that in all cafes» a concave r&-
33. fleftor makes the image concave.
24.

Cor. ï. The image of a right line is more etfrvc
•when fan beyond any refleftor -, tbanwbenfeen nearer
to the eye, or on tbe fame fide.

Cor. 2. Any plane figure ßanaing direffly before a
concave reßeßor, will appear concave ; and before л
convex one^ convex.

Cor. 3. The image of a ßort right line orplanet
is nearly a right line or plane ßgure.

Cor. 4. A right tine at tbe center of a coacaye re~
ßeffor, -will appear a right line.

FoT&enJL-SL.
OP CP

P R O P. XV.

35. fie objeSt and its irtiage^ fubtend equal angles at
36. tbe vertex of the refleftor : PVR = pVr.

Let PR be an objec\/>r its image. Thro* the
center C, draw QCV perp. to PR. Draw VP>
VR, V/, Vr, and P/A, Rre, paifing thro* C.
Then fProp. V.) VQj V^ : : QC : qC : : (fimilar
triangles) PQ^: pq. And fince the angles at Q
and q are right, the angle PVO — pVq. In like
manner RVQ^= rVq -, whence PVR = pVr.

Cor. Hence the objefi and its image are equal te
ent another, where they meet together.

PROP,
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Fig.

P R O P . XVI. 35-
36-

fee linear magnitude or diameter of the objeft PR,
is to the magnitude of the image pr ; as the dißance
of the objeft from tie vertex of the glafs VQ, to tbei
'dißance of the image from it Vj.

For (laft Prop.) the angles PVR and pVr being
equal, and the triangles PVR and pVr fimilar, we
havePR:/»r:

Cor. ï. 'The diameters or linear magnitudes of the
objet! and image -, are as their difiancesfrom the center
of the reflefior. PR :pr : : CO : Co.

For PR :pr : : VQj Vj : : (Prop. V.) CQj C?.

Cor. 2. If f be the principal focus ; then the dia-
meter or linear magnitude of the objeEl, to that of the
image ; is as the principal focal dißance, to the dißance
of the image from the principal focus ï or as the dif-
tance of the objet? from the principal focus, to the
principal focal dißance.

For we had PR : pr : : VQ : V? : : CQj C? : :
VO — CQ (or CCL— VO) : V? — C? (or Сг —

Cör. 3. Hence alfo it follows, that a convex re-.
•Reitor lefftns an objeki.

Cor. 4. Alfo a concave reflefior lejjens an obje£ft
when it is farther from the glafs than the radius of
the reflecJor,

Cor. 5. But a concave reflefior magnifies an objetJ,
when it is nearer to it, than the radius of the refleSor ;
and then only.

Cor. 6. The image pr is always terminated, at f,
ly the extreme ray PA, whicb paffes thro.' the -center

F3 e tf
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Fig. С of the refléter. And if the оЦгЯ be at an immenfe
35. dißance, it is t er Mina lea by t be radius С A, drawn
36. parallel to the extreme ray PV, at the vertex.

For when the object is-infinitely diftant, PV ала
PC A are-parallel!

S c H o t í и М.
If it be required to find the place of an object,

that its diameter ihall be to the diameter of the
image, in the given ratio of *# to ï. It is eafily
done by the VHIth Prop. For fmce d : f : : m : i tï 'ï
therefore — =: / — >, whence id+ r =. mr^

m 2d+'r

and га r: mr — r, therefore d — r, for a
• ' ' 2

convex fpeculum у iri -which cafe m is always greater
than ï. But if m be lefs than ï, then d comes out
negative ; that is, the object muit be always on the
concave fide, to have the image magnified. .In like
manner, any two, d, r, or m being giveny the third
may be found.

P R O P . XVII.

As the dißance of the abjeEl from theprtndpulfocus*
c f a refie£lor,<is to its dißance from the reßefior ; fo
the principal focal áifi-апсе^ to the dtßattce ef (be image
from the reflettor. /Qj VQ^: : fC:Vq.

For / being the principal focus, we have (by
Prop. XVI.) VQj V? : : PR ipr. And (by Cor. 2.
Prop. XVI.) PR : pr : :/Q :/V ; therefore/O :
/V or /C : : VQ : V?.

Cor. If the uijefi and itiiage Ъе eqitiuiflant from the
reßefior -, they will coincide either in the center or -Ver-
tex of the refleclor, and- become equal,

For if VQ^- V?, then/Q^z/C or /V, and Q,
falls upon C, ó? eljfb upon V ; and then 'pr •=. PR.

P R O P .
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Fig.

P R O P . XVIII. 35-

In a convex fpeculum, the image always appears
èrtfí and on the other fide of the glafs, as in a plain
fytculum. And fo it does in a concave, when the cb-
jeft is between the glafs and the principal focus. But
in a concave fpeculum, when the objett is further from
it than the principal focus, the image is on the fame

-fide of the glafs, and inverted in every refpetl.

For ßg. 36, let R P be placed where it will be-
Fore the cpnvex oA, its image rp will be on the
contrary fide. And if rp be an object, its image
RP wili.be on the contrary fide, till rp comes to/,
and then RP will be infinitely diftant. But when
it is between/ and С (fig. 35.) as at q, the image
RP is on the fame fide. Or if RP be the objecl,
then the image rp is on the fame fide, but inverted ;
becaufe the objedt and image are on different fides
of die center, where the rays crofs. And if the
objecl PR be moved to an infinite diftance, the
image pr will be moved to/, ftill on the fame fide
of the g'afs.

Cor. ï. If the center is between the objeSl and image,
they either both approach to it, or both fly from it.
And if the fpeculum be between them, they either both
approach the fpeculum, or both fly from it.

For (fig. 35.) when С is between Q^ànd q, the
greater GQ is, the greater is Cq. And (fig. 36.)
when V is between them, the greater VQjs, the
greater is Vq.

Cor. 2. • As an objeã moves from the glafs on the
convex fide to an infinite dißanc e, its image moves from
the glafs to the principal focus. f And as the objecl
moves from an infinite dißanc e on the concave fide, ,to
the center, the image moves from the principal focus

F 4 /í
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Fig. to tbe center alfa, where t bey meet. And further\ if
3 5. the objeU moves from tie center to the principal focus -,
36. the image moves from the* center, tbe contrary way,

to an infinite dißance. And as tbe objeB moves from
tbe principal focus to tbe ver l ex, the image movei f ram
an infinite difiance on tbe convex flit to tie vertex alfo,
where they meet again,

For (fig. $6.} whilft the objeit moves thro* VQ?
the image moves thro' V^ to/. And (fig. 35.)
whilft the objeet moves thro' QC, the image moves
thro'/C. Alio whilft the objeft moves thro' C/, the
image moves thro' CQ^to an infinite diftance ; and
(fig* 36.) whilft the objeft moves thro' /V, the
image moves from an infinite diftance thro' QV.

Cor. 3. '['ho' tbe objebJ be removed to an infinite
dißance, from a convex glafs, yet tee image <a>iU only
recede to tbe dißance of half tbe radius* and will tbert
remain, .

Cor. 4. f if image is uprigbt or inverted, according
as the image and objet? are on tbe fame or different
Jidts of tbe center.

P R O P . XIX.

«To fee ibe image of an objeã made by any fpberical
fpectilum ; the eye muß be placed in the diverging rays,
at a -proper dißance for dißtncl vifion, and facing tbe
image.

For .to fee the image, one muft look at it, as
one would do at any vifible objeol. .And therefore
in order to be feen, the rays muft diverge from it
to the eye placed at a proper diftance. Thus to
fee the image pr (fig. 35.; reflected from the con-
cave fpeculum Aa, the eye muft be placed fome-
where in the line §CQ. But if PR was the image
f of the objecl: pr)t the eye muft be placed beyond
Q. Again (fig. 36.) to fee the image rq, reflected

bJ
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by the convex fpeculum Ал, the eye muft be Fig.
placed without the glafs in the line VQ. But if rp is 35.
an object, and RP its image, then the eye muft be 36-
placed in the line VCj on the concave fide. The
focus Q being only a virtual focus, to which the
rays only tend to, but never reach.

Cor. ï. If the eye be placed near tbe fpeculum, ta
tbe converging rays, before they reach the image -, it
will perceive the image (of the objecJ) beyond tbe glafsy

at the fame difiance nearly as the objeft is before it-t
and of the fame magnitude.

For the eye being near the glafs, that fmallpart
of it which reflects rays to the eye, may be taken
for a plane, and therefore the image will appear,
as in a plane fpeculum, at the diftance of the ob-
ject behind it. But the rays that come to the eye
placed beyond the image, do not fall upon the
eye in the fame manner ; for they all diverge from
points very near the eye.

Cor. г* If an image be looke'd. at, with bete eyes
placed very near it, and in the diverging rays -, (of
elfe it cannot be feen at all) -, it will appear double.

For the axes of the eyes cannot both be directed
to an object extremely near ; and the cafe is the
fame.in all objects near hand, as well as this image.

Cor. 3. Т ho' an eye cannot fee an image in the air*
except it be placed in the diverging rays ; yet if that
.image be received on a white paper, it may be feen in
any poßtion of the eye.

For the rays reflected from the glafs, to the image
and beyond it, flow but in that one direction. But
when the image is received on a white paper, the
paper reflects them in all directions, wherever the
eye is placed.

Cor. 4. If tbe eye be moved whilfl it views tbe i-
mage, the image will appear to be movtd.

For
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Fïgi Foi fays from different points of the Iphérical
-35. rèfledor, will conte fuccèffively to thé èye.
36.

PRO P. XX.

35' If an objeã rp be placed in tbe principal focus of л
concave refteclor ; its apparent magnitude to tbe eye,
at any placé whatever as O, will be invariably the
fame -, anã equal to the apparent magnitude to tbe
hdkeel eye, when f ten from C tbe center of ike fpe-
culum.

Here RP the image wiíl be at an infinite diftance»
And (by Cor. ï and 3, Prop. VI.) all the rays of
the, pencil rEV will be refíeóted parallel to one ano-
ther, ana to the axis aC páffing thro' the center of
jtne fpeculurn ; and therefore the angle VOB, which"
is the apparent magnitude of the image to the eye
at O", is equal to the angle VCa or VCr, which is
the apparent magnitude of rq to an eye at C.
Arid this is fo, wherever О is, or the place of the
Eye.
• Cor. ï. Hence tie apparent magnitude of a tody
'placed in the principal focus, will always continue the
fame, however the eye is moved backward or forward
from the refleclor.

Cor. 2. fie nearer the eye is to tbe fpeculum, tbe
?яоге of the objett appears-, and the further off, the
léfs.

For rays parallel to О or BO, that lye beyond
Ó (in refpeft to CJ, cut the refledlor in points be-
yond B, and at laft will mifs the rerleftor, and
then the point r cannot be feen there.

Cor. If the objeïï be nearer than tbe -principal
focus, its apparent magnitude gwws lefs in going
from the fpeculum. If it be further off^ it encreafes.

For
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For if the object be nearer, the image is beyond Fig.

the fpectrlum, and then OB, Cr ("converging to â 35.
point beyond the fpeculumj, makes the angle BOC
lefs than rCq. But if the object is further off,
than the principal focus, the image is on the farríé
fide ; and then the rays converging to a point be-
yond O, makes the artgle BOV greater than rCq.

S с но L ï и м.
Some other phœnomena of concave refleftdrs-,

are thefe that follow.
ï. The apparent magnitude of an object will

be invariable, wherever it is placed, when the eye
is at the principal focus.

2. When the eye is fuct at a lefs diftance than
the principal focus -, as the object is moved frohi
the ipeculum, the apparent magnitude decreaíès.

3. When the eye is fixt at a -greater diftance;
the apparent magnitude of an object in going from
the fpeculum increaíês, till it cortes to the conju-
gate fótns ("of the place of the eye), arid then it
is infinite, and all confufion. And afterwards it
diminiihes again, and is inverted.

4. A man's face in a reflecting concave, irt going
from it, decreafes to the principal focus, and then
încreafes.

P R O P . XXI.

bright nefs of the image f r formata by He re-
ßeftibg concave AB, from the luminous objeft PR, has

AR1 •
- , or as i be area of the lens direflly^ and the fquare
V<f
of the dißance of the image reciprocally.

For if the brightnefs of the object be given, the
quantity of light reflected from the fpeculum to
the image!, will be as the magnitude of the object
and of the reflector directly, and the fquare of the

diftance
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Fig. diftance reciprocally. "Whence the light falling ои

PD í s/ AB.» '
35- the image is as * f ; alfo the denfity of

the light, or the brightnefs of the image is as
the quantity of light diredtly, and the area of the

PR.1 v AB1

image reciprocally, or as — — -- But fince
QV1 x prz

PR, pr are parallel, and (Prop. XV.) the angle
PVR == pVr, &c. PR : pr : : QV : ?V, and

= -i!l. Therefore the brightnefs of the

Cor. ï. If tie trigbtnefî of the object le increafeâ
in any ratio, wbicb call Б } the brigbtnefs of the image

AR*
<a>itttbmbeas -̂ .B.

?v"

Cor. 2. In very remote objets, if f be the princi-
pal fatal dißance ; tben tbe brigbfnefs of the image

ff
For then Vj becomes equal to/.

Cor. 3. 7 be brigbtnefs of tbe image increafes at
tbe area of tbe glafs increafes ; but its dißinfinefs de-
creafes upon that account.

For the rays further from the vertex are reflected
to diffèrent points of the axis, as appears from the
different proportions in Prop. III. and V.

P R O P .
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P R O P . 5CXII.

If a concave ffeculum Aa be belddireffly to the rays
êf the fun ; and any combußible body be held in the
principal focus j\ it will be fired by the beat thereof.

For all the rays of the fun are reflected into the
focus, forming there, by reflexion, the image of
the fun. Which image muft be of an intenfe heat,
becaufe all the rays that fall upon the fpeculum, are
brought thither. And the broader, the ipeculum
is, the more rays are contained in1 that fmall fpace;
and may be fo incrèafed by the breadth of the glafs,
as to burn or melt all forts of bodies placed there i
as is plain from numerous experiments.

Cor. ï. The heat generated in the focus offheglafs,
is to the fun's direEl heat ; as the area of the glafs,
is to the area of the image in the focus.

For the rays that fell upon the glafs are all
brought into that fpace, where their denfity is re-
ciprocally as the areas they are contained in.

Cor. 2. The degrees of heat in, different reßeßors,
лге as the fquares of the diameters direfily, and the
fquares of the focal dißances reciprocal^.

For the denßty of the rays in each, are in that
proportion.

S C H O L I U M .
Upon account of the rays meeting in that point,

and burning bodies therein, it is called the focus or
burning point ; and the reflector itfelf a burning con»
cave. For a reflector to burn the moil intenfly, jec
Schol. Prob. V. B. IV.

P R O P .
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Fig.
P R O P . XXIII.

37. If parallel rays R A, CV, art reflefted from a con-
cave (or convex) fpberical fur/асе Äa, of a fmatt
light VP. Let F be the focus of the extreme fay ÄF»
Qjbe principal focus. Ihen the aberration of the
rays, in. the length of the. axis VC, is equal to balf
the bight of tbefegment ; QF = 4-VP, nearly.

For draw the tangent AT. Then by the nature
of the circle CP : CV : : CV : CT. And dividing,
CP : CV : : CV — CP <VP) : CT — CV (TV).
But VP being very final!, CP is = CV nearly,
therefore VP = VT. But (Prop. IVJ TF = FC,
or CF = 4- CT. And fProp. VI. ) VQ = QC,
or CQ - 4CV. Therefore CF — CQj>r FO ±i
CT — CV TV VP та ,~ та— . — - - = -^- — - -- But (Cor. 4. Prop.

2 2 2 -

IV.) QF is the ipace on which all the rays fall
that come from the whole furface Aa, that is, QF
is the aberration of the rays in length ; therefore

is equal to that aberration.

Cor. ï. The • aberration QF = 4-TV exaflly.

AV*
Cor. 2. The aberration QF — . ,. , nearly.

1 4 * ^
VA* VA*

For VP = _, and AVP = JLÍL.
2VC 4VC

Cor. 3. The lateral aberration at the principal 'focus
VA'

•" = -ïvc
For the triangles APF, DQF are fimilar, whence

PF : PA : : FOT : QD ; that is, ^CV : AV : :
VAZ VA». : QD — - j, nearly -, becaufe AV is very

fmall. Cor.
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Cçr. 4- Fit ГАЙ«* о/ th'efpbere being givçn ; /ÃÍ Fig.

aberrations in length, are as the fquar;es of tfye dia-_ '37-
meters-, and the lateral aberrations ^ as the cubes of the " •
diameters of t be refleãors.

P R O P . XXIV.
If parallel rays R A, SG, are reflected from a con- 38.

cave (or convex} fyherical furface Aa ; .the diameter
of the haß circle of aberration of the rays, is ^ the
aberration made at the principal focus.. BI =: -

Let any reflefled ray GB cut the axis in L, and
thje extreme ray A F in B. Draw BI perp« to VQ,
Q being the principal focus. Then, fuppofmg the
ray АРЦ to be fixed -, as the point of incidence G
moves from the vertex V, the perpendicular BI,
will firft increafe, becaufe the angle VLG continu-
ally increafes ; and afterwards it will decreafe, be-
caufe the line FL continually decreafes. And when
BI is the greateft, it is plain, all the rays, on the
fame fide, will pafs th'ro' it ; and then the circular
fection of all the rays, in that place I, will be the
leaft fedion poffible. To find the point I, or the

• BI. -
LP or FP : PH,

AP : PF.
AP : PH.

By fimilar triangles, LI : BI :
and BI : FI :

and ex equò LI : FI
and compounding LI + FI (FL) : FI : : AP+PH

(AH) : PH.
Again QF : QL : : AP* : P№ (byCor. 4. Prop. 23.)
and by divifion, QF : QF — QL (FL) : : AP1 : AP1

— PH'(AHxHo\
but we had FL : FI : : AH PH

therefore QF : FI : : AP'xAH : РНХАНхШ.
or QF : FI : : AP1 : PHXH*.

but we had FI : BI : : FP : AP
therefore QF : BI : : AP'xFP : АРхРНхНй

or QF:BI: : .APxFP :PHxH«.
But
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Fig. But QF, AP, FP are given s therefore BI is the
28. greateit when PH X Нд is the greateft, that is,

when PH =.- На, = 4гАР, and then PH x lia =
£AP*. And fmce AP1 : PH x He ( = ^
QF : FI ( = ^FOJ, and confequently BI = ^

Cor. ï. If Rie the radius of the reßeßor, B =
half its breadth ; tben the diameter of the leaft circle
of aberrations caufed' by the figure of the fpberical

R'
reßeßor, will be — — .

4RR

For (Cor. 3. Prop. 23.) QP =^ à * * ^ 2RR

and 2BI, or iQD = JËL.
4RR

Cor. 2. f he dißame FI of the le aß circle of aber-
fationsfrom F the focus of the extreme r<
er •% the dißame from the principal foctts.

Cor. 3. If this circle of aberrations be f et in any
other place, all the rays will not pafi thro* it.

Cor. 4. And therefore the circular feaion cutting
all the toys, will be greater at any other place> be-
fides I.

Cor. 5. The area of the circle of aberrations^ is
to the area of the glafs ; as VA* to 6'4R+. R being
the radius of concavity.

For the area of the glafs, is to the area of the

circle ; as VA* to BI1, or as VA1 to ß6 -, or as
64!̂ *

64R+ to B+j В being = VA.

P R O P .
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Fig.P R O P . xxv. °

Let R be the radiant point, F t be f ocas of tie rays 39-
falling at A, / tie focus of thofe falling at V. C the

center of the ге&Яог. Then -will FC = CR x CA>,J J AR1-—CR1'
PTÎ v С А

atafC = . . And the aberration in lengthJ VC + 2CR 6

is =s FC —/C.

Let radius CA or CV = r, AR = a, CR = a„
AF = z, FC = jp, Then CGeom. II. 25.; « : .J : :

г : у, and Jz = ey, and z = ^-. Alfo (Geom. 1Г.

-. , , , rr + dy ay
26.) rr+ ЧУ ~ öz, and z = ~ =. -4«

a d
Whence dir + day = ÖÄJT, and лл — tíí Xjy = ^i

"" aa—dd
Again (Prop, V.) VR (r + J) : V/ (r — /C) : :

CR (J) : C/. And by compofition, r -\- ïd : d : ;

And the aberration =: -,
aa — dd

Cor. i. On the contrary, iff be tbe radiant point ,
R the focus of rays falling on A, r the ficus of rays
falling on V -, C í be center of î Joe refieétor. Tfa»

CF x САг

 лг CF x CA

aberration Rr = Cr — CR.
For from the equations dz — ÄJ, and rr + dy —

• dz rr + dy
oz, wc have-й := — =: -- » and dzz — rry +

rry
äyy. Whence d or CR = -^± -

G Again
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Fig. Again (Prop. V.) FV (r — y) : FC (y} : : Vr
39. (r + Cr) : Cr. % divifion, r ~ 2 y : y : : r : C r =

= Rr.

Cor. 2. If R <ш? F or* conjugate foci, for rays
falling at A; the» R л»<//, ß^e r and F:, «tá/7 'Л?
conjugate foci for rays near the axis "at V. • ^я</ / лиа
r, íw'7/ fo further from the vertex thnti F and R.

That / and r are further from the vertex, will
appear thus. AC + CR is greater than A~R ;. that
is, VC + CR or r + d is -greater -than и, -ändrr4-

íhan и«, -and.rr -^ . 2r<s?;gr.eater

than ой- ^. Whence ̂ 33̂  is. greater than

Again, AF + FC is greater than AC .or VC,
or VF 4- FC, and A F greater than VvF ; that is,
2 is greater than r — j, "ahd zz greater1 1гг*йтг —

-\- yy-> and zz "-*--jy greater ' than rr —
rry ry . ï,

Therefore -__2 r y or r _ -ts greater -than

rry
- - — '•> that is, Cr is greater than CR.
zz — yy

Cor. 3. Therefore 'if R, / be conjugate foci' te
the vertex V ; R and F, -will be conjugate foci to>tbt
point A. And if F лпаг be conjugate feet to the
vertex V -, 'then F and R «'/V/ ^í conjugate foci to the
f oint A.

Cor. 4. Let F, r, £i/££ conjugate foci to ihever-
VPX rC x 2CF

texV -, then the aberration Rr =:

falling at A.
For
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For let x = VP, v — r — гу, and rr = yy + Fig.

zz + 2y X FP ; and zz~rr—yy— гу X r—у — x, 39'
and 22 —yy — rr — ггу + гух. — rv + гух.

Then R, = _2 2Z_= * _ _I2__
r — ay 22 —jvy v rv + 2j^

ry ry vry + 2jyyy — i>ry

vXv + — v + Ш- rv +

x -X ~^ X 27 __ VP x Cr x 2CF

n--*- 2ry + 2xy "" CV1 — 2CF X CP'

Cor. 5. /f T í e the principal focus. Ana let
TF : TC : .:. i : n -, then the aberration Rr z:

^=Г7 x yp x VT

For by divißon TF : TC — TF or FC : : i :
n — I ; that is, ir — jy : jy : : i : » — i —

, and 12J = -JZ_. And-- ,
.ir — j r — ay 2 r — гу

,r* лю AT X -̂ ^— X 2 V *Х^^-
(СОТ. 4.) Rr = r~iy J — г

rr — ггу + 2xy rr — ггу

; becaufe n — i
n—- 1 X ~ r x n — i X

-=^2+.ж- ^+»

- V and _J_=>=.i2

Г — 2^ Я — I 2^

G 2 P R O P .
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Fig.

P R O P . XXVI.

40. If R be the radiant point, F the focus of
falling on A, and refleäed by the convex Jpecuium
AV, wbofe center is C, / the focus of rays falling

on V. Then will the aberration F/ - RC
;X_*CA*

— RC x CA
aRC — CV*

Draw R H parallel to the reflected ray AG, and
RO perp. to CA produced. Then < H = FAC
— CAS — RAH, and confequently RH = RA,
and АО zr OH = 4- AH. 'Let С A or CV'S: r,
CR ~ d, RA or RH = a, CF =rjv. AF .= z,
AO r: -y, VP =: x.

Then in the triangle RCA, (Geom. П.,-22.) da =
»a + rr + 2w, and dd — da — rr '-^ zVr =
r + 2v X r. And by the limilar triangles CFA,
ÇRH, CR (4) : CF (y).: -. CH (r + 2<v) : CA
(r) : : r •+• 2v X r : rr : : dd — aã : rr. Whenc«

•» - — - CFJ — TJ - —dd — aã
Alfo (Prop. V.) VR (d — r} : V/ (r — Cf) : ;

CR (â) : Cf. And compounding, 2d — r : d : t

r- .Cf - -J!—. And F/ = CF — C/. •
га — r

Cgr. i. If R, / be the conjugate /ш, to tie ver-
tex V ; then for rays f ailing on A, f he aberration F f щ
C/ X VP

-, / being the f ост of rays falling at V.
_

For (Geom. II. 23.) CP —r — к, and С being
an acute angle, we have in the triangle RAC, aa —

rr + dd — га X r — #, and dd — aa — idr — •



An. C'A т о p т R i c s.
idx - гг. Therefore F/ =

2</Г - ГГ -

dr _ drr drr _
id — г гаг — гг — чах %dr — гг.
ídr —-rr — гаг + гг -f zdx , __
гаг — гг — гах X 2 dr — гг

, _&-
dr = ^zrr

ÍT - - Fi '

làr—гг — idx X гаг — гг —-, .гаг — гг — zap

X2* = ̂ lí=_^Zl_=Ç^.

га <Л- т """" *С/

Cor. 2. Let Т be the principal focus, and CT or
TV -t. And let TR : TV : : m : ï. Then the

Serration F/ =

For TR (</ — т r) : TVC4-T): : w: ï, огг^ —
r : г :. : m : ï, and by addition ïd : r : : m • + ï : .

ï. Hence m — 2d~~r
i and m + ï = — ; there-

fore i±i = -Д-, .»dïLlJrs *-
OT 2Й - Г 2J» 20 — Г

n C/. Whence

_Jl_Xr — x -í-xaf — í
e -t l w 4: l

P R
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Fig.

P R O P . XXVIL

41. Let R be f be radiant poiat,^ R A the incident ray.
falling upon tbe ffberical furface AV, AD .the re-
fiecled ray, С tbe center of the refleftor \ draw CB,
CD f erf. to RA, AD. And let T, /, be the mid-
dle faints of AB, AD. Then if F be the focus of
the reflefted ray, it will be as RT : TA : : TA cr
/A : /F. Where F muß lie tbe fame way from /,
as R lies from T.

Let Ra be another fay infinitely near RA ; aFd
its reflected ray -, draw Cb, A« perp. to Ra ; and
Ci/, As perp. to F<2. Then the right angled tri-
angles Aas, and Aon ere equal and íimuar; for
<C naA. — FûV = SaA, and Aa is common,
therefore AJ = A». Alfo in the equal right angled
triangles ACB, ACDj and alio ãCb, aCJ; CB ='
CD, and Cb = Cd, rherefore Ее = Da. And by
the fimilar triangles RB^, RA»j and FAj, FDi/;
RB : RA : : B£ or Dd : A» or AJ : : FD : AF.
And by compofition and divifion, RA + RB :
RA — RB : : AF -f FD : AF — FD. And
RA +RB . RA — R B . . A F + FD . AF—FD

2 2 2 * 2 *
That is, RT : ТА : : A/ : /F.

Cor. ï. This Pwp. holds true of any curvs AV,
whofe radius of curvature at A, is AC.

Cor. 2. RA : RB : : AF : FD.

Cor. 3. T and t are the fed of rays parallel te
RA, FA.

Cor. 4. .The middle point of С A is the focus of
rays parallel to С A.

Cor.
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Cor 5- V гаУ$ fatt on the convex fide, it is only Fig.

putting R on the other ftde of AVj and the fame.^i.
froportíon holds good.

S C H O L I U M .
Altho' it appears by Prop. IX, and X. that a

come iec\ioß will reftecX .all rays ißuing from one
focus, accurately to the other focus ; and therefore
mathematicians have endeavoured to grind their
glafies into the form, of fome of the conic feftions,
yet they have never fucceeded in giving them a true
figure, nor has any method yet been found out to
grind them accurately into that form. And if they
could» it would n.ot anfwer their expectation -, for
neither the conic fedttqas, nqr any other curve, wiU
reflect the rays ifluin;g from any point in the eollar
tfcral parts of an object, accurately to a fingle point.
So that if glafles were truly made in the form of
any of çhe conic íecT;ÍQns, they would not perform
'much better than thofe of a fpherical form. For
near the vertex of a conic fedlion, it nearly coin-
cides with a fphere qf a certain radius., and there-
fore in a fmall feernent, tljey will nearly reflecl: a-
lil^e; And iphencal glafles are eafily ground into-
a true form. And therefore confidering all things,
a fpherical furface is the beft curve, and the raqft
commodious for optical ufes of any.

G 4 B O O K
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B O O K И Г .
D I O P T R I C S , or refraEled Ftjfon,

D E F I N I T I O N S .

D E F I N. L
FJO-. r\10P?RlCS is that part of Optics, which

0 •LJ treats about refrafted light, and every thing
that relates to feeing thro' different mediums, and
the pictures of objeds made by refraction through
them.

D E F. II.
47. A Lens is a folid tranfparent body as AB, gene-

rally of glafs, being of fuch a íhape, that the fides
of it are either flat, or the fegments of fpherical
furfaces. Of thefe there are lèverai forts, as, ï.
Plain on both fides. z. Planoconvex, being plain
on one fide and convex on the other. 3. Piano
concave, or plane on one fide and concave on the
other. 4. "Double convex, being convex on both
fides. £. Double concave, being concave on both
fides. 6. A Menifcus, being convex on one fide,
and concave on the other.

D E F. III.
The Axis of a lens, is a right line perpendicu-

lar to both the furfaces, or paffing thro' both their
centers.

D E F. IV.
The Vertex is the point where the axis cuts the

lurface of the lens.
P R O P .
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Fig.

P R O P . I.

If a ray of ligbt AC, pafs into a refratting medium ; 44»
tie fine of incidence ACD, is to tie fine of refraflion
ECF, in a confiant ratio.

Let the ray BC falling moil obliquely on the re-
fracting medium MS, be refracted in the line CN.
And the ray AC I be refracted into the line CE.
Draw AP perp. to MS, and make, CH = CP,
and CL =: CM- And draw HIE and LN perp.
to CS. And let the equal lines BC, AC, reprefent
the equal motions of the rays В and A. Then
fuppofmg BC parallel or nearly coinciding with the
refracting plane ; let the motion AC be refolved
into the two motions, AP, PC -, AP being per-
pendicular, and PC parallel to the refracting fur-
face.

Then (by Prop. XVI. B. I.) bodies act upon
light by the forces of attraction and repulfion ; and
thefe forces are directed in lines perp. to the fur-
face of the refracting body MS. Therefore the
motions of the rays BC, PC which are parallel to
MS, fuffer no alteration by the refraction of the
medium. Therefore in the very fame time that
the rays A and В move to C, they would move to
I and L without refraction, where CL = CB =: CA
— CI. But by the refraction of the medium, that
from В goes to N, and that from A goes to E, in
the perpendiculars LN, HE, becaufe the parallel
motion is the fame as before. But (by Cor. 3.
Prop. XX. Mechan.) the velocities of the rays
A, B, which were equal before refraction, will alfo
be equal after ; and therefore CN = CE.

Now in the right angled triangle CLN, we
have S.CLN (MCD) : : S.CNL (NCF) : : CN :
CL : : CE : CI : : (in the triangle CEI) S. CIH

(ACD) :
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Fig. (ACD) : S.CEH (ECF). That is, S.ACD the
44. angle of incidence: S.ECF the angle of refrac-

tion : : rad : S.NCF, or in a given ratio.

Cor ï . If ibe refrafited ray EC be turned direfity
2>ack to tbe point of incidence ; it will be ref rat-tea
into tbe line С A, before defcribed by ibe incident ray.

FOE the forces that before accelerated its motion,
will now equally retard it.

Cor. 2. flue angles of incidence and refrafiion lye both
iu one plane, which is perp. to the refracting furface
at the print of incidence.

For the refraction being made in lines perp. to
the refrafting furface, there is no force to caufe the
rays to deviate from that plane.

Cor. 3. Heterogeneal rays of light havt different
degrees o/ refrefíion -, but in any one confidered by it-
felf, the fine of incidence is in a given ratio tbe ßne
of refrafiion.

Cor.. 4. If AC be the incident ray-, and CE the
refratJed ray ; and if AC produced cut tbe perpendi-
cular HE in I. fben CE : CI : : as ßne of the
angle of incidence : to tbe fine of the angle of re-
frafîion.

Cor. 5. Tbe velocity cf light in tbe ßrft medium
ADC, »í to its velocity in the fécond medium CF,N ;
as the ßne of the angle of rejraiïion, to tbe fine of the
angle of incidence.

For it is as AC or CI to CE.

Cor. 6. If parallel rays pßfs out of one medium into
another, they will alfo be parallel after refraSio» :
ibe ref raffing furface being a plane.

For the rays being parallel, they are equally re-
frafted.

P R O P .
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P R O P . II. I g '
If beterogeneal light bt refratted out of gfaß into

air ; the fine of incidence, is to. the fine of refraSfion
ef the teaßy and mofi refrangible rays ; as 50 to 77
und 78'.

is is proved by experiment thus ; take a glafs 45.
prifm BCD* with a very acute angle C, and place it
fo, that a ray of the fun AF coming thro' a fmall
hole in ihe window íhut, near the prifm, may fall
perpendicularly upon the fide DC, .and be refrafted
by the oppofite fide at Y, the moft refrangible rays
to P, and the ieaft refrangible to T. Then if EYG
be perpendicular to the fide CB,, by meafuring
the angles AYE, TYG and PYO, the fines of
thefe angles will become known,

For example, if .the angle of the prifm BCD be
31 вз 6'; then fince the triangles CFY and С YE
are both of them right angled, the angle BCD :±
FYE the angle of incidence at Y — 3 1 36, whofe
fine is .524. And the angles TYG and PYG will
be 53 36, and 54 44 4-; whofe fines are .865 and
.8165. But .524 and .805 and .8 1 65 arc nearly to
one another as 50, 77 and 78.

Here the angle of incidence on the plane BC is
always equal to the angle of the prifm BCD ; but
it may be difficult to meafure the angles TYG and
PYG truly, for want of drawing the perpendicu-
lar YG exaftly. Therefore to avoid any error,
take the altitude of the fun, and at the fame time
mark the points P, T. Then to* the altitude of
the fun, add the angle of the prifm, which was
ihewn to be equal to FYE ; the lun gives the ele-
vation of the perpendicular YG above the hori-
zon. Then if you take alfo the elevation of TY,
PY above the horizon ; thefe taken from the ele-
vation of GY, will give the angles TYG, PYG.

Cor.
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Fig. Cor. ï. Tee angle PYT, wbic b the coloured image
45. f übt ends* is about i° 8'̂ -, or i° 9', fuilraaing tbe

fun's diameter.

Cor. 2. In tbe coloured image ¥T* tbe lengths of
tbe fever al colours? red* orange, yellow* green* blue*

turtle* violet* are found to be —*-$-* — , ~, — .
* l6 80 15 12 12

JL , _i -, it is eafy to divide tbe angle РУТ in that
18 9
proportion ; and t ben there will be bad the fines ofre-
fraftion at tbe confines of all tbe colours; that is* 77,
77т, 77Í, 77t, 77" 77^ 77Î.-78-

For the image is divided after the manner of a
mufical cord, as Sir J. Newton has feund. And in
fmall arches, the differences of the fines are near-
ly as the differences of the arches.

Cor. 3. If light fafs out ofglafs into air •* tbe JIM
cf incidence* is to tbeftne of reJraBion of tbe mean
rays ; as 1 1 to 1 7, or as 20 to 3 1 j -wbicb is a greater
refraiïion tban as 2 to 3.

For the mean refrangible rays are thofe at the
Confines of the blue and green, or nearer the green,
whofe refraction is 77 ^ or 77 ^.

S C H O L I U M .
By a like experiment, the fine of incidence and

refraftion of the leaft refrangible rays out of wa-
ter into air is as 3 to 4, or as 81. to 108 j and of
the moil refrangible, as Si to 109.

P R O P .
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Fig.
P R O P . III.

If A, B, C, be three refratting mediums, contain- 46.
td between parallel fitrfaces ; and if a ray of light
DE f offing thro' them be refrailed at E and F, and
pafs thro' the third in direction FG. // will fuffer
the fame refraffion by faffing thro* A, B, C, as if
it tvent immediately out of A into C.

For let the medium С approach the medium A-
,in direction FE, and the medium В grow thinner
and thinner, till F fall upon E, and the médium
В be vaniíhed ; all this makes no difference in the
poiition of the line FG. And therefore the re-
fraction into the medium С will be the.fame whe-
ther the ray pafs thro' B, or goes immediately from
A to C, without coming into В at all. And the
fame likewife appears from experiments.

Cor. ï. Hence if there be never fo many redrafting
mediums contained between parallel furfaces ; the
whole refraElio» of a ray is the fame at laß, in paf-

-fing fhfo' all of them ; as it would be in paffing imme-
diately out of tbeßrß into the laß.

Cor. ï. If fever al mediums А, В, С, terminated
by parallel planes, be encompajfed on all Jîdes by fome
other medium -, any ray RD moving out of this other
medium, and pajßing thro* all the reßt will emerge pa-
rallel to itfelf, at coming into this other medium again -t

that M, GS will be parallel to RD.
For the refraction is the fame as if all the me-

diums А, В, С were away j and GS has the fame
direction as RD.

P R O P , .
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Fig.

P R O P . IV.

47« íf A, B, C be three mediums, and -tee ftnss of in-
cidence and refrafîien оШ -of A into B, 'be a and b ;
and out of A into C, be a and с ; then thafg cut of
В into C, -mil be b und с,

Let the mediums В and С be encompaflèd by
the medium A ; and let RD be a ray refracted at
D, F, and G, and proceeding to K. Then (Prop. III.
Cor. 2.) <ÎK will be parallel to RD. At D, F, G,
let fall the perpendiculars LDO, NFP, IGH.
Then by reafon of the parallels GK, RD, and GH,
DL, the angle HGK - LDR, Whence a —
S.RDL, b = j.ODF = S.DFN — S. incidence of
the ray DF on the medium C. Alfo a — -S.HGK,
and confequently c ir S.FGI r: S.GFP —-S. re-
fraction of the ray into the medium C. Therefore
the fines of incidence and refraftion ощ of В into
C, are b and c.

Example. .Let A be air, В water, and С glafs.-
And let the fines of incidence and refraction out
of air into water be as 4 to 3 ; and out of air in-

4 X 1 1
to glafs as 17 to -ï ï, or as 4 to ——— -, then a = 4,

Л \f | Т

b =z 3, с =' . Therefore the fine of inci-

dence and refracYion out of water into glafs will be
, 4 ' X - i i

3 and —> or as 3 X - 1 7 to 4X ii,:0r as 5t

to 44.
Cor. If B, C, D, be three mediums ; and the

fine of incidence and refraction out of В into C, be
as b to с ; and out of С into D, as r to s. "Then
thofe out of В into D will be as br to cs.

For



B. III. D l O P T U l C S. 9,5
For by this Prop, the fines iof incidence .and re- cFig.

fraction out of С into В are as с and Ъ ; andout of 47.

С into D, us r to j, or as r to — Therefore thofe

out ef Б into D, will be as Ъ to —, or as br to a.

Exatttf..ï{ the fines of incidence and retfra&ion
out >of glafe into air, be as 20 to g i ; and out of
air int<? Water, as 4 to 3. Then the fines of inci-
dence and refraction out of glafs into water, will
•be es 20 X 4 to 31 X 3, or as 60 io gg.

P R О Р. V.

f be .forces of bodies ,to vefraSî lighta are marly as
their denßties ; -excepting that unïïipus and fulphurtous
bodies refra^ more than others of the fane denfity.

In uniformly accelerated motion* (by Prop. V.
Cor,'2.-Median.) if the body is .given, the vekb
.city is as the force afld time ; and the fqüare of
'the velocity, 'as force"* time X velocity ; that is,
(by"Cor'.'"Prop. VI. ..ibO-as the force X ipace de-

Scribed, and that is-(wlien;the fpace is given.) as the
force. Let AF be the refraóbing furface, and let 40.
it be divided into an infinite number of equal parts
terminated by parallel planes paffing thro' A, B,
C, D, &c. Put a — AB or BC, &c. /, £, A, &c.
for the forces aoling in AB, BC, CD, &c. which
may be efteemed uniform. Then the velocities
acquired in falling from reft, thro' AB, BC, CD,
will be as v//, y/g-, v/£ ; and their fquares as /,
g, Ъ. But (by Cor. 3. Prop., XX. Mechan.) the
fquare of the velocity at В being /, the fquare of
the velocity at С is — fquare of the velocity
.at В + the fquare of the velocity in paffing
thro' BC from reft — / + g. And the fquare
of the velocity at D =: fquare of the velocity at

С +



9 б D I O P T R I C S .
Fig. С •+• the fquare of the velocity in paffing thro*
4Q. CD = / + g + b. And fo on, therefore the ve-

locity at F = \/f-t-g + b &(' = fquare root of
the force.

48. Let AB be the refracting furface, 1C the inci-
dent ray, infinitely near AC, and CR the refracted
ray. Let CB = С A, and BR perp. to CB. Then
CB (== CI == ï) is the parallel motion of the ray,
and BR the perpendicular motion, which is gene-
rated by the refraction. And therefore BR is as
the fquare root of the refracting force, as was ihewn
before ; and the refracting force is as the denfity,
therefore the fquare of BR is as the denfity of the
medium.

Let the fines of incidence and refraction be as
m to n. Then we have m : n: : CR : CB — i,

and CR =: -, and BR1 = CR1 — CB1 = 5E — ï.
n nn

Therefore in the following table, againft the names
of the bodies in the firit column, you have the
fines of incidence and refraction in the fécond,
the fquare of BR or the refracting power in the
third, their denfity or fpecific gravity in the fourth,
and their ratio in the fifth column.

Bodifs
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Bodies

Pfeudo topaz
Ait
Glafs of 7
Antimony J
A Selenitjs
Glafs
Rock Cryftal
IQand Cryílal
Sal Сеттге
Alumn
Bórax
Niter
Vitriol
01. Vitriol
Rain Water
Gum Arabic
Spt. Wine
Camphire
Oil Olive
Linfeed Oil
Spt. turpentine
Amber
Diamond

Refraftion
m n

23 !4
32OI 3200

17 9

61 41
31 20
25 16
5 3

17 ii
35 24
22 15
32 21

303 200
io 7

529 ' 396

31 21
100 73

3 *
\22 15
40 27

,25 ï?
14 9

100 41

Refraâing
power

1.699

Denfity

4.27
0.0006250.0012

2.568

1-213
1.4025

1-445
1.778
1.388
1.1267
1.1511
J-345
1.295
1.041
0.7845
1.179
0.8765
1.25
1.1511
1.1948
1.1626
1.42 t
4.949

5.28

2.252
2.58
2.65
2.72
2,143
1.714
1714
1.9

!-7i5
l-7
ï.
'•375
0.866
0.996
0913
0.932
0.874
1.04
3-4

theRa-
tio

0-39
•52

.48

•54-
-54
-54
,65
.64
• 65
.67
.70
•75
.61
.78
.85
.01
.25
.26
.28
•32
•36
•45

97
Fig.
48.

This table of Sir J. Newton's, made from a great
тдпу experiments, íhews that thefe bodies that
differ from a confiant ratio, are fuch as abound
more or lefs with oily fulphureous particles. And
that fuch oily fulphureous fubftances have a greater
refractive power than others, in proportion as they
are of a more fulphureous.nature.

Cor. ï. ТЪе fquare of BR is as fbc denßty of tie
medium.

H Cor.
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Fig. Cor. 2. Refraction out of a thinner medium into a
48. thicker', is made towards the perpendicular-, and tht

contrary.

Cor. 3. Wben light pafffs cut of a thicket' into Ъ
tbinner medium, if the obliquity of the incident ray be
f o great ï that the ßne of its incidence has a greater
proportion to the radius, than the ßne of incidence-t*
the ßne of refraition ; that is, when the ßne ef re-
fraEliqn would be greater than the radius, yohifb is
impoßble, Then the light will not pafs into that me-
dium, but be reflected back. Ana therefore light ччШ
not paß out of glafs into air, above 42 degrees of i'e-
eidence ; but is reflected back into the glafs,

P R O P . VI.

50. Let AGFO be any denfe medium, AE perp. to AOV
HO an incident ray, making the angle HOF infinite-
ly fmall, OB, ОС the r ef railed rays, being the haß
and rnoft refrangible. Draw Bf parallel to АО, cut-
ting ОС in с ; thro' с draw ace, parallel to AE ; then
in any other denfe medium AGH, if the leaß refran-
gible rays (of the incident ray HO J pafs to D ; then
drawing Dtf parallel to АО te cut ae in e, the taoß
refrangible rays .will pafs thro' e.

Let the ray OE cut De in r, and if HO or OA
be the velocity of the incident ray, then (Prop. I.
Cor. 5.) OB, ОС, OD, OE will be the velocity of
the rays going to B, C, D, E; and (Prop." V.
Cor. ï.) Aß1 : AD* : : denfity of the firft medium :
denftty of the fécond : : АСг : AE\ And AB :
AC : : AD : AE -, whence AC : CB : : AE : ED.
And by fimilàr triangles, Bf : АО : : (CB : CA : :
ED : EA : :) Dr : АО ; whence Dr = Ее = De,
and r falls upon e in the line abe. Therefore in all
mediums, where the angle of incidence is a right
angle, the extreme refraóled rays will cut the pa-

rallels
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rallels AE, ae, in thé points B, c, and D, e, mak-Pig.
ing Br, DÉ alib parallel to one another, and to the 50.
refrafting furface OA.

But this does not hold good when the angle, of
incidence is not a right angle.

Cor. ï. y tie medium is fitch, that the meaa re-
frangible rays, are refrafted at an angle of 45° with
OA, then the rays will be the moß differfed by re-
fraSion.

For the angle DOE will be greateft when АО
makes 45 degrees with a line drawn from O, bi-
fefting De.

Сот. 2. It does not bold tleat tbeßnes of refrafKo»
tf the beteroge)te&us rays, are prof ortionat, S.B:S.C
: : S.D : S.E.

For that proportion in incpnfiftent with this,
AB : AC : : AD : AE.

Cor; 3. Neither does tbit conßruffion bold good, in
yte and t be fame medium, fer different incidenciei-

For if the heterogeneous rays at incidence 90,
pafs thro* В, с ; at lefs incidencies they will not pafs
thro* D, e ; the line De growing perpetually lefs, ал
the angle AOD grows bigger. For in this cafe, k
Í5, S.B : S.C : : S.D : S.E, which is inconfiftent
with the proportion AB : AC : : AD : AE, oa
which the equality of Br, Df, depends.

S C H O L I U M .
.If the denfe medium AGHA be glafs, then if

OA be 40, A a will be ï ; as may be calculated
from having OA given, and the fines of incidence
and refraction. And this may ferve for a ftaaderd,
whereby to meafurc the refraolions of other me?
diums.

H 2 P R O P ,
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Fig.

P R O P . VII.

f. 2. If homogeneal rays be ref raffed a by a prifm ABC,
the inclination- of the incident and. emergent ray i is
leaßt wèen the refraflion is equal on both Jídes, APH

In order to prove this, let the angle big — ̂
and let Я, gl, dl, be three homogeneal rays, paff-
ing out of a denfer into a rarer medium, and re-
frafted at I, in the lines IB, IG, ID ; draw tht
fines bn, go, dp, and BN, GO, DP. Now it is
known, that in fmáll arches, thefe arches are nearly
as their fines, and the increafes of the arches as the
increafes of the fines ; but as the arches increafe,
that increafe has a greater ratio to the increafe of
the fine -, and ftill greater and greater as the arches
become bigger. Now fince the fines bn, go, dp
'have a given ratio to BN, GO, DP, and their in-
crements to their increments. And fince AB is
greater than ab, therefore, putting inc.OG for in-

creafe of OG, &c. we have —H_ greater than
inc.eg

-.:?*- or •—sL_, and inc.nb greater than inc.ojf.
гпс.пЬ inc.nb *
л j DG , , BG

And ÎITTw* milch ereater ЛаП;,Г7хт5» that IS»

much greater than — ZU_ , and in
tnc.og~~ inc.nb
much greater than inc.og X BG. Divide by inc.nb^
and inc.og (which are not in fo great a ratio), and
then DG is greater than BG. Whence the fum of
the refradions.AB, AD, is greater than twice the
refraction AG, into the rare medium.

,2 Now let the ray PS be refrafted into the lines.
< ' PH, SR making the <; APH = BSR. Alfo let

the
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the ray PQ be refrafted into PI and QL. Draw Fig.
PON perp. to С A, and QO, SN perp. CB. Pro- 52.
duce RS, HP to V, and IP, LÔ to T. Then
<IOPQ + OQP = С - = < NPS + NSP -
2 NPS, for О and C, or N and C, make two right
angles. Therefore the angles OPQ, OPS, and
OQP have equal differences, and their angles of
refraftion are OPT, OPV, and OQT. Therefore,
by what was (hewn before, OPT + OQT is greater
than zOPV or NPV + NSV ; and talcing away
the equal angles OPQ^+ OQP = NPS + NSP,
and there remains QPT + PQT greater than SPY
-f- PSV;, that is, DTQ_ greater than FVS, and
therefore the inclination R VF is lefs than any other
inclination LTD.

Cor. ï. УЬе greater the obliquity of tee ray IP
entering into the prifm, the greater will be the incli-
nation of the incident and emergent rays, DTL.

This appears from what was proved in jig. 51,
where the greater the arch is, the greater is the
ratio thereof to the fine.

Cor. 2. If a prifm be placed near the hole in a
window Jhut, for a beam of the fun to pafs thro\ fo
as to throw the image upwards ; the loweß place of
the image where it appears ßationary (in turning the
prifmßowly abotit), is when the incident and emerg-
ing rays make equal angles on each fide the prifm.

Cor. 3. l'hère are two poßtions of the prifm, where 53*
the image will have the fame place, and that is where
the ray paßng thro' it, cuts the contrary ßdes at the
fame angles.

For if IPQD be the progrefs of the ray, and if
<: CGF : - <C CPQ, and CFG = CQP. Then
the fum of the refractions of the ray FG, will be
equal to the fum of the refractions of the ray PQi.
Therefore if the prifm be turned about the axis,

H " till
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Fig. till the äugle IPA be equal to DQB -, then the fay
53. wiH pafs along FG and go to D, as before it did

in going along PQ.
£2. Cor. 4. When fee angles of incidence and refrac-

tion are ' equal on boíb Jídés the prifm ; t be angle of
refraïïion ÎÎPS is equal to half the angle С of the
prifm.

For we proved before that С is equal to aNPS.

P R O P . VIH.
54. Heterogeneous rays being refraSied by a prifm ABC,

the more oblique tbe.incideni ray IP w, the lefs will be
the feparation of the rays SL, Q/.

Inftead of a more tedious method of demonftra-
tion, I mall compute the progrefs of the rays tri-
gonometrically, the angle С being 60°, and the
fines of incidence and refraction out of air into
glafs being as 106 to 68 and 69.

ï. Let the angle of incidence API be infinitely
fmall, then it -will be

ï об 2.0253059
68— —1.8325089

Rad.—— ID.

S-39 54 9.8072030
the angk OPQ.

io6 2.0253059
69 1.8388491

Rad. ю-

S.
4
o 37- 9-

8l
3543

2

the angle OPS.
Thèfe angles taken from (С] 6о, leave 20 6,

and 19 23 for the angles of incidence at Q^and S.
Therefore again,

69
106

68 1.8325089
—2.0253059

S . 20 6 — 9 5361286

"•5614345
5.32 23-1—9.7289256

- I.838849
1

2.0253059
S. ig 23 — • 9.5209899

11.5462958
S • 30 39 — ' 9 '7

0
744б7

IfLJÜL — the angle of diffipation between
dif. ï 44т
the rays SL, Q/.

2. Let
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2» Let /Q be the incident ray, then fince tlieFig.

moft refrangible ray will return thro* /OP to I, 54.
making the angle API infinitely fmall.. Therefore
we have nothing to do, but trace the leaft refran-
gible ray thro' /QRH. Therefore

106 ' • 2.0253059
69 1.8388491

S. 32 234- — 9.7289256
11.5677747

S. 20 244- — 9.5424688
the angle RQO.

Then 20 24Í- taken from 66 leaves 39 35! for
the angle of incidence at R, or QRO, therefore

, 69 ——1.8388491
106 2.0253059

s- 39 35t — 9.8043520
11.8296579

S. 78 15 — 9.9908080
And 78 15 taken from 90, leaves 11 45 for the,

angle made by RH and PI, for the feparation of
the rays at P or R, far exceeding that at Q or S.

3. Let the angles at P, Q^be equal* being each
equal to 60 ; whence the angle of incidence is 30.
Then

68
ï об

S.3o

$.51 12

-** 1.8325089
— 2.0253059
— 9.6989700

11.7242759
— 9.8917670

51 12,
50 II

69 »
1 06 -
8.30 -

5.50 ii
ï
r

diff. ï if

-*— 1.8388491
— — 2.0253059

9.6989700
11.7242759

— 9.885426$

And ï if doubled gives 2 : 03 the whole fepa-
ration by both fides er the prifm, when the angles

H 4 «t
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Fig. at P and QjLtt nearly equal, and the rays come on
54, any fide.

So that when the rays fall very obliquely, the
reparation of the heterogeneous rays is Only ï 4.47.
When their incidence and emergence are about
equal, it is 2 03. And when their incidence is fo
near a perpendicular, that their emergence is the
moit oblique, it is 11 45.

P R O P . IX.

55. If R le the radiant point, RP perpendicular to the
r efr ailing plane furface PA. Then if R A be the in-
cident ray, AH the refrafied ray, cutting RP in F -,
then F will be focus, fo that FA : RA : : S.inci-
dence : S.refraïïion.

For the angle PR A r: angle of incidence, and
PFA = angle of refraction, and in the triangle
ARF, FA : RA : : S.FRA : S.PFA : : S.angle of
incidence : S.angle of refraction.

Cor. ï. As theßne of, refratJion : to theßne of in-
cidence : fo the incident ray to the refrailed ray.

Cor. 2. If rays diverging from R, diverge from F,
after refraifion-, then rays converging to F will con-
verge to R after refraction.

Cor. 3. Parallel r ay s falling on a r efraffing plane,
are rsfrailcd into parallel lines.

For R and F being at an infinite diftance -, all
rays proceeding from R will be parallel to one
another, and all rays proceeding from F will alfo
be parallel.

Cor. 4. If rays diverging from R, diverge froín F
after refraaion -, then changing the medium^ the rays
diverging from F, •will diverge from R, after refrac-
tion. Cor.
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Cor. 5. If rays RA, RO, falling near P, foO?- Fig>

frafledfrom the focus F j then F f : RP : : S./»«- 56.
Л»« : S.refraffion.

For then FA = FP, and RA - RP, nearly.

Cor. 6. If-R'is an -objetl under wafer-, and the 57.
fye »?oi;iJ from С to D and then to H, ÖV. ffo c£-

_;># will feem to rife in the perp. RP, till at laß it
•vanifoes in P. Hence water looks deepefl when looked
at perpendicularly; but it appears not then to be fo
deep as it is, by a fourth part.

For when the angle of incidence ARP is 48 :40,
the' angle of refraction AFP beco'mes 90. And at
C,' the apparent place "of R will be at F, fo that
FP :RP; : 3 : ̂  or PF = £ PR.

P R O P . X .

If AV be any refrafiing fpherical furface, С the e$,
center, R the radiating point, F the focus of ter refrac- tn.
tion ; then R A xßne of incidence : CR x fine of re- 60.
fraãion : : AF : CF. б1ш

Let RA be the incident ray, AG the refrafted
one. Draw FH parallel to CA, cutting RA in H.
Then «C RHF = RAC = angle of incidence, and
AFH = F AC zz angle of refraetion. Put от, я,
for the fines of incidence and refraction. Then in
the triangle AFH,
S.RHF or AHF (m} : S.AFH (») : : AF : AH.

And
by fimilar triangles, AR : CR ::AH:CF.
and ex equò, m x AR : n x CR : : AF : CF.

Cor. i. On the contrary, if the r ay s go the contrary
way in the line GA or FA, they will be refrafted to
R ; and R and F will be conjugate foci.

Cor.
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Gör. 4. Jf rayi diverging froto R, Converge tb F í

ihtít changing tbe *я#*ш, rays converging to R *fití
diverge from F. Or if rays diverging ftvHt R j jti-
vergefnnt F, then changing the meaittmsy rays ton-
verging to R, will converge to F, after refraBion.

b faVfs the labour of araitoitig tHore figures.

P R O P . XI.

58. If AVa be a very fmall part of a refraHing Jpbe-
59. me/ furface, С the center, R the radiating feint if
6b. btyett, F the fàctís after refratJion-,
61. ТШ the diftance of tbe etjeèí and verteu RV y.Jtte

of incidence :
Dißance of the objeSi and center RCx/»i ofrtfraSKoH : :
Dißance of the vertex and focus VF :
Dißance of tbe center and focas CF, nearly.

Let RA be the incident ray, AG òí Aí? the re-
ffaeted ray -, theri fince A is very near the Verte* V,
RA = RV, and AF = VF rtearty. And (Prop. X.)
putting m, n for the fines of incidence and fefruc-
tion, m X AR : я x CR : : AF : CFj that is, wxRV:
» X CR : : VF : CF.

Cor. i. If m, n, be the fines of incidence and re-
fratlian, iben m X VR + я x CR : m X VR : : CV :
VF.

This follows from the Prop, by compounding or
dividiiig.

Cor. 2. If tbt rays le turned back again In tbe line
GA, they will be refrafled to tbe focus R ) i»bicb
fupplies tbe place of. more figures.

Cor. 3. If R and F lye on the f ame fide of tbe re-
f r ailing fur f ас í -, rays diverging f fout TU will diverge
from F v tf they lie on different JtdeS) they converge
WF.

P R O P .
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Fig;

P R O P . XII.

If parallel rays R A, RV fall upon any refraaing ег.
fpberical fur/асе AV, wbofe center is С ; F wiü Se 6д.
the focus of t be r efrafted rays, f o that, tbejine of in-
tidttóe iftitc of refraßion : : AF : CF.

Draw thé radios С A, then R AC or ACF is the
angle of incidence (or its fupplement), and FAC
the angle of refhtation. Let rh^ n, be the fines of
incidence and refraction. Then in the triangle
ACF, S.ACF (tit) : S.CAF («) : : AF : CF.

Cor» l. If the rays bt ttírned back in the litte GA,
Una fefraßed «t A, tbq wiü emerge parallel.

Cor. 2. If AV be any refrafting curve, AC f erf.
to the curve in A ; and CF parallel to RA ; and if
RA be tbe incident ray, AF the refraft-ed ray -y then
AF : FC : S.incide»te : S.refrafiion.

P R O P . XIII.

If parallel fays RA, RV, feu ол л very fwaiU part 62;
ef a refrafting fpberical furface A«, wbofe center is 63.
С -, end if F be the fetus, tbenfint of incidence :ßne
of refraSiion : : VF : CF, nearly.

For äs AV is a very fittall arch, AF t= VF near-
ly, therefore (Prop. XII), S.incidencc : S.refrac-
tion : : AF (VF; : CF.

Cör. ï. If т, я, be tbe ßnts of incidence and re*
fraSlion \ then m — n : m : : radius CV : VF tbe
principal focal diflance from tbe vertex.

For m : n : VF (VC -f- CFJ : CFj and by dirir
fion, m — я : m : : VC : VF.

Cor.
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Fig. Cor. 2. fbe focus of parallel rays refrafied by а
6z. convex fpherical furface of glafs is dißant from ibe
63. vertex near three times the radius.

For m is to n, nearly as 3 to 2, and m — n t»
» as ï to 3.

Cor. 3. Asm-.— n the diference of the fines : to
я the leJJ'er : : as CV the radius : to VF —" VC, or
CF the dißance of the focus from the center.

PRO P. XIV/

64. If AV be a f mall portion of a refr ailing fphmcal
b$. furface, С the center, t, T the principal foci, or the

/ocl of parallel rays coming out of one medium into
the other. And if R be the radiating point, F the
focus; then it will be, R/ : RV : : RC : RF ; or the
contrary, changing the focus for the radiating 'point,

Let m, n be the fines of incidence and refrattiuu,
d — RV, and r — radius CV. Then (Cor, ï.

Prop. XIII.) m — n : m : : r : JZL- - VT. And
m — я

on the contrary я — m : « : : r : ~n — V/,' or
« — m

rather V/ = ™ , and VT — VC or CT =
m — n

rm —r= rn , therefore V/ = CT, and
"тт; — » ' m -*• n
VT = /С.

But (Prop. XI. Cor. ï.) ind — t t x d + r i m t i : :
r : VF (in fig: 64.), or md — nd •— nr : mr : :-d :

VF; and dividing by w — »irf—--ÏL. : _^r_ : :
?и — я ?» — 3

J : VF;: that is, RV — Vf or R/ : VT or iC : :
RV : VF. And compounding, R/ : R/ 4- iC
(RC) : : RV : RV + VF (RF). And (in fig. 65.)

it
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it is ma — иа + rn : md : : r : VF. Whence RV Fig.
+ V/ : VT or Ct : : RV : VF, &c. £4.

Cor. ï. R/ : /C or VT : : RV : VF. б5'
From the demonftration.

Cor. 2. R/ : /C : :' CT : TF.
For (Cor. ï.) Rt : tC : : RV : VF : : RV — R/

(/V or ÇT) : VF — /С or VF — VT (TF).

Cor. 3. R/ : /V : : VT : TF.
For (Cor. i.) Ri : TV : : RV : VF : : RV — .

R/ (/V): VF — VT(TF).

Cor. 4. If T, / fo /fo principal foci, of rays paf-
ßng out of one medium into the other ; tkenCT :r V/.

From the demonftration.

P R O P . XV.

If AV be afmallqortion of a r ef rafting fpherical 65,
furface ; С tee center, R the radiating point or the
focus of the incident rays, F the focus of the re-
fraEîed rays. And if m — S.incideme, n — S.re-
fraííion, RV = d, CV = r, VF =/-, then f-

màr
: • •=* -- ; where if the rays converge^ or AV
tn — » X a — nr
be concave ; d or r will be negative.

For fince the arch AV is very fmall, RA = RV
= d, AF zz VF = /. Draw FH parallel to CA,
cutting RA in H. Then by fimilar triangles RC
(d + r) : CF (/— . r) : : RA or RV (d) : AH ==

Í^JL. Then in the triangle AFH, S.AHF or
à + r

С AH .fw) : S.AFH or CAP (n) : : AF or VF

(f) : AH f Z L ) . . Whence nf =
\ d'+ r J

. »,
d'+ r J a + r

and
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, and nàf Ф nrf = dwf <-?- far, or

tirf = mdrt therefore/ = ___

^ , ..—. »»ifr
Cor. ï. / =

w

Cor. a. If rays fall on, a concave refraSor^ f ^
— mar

m — n . d + nr

Cor. 3. If í be rays convtrge t» R, / —
»ar

•^n.d 4- яг
— mar __

For/ =: ===== - - --
í» — »X — Л — nr

Cor. 4. jy »V be a f lain furface, f =

For it ia/ = -2 = — , r being infinite.
— nr n

Cor. 5. If tbe rays be parallel, f = — 2? — r,
W —r Я

таг
For then о в infinite, and / — : ..:"-;

m — n. à

S C H O L I U M .
From this general folution it follows, that when

/ the focal diftance comes out affirmative, it muft
be taken direétty forward from V, but when k is
negative, it muft be taken backward towards R.

Jn the fame manner that / is found from hav-
ing ä, and r, given ; either ä or r may be found
from having the reft given. For example, let r be

fought. Multiply the equation,/ n — . , ., ._.,
ma — nd — nr

by



В. III. D I O P T R I C S . m
by the denominator má — па —• яг, and we fliall Fig.
Have mdf'—?- ndf — nrf => mdr -, and tranfpofing, 6&.

p^r * я/г = ffidf-*- ndf, whence r =; **f ~?f.
md + af

And this ihews that when w is greater than я, г
comes out affirmative, and that the refra&or is con-
vex towards the objeft. But when я is greater
than w, r will-be negative, and therefore 'tis con-
cave to the objeft.

Again, let d be fought, having /, r, given*
From the former equation, mdf — ndf — nrf —
wdr ; by tranlpoiing, mdf — ndf — mdr =: nrfy

and d = ^2. . And from hence it ap-
«/—• of — mr

pears, that if mf be greater than vf -\- mrt then а
k affirmative ; that is, R is on the convex fide of

. the refraftor. But when nf 4- mr is greater than mf,
then d comes out negative, and R is on the concave
fide of the refractor. And if mf be = nf -h «r, then
/ will be infinite, and F is the focus of parallel rays. 67.

It may be further obferved, that in all cafes where
the rays converge to F, if a circle BD be defcrib-
ed with any radius ftora the center F, to cut the
refiraited rays AF-; theie rays, paffing thro' the
menifcus AVDB, will go to the fame focus F. For
theie rays, paffing perpendicularly thro' the re-
fracting furface BD, go right forward. And for
the fame reafon, rays diverging from F» w,ill go
to R as befo/e.

P R O P . XVI.

If parallel rays RA, /У fall upe» a fmallportion 68,
of a fpbere, and be refraffed by the frft furface to
T ; fifty will be refraEied by the fécond fnrfãfe, to F,
íbe middle of DT.

Let the rays RA, FG meet in H ; then ßnce
the cord AC cuts the, curve at A, G m eqyal an-
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Fig. glee., the -refraftions will ,be ,e<ju,al ,at A and G -,
68. whence the triangle AHG is equiangular, and

equilateral» But FT being parallel to AH, the
triangle G FT is firnilar to AHG j whence GF'rr-
FT. But GF being = DF very near, therefore
DF =2 FT.

Cor. If parallel rays fall upon any -part of a
Jphere -, ana Т be the focus after the faß refraßien ;
F wilHe the focus after the fécond, fo that GF =
FT.

P R O P . XVII.

60. In any lens BH, if two radii C A, ca, be drawn
70. parallel to one another, from the centers С, c, of the

two furfaces ; and Aa be drawn cutting the axis in
D. f ben every ray that paffes thro' D, jhall bavt
its incident and emergent rays parallel.

For by reafon of the parallels CA, ca, íhe tri-
angles CAD, cad, are fimilar -, therefore CD is to
cD, as С A to ca, that is in a given ratio ; and
therefore the point D is invariable. And further
the angles at A and a being equal, the line Ал
cuts the two furfaces in the fame angle, and there-
fore if the ray Ae befuppofed to go both ways, the
refractions will be equal and contrary ; that is, they
make equal angles with Aa, and lie contrary ways,
and therefore are parallel.

Cor. ï. Hence in dotale convex and double concave
lenfes, the point D lies within the lens ; in a piano con-
vex or piano concave, it is at the convex or concave
furface ; but in a menij'cus, it lies out of the lens,
nearer to the greateß curvily. And in a fphere, it is
at the center.

Cor. 2. I'he courfe of a ray, faffing thro1 D, very
маг the axis, may be taken for a jirail line, -without
fenfible error. Cor,
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Cor. 3. f he f oint D is fo placed, that CG : f F : : Fig.

DG : DF. 69.
For CA or CG : ca or c F : : CD : cD ; : CG т- 70.

CD (DG) : CF —CD : (DF).

Cor. 4. As the fum of the radii (or'the difference
in a menifcus} : to the leffer radius : : fo the thick-
nefs of the lens : to the diftance of D from the vertex
of greater curvature.

For fmce CG : cF : : DG : DF, by compofition
(or divifion) CG + cF : cF : : DG + DF (FG) :
DF. ~ ~

Cor. 5. If Ал be any ray paßng thro' D ; then
the tangents to the lens at A and a, "will ее parallel.

For the angles CA« and caA. being equal, their
complements DAG and DaF are equal ; and there-
fore the tangent at A is parallel to the tangent ac
a.' And hence

• Cor. 6. For every point A of the lens, there is
fome ray or other Ад, tehofe incident and refrafled
rays will be parallel; and that is the ray faßng
thro1 D.

For the tangents at A and a being parallel, it
is the fame thing as if the ray was tranfmitted thro*
a medium contained between two parallel furfaces,
in which cafe (by Cor. 2. Prop. III.) the incident
and emergent rays will be parallel.

S C H O L I U M .
The point D is by optic writers called the Center

of the lens.
P R O P . XVIII. Prob.

Having the lens tfV, and the radiant point R 71.
given; to find the focus F, after the refraction of jz.
both the furfaces.

Let m^ «, be the fmes of incidence and refrac-
tion, and make m X R^ — » X Rf : m x R^ : :

1 the
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Fig. the radius vc : vft and /is the focus after the firft
71. refraction at av. Again vf — vV — Vf; then
72. make as m X С/ — » X V/ : » X V/ :. : radius CV :

VF, and F is the focus after the fécond refraftioa
at AV. And thus you may proceed to find the
focus after refraction by a third, or fourth furface,
&c.

For fince m X Ri> — я X Rf : »» X R?? : : w :
•p/, by divifion, m X Rv : » X Re : : vf : vf — vc
or t/. And therefore (by Prop. XL) / is the fo-
cus of the rays refracted at av. Alfo finçe m X
Cf— n x V/ : n X V/ : : CV : VF; therefore,
n X V/ : w x C/ : : VF : CV + VF or CF. And

V/:C/ : :Z£:H::*»xVF:7i X CF. And
Я 7Я

therefore (Cor. z. Prop. XI.) rays converging to
/ and refracted by AV, will converge to the fo-
cus F. This' method of demonftration is general,
and is applicable to any cafe.

Cor. If the incident rays are faralkl ; tnake as
m — и : m : : vc : i>/, and f is tee focus after re-
fraSlion at the firß furface. Anà finà F as before,
for the focus after ibe fécond refraclion.

For in this cafe Ri> and Re are equal.

P R O P .
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Fie.

P R O P . XIX. ^
Let parallel rays S#, Ri?, be refraSied by tie leas ?*•

А-У \ fuppofe the fines of incidence and refraEfion as 72>

in to it ; and put the r'aaius of ike figment towards
the objeft cv — r, the radius of the fegment from the
objeft CV = R, ibe tbicknefs of the lines ^V = /,
tbe principal focal dißance VF =. f. And p =

— ÜL_ , q •= — *L— -, therefore mp = na. tben •
m — я т — и

R» X ar — t _ .
f — - - - ', ; -wherein if av, or

m x R + r— t У. m — n
AV be con-vex tbe contrary way, tb'sri r or R is ne-
gaíive.

For (Prop. XVIEL Gor.) A-— * r m : : w (r) :

vf = mr — qr -, and V/ =-f — /. Again «X
»» — »

C/—» x V / : » X V / : :CV: VFi_jhatis , .wx
R + í r _ _ / _ » x gr — ; : я X jr — / : : R : /

RK X gr —

— / X m — n qXr
And a like calculation may bè made for the con-
cave, fig. 72.

Cor. ï. If t — о, or inronßdcrable, then f s

J*. J ., und is the fame on either fide of tbe lens.
R + r

«yRr

I 2 Cor.



и б D I O P T R I C S .
pig. Cor. 2. If t = o, вж/д-у fo a flam Surface^ then
7 ' - r _ » R

72.'-* — я

For then r == infinity, and / zr ff £ — —

."* R. And
»z — я

Cor. 3. ^ # == o, tf»<i A V л //л»? fur/асе, f =.
n

m — n

Cor. 4. J/" í == o, and R == r,

X l r.

Cor. 5. î~fo principal focal diftance made by оке
f а- • mr

refrafiten, ts ---
m — n

For by the demonílration vf r: .. mr : .
»j — »

Cor. 6. If a luminous body be plactd in the princi-
pal focus of a lens, it will caß a light te a great dif-
tance.

For the rays emerging nearly parallel, will not
unite till at a great diftance.

S c H o L ï и м.

In glafs, m — з, and n — 2 nearly ; whence
p — 2, and £ r^: 3. Therefore from this Prop and
its corollaries, may be deduced the following rules
peculiar to glafs lenfes.

ï. In a double convex glafs of equal radii, the
principal focus is diftant, the radius of the fpheres
or the focal diftance is equal to the radius

2. In a fphere, the principal focus is diftant half
the radius ; of an hemiiphere 4 the radius, when

the
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the convex fide is expofed to the raysj and twice Fig.
the radius, when the plane fide is expoled. 71.

3. In а рЦпо convex, the diftance of the prin- 72.
cipal focus is equal to the diameter, when the plane
fide is expofed to the rays ; but to the diameter—
У the thicknefs, when the convex fide is expofed.

4. In a double convex glafs of different ipheres,

the diftance of the principal 'focus is 2.. r. .
* * R + r

5. In double concaves of equal radii, the .prin-
cipal focus is diftant the radius of the fphere, and
is virtual.

6. In a piano concave, the principal focus is dif-
tant twice the radius, and is virtual.

8. In a double concave glafs of different fpheres,

the diftance of the principal focus is
R

and is virtual.
9. In a meriifcus, the diftance of the principal

*>"Q „

focus is , the concave fide being expofed tor — R e r .
the rays.

PROP.
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Fig.

P R Q P. XX.

71. ff rays ijfaivg from tlpe radiant f oint R, be refrac-
72. ted by tjhe^ lens Д-y; let vi, n —fmes of incidence ana

d •=> Hv, tbe. aiftqncs of the radiant f obit.
• r '— iV) 'the raâius of the nearer furface.

R — CY the radius of the further furface.
t :r VTA the thickntfs of the lens.
f ïz VF the focalt dißance.

•ò — . - í' q — -- , pm — an; than
m — n

f —
.' Щ .

п, tf the rays converge, or if av, Д V,
, /&? contrary way, tben d, r, or R zV negative.

Or at Jhort, / = D~/ /R, 'te^írí D =
P: ТТ./ 4- ?R: • :

For (by Prop. XVIII.) w X Ri> -- я X Re : m X

R-u : : vc : vf; that is, OTÍ/ — n"X. d + r : md: :r ;

vf = _ fí^L _ = D fuppofe, and D — / =
tnd — nd — nr

V/. Again m X R + D — / — n X D — / : « X

D — / : : R : /, or wR -H ?» -̂ "» x D — m — n
. t : «D — и/ : : R : /, therefore / =

f m — n . D — m — n . t
Hl j

But D = ———£ - ...^т" = -ÍÍL-
ma — nd— nr , _n d~prd

therefore/ =
Я ff



В. III. D I O P T R I C S . 119

У^-jiRt Fig.
J^-Pr .:.- -:л-.- _. __• 71.

+ m — nX-^L — m — n x t 72-
d—/т*

»^rR — ж/R/ + nprRt
mdK. — mprR + m — я . qdr — m — я X aí —^í

~, — ndRt + fe/rR/

w X dr — n.— я X Л Ч-. « — я X prt

— nd&t + nprRt •
md X r + R — mprR — dt X »»•—.«+

becaufe да — n . q == m, and ra — я . £ z= я. Or

at lhort/ = ̂  D" f f / pR, where t) = -ei.
' D — t + g&:. ..... 4— fr

And a like computation may be made for the con-
cave, fig. 72.

Cor. ï. If t be nothing or inconfiderable, then f =z

- - ?_ fi - üi,. A»á w f be fame on both ftdes
,

the lens, wbilft the ãtfldnce d continues tbe fame.

Cor. 2. If the lens be of glafs; tien f =

X r + R — 6rR — dt 4- zrt

~~ d х м К —

Cor. 3. In a flano convex, if /,— о, and AV

plane furface ; then f — ________ • •' .
m — n * d - — n r

For r vaniíhingi / = àr^ dr

í '
Bí/r И^Г

±?_»r w—» .d—nr
f I 4 Cor.
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Tug. Cor. 4. Jf t — o, and tbe lens. bas. equal convexi-
T1- r' n^r

',, ttes ; then f =: — uj — - ; - . And in glafs,
' m — n У. га — nr

àrf -
J "

Cor! 5. Wben t — о, гц л double concave, f =
WrR

yfwí? «>&<?» tbe radii are
— d X r + R—

l, f = — . L - , for.glafs.

.Cor. 6. In a plano concave, expofed icitb tbe. con-

cave 'fide to tbe rays, f i: I~JL :̂.
'

Cor. 'j. In a wenifcus, the convex fide turned

.. . 4 X r— R

Cor. 8. fbe fowl dtßance made ly a fmgle refrac-

tïonis mdr . .
m • — n . d —nr

From the demonftration.

Cor. 9. If tbe radiant point and tbe focus be equi-
aißant from a lens ; they will each of tbem bs dijtant
twice tbe principal focal atßance.

. For put *d - f - — fãrR - , then d x
+ R — prR

r + R -— prR — prR, or d- X r~+ R =

whence d z: -У- r: twice the principal focal clif-
r + R r

tance, by Cor. i. Prop. XIX.

Cor. 10. If tbe radiant peint be nearer tbe lens,
than tbe principal focus ; tbe rays after refrauion
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will diverge; if it is in- fbe principal focus, f bey will Fig*
emerge parallel^ and if it is further iff, they- will 71*
converge. 72.

S C H O L I U M .
Hence if all the quantities »г, », d, r, R, /,

except one be given, that one may be found, ,by
the reduction of the equation in Cor. ï.

P R O P . XXI.

If P, />, be the prijifipal fed of a fphere or lens 73.
V ; R the radiant point ; F the f ecus by refraffion ; 74.

D the center of the fpbere or lens -, then RP, RD,
RF, are continual proportionals, where P and F muß
lie the fame way from R.

Let the focal diftance DP or Dp = F, the reft
as in the lall Prop. Then (Cor. ï. Prop. XIX.)

Vf or DP = — £ = F, and^rR - F X r + RÎ

And (Cor. ï. Prop. XX.) VF or DF =

JprR _ < J F X r + R
â X r + R — />rR dxr + R — FXr + R

= -2L =52^^, and RP XDF = RDX
d— F RP

DP, whence RP : RD : : DP : DF ; and com-
pounding, RP : RD : : RP + DP (RD) : RD +
DF (RF). And a like computation may be made
for the concave, fig. 74.

Cor. ï. RP : RD : : DP : DF i or DF =
RD x DP
RD — DP'

From the demonftration.

Cor. 2. RP : PD : : DP : ̂ >F ; or RP X />F —
PD*.

For
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Figi Sor (Cor. í.) RP : RD : : DP : DF •, and by
73. (ЙуШоп RP; : -RE> — RP (PD) : : PD : DF — DP
74- í/*1;.

Cor. 3. pF w й/ïudjy reciprocal!? as RP ; <Ы Atey
Zw «mirary.ways from p and P.

Cor. 4. R and F <»r conjugate foci to um anvißef j
tó»í/ when they are on the fame fide of the lens, the in-
cident and rcfraBed rays diverge both from R and F,
er elfe both converge to R and F. And the contrary
•token fit differ e

P R O P . XXII.

7g. If A-y be a lens or fpherv,- F tbe feats of there-
74. framed rays ivbich flow frcm the radiant f oint R, p

tee primiçal focus. Then K F : RD :' : DF : Dp,
tbe principal focai dißance.

(Prop ХХГ.) RF : RD: : RD: RP, and
by divifioft, RF : RF — RD (DF) : : R0 : RD
— RP

Cor. iv In л convex;, tbe principal focal diftàricf

.
Ш+DF

Cor. 2-: RP : DF : : DF :J>F,

For ' f inte RF': RD: : DF : D^, by divifïon
RF : RF — RD (DF) : : DF : DF— D/(>F.)

Cor. 3. Hence, the focus ¥ may Ъе flund geometri-
cally thus. Let P be the principal f ecus ; with the
с inter D ' and 'radius DP, dsfcribe the1 arch PG,
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ting any ineidsnt ray R A, m G.* Jan DG, ondürAW Fig-.
AF parallel to it, cutting the axis R D in F, then- F f g;
is the focus. 74.

For RF : RD. ; ; BF : DP i that is, RF : RA : :
DF : AG, therefore the triangles RGD, RAF are
femilar, and AF parallel to GD. And all rays
proceeding from G (OF g} will emerge parallel to-
GD.

S e н &• t í u M.
hi the firft Coral. we have a good practical

rule, for finding the principal focus of a lens, ha-
ving firft found any other focus by trial. And in
Cor. 2. -we have another rule tending to the fame
рщроСе, which finds the excefs of any other focal
ch'ftartce fqund by trial, above the principal focal
diitance. Both theft are very eafy in practice.

P R O P. XXIII.

Tke (Kßaxee-of tbe radiating faint ana its focus, 73*
made by a convex lens, t hap is, RF is tbe leaßfof'

fible*, when i-bey are equidiftcmt from- ike lens.

For (by Cor, 2. Prop. XXI). RP : PD : : PD :
/>F. Now if RP =pF, then the fum of the ex-
tremes. R Pv />.F is eq.ua! to. the. fum of the means
aPD, which is conftant. But in any other cafe
(Tropor. Prop IX.) the fum of the extremes RP,
pF is greater than the fum of the means, that is,
grea,tcr tfoafl tl>e fum of die extremes when they
are eqwaj, And therefore KP +ff is the leaft.

RP ' ^zp£> and adding Pp, the whole dif-
RJF is . the leaft. when R P — pF, and cortfo-

RD = DF.

Cör. The, radiating point and its foctis is at the
küß dißance, from each' other, when each of them is
diflantfrom the lens, twice the principal focal diftance.

For
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Fig, For then RD = RP + PD =a aPD, and DF =
73. D? + />F = 2Dp = zDP.

P R O P . XXIV,

75- yi» oblique pencil of rays SAGC, has its focus G
newer the leas, than a direã pencil RAFC.

For if DS = DR, then the angle CSA will be
fomething lefs than the angle CRA i and upon
that account the rays SÁ, SC, will be fooner
brought to interfeft at G, than the rays RA, RC, :
do at F. But further, the rays R A, RC, falling
very nearly perpendicular to the fides of the lens
AC,' HN, are lefs bent, than the rays SA, SC,
which fall obliquely on both fides the lens. For
the more oblique they are, the more they are bent,
and turned out of their dire& way. And confe-
quently the oblique rays SA, SC will fooner in-
terfect in G, than thofeat F. But fince the angle
RDS is generally very fmall, the difference be-
tween DF and DG will likewife be very fmall.

Cor. т. The focus of an oblique pencil, by aßngle
réfraEïton is nearly at the fame aißance as of a direct
pencil.

For in both cafes the extreme rays will interfeft
thé ray which pafiês thro' the center of the fürface
AC, at the fame diftance.

Cor. 2. 1'bis Prop, bolas good in л concave lens,
and alfo in a menifcus, аз well as in a convex one.

For in all cafes the more oblique the rays are
the more they are bent, and the fooner they will in-
ter/eel a direcl: ray pafling.thro' D the center of the
lens, by Cor. 2. Prop. XVII. But I endeavour to
avoid drawing a multiplicity of figures.

P R O P .
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Fig,

P R O P . XXV. 75-

., A convex lens, colleus the rays nearer together, and
a concave one difperfes them.

For rays that are refracted at a convex lens, are
bent at the points of refraaion fo, that they incline
more towards one another than before : but in con-
caves the rays after refraction, being bent the con-
trary way, are made to feparate more from one an-
other. And this will be fo whether there be one
refracting furface, or two fuch -, or if there be more.
For every fucceeding refraction, adds to the effect,
by making the rays either converge or diverge io
much the fafter.

Cor. ï. Converging rays are made more converging
by a convex lens ; and diverging rays are made .more,
diverging by a concave.

Cor. 2. A menifcus bas the properties of a convex,
glaß, -when the inner radius is the greater. And of
a concave, when tbe inner radius is the leffer. Ex-
cept -when the two furfaces are concentric ; and then
it bekngs to neither; for the rays will emerge parallel.

Cor. 3. A lens or fpeftacle glafs proper for an old
perfon, muß be fuch as to make the image of an objeSî
appear at that point where he can fee that objeã dif-
tinftly with his naked eye ; and the fame is true of a
concave, in refpea of a focrt-fighted perfon.

S C H O L I U M .
From what has been before laid down, the pro-

perties of all forts of fmgle lenfes may be deduced
for practice as follows.

Let R, F, be conjugate foci ^ P, p the princi- „^
pal foci ; then, '

J. Pa-
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Fig. ï. Parallel rays falling on one fide of a convex
79. lens A ; will be refrafted to P or p on the other

fide.
2. Parallel rays falling on one fide of â concave

lens A ; will by refraction, diverge froth P or p on.
the fame fide.

3. In a convex lens A, rays diverging frém, P
or p ; will emerge parallel on the other fide.

4. In a concave lens A, rays converging to P or
p-, will emerge parallel, going out of the lens on
the fame fide.

76. 5. In convex lenibs, rays diverging from R be-
yond P; will converge to F beyond p. And f he
contrary.

77. 6. In convex lenfes> rays diverging from R which-
is nearer than P -, will diverge from F, on the fáífté-
fide with R.

78. 7. In convex lenfes, rays converging to F, will
by refraction converge to R, nearer than P'or/

79. 8. In concave lenies, rays converging ta R, be-
yond PV will diverge from Fy beyond-/, and- die
contrary.

go. 9- In concave lenfes, rays converging, to- F».
81. nearer than p ; will by re&aaioa eoHvergtf to R,x

beyond F.
82. »о. In concave lenfes, rays diverging from R,

beyond p ; will after refraction diverge from F
nearer than p.

$3- ii. Ih concave lenfes, rays diverging from R,
nearer than p^ will 'diverge from F, nearer fti№
than p.

Note, I reckon a menifcus, convex or concave,
according as the center of its inner furface is fur-
ther off, or nearer than the center of- the out-
ward furface.

An4
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And in all thefe cafes, the conjugate foci F/, Fig.

are fo inured, that it will always be, 76.
RA: P A o r ^ A : : RF : AF : : AF : pF to

or RP г AP : ; R A : AF ; : A£ : pFf 83.
o r R P : R A : : RA : RF : : PA: AF.

Any of thefe rules will frrve to find the conjugate
ioeus. All this appears from what has Utea before
dernonftrated ; particularly from Cor. 4 and 5,
Prop. XX, where the rules for diverging rays for

j
convex glaflès is —_ = focal diftance ; and

d—r

for concaves, — _u_ — focal diftance. And
d+r

it is the fame thing wttether the rays diverge for
convexes, or converge for concaves -, all thé quan-
tities are the fame in both, and have the fame fili-
ation. Therefore if a convex and a concave have
the fame principal focal diftance ; and if a ray
diverge from any focus in the convex, and ano-
ther ray converge to the fame focus, thro' the con-
cave (put in its place) ; then will both have the
feme conjugate foci. And in their motions, they
T^ill defcribe feparate parts of the fame lines.

The properties of lenfes, or refracting furfaces,
demonftrated in the foregoing proportions, hold
good in regard to the foci, if the mediums be
changed; provided you make the rays of light go
contrary ways thro' the foci, to what they do in
thefe proportions. That is, if you fuppofe the
rays going out of a denfe medium into a rare one,
or to be refracted out of a dénie medium thro'
lenfes of air, or fome rare medium ; you muft fup-
pofe the rays to converge inftead of diverging,
'and to diverge inftead of converging-, and then
£he focus wity be round by the íuícgoing R nies.

l1 R O P.
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Fig.

P R O P . XXVI. Prob.

7'o fnd tèe principal focus of any lens.

ï Way.
Hold a convex lens perp. againft the rays of the

fun, hold a white paper behind it, to receive the re-
fracted light, which will make a round white loot
upon the paper. Move the paper back and for-
war,d till this fpot, which is the fun's image, be
the leaft poffible -, there fix it. Then the diftance.
of the paper from the lens, is the focal diftance re-
quired, or the burning pbint.

2 Way.
Cover one fide of a convex lens with paper,

having feveral holes made in it with a pin ; and
placing the glafs directly againft the fun beams ;
the light paffing thro' the holes will make fo many
white fpots upon a paper held behind it. Move
the paper back and forward till all theie ipots co-
incide in one -, there is the focus. And the diftance
of the paper from the glafs being meafured, gives
the focal diftance.

3 Way.

Place a convex lens fo, between any object (as a
window in the day, or a candle in the night) and
a white wall or paper, that the image of the object
may be painted diftmctly thereon, which may be
found by moving the lens back and forward. Then
meafure the diftance of the lens from the object,
and alfo from the image. Multiply them toge-
ther, and divide their product by their fum, the
quotient will give the focal diftance, by Cor. ï.
Prop. XXII. Or (Cor. 2.) divide the fquare of
the diftance of the obfcrved focus, by the diftance

of



В. III. D I O P T R I C S . 129
of the object from this focus, gives the excefs above Fig.
the principal focal diftance. if the lens be in the
midway between the object and image-, then half
the diftance of the lens from either of the m j is the
focal diftance.

4 Way.
Cover one fide of a concave lens with. paper,

having two holes made with a pin, diametrically
oppoute to one another. The lens being expofed,
to the fun beams, and a paper held behind it ; the
light paffing thro' the lens will make two white
fpots upon the paper. Move the paper back and
forward, till the diftance of the two fpots on the
paper, be twice the diftance of the two holes in
the cover •, then the diftance of the white paper
from the lens is the focal diftance.

P R O P . XXVII. Prob.

1'o ßnd the vertex or center of a lens.

ï Way.
Hold the lens at a proper diftance from the eye,

and obferve the two reflected images of a candle,
made from the two furfaces. Move the lens till
the two images coincide, and that point is the ver-
tex. And if this be in the middle of its furface,
the lens is truly centered, otherwi'fe not.

2 Way.
Draw two black lines AB, KL, crofs one ano- 84.

ther upon a white wall, or rather on paper. Take
the lens CDEF, and holding it direóUy be-
tween your eye and the two lines, and parallel to
the wall. Move it to the right and left, and you'll
fee the part gb'of the line AB, which appears thro'
the glafs, to move back and forward. Hold the

К glafs
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Fig. gb& #t Jaft» íò that £i may ecocide with AB/*
8.4. then does AB país .thro* the vertex or center of

the glafs. Repeat the fame thing with the line KL
and the part no\ moving the glafs \ip and down,
tiH they coincide. Mark the point Z on the gîafi,
where AB, KL interfeâ, whílft gb, no, coincide
with them, and that interfection Z is the vertex.

'Note, it may .be as well to fix the glafs, and
move your eye, till AgbR, and K«oL, be two cor*-
tinued right Hnes,whofe interfeftion gives the vertex,

P R O P . XXVin.

Wherever the rays, which come from all the point f
$f an objeu, meet again in fo many other points, to
vihich they converge by refrafiion ; there they will
make the piiïure of the objea upon any white body o»
•which they fall.

S5. Let PR be any objeft, AB a lens. The raye
that diverge from any point Q^ fall upon the lens,
and are refrafted to their focus y, where they all
meet, and make the image of Coupon a paper held
there. In like manner the rays which diverge from
P, are refraéled to their focus p, and there give
the image of P; and the rays diverging from R,
are refracted to r, and make the image of R. And
thus, from all the intermediate points of the object,
the rays proceeding to the lens, are refracted to as
"many correfpondent points in the focus ; and will
all together make there the image pqr of the ob-
jccl PQR, in its proper ihape and colours. But
then the picture is inverted of turned upfide down,
and the right fide to the left.

Cor. ï. Rays flowing from all the points of an ob^
jiff) 'as PR, paint- the image thereof pr, in the real
focus ï?, and may be feen there upon a white paper-\
sr without the paper it may be-fetn there banging i«

tbe
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tue air, by a* fyrvtQ, placed ut à proper âifiance , Fig.
ai 6 or 8 incbéSy ÖV. behind the focus. 85,

Cor. 2. An оЦеЯ feen by refraSion^ appears. i»
Jbatpiace, from whence tbe rays after t b tir laß ,te-
fra&ion diverge to tbe fpeftator's eye.

Cor. 3. Rays flowing from any point of an, olyeii,
muß befo r ef rafted, as all to meet again in fome other
point, to give the image of that point.

For if they ihould fall upon different points, it
would breed nothing but confufion, for different
points cannot reprefent that one point from which
the rays come. All the rays flowing from the fe-
veral points, muft go to as many correfpondent
points, to make the compleat image of the body.
And this will appear on a paper held there i or if
there be no paper, the rays will diverge from that
image, as from the body at firft ; and therefore
may be feen by an eye placed behind it, for the
ûme reafon that a body is vifible by the rays flow-
ing from it at firft.

P R O P. XXIX.

image of a rigbt line immerfed in water, er
any fluid, is concave towards tbe eye ; and isfttuated
in a f lane faffing tkrf tbe eye.

Let the line AB in the fluid be parallel to the 86.
furface RS, and the eye at E direftly over it. Then
(by Cor. 6. Prop. IX. ) the focus of the point С
is at G, fo that DG == ± DC. But (by the fame;
as the eye moves towards R or S, G will feem to
rife ; or which is the fame thing, as G moves fur-
ther off to F or H, it will feem to rife up, till it
get to the furface RS i therefore RF and SH, con-
tinually grow lefs and lefs. That is, the focus of
A and В are nearer the furface, than G or the

К 2 focus
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Fig. focus of C; and confequently the image, FGH is
£6. concave towards RS.

If AB is not parallel .to the furface, yet as one
part is raiíèd às much as the other is deprerted, the
image wïH ftill- be1 concave,' and that if the eye be
moved out of the perpendicular ED. And a
plain that at ftrft pafled thro* EFABHG, will alfo
pafs thro" EFGH, when the eye is moved late-
rally.

Cor: ï. If the' eye at E was in a äenfe medium,
the line AB in a rare one, f be points A. and%,

at a dißance from C, would feetn tb dejcend ; and
f he imagé of AB would be convex towards the fur*
faceRS.

For here G would be the object and С thé irnage,
and if FGH be reduced to a ftrait îiné, 'AÇB will
be reduced to a curve convex towards G.! Hence
therefore

Cor. 2. A right line <feen. thro* any tnedium ter-
minated by parallel planes, -will appear a right line.

For the two refracbons corred. one another, hav-
ing contrary effects.

Cor. 3. A plane furfàce 'immergea deep in water,
of any fluid, will appear сопсаЧзе to the eye.

Cor. 4. The image of a Jhort rigbt line immergea
in -water., does not fmßbly diffef from a right line.

P R O P . XXX.

The image of a right line made by refraction tlro*-
& lens, is concave towards the lens.

87. Let AB be á lens, PR a right line directly ex-
pofed to the lens. Then (by Prop. XXIV.) if
F, Q, K-i were equally diftant from the lens, r

and
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and/» would be nearer the lens than q, and there-Fig.
fore rqp is a curve Hne. But PQR being a right "87.
line, P and R are further off than Q^and that brings
the focus p, and focus r nearer the lens ftill,; and
confequently rqp is more curve than before, and is
concave towards the lens. And (from Cor. 2.
Prop. XXIV.) the "fame holds good in a concave,
and meniicus.

. Cor. ï. The image of a right line made by one re-
fraction of a fpherical furface, is alfo a little cancan t
towards thatfur f ace.

For fuppofmg rpq made Qnly by the fírít refrac-
tion. Then if P, Q, R be equidiftant from the
leas; í by Cor. r. Prop1. XXIV.) p, q, r would4

alfo be equidiftant. But fmce P and R are fome-
thing further than Qj, r and p will be fomething

• nearer than q -, or rqp will be a curve line.

Cor. 2. The image of a foort right line, made fy
refraffio» thro' a lens, or thro' a Jingle far j"ace, doe*
not fenfibly differfrem a right line.

For the deviation of the image of a very long
line, from a right line, is but very little curved,
and fcarce perceptible.

Cor. 3. The image -of a circle refraïïti tbro' *tenst
to which it is concentric, will be nearly a .circle alfa
concentric to the lens. Or thro' a ßngle furfa.ce.

For being concave to the lens, a fmall part of.it
does not fenfibly differ from a circle; whether it
be thro' a lens or thro' a fingk iurface.

Cor, 4. The image of a plane figure, made by re-
fr oaten tbrJ a lefts, is concave towards the lens -,
the? in a fmall figure it. a>es. not fenßbty differ from ç
flâne. Axd the fame tiro1 a Jingle farface*

Ç R O
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Fig.

• P R O P . XXXI.

Tbe objeã and its image made by a lenst fubfena
equal angles at tbe lens*

'gg For let D be the center of the lens Aß, PQR
g' the object, pqr its image. Then (Cor. 2. Prop.

XVII.) PD/> is nearly a ftraight line, and likewife
RDr is alfo a ftreight line ; confequently the angle
PDR iubtended by the objeft, is equal to the an-
gle-^Dr fubtended by the image, the angular point
being at the center of the lens D.

Cor. ï. Hence tbe objeïï and image arc equal, when
they meet together.

£4. Cor. 2. Tie objefl and image made by aßngle re-
fraflion, fubtend tqual angles at the center of the re-
fraSiing furface.

For the unrefrafted rays flowing from the ex-
tremes of the objeil, pafs thro* the center -, and
the object and image are contained between thefe.

P R O P . XXXII.

88. yjfg lingtb of an objeff, is to t be lengtb of the
89. image, made by a lens ; as the difiance of the objtU

from tie center of tbe lens, to the dißance of tbe image
f r от it,

For (Prop. XXXI.) the angles PDR and рЪг be.
ing equal, the triangles PDR, pDr are fimilar ; Qy
being perp. to both PR and pr. Therefore PR :
pr : : PD :pD : : DQj Dy.

Cor. ï. The magnitude of tbe abjeíí (as to its л-
rea), is to the magnitude of f be image-3 as thefquare

of
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of the objeft's dißance^ is to tbefquare of the images Fig.
dtflance, from tbc:lens. 8S.

For the areas are as the fquares of the diameters. 89,
• - "ï-

'Cor. 2. If T 'be tí>e principal focus of tie lens-,
tien the diameter of the objeEl, is to the diameter of
the image ; as QT. : is to TD.

For PR : ' pr : : DO : Dq : : (Cor. ï. Prop.
XXI.) QT : TD.

Cor. 3. Hence a convex magnifies an objeSt,
it is nearer than twice the principal focal diflance :
but if further off, it le/ens it, That is, in tbejirft-.
eafe, the image is bigger, and in the fécond, the ofy'eSt
is bigger,

Cor. 4. In all cafes a concave lens diminißtes an
or the image is kß than the objefi.

Cor. 5. fbe length of the objeR, and the length
of its image made by afingle refrafiion ; are as their
dißances from the center of the refratiing furface;

For (Cor. 2. Prop. XXXI.) they make equal
angles at that echter.

Cor. 6. A plain glafs? efpectalfy if it be thick*
magnifies a body.

For CD, EF being parallel, AC is perall<?t to
ËO, and BD to FO. Therefore AB, thro* thç
glafs CF, appears of the magnitude eb*

Cor. 7. If the objet! be clofe to the len: it'Sevtrji
little magnified thereby : or if the eye be clofe to tbt.
(ens.

For every part of it appears nearly, in thfr
place it is really in.

Cor. 8. fbe apparent magnitude of a body, is as
the angle which the image appears under to the yep*
лпу place.

К 4 P R O P .
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Fig.

P R O P . ХХХ1П.

88* If T be the principal focus, of a lens-, then the
89- difiance of tie objett PR from the lens, is to the dif-

iance of the image pr ; as QT to TD.

For (Cor. 2. Prop XXXII.) QT : TD : : dia-
meter of the objeit : diameter of the image : :
(Prop. XXXII.) DQ : Dy.

Cor. When QT — TD, the image is equal to the
objeEï.

P R O P . XXXIV.

88. If the obj eel and its image be both on the fame
89. fide of the lens ; the image will be eretl ; tf t bey be

on different ßdt s i the image will be inverted.

For when the rays keep the fame pofition till they
come at the image, then the image will have the
fame pofition as the objed, and that is when they
are both on one fide of the glafs. But when the
rays crofs one another, before they come at the
focus, or where the image is, and that is when
they pafs thro' the glafs ; here the rays from the
upper part of the objeft go to the lower part of
the image, and the right to the left, &c. that is, the
image will then be inverted. Thus P and^>, alfo
R and r, lie contrary ways by the convex lens ;
and the fame way by the concave one.

go. Cor. ï. When the objet! and image are on different
fides the lens, as the objeEi approaches the lens the i-
mage recedes from it ; or if the objett recedes, the i-
mage approaches it. In general, if the objett О from
an infinite dißance approaches D, the image flies from
the principal focus t to q -, and when Q arrives at the
principal f ecus T, % is infinitely dißant.

For
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For (by Cor. 3. Prop. XXI.) QT and tg a?e Fig,

reciprocally proportional.

Cor. 2. Jf the objett and image be both on one fide qi»
ef the lens ; if the objeêî moves towards Ле lens ; the
image alfo movßs towards the lens. And if the objeéf
moves from it, the image mvues from it.

For if / is the principal focus, /j is reciprocally
*s /Q, by Cor. 3- Prop. XXL

Cor. 3. In a convex lens, if the objefi be beyond 90.
the principal f ocus-i its image will be on (be otktr fide
of the gbfs inverted. But if the obje£l is nearer than
the principal focus, the image will be on the fame
fide of the glafs, erefi.

For in the motion of Q^ to T, tq becomes infi-
nite at T, and whilft Q goes from T towards D,
q comes up on the fame fide of the glafs with Q,
and then the image becomes eredt.

Cor. 4. In a concave kns, the obje8 and image
are always on cm fide of the lens.

Cor. 5. "^The dißance of the image may be increafeâ
at pleafure, and alfo its magnitude ; by bringing the
objeSî nearer the principal focus.

P R O P . XXXV. Prob.

Having a lens whofe principal focai dißance is jit

known ; to find the dißance of an objeïï, that its dia-
meter may be to the diameter of its image, in the given
ratio of a to ï.

This is eafily refolved by Cor. ï. Prop. XX.

Fora fince d : f : : a : i j therefore — =;/=;
a

Г , and d X r + R—írR = aprR -t
^ *

there-
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Fig. therefore i/Xr + R = aprSi +prR± a+

r-|-R
cal diílance; then (Cor. ï. Prop. XIX.) / =

aj„"D _

••- - • д , and therefore d — t x a 4- ь
r + К

Cor. In like manner* ïf all tie quantities, /, p, dt

r, R, except oney-ee given j teat one may be found Ъу

refolding the equation f — • -
R—

P R O P . XXXVr.

fbe image made 2y a lens, becomes vifible, by placing
tie tye to receive the diverging rays going from the
image, and at a proper dißancefor dißinß vifion.

To fee the image, one muft behold it as one
would do any other vifible objecb And confe-
quently in order to fee it, the eye тиф be placed
in the diverging rays, fo that they may enter the
eye, and thereby make the image vifible. But it
cannot be feen in any other fituation, than in the
diverging rays ; for if thefe mifs the eye there can
be no vifion. For as all the points of any vifible
body are radiant points, fo all the points of an
image are radiant points, each in its proper pencil
of rays ifluing therefrom. AIJ the difference is,
the image can only be feen, when the eye is placed
in thofe pencils ; whereas a luminous body, that
fend rays every way, may be feen 5л any fituation.

Cor. ï . Tie image made in the air by the lens, may
not only be feen by the eye placed in tie diverging rays\
but it may be feen upon a paper, placed in the focus
ef ibeglafs.

Cor.
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Cor. 2. If R be an objeiï, F ihe focus; thin to Fig.

an eye at O, beyond the glafs ; the objeSt R ßall ар- 92.
fear at F ; and therefore it is magnified.

For an objeft appears to be fituated in the
place, from which the rays come laft to the eye,
which is at F.

Cor. 3. Concave glajjes, make obje£ls äffear nearer, g л
fmaller and fainter than they are.

For by the fpreading of the rays, by the refrac«
tion of a concave, fome of them mils the eye -,
which would fall upon it if the glafs was not there.

Cor. 4. In a convex, lens if the eye be placed be- 88.
tween the glafs and the real image ; the image will ap-
pear erett) but confufed, and nearer the eye.

For the rays do not crofs one another before
they come to the eye. As if the eye was between
D and q, there is no croffing but at q, and the eye
takes them before they come there. It appears
nearer the eye, becaufe it is confufed -, for experi-
ence has taught us, that objeéts very near the eye,
always appear confufed -, and therefore thro' cuftom
we judge thefe objedb always to be near the eye,
which appear confufed.

Cor. 5. Likewife if the eye be placed either between
D and q, or beyond q, and you look with both eyes j
the objeSt will appear double.

For in fuch a pofition, the axis of the eyes can*
not both of them be directed to the fame point of
the image, to make it appear fingle.

Cor. 6. If a convex lens be ßxt in the window
fl>ut, and the room made dark, the pictures of exter-
nal objefts will be fainted upon a paper held in the fo-
cus of the glafs.

For by Cor. 2. the images will be found there,
and if the objefls are very luminous, and' thé

room
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Fig, room dark, they will appear bright, and in their

proper colours, but inverted.

P R O P . XXXVII.

94. -If an objecJ PR be placed in the principal focus Q.
cf a lens AB ; ifs apparent magnitude at any place
whatever as O, beyond the tens, will be invariably the
famé ; and equal to the apparent magnitude when feen
frei» D, the center of the Ie»s, with the naked eye.

For (by Co,r. ID. Prop. XX.) all the rays of the
pencil PAD, will emerge parallel to one another,
and" to the axis PD ; and therefore the angle DOA
wiü' be- equal to QDP ; but (Cor. 8. Prop. XXXII.)
DOA is the apparent magnitude of QP, feen by
refradion at O, and QDP is the magnitude as feen
from D. Therefore < QDP = < О = <: L
— < Ij (which meafures the apparent magnitude
of PQ,) whether the eye be placed at O, L, or
I, &c.

Cor. ï. Hence the apparent magnitude of a body
placed in the principal focus will always continue the
fame, however the eye is movsd backward or forward
from the lens.

Cor. 2. У'he nearer the eye is to the lens, the more
of the objeSl appears ; and ibe further offt the lefs of
it is fee».

For the eye at О can fee no more of the obje£t
than P -, but at L, fome parts above P may be
feen by rays corning from thence thro' A to L.
But if the eye be removed back from O, the ray
АО will then mifs the lens, and the point P will*
not be vifible.

Cor. 3. If the object be nearer than the principal
its apparent magnitude grows lefs in going from

the
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the glafs. If ф objeïï be farther, the apparent mag- Fig
nitude increafes, in going fгш it.

When the object is nearer than the principal fo
cus, as at R (fig. 92.) > then the focus F, and image
there, will be on the fame fide of the = glafs ;
therefore the eye at О going further from the glajfs,
goes alfo further from the image at F, and upon
that account, it will appear lefs and lefs, but by
flow degrees.

But when the objedl is beyond the* principal fo-
cus as at Qjfig- 90), then the focus q will be oh
the contrary fide of the glafs -, that is, it will be on
the fame fide with the eye.' Then let the eye be
placed beyond q to view the image there-, andas
it approaches y, the apparent magnitude of the i-
mage will grow bigger and bigger (being as the
.angle it appears under), and at, q, it becomes infi-
nite, and .infinitely ccmfuied, and begins to be in-
verted again. Then proceeding ftill from q to D
it decreaies again from inf ini ty to a given magni-
tude. So that on either fide of y, its apparent
magnitude will be as the diftance from q, therefore
it increafes going from D till it be infinite at j.

S с HOL ï и м.
There are other phcenomena of glafs lenfes, re-

folvable the fame way, fuch as the following.
j. If the eye be fixt in the principal'focus, the

apparent magnitude of an object will be invariably
the fame, wherever the object is placed beyond
the glafs.

2. If the eye is fixed at a lefs diftance than the
principal focus ; the apparent magnitude of an ob-
ject: is diminimed, as it is further removed from
the glafs, but by flow degrees.

3. If the eye be fixed at a greater diftance than
the principal focus -, the apparent magnitude of an

is increafed,. as it is removed from the glafs ;
till
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Fig. till it comes to the conjugate focus, in refpeft to

the eye -, and then, it becomes infinite, and infi-
nitely confufed, and begins to be inverted -, and
going further off, it is diminiihed again.

4, If the eye and objeft be fixt, and a conveic
lens be moved from the objeft to the eye ; the apr
parent magnitude of the objeft increaies to the
middle, and then decreafes to the eye. When it
comes into fuch a poikion, that the eye and objeót
are conjugate foci, the objeÄ is infinitely con-
fufed.

5. If the eye and objeft be fixt, and a concave
lens be moved from either of them to the other;
lhe apparent magnitude of the objeft will decrcaie
to the middle, and then increaie again.

The apparent diftance is reciprocally as the ap-
parent magnitude -, and in general we judge the
apparent diftance of an object to be the very fame,
as we fuppofe the diftance of a real object to be,
from which the rays come to our eyes with the
fame degree of confufion.

The apparent magnitude, as has been obferved
before, is m all cafes, reciprocally as the diftance
of the eye from the image, or direftly as the an-
gle it fubtends ; and that YÍ hether the rays diverge
or converge, or whether the image be before or
behind the eye. But the image hardly ever ap-
pears diftinft in any of thelê cafes.

P R O P . XXXVIII.

$*• Ibt brigbtnefs of the image prt formed by the leny

AB 'from the lurmnotis oljeR PR ; ыШ be as

th* area of the lens direftly, and the fquare of the
dißance of the image reciprocally.

For the brightnefs of the objeft being givefl»
the
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the quantity-võf light flowing fronr it, and falling on
the lens, and tranfmkted to the image, will be di- 81
rectly as the magnitude of the object, and that of
the lens, and reciprocally as the iquare of the dif-
tance. Therefore the light falling on the picture

PR1 v AB*/2>, 'is as —-~~ But the dehfity of the rays,

or the brightnefs of the image, is as the quantity
of light directly, and the area reciprocally, that is,

PR* v AR*
as R * . But by fimilar triangles (Prop.QD'xr/»1 ' в v . f

T)Dl C")T"}*

XXXI) -— = -—- ; therefore the brightnefs is
ргг jD1

„ AB'xQD1 _ ABS

Cor. t. If the brightnefs of the objeSî be increafed
in any proportion, which eau В ; then the brightnefs

дог

•f the image will bt as — ^B.

Cor. 2. In very remote objetJs^ if f be the princi-
pal focal diftance, then the brightnefs of the image.

be аз B.

For thenDj=/.

Cor. 3. ЧЪе èrigbtnefs of the image increaßs with
the area of the glafs ; but the diftinftnefs of it de-
treafes.

For it is only the rays very near the vertex, that
are refracted it» a fingle' point, in the picture;
thofe that are farther off deviate more and more,
and fo make the picture confufed. All this is plain
from Prop. X. and XI, where you find different
proportions for the focus, when the arch is large
and when fmall, in a fingle refraction ; and the
refraction at two furfaces increafes the error.

P R O P .
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Fig.
P R O P . XXXIX.

95. If a convex lens AB ее fold direuly to t be rays of
the fun; and a combttflible body be held in the prin-
cipal focus P, the heat of the rays will fet it on

fire.

For all the rays of the fun which fall upon the
lens, are refracted into the focus, making there
the image of the fun. And all thefe rays being
brought into fo fmall a fpace, muft have an intenie
heat ; and the more fo, the more rays are brought
thither, or the broader the lens is. And by increaf-
ing the breadth of the lens, the denihy of the
rays, and the heat thereof may be made fo great,
as to burn or melt all forts of bodies placed there ;
as is evident by experiments.

Cor. ï. Ч*Ъе -beat in the focus of the lens, is to the
fun's air eel heat ; as the area of the glafs, to the a-
rea of the image in the focus.

For the denfity or heat is reciprocally as the
fpace it is contained in.

Cor. 2. f he degrees of heat in the f ad of different
lenfes ; are as the fquares of the diameters direiïly,
and the fquares of the focal dißances reciprocally.

For the heat is as the brightnefs of thefun's image,
Д О г

that is (by Prop. XXXVIII.) as ±£L .

S C H O L I U M .

' Upon account of the fun's rays meeting in that
place, and burning bodies therein, it is called the
focus or burning f oint ; and the lens itfeif a burn-
ing glafs.

When
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When the fun's rays cannot be collected into a Fig.

focus fmall enough to burn briikly, as in large 95,
glalTes, or thofe of a long focus ; they may be
made to pafs thro* a fmaller lens, held in the con-
verging rays, which will contrail them, and bring
them into a le£s fpace in the focus.

P R O P . XL.

If AB be apjane convex lens, expofed -with the об.
plane ftde to the parallel homogeneous rays NA, CV.
And if P be the principal focus, or thai of rays fall-
ing near V. and F the focus of the ray AF. m, n
the fines of incidence and refraction out of a rare into a.
denfe medium^ x =. DV, the verfed fine of the arch

AV. 'Then the aberration PF = mm

From the center С draw CN, CM perp. to
the rays NA, MPj and put CV = a, DV = #,
CP =: z. Then AD1 = лох — xx, DP' =
z — a + x* == zz + 2xz — zaz + xx — 2ax+aa,
and AP1 = (AD1 + DP1 -) zz + 2*2 — 2az
+ aa. By fimilar triangles, AP* (zz + 2x2 — zaz
+ aa.) : CP' (zz} : : AD1 or CN1 (яя) : CM'
(яш), whence »»22 r: mmzz + zmmxz — zmmaz

, , , r,. mma — mmx .
+ ffimaa, and by réduction, 2 =

mm — nn
. ^ _

mm — nn f

mm — nn, and extracting the root, z — — xa _ x +
_ ^^^^ ad

m mm ddmmxx « _ гг.гла + типа
—. у. па — - x — -- _ кс. — - — -
da n 2n'a da

tntnn -4- m1 w - ,, c jj— _ - - - x — _ .VA' &c. — (becaufe dd —
ndd 2n la

L m+
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Fig. _í ma mm m1

об. т + пхт—п}-—- — ===== * — —
•* ' ••' W » » v то — я

&с. = СР. But when ж = о, then CF = та .
т—«

Therefore CF — CP or PF = mm x + ^L ^
я. »г—» 2»'<г

. _ w»? ,
5СС. _ у, nearly. Here the rays beins

n.j/n—» "
perp. to the plain furface AB, fuffer po rerradioq ;
and therefore it is the fame thing, as if the'rays
were only^efraded at the fpherical furface AV.

Cor. ï. Putting AD- — y, the aberration by /|t

figure of tbt lens, that ;VV PF zz ,

For yy — îax — xx — гак nearly, and x ~2L.
2(1

Cor. 2. The aberration ly the fpbericm^sefs of the
figure, is as the verfedßne, or as tbe'fquare-of tb»
cord, of half the arch AV.

Cor. 3. The aberration in length PF, of а
cenvex lens, is 4.5 fîmes its fbicknefs, marly.

For m - 3, n = 2, and — füg— x — 3- x =
П. ГА — Я 2

4r^..
Cor. 4. The lateral aberration FG correfpondint

nn

For CF = -ÏÎ-, and VF - _uîl.
m — » w _ «

-ff— . And by fimilar triangles PD or FV
f№ - П to

:.AD (7) : ; PF ( -- ,VV.FG= ™ x
\2an.m-n } nn
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Cor. 5. fbe aberration PF - J^_ X Д?_ , FÍf '
W^î1 2 VF 9e-

And tbe correfpondtnt latéral aberration FG ' ~
mm AD'

For (Prop. XIII.) the rays going into a rarer
medium, n : m : : VF : CF. And » : m — я : : VF
: CV i Whence n x C V for na) — m — n x VF.

Therefore PF =. mm X n - WÄ

AndFG = ̂ X -1

zanxm — n m—nX2VFxm—n

nn zaa 2 x m^.n' x

Cor. 6. /я д </í>«^ convex lens, of the famé fofàl
aißance ; tbe aberrations w/7/ be nearly the fame as in
tbe piano convex.

For the rays AP, VF will be nearly of the fame
length as before ; and therefore their difference, or
the aberration will be the fame.

Cor. 7. If the rays don't come parallel* fatí
ing, the aberration will be fome thing, greater ; and
(on-verging f omething left \ but may be taken fer tbe
fame,

Cor. 8. If parafai rays (or any ethers nearly) fall
upon tbe plane ßde of a piano convex Itns, the dia-
tpeter of the kaß circle of aberration^ is 4 the aberra-

"tion made at the principal focus -, or 2.QI z: f FG =;
mm j! mm AD1

nn $aa ~ ^I~n
l 4VF1'

For this is the leaft, when VE ±= 4- VB, and EV
cuts AG in Q. And is demonírrátêd exàftly the
fame way as Prop. XXIV. B. II. And h&nce

Cor. 9. <fhe circk whofe diameter is zQI, contains
all the rays refraclcd by the Uns, between A and B-

L 2 For
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For EQ^ cuts A P in Q, at the greateft diftance

VF.

€or. Jo. Henct if tbe principal fowl dißance ii gi-
ven, tbe lateral aberrations are as ïbe cubes of the
breaâtbs of the lens. And if tbe breadth of t be lens
íre 'given, tbe lateral aberration is reciprocally as tpe
ffiare of tbe fötal dißance.

i. If tbe focal dißances end apertures :of л
concavt, and a convex lens, be tbe fame.

diameter of tbe circle of aberration caufed by
tbeir figures t will be above 30 times Iff s in tbe re-

fleftor tban in tbe refraSlor. . . . . . .
For (by Cor. ï. Prop. XXIV. B.II. and Cor. 8,

D ,

' of thia) ; thefe diameter» :are — g— , (where / the

foCftl.diftance = fR), and OHO. x JL. fwhere /
nn 4«л •

= га), and B n jy. And thefe are as B> and
16//

. J C i that i s , a s - t o

P R O P . XLI.
Let tbe fine of incidence, going out of a denfe me~

dium be a, tbe fines of refraãtçn, (into a rare Me-
dium) of tbe leafti tbe mean, and the maß refrangi-
b forays be pt m, q. Then if a piano convex lens be
Offojedtijitb tbe plain fide to the fun ; the diameter ef
the circle rf aberration IK (by the different refran-
gibiliiy\ is to tbe diameter of tbe lens AB ; as q_ —p,

Becaufe all the rays fall perp. on AB, they are
»nty refraôcd by the furface AVB. Draw the ra-

dius
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dius CAL, and the axis CVF, and RAG, SBH Fig:
parallel to CV. And let AI/ and. BK/ be the 97.
leaft refrangible rays, and AFK, BFI, the moil
refrangible. ТЬго'Д, К draw LH which will be
perp. to C/. Now fmce the arch AV is fuppofetj
to be very imall, the angle ACV is very
{mall, and confequently the angles LAG, LAI,
LAK are likewife very fmall-, and confequent-
ly the lines LG, LI, LK are nearly as the fines
of thefe angles i therefore, if LG :r », then will
LI = />, LK = .^ : For LAG or R AC is' the
angle of incidence Hence Gl í= (LI — LG =)
/i-я, IK = (LK — LI =) q— p. And 10 =

: -1m?. Therefore GO or AD = (Gl ^

10 ̂ }p~n + ?JZ£-=: £±иШ». and2AD
2 2 .

— f 4. q — 2». Therefore 2 AD or AB : IK : :
f + q — ая : q- — p. And all the rays between A
and tí, pafs thro' IK.

Cor. ï. Diamtiercf the circle of aberration IK :

diameter of the lens AB : : ?.. ^ : m — ».
2

For p + q — гщ and IK : Aß :: q — p : ггл — 2» .-

^ ~~" m — ».
•2

Cor. 2. The aberration F/ : focal dißancefD : :
f -~*p : m — - ».

For by fimilar triangles, /O : OI : :/D : AD ;
ind a/0 or /F : 2OI or IK : : /D : AD or j-AB.

And /F :/D : : IK:^AB : : L^l: **̂ 2 itf-f
i l

: m — я.

Cor. 3. In a plano, convex glafs the diameter of the
circle of aberrations* or that wbicb cuts all the rays,,
»> the 55tb fart of the diameter of tbe f laß. And

L /*/
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Fig, the ajxrtqtiw in lengthy if the zjtjj or i^th part of
97. tbèfócaliéftàncè. ' '

For in gláfs я = jjö, f ±= 77, ^ =: 78. And AB

;Щ : : »-r-» (274-) :2^£ (f ) '.: 155 : ь And
2

/D : "Ff: : '» — » (27^) : ?— / (i).

Cor. 4. ST&í diameter of the circle of
in "isihich all the rays are contained, that ajfeEl the
fenfe, is hardly the 200 1 h fart of the diamettr of the

The foregoing computation takes in гМ the
but flnce they are exceeding thin toward the cir-
cumference of the circle of aberrations, and ex-
ceeding denfe near the center ; not above a quar-
ter of that makes any fenftble impreffion. And
therefore 4 X 55 or 3,^0 to ï mil now be the ra-
tio of AB to KI.

Cor,., 5, In different ghffes, the aberration areas
the diameters of the glaffes. Ana the angles of Aber-
ration arc a,s the breadth of the glaßes direftly^ and
the focal diftance, invtrfely.

Cor. 6. Hence ifb.be the breadth of the lens, f the
f seal aiftancs^,, the aberration by t he figure of the letts^
is to the aberration by the different r ef Tangibility, \ as

rtff-
For Cor. 8. Prop. XL.) the diameter by the fi-

gure is mm x АД' • - mm x bl

Ь , -STi' * X4VF-. *" ^ 32//'
And tjhe diameter by the aberration (by Cor. ï. of

л £
this) is —I- ° . x ^- Divide both by .. ^-r—.

you-h»v€ the ratifr аз abovci

Cor.-
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Cor. 7. . Itijfygteffëj vf-tek/copes, tfyerrfr eaufed Kg.

by tbtjigvft of t bt g ta/es, is quite in£0ftßdet.aefa and 9.6,
may be reckoned as nothing^ inrefpeft.of tbe.errvr by 97«
the different ref Tangibility.

Бог in gkfs » -== 50, p == 77, m ï='jjï, y =r 78,
and the error by the figure, is to the error by the

different refrangibility, as 1̂ -2 — to ï. For j — p

mm bb - 77i X 77t X bb ~~

x - = x = .5 -Xи 16// 1 1 x 3 2 ff ff

Ex, ï.

Suppofe i . =: 4 inches, / r= 100 feet rr 1200
- , , 1 2 . 5 12.65x16 218.inches, then * ó э

1440000 1440000
and the error by the figure is to the error by4 re-
iraftron, as 218.4 to 1440000, oras t to 6592.
And if the rays that affeét the fenfe be only ï quar-
ter oFthís, (as in Cor. 4.), the ratio becomes as ï
to 1648.

Ex. 2.

Suppofe b •=• 2 inches, / ±: 240 inches ; and
13-65** - '3 65x4 ± 13-65 _ 13-65 _

Jf • 240X24O 1 2 O X I - Í O - - -14Ц.ОО

s.1 . -, afid- thtefe errors as 1055 to ï. Arid if we
1055-
reckon only the mean rays ; it will be no lefs than
»63 to- 1 ; a trifling quantity for the figure o£ the
glafe.

From hence it appears,, that the kfler the focal
diftance of the glaffes are, the more confiderable

• is the error proceeding from the figure of the glafs.
And therefore in microfcopes, the aberration arifmg

L 4 from
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Fig.. from the ípherical figure of the glafies, may have
96. a fenfible effect ; by reafon of the finallnefs of the
97. fpheres, and the large apertures required therein.

Cor. 8. If the breadtb of a glafslens be -f- tbe dia-
meter of tbe fyhere ; the aberration caufed by tbe fi-
gure> is nearly equal to the aberration caufed by tbe
different refrangibility of í be rays.

For by Cor. 6. the aberration by the figure is to
the aberration by the different refrangibility; as

_mm - X ,. to q — *>. Put them equal, then
m — n lóf/

_!S!L X -** = f -f, or in numbers, • x -?L
m — n ibff * i6ff
— ». And $bb =: i6ff. And extracting the root,
%b — 4/ = 4. X radius in a double convex == 2 di-
ameters, and b •=. f the diameter.

Cor. 9. Tbe aberration in any lens by tbe différant
refrangibility, "will be nearly tbe fame, as in a f lano
csnvfX of. tbe fame focus.

For in a double convex of equal radii, the re-
fraftion at each furface will be but half fo much
as at the convex furface of the piano convex, which
has double the curvature.

S C H O L I U M .
Altho' glaflès formed into the figures of the conic

fedions or any other curves, could refract the rays
accurately to one point. Yet fince no method has
been found out to give them thefe figures, by grind-
ing them into their proper forms ; and a glais may
be very truly ground into the form of a iphere.
Therefore Opticians are obliged to make ufe of
fpherical glaffes upon all occafions. And if we had
glafíès in the form of any curve, we chufe, yet

none
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none of them canv in the leaft, alter the different Fig.
refrangibility of the rays. Neither can any curve go.
refraft the rays iffuing from the collateral parts of an 97,
objeft, to a fmgle point. And therefore fmce all
the errors of glaflès are to be attributed folely to
the different refrangibility of the rays. Therefore
fpherical furfaces may be of the lame ufe as the
beft curves ; and being fo eafily made, they are
more commodious for dioptrical ufes, than any
other curves whatever.

B O O K
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B O O K I V .

e Combination of G L A S S E S ; and f hi
ConßruEiion of TELE s COP E s and MI-
CROS COP E s , and other Optical In~

ßruments.

P R O B . I .

FÎ2. f° expta*n the Nature and Conßruaion of tbe Eye.

Д S the fenfe of feeing is the nobleft fenfe be-
J_\_ longing to an animal, without which he
woutd live in perpetual darkneis, unable to perform
the necefiary exercifes of life ; and fmce all that
has been demonftrated of glaiTes, and will hereaf-
ter be demonftrated of all optical machines, tend
only to this fingle end, to help and improve this
fenfe of feeing. And fince the eye is the organ,
or inftrument by which vifion is performed ; i,t is
by its nature an optical inftrument, and the foun-
dation of all others. And therefore it cannot be
amifs to give a ihoft defcription thereof.

йо • ABCE is the eye, its figure fpherical ; by reafon
' of which, it is eafily moved any way in its focket.

The fore part at A is more convex than the reft.
It is contained in three membranes, the outermoft
is the ScZerotica ; the fécond the Tunica choroïdes ;
the fore part of it is called the Iris, which confifts
of many fibres like fo many radii. The third or

inner-
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innermaft is •' called the Retina, which is nothing Fig.
but the optic nerve, fpread over the bottom of the 98.
eye.

In thefe are contained the three humours of the
eye ; the firft is HAI, called the Aqueous humour^
which is & thin liquor like water. The fécond is
FG the Chrißalline, in the form of a lens, more
convex behind towards C. Adjoining to this is the
third KL, called the Vitreous humour.

The chriftallme is more denfe than the vitreous,
and the vitreous more dénie than the aqueous hu-
mor, and alt together make a compound . lens,
which refrafts the rays of light, iffuing from an
object PR, to the bottom of the eye, and there
pamts its image f r in the focus upon the retina, in-.
verted.

The figure of the aqueous humour is a menif-
cus, and Ib is that of the vitreous. The fore part
of the.fclerotica is called the Cornea, and that part
adjoining to it, is called the White of the eye.

. Within the cornea is a coat called the Uvea ; in the
middle of this is a hole Ò called the Pupil, to let
in'the rays of light. And the pupil is contracted
or dilated by feveral mufcular fibres in the uvea or
iris, according as more or lefs light falls on the eye,
'and that by an involuntary motion.

D is the optic nerve going from the retina to the
common fenforium in the brain, where thefe images
are perceived. This is not in the middle of the
cye,but lies nearer the fide E, which is towards thl
nofe.

Round the edge of the chriftalline FG, is a ring
of fibres, by help of which the diftance AC is
made longer or Ihorter, in order to bring the image
fr upon the retina, for diftinft vifion.. And per-
haps thefe fibres alfo make the chriftalline more or
kfs convex at the fame time. This ring of fibres
is called the Ligamentum ciliare ; and its back part

is
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Fig. is;jbteckjto ШЙе the rays thararr reflected" up*1

98. onic,
The;eye is moved in the head by feveral muíclés

infemd in the fclerotica, fo that it ffisj/1 be quickly
directed to any objecb

If the image of an objeft does not fall upon the
retina at /т, the vifion will be confuted. If k fall
ihort, or nearer FG -, then a concave lens that
makes the rays more diverging wiH bring them to
the-.retiaa. This is the cafe of purblind or ihort-
fighted people, who are forced to look very near
an objeft ; or elfe they muft üfe concave fpeftacles*

If the rays do oot unite till they get beyond the
retina, as in moft old people ï then à convex Jcn'S'
of a due focus, held between the eye and objecV,
will make them converge, and fall upon the re-
tina. Therefore long-fighted people mtíft uíè con-
vex fpe&acles.

Altho* the image is painted inverted in the eyev
yet we judge it erect ; becauíé we always find it ib
by cuftom and experience.

The diameters of images at thé'bottom of the
eye, as prt are proportional to the angles which
the objects fubtend at the eye, as POR -, the fame
as in a lens j and are reciprocally as the diftanceV
of the fame objecT: viewed in different places.

The eye is in reality no more than'a tamera ob-;

fcura, for the rays of light flowing from all the
points of an objeft, thro' the pupil of the eye, do
by the refraétion of the humours of'the eye, paint
.the image thereof in the bottom of thé eye. Jfuft
fo it i& in the camera obfcura, wbereyafl the rays
refraácd by a lens in the window ïhut, or paffing
thro':4Îmaîl hole in-.it, paint the Image on the;
oppofite wall. Some properties of the eye are
thefe.

ï. The eye can only fee a very fmall part of an
ebjedt diftinftly at once. For the collateral parts

of
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of an object are riot reprefented diftinctly in the Fig.
eye -, anckthensforc the eye is forced to turir itfèlt* 98»
fucceffiveiy to the feveral parts of the object it
wants to view» that they may fall near the Шз
of the eye, where Alone diftinct viiion is performed.

2. When any point of an object is feen diffitictly
with-both eyes» the axes of both eyes are directed
tothat point and meet ;there. And then the ob*
jeu appears fmgle tbo' lookt at with both eyes,
For the optic ncrves are fo framed, that the cor-
refpondent parts in both eyes, lead to the fame
place in the brain, and give but one fenfation ; and
the image will be twice as bright with both eyes as
with one. But if the axes of both eyes are not
directed to the object, that object will appear dou-
ble, as the pictures in the two eyes do not fall
Upon correipondent or fimilar parts of the retina.

3, The beft eye can hardly diftinguiûi a parti-
cle of matter that fubtends at the eye, an angle
lei's than half a minute. And very few can dif-
tinguiih it when it fubtends a minute. If the dif-
tance of two ftars in the heavens be not greater
than this, they wiU appear as one.

•4., Young people can fee nearer hand than old
people ; for as men grow old their eyes grow flat-
ter; and to collect the rays of light at the retina,
the object muft be placed further off. And this is-
the reafon that ihort-fighted people as they grow
older fee at a greater, diftance.

''$, Tho' men may fee diftinctly at différent dif-
tances, by .altering the pofition and figure of,the
chriftalline, yçç they can only fee diftinoHy within
certain limits, and nearer than that, objects appear
confufed. But thefe limits are not the fame in
different people. A good eye can fee diftiaclly,
when the rays ; fall parallel upon it ; and then the
principal focus is at the bottom of the eye.

6. If
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Fig. 6. If a good eye views an objeft at the léaft
98. diftance it can be feén diftinftly, and then at twice

that diftance, and then at an infinite diftance-,
there is about the fame alteration made in the fi-
gure of the eye between the two laft cafes, as there1

is between the two firft.
7. If a ihort-fighted perfön can fee an object

diftinitly at two diftances, wherepf one is double
the other. As great an alteration muft be made
in the figure of their eyes to fée it at an infinite
diftance, as there, was made for the flrft two dif-
tances ; or as great an alteration as is made in a
good eye, to fee diftihftly from the greater diftance
to infinity. And therefore a fhort-'fighted perfon
can fee diftin&ly at all diftances with á fingle con-
clave glafs, of a proper figure. And hence the
catrfe of ihort-fightednefs is not a w-ant of power
to change the figure of the eye :, but that change
is not great enough to accommodate it to all dif-
tances, taken from a point fo near the eye. .

8. A man can judge of a fmall diftance 'with a
fingle eye, by frequently obferving how much va-
riation is made in the eye to make the objedt dif-
rincl ; and from this a habit of judging is acquir-
ed. But this cannot be done at great diftances,
bécaufe tho5 the diftance be varied, the change ííi
the eye becomes then infenfible.

9. But a man can judge of greater diftances" with
both eyes, than he can with one eye. For the
eyes being at a diftance from one another, as long
as that diftance has a fenfible proportion to the
diftante of the object, one gets a habit of judg-
ing, by the pofition of the two axes of the eyes,
which are always direóted to that point. For dif-
ferent diftances require different pofitiôns, of the
atfes, which depends on the motions of the eyes
which we feel. But in very great diftances, no
judgment can be made from the motion ot the

eyes,
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eyes, or 'cheit -internal parts. Therefore we can Fig.
QnJy guefs at the diftance from the magnitude^ со- д&.
lour, and the pofition of interjacent bodies.

ID. Whatever light falls upon that part of the
.retina, where the optic nerve D, fprings, makes
ÄÖ impreffion -, and therefore if the picture of an
object falls thereon, it is not perceived, and fo that
object is invifible: This will appear by placing a
frnall bright object before you, and looking at it
with one eye, and moving your eye laterally to-
wards the contrary fide (towards the left, if it be
the right eye), the object will difappear, and feem
to be loft ; and moving it ftill further, it will ap^-
pear again. Now this place is not at the bottom
of the eye, but nearer the nofe in both of them -, fo
that no rays either parallel or diverging, that come
from any object, can fall upon that place in both
•the eyes j -fo that any object we direct the eyes to,
will always be vifible, at leaft to one eye. But
:the fame bright object may be made to difappear
*o both eyes, by directing the axes of both eyes to
« point a- little beyond the nofe, to be found by
trials. . ,

11. Dímneíã of fight generally attend old óeo-
ple» and this may arifefrom two caufes, 'ï. by the
eyes growing fiat, and not uniting the rays at the
retina, which caufes indiilinctnefs of vifion }. or,
2. by the opacity of the humours of the eye, which
in time lofe their tranfparency in fome degree ;
from whence it follows that a great deal of the
light is ftopç and loft, that enters the eye ; and
every object appears faint and dim.

12. As the rays of light flowing from an ob-
ject,, and painting its image upon the retina, is
the immediate caufê of feeing. So where there is
no-light, there can be no vifion; confequently
without light, the eye becomes a machine utterly

ulelefs ;
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Fig. uieleû ; as it can give us no manner of informa-
98. tion of the cxiftence of bodies at a diftance from us.

P R O B . I I .

9*0 find tbe places and portions of the images form*
td by federal lenfes, or refleSors.

There may be an infinite number of cafes, of
this problem, according to the number of lenfes
and their diftances from one another ; but any of
them may be folved in general thus.

Draw a right line thro' the centers of all the
lenfes, for their common axis. Then having the
pofmon of the objeft, find the focus of the firft
glafs, or the place of the firft image. This being
had, and the place of the fécond lens ; find the
other focus, or the conjugate focus of the fécond
lens, or the place of the fécond image. This be-
ing found, and the place of the third lens ; find its
conjugate focus, or the place of the third image,
and fo on from one to another, as long as there are
any lenfes, till you get the laft image.

The places of the images being known, their
pofmon as to their being ereil or inverted may be
found thus. Take a point in the objeft above the
axis, from which draw a line thro' the center of
the firft glafs, and continue it to the focus, there
you will have the firft image of that point, and if
it is above the axis it is erecT: ; but if below, 'tis
inverted. From that point draw a line thro' the
center of the fécond glafs, to the fécond image,
and that gives the fécond image of that point,
which image is ere£t or inverted, according as
that point is above or below the axis. After the
fame manner purfue the ray thro' the third glafs,
and then thro' the fourth glafs, and fo on to the
laft, where if the laft image of the faid point be

above



B. IV, I N S T R U M E N T S,
above the axis, the image is erect, j if below, it; is Fig,
inverted. If there be any reflecbrs, purfue the
ray, after the fame manner, to the reípaaive foci.
The ihorteft way to find the conjugate foci, of all
the glafles, fucceffivcly, is to get the principal foci
firft; and then thefe will be had by Prop, XXI.
Book III.

Ex, ï.
Let AB be a reflecting concave, PQ an objed, 99.

draw the axis QD, and find the focus q. From P
the higheft point of the object, draw PD, and the
reflected ray Dp, then p is the image of P, and pç
the image of PQ -, and fince qp is below the axis,
the image is inverted.

Ex. 2.
Let A, B, C, be three lenfes, PQ^an objea. too.

Draw QH the common axis of all the lenfes ; in
the axis QH.find thé conjugate foci Q, F, of the
lens A-, and F, G, the conjugate foci of the lens
В $ and laftjy G, H the conjugate foci of t^ie lens
C, Take thé point of. the object P above the axis,
aad thro' A the center of the firft lens, draw PA,
and,continue.it to L at t^efocus F; then L is the
image of P. Again, draw LBM thro'the renter
В of the fécond lens, to the focus G ; then M is
the image of L, or the fécond image of P. Laftly,
draw MGN thro* the center С of the third lens, to
the focus at H ; and N is the image of M, or the
third image of P. And becaufe HN lies below
the axis, or contrary to the pofition of PQ, the
laft image is inverted.

Ex. 3.
Let A, B, C, D, be four lenfes, PQjm object.-ioi.

Draw^'QK the common axis of all the lenies. In
this axis find the conjugate foci Q,,F, of the firft
lens -, F and G, the conjugate foci of the fécond

"M lens -,
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Fig. lens ; tí '•arid H, the conjugate foci of the third
loi.lensj laftly, H and I the conjugate foci of the

fourth leni, which is a concave. Take a point of
the object P, above the axis, and draw PAL thro*
the center' of the firft lervs to the focus F -, then L
is the image of P. • Draw LB to thé center of the
fécond lens, cutting the perpendicular GM, at the
focus G, in M ; then M is the image of L, or the
fécond image of P. Here the rays, which by the
glafs A, converged to L ; by the glafs В are made
to converge to M. Again, draw MGN thro' the
center of the third glafs, to cut thfc perp. HN at
the focus H, in N -, and N is "the image of M^ or
the third image of P. Laftly> draw ND CO the
center of the fourth glafs, cutting the регр. Ю,
at the focus I, in О ; and О is the image of N, or
the fourth irrjage of P. Here ihe rayé diverging
from N, and falling on the concave 'glafs I>, are
made to diverge from О -, juft as the Vkys diverg-
ing'from H, are made to diverge 'from I. And
fince Ю is on the fame fide of the axis, as the ob»
jeä: PQ, it will appear to be efècb

And thus the rays proceeding from an'objeefc,
may be;traced thro' any number of lenfes, to the
place of the lail image.

Cor. ь Hence, if part of the rays, are ßopt'ty the
way? what remains will belong to the famefocufeî as
before j and tbe fame images will be made by thefe par-
tial pencils' of rays that remain.

For in the oblique pencils, a great many rays
mils .the following glafles, and are loft; and the
more fo, the more oblique they are. But that
does not affe£t the reft, which will ftill go to their
own foeus.

Cor. 2. Hence the proportion of the lafi image to
t-be objtâ is eaßy found. And that is, аз Ю : PQ_: :
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fo AF x BG x CH x DI : to QA X »F X CG X Fig.DH. . . . • v .
For PQ^ to IO is compounded of the гацо of

PQ to FL, FL to MG, MG to HN, and.HN to
IO -, that is, of Q A to AF, BF to BG, CG to
CH, and DH to DJ ; or of Q A xBF x CGxDH
to AF x BG x CH x DI.

Cor. 3. Likewife the apparent magnitude of the loft
image lOfeenfrom any point К :

ií to the apparent magnitude of the objefl PQjeen
from A, -with the naked eye : :

as DI x CH x BG x AF :
to Kl x DH x CG X BF.

Forfthe apparent magnitude of IO, to the ap*
рдгепс magnitude of PQ, is as the angle IKÖ to
-the angle QAP. JBut IKO to QAP is compounded
of .the ratios of IKO to IDO, and IDO or НОН
to HCN, and HCNor ÖCM to GBiyi, andGBM
or FBL to FAL or QAP; .that is, of .the ratios
of DI to KI, and CH to DH, arid UG to CG,
and AF to BF ; or as DI x CH x BG x AF to/
K I x D H x C G x B F .

Cor. 4. Therefore where there are but three l
A, B, C; and the eye at C. The apparent magni-
tude of the laß image GM : is to the apparent magni-
tude of the objefi PQ/ffw from A : : as BG X AF :
to CG x B£

P' R O B. III.

*To find the place of the eye, where the vi/tble area I02<
of the objea is the greateß, -when feen thro1 fevtrai
gla/es.

This will be in the place where the axes of- all
the pencils meet. Suppoib' A the centre of the
firft glafs, to be a radiant point, and that the rays
iflUing from A, are refracted iucceffively by all the

M 2 glafles
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Fig. gbfles BC, EF, &c. Then find the fpcus G made

vy^tèjo-àòtion at the laft glafs ËF; and G is the
prfece' of'the eye. An'd this is found after the man-
ner,of thé laft Prob, by finding the .conjugate foci
Ау,Г>, -for the glafs BC ; and then the conjugate
foci, 0, G, for the glafs EF, and fo on to the laft,
which is done either by Prop. XXI. or Cor. 2.
Prop. XX. of Book III.

For fmce the glafs A is the common bale of all
the .pencils of rays that come from the objecl:; the
akis «f every pencil, LA, О A, NA, will pau
ftreiídit thro3 the center A of the glafs, and LAQ
ОДО, NAB, &c. will be right lines. Therefore
A is the radiant point from which all - thefe axes
proceed. Therefore it follows of courfe, that all
theie-axes or middle rays interfeft again in the fe-
veral foci D, G &c. And confequentJy if the eye
be placed" at the laft focus G, it will receive all
theie middle rays, and befides as many of the col-
lateral rays of every pencil, as the breadth of the
pupil Can admit. Therefore the vifible area of the
objea: will be greateft; when the eye is in the focus
G. For if the eye be fuppofed at any other plaçai
the eye'will take in leu, becaufe the feûion of all
toe i^ys-becomcs. greater j (for it Is the very leaft
at Dj,'. aiid fewer of them will fall on the pupilr

Cor. ï: If the laß glafs E F be a concave, -tbe eye
.muß ,be put clcfe tot the glafs. .

For its focus G will fall between the glafs EF
and.the point D i and the rays coming from it
thro' the glafs will diverge, and the feetion of the
rays,: on the outfide of the glafs, will be the leaft
ncareit the'glafs.

.'Car "2. The focus of tbe axes, of all the pencils,
4_ at quite different thing from tke focus of any one
pencil.

For
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For the former has its rádianfrpomt in the, centre Fig.

of the firft glafs ; and the .Latter, in the object itfetf. 102.

3. For the' fame reafon, if A be a concave
refleflor, WA, D, conjugate foci to КС; Ъ will-be
tbe interfetlion of all the axes of the feveïal $екфу

or the f lace of the eye.

PRO B. IV.
Having given AF, tbe leaft difiance thai a long- IO,4

figbted perjen can fee dißinttly ; or thegreateß difiance IO4<
a foort-figbted f er fan can fee diftinftly, and AO tbe
difiance be wants to fee difiinffly. ¥0 find tbe radius
of a glafs fit for that purpofe.

.Let AC be the radius of a double convex, or

double concave^, take AC = A.F.^A(^, for the
AF — AQ^

radius of a convex lens, for the long-fighted per-
fon } or for the radius of the concave, for the ihort-
fjghted perfon.

For. if С be the principal focus of the double
convex, or double concave lens ; or which is the
fame thing, С А :=*: the radius of tbe fphere (by
Art, ï. Schol. Prop. XIX. B. III.) Then {-Prop.

ХХИ. ib ) OF : OA : : AF : CA = AF X A(^ =
OF -

ji^ . Then the rays that come -from VQ,

will enter thç eye of the lone-fighted perfoo, as if
they came from F, and will therefore make the
object at Q appear. diftinffly (fig. 103.) and, the
rays proceeding r'roni Q. (fig. 104,), will enter the
eye of the fhort-fighted peribn, as if they came from
F -, and will therefore make the objeft at Q appear
diftinélly to him, when AC the radius of concavity

x AQ AF x AQ
AF-AQ

M Cctr.
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Fig. Gor» r. A la^ßgbted f er fön that cannot fee dij-

fy nearer tban F \ cannot fee dißintlly mar er t ban
by, help of ike glafs BD But from Q^ to. C, or
bt^ he can 'fee d'ßinßly. „

For as F approaches the glafs, Q^ approaches it
(Cor. 2. Pfop. XXXV. É. III.); but nearer than
F, the object is confufed -, therefore nearer, than
Q, the. image is confufed. But beyond F it is
diilinft, therefore beyond Q^it is diftincî.

Cor. 2. If the long-Jigbted perfoH can only fee eb-
jecJi dtjtinflly, which are very remote ; tien be tkujl
have a convex lens wbofe foeal dißanee is AQ, to fee
cbjeïïs dißinflly at the dißance AQ.

For in this cafe the radius is AF X A9 = AQ,
AF

t>ecaufe AF is infinitely greater than

104. Cor. 3. Aßort-ßgbted ftrfon that cannot fee dif-
tinfily further than F ; cannot fee diftinfîly further
than Q, by help of the concave glafs BD. But can
fee dißini/ly from Qto F, or nearer.

For as F and Q^ both recede from the glafs ;
and beyond F, the object \S confufed, fa is the
image beyond Qj but on this fide of Qjt is
diftincb

•Cor. 4. If A F be the great eft diftance, a ßcrt-
figbted pcrfon can fee diflinttly ; t ht n b) help of а с0я-
cavfy ivbofe radius or focal dißance ц AF, be will be
tíble to fee all remote objefls, to infinity.

For 'in this cafe Л Q is infinite, and the rays
from Q will be parallel ; and confequently F is the
focus of thefe parallel rays, and FA the radius of
the glafs. And in all remote objecb, the rays are
nearly parallel.

, Cor. 5. Prom tbife rules d man may be fitted with
'the' moß proper fpeflteks, tho* be lives at a dißance

from
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f r от f be maker-, fy t fending bimt \ tbe focal feßanc es. Fig.
Eut if glaffes are at hand, be may -be better ßtted, by
trial ; taking notice to chyfe thofe that are tbè lèajt
convex or concave that w,iU ßl fyim. Tbefç will pre-
vent a per/on from g*ov?ing

btedi fer Come

S C H O L I U M .

When giafles are put into frames for ipeAaeles,
thefe frames ought not to be freight, fp as both
eyes may lie in the fame plane ; but they ought to
be fo bent in the middle, that the axes of both
glaflfes may be directed to one point, at fuch a dif-
tance as you generally look with ipedacles, By
this means the rays will Fäll perp. upon both glaiTes,
and make the bbjeit appear diftinft. But if they
fall obliquely upon the glafle,s, it will caufe A çon,-
fufed appearance in the objedls. Therefore the
ihape of the frame ought to be as repr-efented in
fig. 105, where AB is the plane where one glals is 105.
fixt, and CD the other.

Spectacles are the moft ufeful optical machine in
the world. Few people that grow into years., but
have occafton for them, to help their defective jeyes,
which without them would be ufeleis, in a great
many occafions in life.

P R O B . V.

ïo make a concave fpeculifm H,D of a given thick-
nefs BD, and wbofe inner radius AB is given \ that
ßall refleEl parallel rays RH, to the fame focus F,
from botb farfaces ЕЦ, DI.

It is plain, that the ray which is refte.cted from
the hindmoft furface, will Це twice refradled. .- For
RH is firft refraftçd at H to the focus/, and then

M 4
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Fig. refteued at I to the focus G, arid ЫЫу refraoted-at
106. L'to-ihe focus F..

Let AB = о, BD = /, DG - ж, radiusCD=:z -,
m, » this fines of incidence and refractiori. Then
to find/y the focus of the refraded ray HI ; we
{hall have (by Cor ï. Prop XIII, B. III.) m — » :

m : : AB (a} : В/ =. Л2-- -, put q '= _2L_. Then
W - » »2 - »

to find the refleaed ray IG, (by Prop. V. B. II.)
C/ (je-+ /—•«): CG (z^- *):'': D/ (ye + f) :
DG (#). Whence дя* + if — zjf — qaz — qax +

tz — tx; and when reduced .v — — Î — it - rz
2qà+ ïï — z

DG,' and BG = * -/ = ^+2^-2^-2// f
2J<2 + 2Í - 2

But (Prop. VI. B. II.) BF = ia. And fuppofing
the refraäed ray ILF to go back again, and be re-
frafted along LI, whofe focus is G } then (Cor. ï.
Prop, XI. B. III.) m x BF + n X AF : m x BF ; :
AB : BG. That is ±ma -f- f »e : f ma : : a : x — /,

or m + » :«::*: n * - » , and
2/ - 2

- 2/2 - 2Jtfí - 2/í.

And putting J ~ - -, we íhàll have qaz -f 2/2
. m + n

-l- saz = 2 J^ae + 2J^/ + 2qat + ztt, and z zz
/ + 2iaí + .а/л and if да> and w be

-f- J« + 2/

5й + 5'

Cor. i . CD cr 2 r: л +— 2 t — - — very near -,
9 4a

as will appear by divi/íon -, and therefore if AD or
a + t be fui 'trailed? there will remain AC '==

^./, nßarly.
9 Cor.
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Cor. <i: -Hérité alfo if z bïgtàw mû и .

it may bl found by refolding the equation gaz^'tysi 106
zz qua + i8at -f 5//. ' Or tf z and a be giberi, t

ïe found from lhe fame equation '

Cor. 3. If ßtch a, fpeculum could be exaftly ground^
it would be better than any reflecting metal, not only
becaufe it -would refieiï more light, but it wouíã fre-
ferve the polifo longer. But t be „difficulty of executing
them truly, bat prevented t be ufe of them.

S C H O L I U M .
If inftead of 3 and 2, 31 and 20 be put for m

and », as fating more exact ; we fhall find z or CD

a + Ü+Ü' ,, nearly. And if a + t Бег

fubtrafted, theu AC =
q+S

nearly. According to this computation, луе Çiàll
have AC — .416^, which is not much different

from the former, which was — / or .444^.
9

The principal difficulty is to find the vertex of
this refíeélor after it is made, or the point where it
is the thinneft. ' To do this, cover the fpeculum
with a paper, having a hole in it of the bignefs
the fpeculum is to be when finiihed, or when -put
into a telefcope. Then it muil be placed at a good
diftance from a candle, and the image received on
a bit of paper jüft big enough to receive if. ""And
moving the paper cover to all places of the furface,
till you find fuch a poiition for it, as makes the
image the moft diftinft poffible, there fix it ; and
the middle of the hole is the vertex. For tho' the
two iurfaces be ground very truly to their proper
radii, yet if the centers are not in a right line,
paffing thro' , the middle of the refleftor, -the two

images
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Fig. images cannot coincide* and they will confute one
106. another.

If a concave refleftor be made after this man-
ner, it will burn bodies in its focus more fiercely
than, any other fort ; for both the reflected and re-
frafted fays meeting there, conlpire to make the
effeft greater.

P R O B . V I .

To make a telefcope with a convex and a concave
107'glafs, to ßew objeéîs ereiï; called, Galileo'* Telef-

cope.

A Telefcope is an optical inftrument made by the
combination of glafiTes, for feeing objects at a great
diftance. The glafs next the objeft, is called the
objeSf glafs \ and that next the eye,, is the eye glafs.
The aperture is the diameter of the hole through
which the rays pafs. And by reafon of the great
diftance of the object, all rays Of the fame pencil,
incident on the objeft glafs, muft be efteemed to
be parallel -, for the eye can difcover no manner of
difference between thefe and parallel rays.

To make this telefcope, fix the convex lens AB
in the tube AEFB, and the concave lens CD in
the tube CGHD, the concave lens muft be of a
lefs focal diftance than AB, and the tube GD muft
be made to flide within the tube AF ; and the
glafíes muft be fo placed, that the axes of the tubes
and glaiTes may coincide ; then Hiding the tube:
GD within the tube AF, till the diftance of the
glafiès AC be equal to the difference of their prin-
cipal focal diftances, or that both their principal
foci may coincide in -the fame point P ; and then
the telefcope is fit for ufe.

The telefcope being fitted thus, direct it with
the axis RP ilreight upon the objeft, and apply

the



Г . С О А

*s Î О Г В 1)



В. IV. I N S T R U M E N T S.
the eye cbfe tö CD, and you'll fee the object mag- Fig.
nified, and ereét. 107

For fince the rays proceeding from the object
tend to the focus P -, and before they arrive at it,
are refracted by the concave GD ; therefore they
do not croîs one another before they come at the
eye, and confequently the image is erect. Or thus,
fince the conjugate focus to P (in the lens CD) is
fomewhere on the other iide of CD, therefore if a
line be drawn from Q, the lower part of the image
at P (which is there inverted J, thro' the middle of
the lens CD, it will come to that conjugate focus
above the axis, and therefore the image is erect.

The properties of ibis tekfcope.
1. The focal diftance of AB muft be greater than

that of CD j or elfe it will not magnify an object.
If AB be lefs, It. will diminiih it.

2. The magnifying power is equal to the quo-
tient arifmg by dividing the focal diftance of the
object glais, by the focal diftance of the eye glafs z=
AP

3. The rays of any pencil coming out of the
glafs CD to the eye, are nearly parallel. If this
does not fuit all eyes, the tube GD muft be put
in, or drawn out a little, till the object appears
diftinct.

4. The vifible area of the object is the greater,
the nearer the eye is to the glafs ; and depends on
the breadth of the pupil of the eye, and of the
object glafs. Therefore the view will be fmall.

5. In order to fee more of the object, the eye
rriuft be moved laterally, or up and down, the te-
lefcope remaining fixt. By this means one may
fee fucceffively all the parts, that the telefcope can
take in at once, and that depends upon the breadth
of the eye glafs.
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Fig. 6. This fort of telefcopes muft not be made
107. long ; for then the vifible area is fo little, that they

become ufeleft.
For if you ihut your eye for a while that thé

pupil may dilate/ as it will in the dark ; and then
fuddenly opening it, and looking fteadily at'an
object thro' the telefcope, you'll fee it largeft at
nrft, and afterwards' it gradually leffens, as the
pupil contracts by the light. Alfo if you cover the
object glafs with a paper with a hole in it ; lefs of
the object will appear than before ï and fo much
lefs as the hole is lels. And therefore the vifible
area depends both upon the breadth of the pupil,
and of the object glafs.

Alfo if a paper be put over the eye glafs, hav-
ing a fma.ll hole in it y lefs of the object will ap-
pear, by moving to and fro, fideways ; than did
before, thro' the whole eye glafs. And if the hole
be lefs than the pupil, the direct view will be lefs.

In a long telefcope of this fort, the vifible area
will be very fmall, by the narrownefs of the objedt
glafs. And if the object glafs be made broader,
the object will be coloured, and confequenly con-
fufed.

This telefcope is the fame as is generally called
я common perfyeiïive gtafs*

P R O B . VII.

108, <f0 make a telefcope with two convex glaßes, to
ße-w objefts in-verted ; called the Aftronomical Te-
lefcope.

Let А, В be two convex lenfes, HC, DE two
tubes, fliding within one another. Fix the lèns A
with -the longer focus, in the wider tube HC ; and
the lens В with the ihorter focus, in the fmalîer
tube DE ; and let the axes of the glafles coincide

with
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with the axis .of,both, tubes. Thçn flying the Fig.
tube DË, within the other, till the diftajice of the io?.:
ferifes be equal to the fum of their .principal focal
diftances j or that their principal foci may coincide
in the fame point f, ; .and near P there muft be a
ftöp, with a hole to circumfcribe the image, and
to exclude all ftraggling rays.

And then the telefcope is fit for ufmg, which is
done by directing it ftreifght to the diftant objecl: ;
and then applying the eye beyond.B, the diftance
of its focus ; the objeél will appear magnified and
inverted. " ." ."

For the rays from the object R, croffing at A,
will form the image at the focus P, inverted -f

which viewed thrp'. the lens D, will therefore ap-
pear.inverted. And P being the principal focus of-
B,1 the emerging rays will fall parallel upon the eye,,
and caufe diftmct vifion. •

The •properties of this telefcope.
, i.\ The magnifying power is as the ratio of the

ibcal diftance of the object glafs A, to that of the
eye glafs В. ч

2. The rays emerging out of the. eye a;lafs to the
eye, muft be nearly parallel, for a good eye. If
this happens not to fuit any other eye ; then the-
tube DE muft be thruft in or pulled out, till the
objedt appears diítinâ:.

3. The apparent magnitude of the objeft is the.
fame wherever the eye is placed, by Prop. 37.
B. 3. But the, vifible area is the greateft, when
the diftance BO of tiie eye is nearly equal to BP»
the focal diftance of the eye glafs. By Prob. III.

4. The objeft in this telefcope is always invert-
ed ; and therefore it is only applied to aftropomi-
cal ufes, to look at the celeitial bodies. For; it
figriifies little whether they appear ered or invert-

ed,
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Fig. ed, m thdfe cafes. And they are commonly uied
jo8. in the night.

5 The rifual angle depends on the breadth of
the eye glafs. For it is equal to the angle which
the eye glafs fubtends at the object glafs.

P R O B . Vffi.

109, To m tike я ielefcope with thrfe convex glaffes t*
Jbew cbjeSis erc8.

Combine the two glaflfes A, B, íb that FA may
be the principal focal diftance of A ; and FB twice
the principal focal diftance of B, andBP the Tarne v
let thefe be fixt -in one tube. Then place the lens
C, in another tube fliding within the firft, that PC
may be its principal focal diftance, which may be
done by Hiding the inner tube back or forward;
and then the telefcope is finiihed. The eye muft
be placed at the diftance of 2pC behind С.

For parallel rays proceeding from the objeft iR,
and falling on the letvs. A, are rëfrafted to the 'focu*
F, and there give the image inverted. And (Prop.
XXI.) F, P are conjugate foci, and (Cor. Prop.
XXIIIO they are at the leaft diftance poflible,-
And fmce the image at F is inverted, that at P
will be ereft. And fince PC is the-focal diftance
of C, the rays falling on it, will emerge parallel,
upon the eye -, which therefore will íee the4>bjeét
creel:.

This telefcope is of little u'ie, >by reafon it takes
in fo little of the objeft ; and makes the vifiblc
area fo fmall.

S с H о ьги м.

A telefcope may be made with two convex
glafíès to fee objefts ereft. And that is by com-
bining the two lenfes A, B, as before, which will
give the image at P ereft, which image may be

feen
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fçen by an eye placed ,Гн£ or eight inches bëbjnd it Fig.
This teleicope is the fame as me former, -when tîre
gfetfs С is taken away -, butit takes not jn fo much
of rf*e objeét as.; the other, and therefore is of no
ufe for telèfcopes.

. A tekfcope may alfo be made with two convex
lenfes, and a concave, which will mew objedls in-
verted. Here the concave is the middlemoft, be-
ing put inftead of B. And. they are placed thus,
the foci of A and B muft not coincide äs in Prob.
V ; but they muft be a little further afunder, the
focus óf B being further frorti A than its focus is ;
and fo far, that the conjugate focus ( of R) may be
at; -P i then if the eye glafs С be placed, that its
focus may be at P, then looking thro' the telefcope
the object: wiH appear diftindt, and inverted. This
tetefcope, has full as great magnifying power as
any refracting telefcope-, but becaufe the objeft
is inverted, k is not ufed. The conftruction of
this telefirope is the lame as the folar telefcope in
Prob. XIII. following, fig. 114, having 'a concave
eye glafs L. For if i be its focus, and h the focus
of AB j and è, K conjugate foci of L. Then
К is «he focus of a convex eye -glafs for this te-
lefcope.

i» R O B. IX.

make a tekfeopv wife four convex 'glaffes toßevr

-Fix the lens A of a great focal diftance in a t ia
Wide tube, and fix the three fmall lenfes or eye
glaflès B, C, D in another tube, to flide within
the former. The lenfes B, C, D, muft be all of
one focal diftance, and rnuft be placed equidiftant
in the tube, fo that EC, and CD, may be twice
thé focal diftance. Then if CP = PD, P will be
the principal foois of С and D. A ftop nluft be

placed
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Fig. placed at P or F, to ítpp the ftraggling rays.
no. Then ilide the tube with the three eye glafles, with-

in the other, till the foci of A and B. coincide in
F. Then the telefcope is made, then directing it
to the object R, and piacing the eye in the other
principal focus of D ; and the object will appear
to it magnified and erect.

For parallel rays coming from the far diftant
object R, will be refracted by the object glafs A
to its focus F, and there make the ima^e inverted.
The:n fmce F is the principal focus of B, the rays
diverging from the image at F, and falling on the
lens ii will emerge parallel, and fail parallel on
the glafs C, and therefore will be refracted by it,
to its principal focus ï', and there form the image
erect. Then the rays flowing from P the princi-
pal focus of D, will emerge a third time parallel,
in falling on the eye ; which (by Prob. III.) muft
be placed at the principal focus ; and then the eye
will diftinctly fee the image P of the objeift R,
erect and magnified. Here then the firft imao-e is
at F inverted, and. the fécond at P erect,- From
whence rays flow to the eye. • .. . ,

If BC be lefs than twice the focal cftftance pf
В or C, then fome of the rays will mils the eye
glafs D. And if BC be greater than twice the
focal diftance, fome of the rays will mifs the glaf»
C. And in either cafe the profpect will be dimi-
nimed. ,л,

This telefcope with four glafies is in effect two
telefcopes, of two glafles each, as in Prob. VII.
The firft telefcope is AB, where the rays emerge
parallel from B. The fécond is CD, where the
rays fall parallel on C, and emerge parallel from
D. And fmce С and D are equal, they magnify-
nothing, and therefore the image at P is equal to
the image at F. All that the glafles C, and D
do, is to invert the image at F, or make the image

of
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of R ereft. This »the common telefcope ufed in Fig.
the day time to look at cliftant objects. 110.
- If a ftop be placed at P, with a hole to contain
the image -, it will cut off the reft of the rays
•which confie irregularly, and would difturb the dif-
tinctnefs of the image -, and will take away the co-
lours which arife by the different refrangibility of
the rays, which would -make the image confufed.
But the image will no rriore be coloured by four
glaflès than by two ; for the glafs С corrects and
takes away the colours which the glafs В produced.

The properties of ibis telefeepe.
ï. The magnifying power, is in the proportion

of the focal diftance of the object glafs, to the fo-
caLdiftance of the eye glafs. This will be ihewn
afterwards.

2. It ihews the object erect, but not fo bright as
in the telefcope with two convex lenfes, becaufe the
other two reflect a deal of the light which is loft.
In other relpects it has the fame properties as the
other telefcope.

3. The vifible area depends on the breadth of
the eye glafs, for as the eye glafs is bigger or lef-
fer, the angie it fubtends at A is greater or lef-
ier, or its oppofite angle, which. is the angle the
part of the object fubtends at A, which determines
the vifible area. . And this telefcope takes in more
than that in Prop. VI, with a concave eye glafs.

4. The brightnefs of an object feen thro' a gi-
ven telefcope is fo much the greater as the aper-
ture of the object glafs is greater. For fuppofe the
object glafs covered with paper, with a fmall hole
in the middle ; the magnitude of the image in the
focus will not be altered, nor confequently that
upon the retina of the eye. But the hole in the
paper being fmaller than the object glafs, fewer
rays of every pencil will come to the focus, and
the image will be more faint.

N 5. It



Fig. ;fi< I/ the aperture and focal diftance of the ob*
j*& rgl&fe remains the fame i an bbjeít appears
brighter or fainter, according to the ' greater: :x>r
JejQfer focal diftan.de. of the eye glaís v that is ac-
cording to theáefíèr or greater magnifying power.
For the fame quantity of light fpread over a fmal-
l«r or greater image, makts it ibrigkter or duller.

6. It is found by experience, that an object
glals of 55 feet focal diftance will bear an aper-
ture of 4 inches, and an eye glafs, whoie focal dif-
ranee is 4.4 inches. And for other objeét glafíèsy
the apertures thereof, and the focal diftances of the
eye glafles, muft be as the fquare roots of the focal
diftances of the object glafles. But to view objefts
by day light, requires eye glafies whofe focal dif-
tances are longer ^ and by night ihorter.

S с н o 11 w м.
It may be thought, that in a téléfcope of any

Jength, an objeft may be magnified in any propor-
tion, by making the focal diftances of the objecTr

. glafs and eye glafs in that ratio. But there are two-
caufes which prevent this. ï. Whilft the objeft
glafs remains the fame, the more the object is to
be magnified, the more convex the eye glafs muft
be, and then the more obfcure and dark the objeil
will appear. 2. By this means the objeft will be
reprefented the more confufedly; and if one at-
tempts to remedy this by increafing the aperture,
the confufion will be more increaled, and the ob-
jecls will at laft appear coloured. So that increaf-
ins the aperture of the objecT: glafs, makes the
objeft appear brighter, but at the fame time it ir
confufed and indiftinft.
* Since the pupil dilates,itfelf very much in the
dark, therefore there is not occafion -for fo much
light iu looking at the moon or ftars,

There
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1 : lîlhere artrtddfcopes mzàew'ttteffre йЙШог^пр«; F%.
glafíès, "Which by refraéYmg 'the rays gradually te». * t ï о.
.fooH,"wilfc bear a.larger-арепйгеit but then !laie
objeit is more faint, by the Iofs4>f fo many rays,
by the reflection: from fo many glafles. ! ;

Sometimes the eye glafs D ís-af a different focus
from В and С. But the diftance BG fmift ftilî be
the fum of the focal diftances of С and D. Thus
ihorter eye glaflès are uíèd in the night, to increafe
the brightnefs of the objecb

P R O B . X.

f o find the magnifying power of a telefcofe..

Let the far diftant objeâ: appear from A under
<he angle RAS, or its oppofite GAP, drawn thro', j
the center of the objeft glafs A. And let В be
eye glafs, FG the image in the focus of the glafles
A and B. Then thro' the extremes F, G, of the

- image, draw the lines FBL, GBN, thro' the cen-
ter of the lens B, and BL, BN will be the refrac-
ted rays (% Prop. XVII. B. III.) Then the objedt
is fcen thro' the telefcope under the angle LBN or
FBG, and it is feen from A or from' B ̂ ndér the
angle RAS or GAF. Therefore the apparent an-
gle thro1 the telefcope, is to the apparent angle to
the naked eye ; as angle GBF, to the angle GAF v
chat is as AF to BF ; that is, as the focal diftance
of the objeót glafs, is to the focal diftance of the
eye glafs- And if there be four convex glafies -,
if the glafles B^ C, D, are all equal (fig. no),
the image at P is equal to die image at F, and the
magnify ing power continues the fame as before.
But if they be different glafles, the image at F
will be to the image at P, as the focal diftunce of
B, to the focal diftance of D. So that at laft, the
apparent angle thro* the teleicope, will be to the

N 2 apparent



apparent angle to the naked eye-, as the focal dif-
i li. tance of the object glafe, to the focal diftance of
1 1 2. the laft eye glafs. See alfo the Corollaries of

Cor. i. fbe magnifying -power by a refrailtng'te-
lefcofe, is equal to the focal diflance of the objetl glaß
tàyïdtdby the fötal dißance of the eye glaÇs.

in. Cor. a. In. a telefcope with convex glajfes ; the w-
fual. angle or linear view, is as the diameter of 'the
eye glafs, divided by the focal dißante of the 'objeSt
glafs. And the vijible area as thefquare of that quan*
tity. , • '

This depends upon the breadth of the eye glafs,
therefore drawing AD to the edge of it, BAD will
be half RAS or half the vifual angle ; and that-

RD
angle BAD.or its double is as - ; and the vifiblep , В А

* BD*
area as - . In the telefcope with a concave

BA1

glafs (fig. 112.) it depends on the breadth of the
pupil.

Cor. 3. As the difiance between the objeïï glafs ana
eye glaßj to the breadth of the eye glafs -, fo is radius,
to the tangent of the angle which the 'telefcope takes
In.

For all the telefcope can take in, is contained
between two lines drawn from the edges of the
eye glafs, through the center of the ohjedl glafc.
The contained angle is what the telefcope can
take in.

P R O B .
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P R O P. XI.

fofind the degree of indijtinfinefs, or confined-ap-
pearance of .an objeft, feen thri a telefcope.

'Since no lens can be made fo perfect, as to re-
fract all the rays ifluing from one point of an ob-
jed, to a fingle point in the picture, but there will
always be a deviation or aberration more or leis,
according as the lens is broader or narrower. And
by reafon of this aberration, the rays proceeding
from one point will be fpread over a certain fpace
of the image, and caule that cohfufion or indiftinct-
rvefs obferved in telefcopes -, which fpace is the cir*
cl^of aberration in the focus of the object glafs.
Apd this confufion will be fo much the greater, as
that circle is larger, becaufe there are fo many
more different points of that fpace, which repre-
fent but one point of the object ; and therefore
thiit confufion or indiftinctnefs is, ceteris paribus,
as the circle of aberration in the focus of the ob-
ject glafs -, that is, by (Cor. 5. Prop. XLI. B. III.)
as the area of the object glafs.

Now the confufion of the image in the bottom
of the eye (which is that we feek) is as the appa-
rent magnitude of this circle of aberrations. And
the apparent diameter of aberration feen thro* the
eye glafs, is as the angle made by the extreme
rays in falling upon the eye, or (which is equal to
it, by Cor. 2. Prop. XVII. B. ILL) as the angle v
fubtended by that diameter at the center of the
eye glafs, that is, as the diameter itfelf directly»
and the focal diftance of the eye glafs reciprocally.
Therefore the apparent magnitude of the circle of
aberrations, is as the fquare of that diameter di-
rectly, and the fquare of the focal diftance of the
eye glafs reciprocally ; .or as the fquare of the aper-

N ture
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Fig. turc of the objeâ glafs direftly, and the iquarcof

the focal diftance of the eye glafs reciprocally.
And therefore the confufion or indiftinftnefs is in
thatratio.

Cor. r. Tbe indißinftnefs of an objeft feen tbro' a
refraSing fekfcope, is as tbe fyiare of the aperture of
the objefl glafs , divided by tbe fquare of tbe focal dij-
tance of tbe

Cor. г. An cbjefit appears equally dißinSl in fever al
fef rafting tehfcopes, when tbe diameters of the aper-
tures of tbe objeti glaffes, are in a given ratio to tbe
focal dißances of i be eye glaffes.

PRO B, XII.

To find tbe afferent brigbtnefs ef an objefi, fee*
tbrt? a r ef railing telefcope.

If the area of the image upon the retina be the
fame, the brightnefs will be as the quantity of light
upon it, that is, as the area of the aperture of the
objeéb glafs. And if the aperture or quantity of
light be the fame, the brightnefs will be recipro-
cally as the area of the image, that is, reciprocally.
as the fquare of the magnifying power. And
therefore in general the brightnefs is as the area of
the objecl: glafs direóUy, and the fquare of the mag-
nifying power reciprocally.

Otberwife tbus.

- Let two pencils of rays falling on the objeit
glafs CD, be refrafted to the foci F, /; and pafs
thro' the eye glafs Ы ; and be refracted in the
directions BL, b\. Let BL = FB, then L is the
place of the eye, being the place where the feve-
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ral pencils (each confifting of parallel rays) con- Fig.
verge to, and interfeft, after refraftion at B£. 1 1 j.

Let m — magnifying power, p r= diameter ot
the pupil. Then by fimilar triangles, AF : FB : :
CD : B£ or LI the breadth of any pencil of rays
at B, or at L where the eye is -, becaufe beyond
B, the rays of each pencil are parallel. Therefore

*he breadth LI - ™*™- = £P.
AF m

Let the degree of common light be — ï, the
area of the picture in the naked eye r= <z, then thro*
the telefcope it will be — mma. Then fince the
brightnefs is as the area of the aperture divided by
the area of the pidlure, the brightnefs of the objedl

by the naked eye will be l*ffi v and by the telef-
a

CD*cope, -- Therefore common light : to telefco-
wma

pic light : : ££ : £12! : : ï : ,CP* . And fince the
* a mma mmpp
common light is í, the telefcopic light will be
CD*

eaapp
Now fuppofe LI to be juft equal to p. Then

pp = - — , and in this cafe the telefcopic light be-
* mm
Comes ï, and is therefore equal to common light.

But diminiming CD, LI is alfo diminiíhed, and
therefore in this cafe, lefs light enters the pupil ̂
and therefore in all cafes where LI is lefs than p%

CD*the brightnefs = --
mmpp

But if CD be increafed never fo much, the
brightnefs is not increafed at all by the fide rays,
becaufe they will all mifs the pupil. For as CD
increafes in breadth, B£ and LI alfo increafe m
breadth, and will therefore, in this cafe, be bigger

N 4
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Fis. than the pupil. And hence the denfity of the light
i j 3. ia the fame as before. For thereis a greater quanT

ttty of light on a greater fpace CD, or on a great-
er fpace Ш or LI ; and the quantity of light being
as the fpace, the denfity is not increafed.

By fome experiments, I have found f- part of the
light ioft in paffing thro' two glaffes ; and near -J-,
in paffing thro' four, and more ftill in paffing thro'
five or iix. This happens by the reflexion of the
two furfaces of every lens, which reflect a part of
the light, that is loft ; and fo much is the bright-
nefs decreafed.

Therefore in general the brightnefs is increafed,
by increafing the objeft glafs, till LI becomes
equal to the breadth of the pupil ; but no longer.

Cor. ï. If an oljecî is feen thro' a r efr ailing telef-
eope, and the rays do not fill the -pupil ; its apparent
brightnefs is as the fquare of the aperture of the ob-

jeEï glafs, multiplied by thefqiiare of Ле focal dijlance
of the eye gtafs-, and divided by the fquare of the focal
diftattce of the objefl glafs.

This follows from the firft method. For the
A F

magnifying power is as __ -, and therefore the
• ' Bb

brightnefs is as CD% divided by

^ 1. Or by the fécond method, the bright-

CD1

nefs is as :—, f being given.
ffltnpp

Cor. 2. According to this ; an objeft afpeurs equal*
ly bright^ thro' fevered telefcopes^ when the apertures
are as the magnifying powers,

Cor. 3. The fame tbing fuppofed-, in different te-
an objefi will of pear equally bright and. dif-

tittfï,
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íiníl, wh en-t be apertures (ef the objeïï gl&ffes)i
focal diflances of the eye glaffes, are each of them
the fquare roots of the focal dißancss of the objeu
gîàjfes. And then the magnifying powers will alfo .b*
as the fquare roots of the focal dißances of the. objeft
glaffes. . - ,

For put F, / for the focal diftances of the ob-
je£t glafs and eye glafs -, and that the brightneis
and diftinftnefs may be in the fame ratio, (by Cor.
2. of the laft Prop, and Cor. 2. of this), we íhall

•p
have the aperture ОС / ОС —, whence F CfZff,

f
and/ ОС ъ/F, confequently the aperture OC\/F.

And laftly, the magnifying power ОС ( Í! ОС )

or'as/, that is as \/F.

Cor. 4. In fimilar telefcopes ; the diflînïïnefs, vi-
fual angle and magnifying power are the fame ; and
the brightnefs as the fquare of the length.

For let D be the diameter of the aperture j F,/
the focal diftances of the objecl: glafs and eye glafs ;

then the diftinftnefs is —, -which is a given ratio.
•p

And the magnifying power is —, which is alfo a

given ratio. And the vifual angle is as the diame-
ter of the eye glafs divided by F, which is a given

CD* DD •ratio. And laftly, the brightnefs is as or —,,
mm mm

and m or the magnifying power is given ; and the
aperture CD is as the length of the telefcope.

Cor. 5. Hence, no telefcope can ßew an objeß fo
bright as it is to the naked eye. "The neareß.it can
approach to it is ^ the light for two glaßes, and ? for
four glajjes.

For
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. For; when all the rays enter the eye, the telefco-

pic Ught, or what pafles thro* the telefcope into
/ CD1 \

the eye, is ( = ) ï, or the fame as сощ-f \mmpp '
mon light. Of which 4- or f is to be deducted for
reflected rays, which are loft.

Cor. 6. According to wbat bas been delivered be-
fore, (.after Prob. IX. and in Cor. j of ibis), tee focal
aißances and aperture-s muß be made according to the
following table.

foe.
obj.
glafs

feet
ï
2

3
4

. 5
6
7
8
9

10

13
. ^
20

25

3°

aper.
obj.
glafs

inch
•54
.76
• 94

ï. 08
1.22

1.32

1-43
1-53
1.62
1.71

1-95
2.09
2.42
2.70
2.96

foc.
eye
glafs

inch
.60
•83
•°3
.19
•34
•45
•57
.68

1.78
1.88
2.14
2.30
2.66
2.97
3-25

mag.
pow-
er

20
28

34
40
44
49
52
5б
6o
64

73
78
90

IO!

I IO

foc.
obj.
glafs

feet
35
4o
45
5°
55
60
70
80
90

lIOO

120
140
160
180
2OO

aper.
obj.
glafs

inch
3.20
3-41
3.62
3-82
4.00
4.18
4.52
4-83
5-13
5.40

5-9'
6-39
6.83
7-25
7.64

foc.
eye

glafs

inch
3-52

3-75
3-98
4.20
4.40
4.60
4-97

Ч1
5-64
5-94
6.50
7-°3
7-51
7-97
8 .40

mag.
pow-
er '

119
128
Г35
143
í 50
156
169
181
192
202
222

239
255
271
2l6

S C H O L I U M .

It follows from Cor. 3, that if a parabola be de-
fcribed, and in the axis thereof, taking the abfcifla's
equal to the focal diftances of the object glafles ;
then the correspondent ordinates will be proporti-

onal
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onal to the apertures, or the focai diftances of the Fig.
eye glafll's, or the magnifying powers. For thefe 11 g«
are as the fquare roots of the abfcifik, that is, as
the iquare roots of the focal diftances of the object
glafies. And inftead of the focal diftances ot the
object glaifes, one may fubftitute the length of the
telefcope, without feniible error.

In the inveftigation of the foregoing Problems%

the' indiftinctnefs arifmg from the aberrations cauf-
ed by the eye glafies are fet afide as being inconfi-
derable. For in fo mort a diftance as from the
eye glafs to the eye, the heterogeneous rays can-
not feparate fo as to become fenfvble, and therefore
the errors may be lookt upon as nothing. And the
refractions at fo fmall a diftance will be fufficientty
true and regular.

To try the goodnefs of an object glafs -, proceed
according to the fécond method laid down in Prop.
XVI. B. III. And if all the hoks unite in one,
the glafs is good, otherwife not. But there is no
bater way for trying the goodnefs of an object glafs
than putting it in a tube, and trying it with feveral
frriall eye glafles, by looking at feveral diftant
objects, and particularly at the title page of a book.
For that glafs which reprefents objects the moft
bright and diftinct, and bears the greateft aperture,
and the ihorteft eye glafs, without colouring or
dirrmefs, is the beft glafs.

If feveral telefcopes of the fame length be com-
pared together, thefe are the beft, with which you
can read the fame print, at the greateft diftance.
And this may be a rule for thofe that buy telef*
copes, by which they may know how to chufe the^
beft.

There are four principal things in a telefcope to
be confidered. ï. Magnifying power. 2. Dif~
tinctnefs. 3. Brightnefs. 4. The viable angle,
or linear view it takes in. And all thefe havç

beeo
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Fig. been determined in the foregoing Problems, for

refracting telefcopes.

P R O B . XIII.

'To make a folar tele/cope ; or to fit up a telefcope,
for observing cclipfes, fpols of the _/ия, &с.

« This is no more than a common refracting telef-
cope with two glafles, where the eye glafs may be
either convex or concave. Thro' this telefcope
the fun's image is projected on a plane furface, or
on the oppofite wall of a dark room, and magni-
fied. If a telefcope be ufed for this, as it is fitted
up for looking at diftant objeits, the fun's image
will be projected at an infinite diftance, becaufe the
rays emerge parallel out of the eye glafs. There-
fore to have his image at any given diftance, the
glafies muft he placed after this manner.

Let ABCD be a tube in which is the object glafs
G, and its focus H. ECDF another tube ilidmg
within the former, in which is the eye glafs L,
whofe focus is I. Let К be the place where the
fun's image is to fall, upon the plane MN. Now
whether the glai's L be convex or concave, it muft
be placed further from G, than in the common
telefcope, by the diftance HI. And H, K muft
be the conjugate foci of the glafs L, which is done
by making Hi, HL, HK in continual propor-
tion. Or if L be a concave, b the focus of G, i
the focus of L, then hi, £L, /i>K muft be in con-
tinual proportion. Then if the telefcope AD be
put thro' á hole in the window mut of a dark room,
and directed to the fun, you'll have his image at
K, upon the plane MN. Or if the plane MN be
fixt, then flide the tube CF, back and forward,
within the tube FA, till you find the image dif-
tinct at K, upon that plane.

For
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For if H be the focus of the lens AB, the fun's Fig.

image will be at H inverted. And as H, K, ave u 4»
conjugate foci ; the. image of К or the fccohd i-
mage of the fun will be at K erecb But in the
concave lens CD, the firft image would be at h,
and the fécond at К inverted.

Cor. ï. To find the diameter of the image MN ; it
will be as H L : LK : : as the diameter of the image
at H : to MN the diameter of the image at K.

For the fun and the image at H, fubtend equal
angles at the center of the lens G (by Prop. XXXI.
of B. Hi.) ; and likewife the image at H and the
image at K, fubtend equal angles at the lens L ;
whence the foregoing proportion.

Cor. 2. 'The larger the image MN is made, the
fainter it will be.

For if it be as big as the objeft glafs G, it will
be as bright as if the fun ihined upon it. And there-
fore if it be bigger, its brightnefs will be recipro-
cally as the area.

Cor. 3. After this manner may le viewed the fun's
face, his fpots, his e c lipfes, the tranßfs of the planett,
clouds ; likewife the moon's face, &c. Ana ibis telef-
eofe is ufed by aßronomers for this purpofe.

P R O B . XIV.
To fit up a telefcope for taking fmall angles, by 1г <-;

placing crofshairs in the f ecus of the eye glafs.

Take a brafs plate AB, in which make a round
hole, whofe diameter is lomething lefs than that of
the eye glafs ; this being placed in the focus P of
the eye glafs (fig. 108, no.), ferves for a (lop to
cut off the fuperfluous rays ; and in this the hairs
are to be fixt, or rather Jeveral pieces of fmall filver
wire. In this plate is fixt the Imaii wire fq, going

thro'
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Fig. thro' the center С of the circular hole ; and per-
115. pendicular to it is fixt the hair rs, near the fide of

the hole. There is a flider BDE, in which is fixt
the hair or wire tv, parallel to rs, fo that when the
flider is thruft up clofe to the fide EB, the hair iv
may coincide with rs -, and when it is drawn oxtt
to the extent, the hair may be near the other fide
of the hole, at EB. Then the fpace BF is di-
vided into со or loo parts, which is the utmoft ex-
tent between the hairs rs and tv. Then the plate
ADE muft be fixt exactly in the plane of the image
made at P (fig. 108, no,) which may eafily be
done after a few trials ; for when it is right, the
hairs will appear very distinctly thro' the eye glafs,
then they muft be covered with a thin lantern horn.
When the place of the plate is had, one may. find
the focus of the object glafs by meafuring from the
hairs to the glafs : and this is the exacteft way.
The plate muft alfo be placed fo, that the center
С of the hole may be in the axis of the telefcope.
Then we muft find what arch is reprefented by
BF or no, the extreme diftance of the hairs rs and
tv, when the flider is drawn out to its uttermoft.

'To find the àrcb or angle reprefented by no.

Here the crofs hairs muft be illuminated by a
candle, made to mine on them. Direct the telef-
cope to fome ftar, and turn it round, till you find
the ftar moves along the hair pq\ then the telef-
cope is in a right pofition -, therefore keeping the
fame fide uppermoft ; draw out the flider to the
end of the divifions, and direct the telefcope fo to
the ftar, that it may fall upon the interfection of
the crofs hairs at n. Then the telefcope being fixt
there, öbferve by a clock or a watch, how long the
ftar is moving from n to o. Then fince one de-
gree pafles thro' any point in four minutes time,
er fifteen minutes of the equinoctial in one minute

of
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of time or ß*ty féconds. Whence one lëccrod o
time correfponds to fifteen féconds of meafute. 1
Therefore dividing the number of féconds obferved
by the clock by four, gives the minutes of a .de-
gree anfwering to no. But if the ftar is out of the
equinoftial, this number muft be lefiened in the
ratio of radius to the coiine of. the ftai-'s declination.

Otherwife.
Set up two marks agafnft a wall at a good dif-

tance from you, fo that looking tbro' the tefefcope,
the two hairs rs, tv, let to their utmoft extent,
may juft cover the two marks. If they do not, ihîft
the telefcope further back or nearer hand ; or éHe
Ihift the marks, till they do. Then meafuririg the
diftance of the telefcope, as likewife the diftance
of the two marks from each other, you will find
by plane trigonometry the angle included by the
vifual rays -, and that is the angle reprefented by
но.

to take an angle with the telefcope*

Direft the telefcope, fo that the fixt hair rs may
juft touch one fide or term of the angle to be mea-
fured ; and draw out the flider EF, till the move-
able hair tv touches the other fide -, then mark the
divifion of the fcale at В ; and knowing before
what arch no reprefents : find by the rule of three
what angle the number of the fcale at В amounts
to.

If there be no moveable ilider, then the two hairs
rs, tv, muft be both fixt. But then in taking an
angle, when one fide is fet to rs, the other fide will
interfecT: no in fome point, whofe diftance from »,
in refpeft of no, can only be taken by guefs, as thçre
will be no fcale to meafure it by.

But the moft exact way of all for taking fmall
angles, is by the micrometer, which is an inftru-

ment,
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Fig.'ment, W«h the crofs hairs like thefe defcribed ;

. зева befides there is a machine made of clock-work,
that by turning the handle, moves the hair tv al-
ways parallel to itfelf ; and by one or two indexes,
fhews the diftance of the hairs very exactly.

There is another way of fixing the hairs, by
placing them diagonally, making half a right an-
gle with one another. And thefe are of ufe for
finding the difference of right afcenfion, or of
declination of any two • ftars, which the telefcope
can take in.

Thefe crofs hairs, and micrometers, are only
applied to refracting telefcopes, but have not yet
been ufed with reflecting ones, fmce they do not
magnify the angle Ib much.

Cqr. ï. Hence the diameters of the planets, may
be truly meafured ; and all the particulars of an e-
clipfe determined ; or any fmall angles accurately ta-
ken -, and applied to other agronomical ufes.

Cor. 2. The line no fubtends an angle at the eyey

•which is greater than the angle it reprefents; in pro-
portion to the magnifying power of the telefcope.

For the line no being placed with the image,
they are both magnified alike.

Cor. 3. Hence^ no reprefents the angle which it
fubtends at the center of tbs objeã glafs.

For it is magnified in the ratio of the focal
diftance of the object glafs to the focal diftance
of the eye glafs ; that is, as the angle it' fubtends
at the eye glafs, to that it fubtends at the object
glafs.

P R O B .
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Fig.

P R O B . XV. US'

1'о manage tele/copes without tubes.

To do this, a long pole muft be fet upright in
the earth, in a wide place, where there is nothing
to obftrud the fight. In this pole is made a grove,
in which a piece of wood is to be fitted to flide
freely up and down, this is to be drawn up by a
rope going over a pulley at the top, when it is
ufed. The object glafs is put into a ihort tube AB»
and this tube is fixt to a piece of machinery, made
to move about two axes CD, lying acrofs one ano-
ther, and this machinery is fixed to the fliding
piece of wood. On the under fide of the tube a
imall rod AF is fixt parallel to it, reaching fix or
eight inches beyond the tube ; to the end of this
a firing G is tyed, reaching to the ground. Then,
any perfon on the ground pulling at the ftring, can
draw the tube into a pofition parallel to the ftring,
by means of the crofs joints ; fo that the tube will
point direftly to the perfon that draws the ftring.

The eye glafs is alfo pvii in a ihort tube H, on
the under fide of which is alfo fixt a fmall rod, at
the far end of which I, the low end of the ttring
is to be fixt ; and at the nearer end a handle К is
fixt to take hold of.

AY hen an obfervation is to be taken, the fliding
piece of wood, with the object glafs, is to be
drawn up the pole to a proper height, and there
fixt. Then drawing the ftring IG, which is fixt
to the tail of the object tube, to fet it ftreight on
you -, tie the,low end of it to the end of the fmalL
rod at the eye tube, fo as the length of It between
the glafles may be of a due length for diftinct vi-
fion, which in the aftronomical telefcope, is equal
to the fum of the focal diftances. Then the ftring

О drawing
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Fig. drawing the two tubes, fets them in a right line,
115. and if they alfo be in a right line with the ftar

you want ta obferve, then applying your eye to the
tube, you will fee the ftar thro' the glaiTes. But if
they are not in a line, you muft alter your pofi-
tion, till they are fo.

It is neceflary that the obferver have a reft to lean
on, or to lay the eye tube upon, like a chair back,
tor without it, the tube cannot be held fteady.
And the obfervattons muft be made in calm fair
•weather, for the wind will ihake the tubes, and
prevent any thing from being feen diftinetly. And
befides in windy weather, the air is always foul,
which makes it unfit to make any observations in.'
And the fame thing often happens in calm wea-
ther, when the air is full of grols aqueous vapoury.

And after this manner perfpectives may be ufed
without clofe tubes ; which may be done by hold-
ing the eye tube, applkd to one end of a long
ftick, with one hand ; and the object tube jn the
other hand, applied to the other end of the ftick -,
»nd fliding it back and forward on the ftick to a
proper diftance ; which is foon foqnd by a few
trials. Obferving to keep the tubes ftreight on one
another, and parallel to the ftick. After this man-
ner one may ufe the glafles of a perfpeftive as
long as ones arm, or longer, by tying the objeft
tube io the ftick, at a proper diftance from the
nearer end of it -, and after this manner, the good-
nefs of glafles may be tried, without the trouble of
putting them into long tubes.

And the fame way one may make ufe of a long
moveable pole, inftead of one fixt in the ground ;
which may be ufed for glafles not exceeding fix or
eight yards focal diftance, by tying the eye tube
to one end, and the obieót tube towards the other,
at a proper diftance. And It may be raifed upon

a wall»
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a wall, or the fide of â hoüfe, by the help of a Fig.
hay fork, or fome fut h thing. 115.

Sometimes the fight is difturbed, by the fide light
coming into the eye tube, which a clofe tube
would have kept out. To prevent which, two
ways may be ufed -, either to lengthen the tube of
the eye glafs j or to put an umbrella'br border
round the tube with the objeft glafs ; and then to
take fight truly at the objeá, you muft raife your
eye above the eye tube, as high as the breadth of
the umbrella.

To enlighten the object tube, to take fight ; a
lantern may be ufed, tied to the end'of a long pole,
»nd fo raifed up on high.

P R O B . XVL

îo make a refleiïing telefcope.

A reflecting or catadioptric telefcope may be
made feveral ways. I ihaH'firft deferi be the Gfe-
gorian one, becaufe they are moft in ufe.

Tbe Gregorian Telefcope.
ABCD is a tube open at the end AB, FG a 117.

concave reflector, haying a hole in the middle,
and whofe focus is n. arb a fmall concave fpecu-
lum, whofe focus is Л This is fo placed, that the
focus я of the great reflector, and the place of the
image o, may be conjugate foci, or that in, ir, ia
may be continual proportionals. HI is a ihort
brafs tube, fcrewing into the end of the large one.
In this tube is the convex lens E, fo placed, that
EO may be its focal diftance, and El the fame ;
and at the end I is a fmall hole for the rays to come
thro' to the eye. but I or the place of the eye is
found more exactly, by making ro> rE, rl con-
tinual proportionals.

О 2 Now
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Fig. Now the open end AB being fet directly to-
il 7. wards the object, the rays coming from all the

points of the object, are parellel ; and being re-
flected by the concave fpeculum FG, will form the
image of that object at », which will be inverted
(by Prop. XVIII. B. II.) And for the fame rea-
fön, raysofiowing from », and reflected by the fmall
concave al>, will make the fécond image at 0, which
is inverted in refpect of the firft image, and erect
in regard to the objecl. Laftly, the rays flowing
from the image at o, which is the focus of the glafs
E, and being refracted by it, will emerge parallel
to the eye ; arjd therefore the object will appear
.erect thro' the telefcope. The path of an oblique
ray coming from the upper part of the objecl, is
KFxbswl.

To fuit all forts of eyes, there is a fmall rod
ML, with a fcrew at the end M ; this fcrew goes
thro' the arm which is fixt to the fmall reflector
ab, fo that turning the end L it brings it nearer,
or fets it further, from the other reflector FG. It
has a moulder N to keep it fteady.

The two fpeculums FG, .ab, are made of a mix-
ture of copper and tin, but any white hard metal
will do that will take a good poltfh. But no mix-
ture has been found out yet that will polifh truly
without pores, fears, and fcratches, and dark foots
in them. And the fpeculum ab muft be a little
bigger than the hole in the middle of the fpecu-
lum FG.

118. Inilead of a fmgle eye glafs, they are now gene-
rally made with two ; which increafes the vifible
area a little, and prevents the object being colour-
ed at the edges of the aperture. In order to this,
the conjugate focus o, muft be taken in the lefier
tube HI, a good diftance beyond the hole ; and
then place a lens P near the hole, to make the
rays converging to o, to converge fooner, as to q -,

and
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and there to form the image. And then place ano-Fig.
ther lens (a menifcus) at E, fo that E^ and Еъ> 118.
may equal the focal diftance of it. Then the
image which before was at o, 'by the refraftion of
the lens P, will now be at q. Therefore rays flow-
ing from the image at q, and refracted by the lens
E, will emerge parallel to the eye at v. But there
is one inconvenience attending two eye glafles, that
the objeót will be fainter by fo many reflexions
from their furfaces.

An eye ftop is to be placed at the laft image q,
to circumfcribe the image, and to cut off" the fu-
perfluous rays, which is a thin bafs plate, with a
hole in it, lefs than the reflector ab. Alfo a very
fmall hole muft be made at v, to let the rays pafs
thro' to the eye, which muft be no bigger than the
breadth of a pencil of rays at v.

Since r0, rE, rl are continual proportionals, .„
I will be the focus of rays flowing from r\ whence
the image of the reflector ab will be painted dif-
tinft at I ; and therefore a hole is to made in the plate
at I, juft the bignefs of that image, for the rays
to pafs thro' to the eye. If that hole be any big-
ger than the piclur'e, the light coming by the fide
of the refleótor ab, will go thro' the hole, and make
the pifture confufed. And if the hole be lefs than
the pidlure, rays from the extremities of ab will
not pafs thro', and fo the whole cannot be repre-
fented. Therefore to find exadtly the diameter of
the eye hole-, it will be С by Prop. X V i . B. Ill),
as rE : ab : : EI : breadth of the image at I, or
the diameter of the hole required.

If you hold a thin paper at I, inftead of the
plate, the image of ab will be painted on it, and
will be vifible thro' the paper, being a black fpot
very diftincl;, furrounded with light -, and thus one
may find the bignefs of the hole experimentally.
And the like for two eye glafles.

03 To
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Fig. Te fee objeas that are near hand diftinctly ; or
117. for Ictag-Aghted people, to fee far. diftant objects -,

the little concave ab, muft be, moved a little from
the large one -, but a little nearer for fliort-fighted
people. And a|l this is done by turning the end
L of the rod LM. For if an objeft comes nearer,
its image at rt will come nearer / j and as in grows
lefs, to will, grow greater ; and o will come nearer
the lens E. Therefore to reduce, it back, the
glafs ab is to be let further off. But for ihort-
fighted people, the focus о muft be fet nearer E,
to make the rays diverge more j that is, to muft be
longer, and con&quently in ihorter,. or ab brought
nearer FG. And the contrary for long-fighted
people. Therefore for far diftaot objeds, and
ihort-fighted people, fcrew right about. And un-
fcrew for near objects, and for old men.

The properties of this tehfcope.

ï. It íhews the objects erect -, but not fo bright
as in a refracting telefcope ; becaufe metal reflects
lejs light than glafs tranfmits. For by obfervation»
it appears that all reflecting metals lofe more than
a third part of the rays. :

2. The vifible area of an objeeb is as the breadth
of thé eye glafs. For (fig. 117.) if the image at
0, and the eye glafs E be increaied, the image at
» witr alfo be incrçaícd, becaufe the angles of inci-
dence and reflexion at ab are equal; and confe-
quently the vifible part of the object is increafed.

:j. The-brightness of an object is greater when
the aperture is greater. For then more light comes
to the eye.

118. 4- The brightnefs of the image is lefs towards
the extreme parts -, becaufe the lhadow of the fmall
fpeculum falls on. the outfide-, but on the middle
it.only covers the hole. And this diminution'is
greater in long tdefcopes.

5- It
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• 5. It is found by experience, that a concave re-Fig-

fleétor, whoíè focal diftance is 9.6 inches, wild bear 118«
an aperture of 2.3 inches; and requires a fmall
fpeculum, whofe focai diftance is 1.5 inches, and
breadth 0.6 inches -, and two eye glafiès, whofc
focal diftances are 3.8 and i.i inches. "Whence
the other requifites are, the breadth of the hole =s
0.5 inches ; diftance of the little fpeculum and the
greater eye glafs =: 14.2 inches-, diftance of the
eye glafiès 2.4 inches. The magnifying power of
this is 60.

6. A telefcope of this fort is, far Ihorter than a
dioptric telefcope that has the fame magnifying
.power. For one of thefe refleftors 16 inches long,
is found to magnify as much as a dioptric one of
15 or 16 feet long.

Mr. CafiegrainV tekfcopf.
ABCD is a tube open at the end AB -, FG a 119."

concave fpeculum whofe focus is », and in the
middle of it, is a round hole for the reflected rays
to país thro'^ arb a fmall convex fpeculum whofe
focus is t ; this is placed between я and FG, fo
that the focus я of the great concave, and the placa
of the image 0, may be conjugate foci, or that /«,
tr, to, may be, continual proportionals. HI is a
Ibort brafs tube, icrewing into the end of the
larger, having a convex lens E in it, ib placed,
that E0, El may be each equal to its focal dif-
tance. At I is a fmall hole for the rays to come
thro' to the eye, which is fomething lefs than in
Gregory's.

Now when the open end is fet towards the ob-
jec"b, parallel rays coming from the objeét are re-
ftecbd by the great concave FG, to the focus я,
and there would make the image of it inverted
(by Prop. XVIII. B. II.) -, but before they come
at »f they are reflected by thé little, convex ab,

04 to
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Fig. to the conjugate focus 0, which being on the other
119. fide of the reflector, will (by the lame PropJ make

there the fécond image, ereat ift refpect of that at
», but inverted in relpect of the object. Then о
being the focus of the lens E, the rays flowing from
c, and being refracted at E, will emerge parallel
to the eye at I ; where the object will appear in-
verted ; but may be made erect, by caufmg the
focus ».to fall without the tube HI, and applying
a concave lens, as in Galileo's telefcope.

To move the fmall convex back and forward to
fuit all eyes and objects, there is the fame contri-
vance as in the Gregorian telefcope, by the rod LK.
And inftead of one eye glafs two may be ufed, which
muft be placed as in the Gregorian. At o an eye ftop
is to be placed as uiual, to keep off ftraggljng rays.

The craft of a ray RG coming from the upper
part of the object, will be RGaswl \ where the

'part Ga tends to я.

The properties ef tits tekfcope.
; ï..It fhews the object inverted ; and therefore

is more proper for the night, where the inverfion
of the objects is not regarded.

2. Jt is Ihorter than Gregory's telefcope, by
twice the focal diftance of the lefler fpeculum ; and
has t^c fame magnifying power, or rather more,
and.ihj;ws,the objecl as bright.

g. The vifible area is as the breadth of the eye
glalai Forincreafing the eye glafs, more rays will
come, from the outfides of the objed.

4,, The greater the aperture is, the brighter the
object will appear. For then more light is brought
to the.;ffime parts, of the, retina. This will alfo ap-
pear, by ftraitening the aperture, by putting a pa-
per beibre it, with, a hole in it.

5.-,.Tbe brightnefs of the .object is fomething lefs
to,war,dft |йр extreme ;parts, oçcafioned by the iba-
daw of the fmall fpeculum.
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îjfewtenïan îeîefcope.
ABCD is a tdbe open at the end AB í £G a l2o.

concave reflector^ whofe focus is. я, яг# a-' plain
metal refteótor, fet to an angle of 45 degrees with1

the axis rz of the concave. Or inftead of metal,
you 'may have a glafs prifm abm, the fide />;» being
parallel, and лот perpendicular to the axis rZy and
aw equal to bmt and the fide ab muftnot be quick-
filvered over; for it will refleft all the light with-
out it. And whether this refleftor be metal or
glafs, it muft be an oval, whofe length ab muft be
to its breadth, as \/i to ï ; becaufc it ftands ob-
liquely. ThisTefleftor is cemented to affàârm-L,
which is fixed in the fide of the tube, fp that the
axis of the fpeculum may pafs thro' the middle of
ab. Let ro be made equal to rn. And let 9 be
the focus of the glafs lens e, placed in the fide of
tlie tube ; and a thin plate laid over the glafs, with
a fmall hole in it ; or rather a fmall tube going
from thence, of the length of eo, or rather more,
as El ; at the end of which I is a fmall hole for
the rays to pafs thro' to the eye. The refleftor &b
muft not be made too great, and the refieftor FG
may either be made of metal, or of glafs, accord-*
ing to Prob. У. . . !

The tube AD being turned with its Ope« end
AB towards the object; parallel rays cortting from
all the points of it, will be reflected from the con-
cave FG to the focus », where would i>e made
the image of it inverted. But by the interpofition
of the imall refleélor ab^ they are hindered from
coming to », and are reflected thereby to the focus
#>, where they form the fécond image equal to that
at я. Laftly, rays proceeding from this Image,
which is alfo in the focus of the lens e, will be re-
fracbd by the lens, and emerge parallel to the eye
placed at I. Therefore if the face be fet towards

' ' " the
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Eg; the open end AB, and the eye applied at I, the
120. object will appear inverted. Or if you fet your

face towards the other end CD, >. it will appear, erect
to the eye at I; but it is troublefome to ftoop
dowfr, except the telefcope be nearly in a horizon-
tal pofmon.
" The image may be made erect, by making the
fides am and bm of the glafs prifm not plain but
convex, that the- rays may crofs, as well before
they corhe at k, as afterwards between it and the
eye glais. Or it may be erected, by projecting the
'foctis -в, without the tube, and applying a concave
tit t, of a proper focus.
• The tracY of an oblique ray RZ coming from
the uppeY pa¥t of the object,- is RZaswl, where
tfie part Za' tends to x, but is reflected in direction
fis by the plane ab.

The infide of this tube, and indeed of all telef-
copes, muft be made very black, ta abforb the
rays of light that fall upon them.
• All thefè forts of reflecting telefcopes are fet
iBpon a {land with three feet ; and are moveable in
£t every way, fo that they may be directed to any
object j which done, they are fixt there with a fcrew,
wnich keeps them fteady in that pofition.

In fuch of thefe telefcopes as magnify much,
there is à fmall telefcope fixt to the tube, by the
help of which, any object may be found out, by
directing it to the fame object.

УЬе properties of this telefcope.
r. It will bear a greater aperture and eye glafs

than either of the others -, and confequently will
magnify more by about a fifth part. It has like-
wife other advantages, for lefs light will be loft by
reflexion from the oval plane, than from a fpheri-
cal reflector. And will alfo reflect the light more
truly. In the other telefcopes, the diftance of the

eye
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eye glafs and little reflector is greater, which aug- Fig.
merits the errors of refraction. The errors of the 120«,
object metal-will be more augmented by reflexion
from the fmall convex, which therefore requires a
more exact figure ; and hence it will not bear fo
large an aperture j alfo being convex it magnifies
too much, and therefore will reprefent the objects
obfcure, dark, and confufed. '

2. The object in this telefcope appears jnverted,
and therefore is fitter for the night : befides, it ap-
pears in a quite different place, which is not fo
natural, as when it is feen in its true place, by
looking towards it thro' the telefcope. And this
makes it hard to find.

3. Thç vifible ?,rea is greater, the broader the
eye glafs is. And the object is brighter, the larger
the aperture is.

4. This and other forts of reflecting telelcopes,
are ihorter than dioptric ones of the fame magni-
fying power. Becaufe the images made by re-
fraction, are confufed and imperfect, by reafon
of the different refrangibility of the rays, whica
has no effect in reflections. And confequently
thefe images will not bear to be fo much magni-
fied by refractors.

5. There is more care required in giving a true
figure to a reflecting furface than to a refracting
one. For an error in the figure of a reflector will
produce almoft fix times as great an irregularity in
the image, as it will do by the refractor.

P R O B . XVII.

To ßnd the magnifying, power of a reßeding telef-
eope -, alfo the indißintfnefs and brigbtnefs^ and vifual
angle.

Let rV be the axis of the telefcope, and let an 121.
object appear to the naked eye under the angle

RVr
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Fig. RVr or RV», я being the focus of FG ; and Jet
121. юг' be the firít image made by reflexion from FG i

and. of the íçcond image made by reflexion from
ab. Then drawing jE to the center of the eye
glafs, the 'angle sEo (by Prop. XVII. B. III.) is the
angle which the object appears under thro' the te-
leicope ; and therefore it is magnified in the ratio
of RIT to oEs. But the angles of incidence and
reflection being equal, we have RVr = nVx, and
torx — of s.

Now the ratio of RVr or »Vx to oEs, is com-
pounded of (RVr or) »V* to ягх, and of (nrx or)
ors to oEs -, that is, of rn to »V, and oE to or ;
or of rn X oE to nV X or. And therefore the

magnifying power is - — -— _. But fince / is the
• . rn x oE

focus of ab, and (by confirmation' of the telefcope)
in : /r : : /r : /í, therefore «r : /r : : or : to, and

_~_ rr — , and therefore the magnifying power is
гя tr

n . ' .iv^ — . This is in the Gregorian and Caflegrain's
eEy.tr
telefcopes. But in the Newtonian one, where the
images nx and os are equal, tr and to have no-

thing to do ; and its magnifying power is — -

Fcr the inäißinßftefs.
The confufion or indiftindnefs of the image in

the focus of the reflector, is as the circle of aber-
ration ; and (by Cor. ï. Prop. XXIV. B. II.) the

Dj

diameter of the circle of aberration is as - ,
, 4RR

that is, as the cube of the aperture directly, and
thVicjuare of the focal diftance inverfly. And the

apparent
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apparent magnitude of that diameter fe,cn thro' the Fig.
eye glafs, is as the diameter itíèlf direáày, and izi-
the focal diftunce of the eye glafs inverfly. .Arid
the indiftinetnefs in the eye is as the apparent.area of
that circle, that is as the 6th power of.the aperture
directly, and the 4th power of the fpcal diftance
of the great reflector iriverfly, and : aífo " asrflfe
fquare of the focal diftance of the eye glals in-
-verily. Therefore if A be the aperture, and F
the focal diftance of the large reflector, £ the'focal
diftance of the eye glafs i then the indiftinctneis
• A6

is as .
f*gs

For the brightnefs.
If the area of the image in the eye be given,

the brightnefs will be as the quantity of light, that
is as the fquare of the aperture. And if the light,
or the aperture be given, the brightnefs will, be as
the area inverfly. Therefore in general the bright-
nefs is as the fquare of the aperture directly, and
the area inverfly, but the area is as the fquare of
the magnify ing power; therefore the brightneu is
as the fquare of the aperture directly, and the
iquare of the magnifying power reciprocally. There-
fore if M be the magnifying power, the brightnefs

Ai
is as _.

M1

Cor. ï. If F, /, be the focal dißances of the great
andfmallrefleflor ; g — focal dißance of the eye glafs,
to = d. Fhen in the Gregorian and Caffagrain's te-

TffJ

lefcope, tbf magnifying fowtr is — . And in the

t- g

№wtonian> it is —
S

Cor. 2. An obje£i appears equally dißinu in refltfí-
ing tekfiopes of the fame fort -, when t he focal dißances
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Fig. if tèe eye gla/es, are as tbe cubes cf the apertures of
I2i. t be great reßetfors, divided by the fatiares of their fa-

cal diftances.

F o r i f ~ . ** Siyen ' A Í i s a s *> a n d A '

as F*^ whence £ is as - .
F*

.Cor. 3. /» refleßing telefcopes of tie fame fort ; an
tbjea appears equally bright^ чоЪеп the aperture is as
tbe magnifying power.

'• д ï
For if -^ be a given quantity, then A* is as

M!, and A is as M.

Cor. 4. In fever al reflecting tekfcopes of tbe fame
fort, an objeä will appear equally bright and diftinft ;
'Sähen their apertures and magnifying powers are each
as the fourth roots of the cubes of the focal diftancis
$f the great concaves ; and the focal diflances of tbe
eye glaffes as tbe fourth roots of tbefe focal difidncei.

For in the Newtonian telefcope M is as
F . F
— } and fince A is as M or —, therefore A? is as
1 ' F g A'
F, and g as -- , but g is alfo as — ; therefore £l

Л t A
Д 5

is as — , and F5 as AS and A as yp' -, and there-

_ p
fore M is as £/F'. Whence g is as ГТЕГ} or as (/F.

And in the Gregorian and Caflègrain's telefcopes,

we have M as — — , wherein if we fuppofe _ o*
fs f

(which (is the fame thing) — a given ratio, which

fuits them very well -, then M will be as —, and

* all
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all things will foUow, as^,before iptitbe;Newtonian Fig.
teleícope.

Cor. 5. In refle Hing telefcofes the vifual angle is
es the breadth of tbejeyegfofs, divide4 iy its defiance
from the fmatt refleilor.

For the angle of reflexion at r • being equal to
the angle of incidence, the ray rs will mifs the
lens E, if it is not broad enough. Therefore di-
miniihing the lens» diminiflies the angle srV ami

and alio rVx, and rVR the vifu^l angle i and
so

< sro is as — = breadth of the eye glafs, divided
or

by Er.
Cor. <6. If N le tie angle, which tbe eye floß

Nf
fubtends at the little, reßeflor. íhen —±- is tbe angle

г
tbe telefcope takes in, nearly ; fuppofing Ле hole as big
as the eye gïaff. But in Newton's, tbe an^le taken
in, is tpat -tvbicb the eye glaß (placed in the focus^
fubtendi at the great concave.

For fuppofing the ray rs to touch tl^e edge of the
eye glafs, then the angle. N r; ors or, icrn, is to be
diminiihed in the ratio of m to »V"to get the
angle яУх or RV«,,that is nearly'in the-ratio of
rt to »V» or/ to F. A-nd in 'Newton's, nx fub-
tends the angle nZx — RZ<n (fig. 120.) The an-
gle N is the linear view ; and that diminiihed in the
ratio of / to F nearly, is the real angle, the part
feen of the object, appears under, to the naked eye.

Cor. 7. Inßmilar reflecting tdefcopes, the magni-
fying power, diflintJnefs and vifuat angle, are the fame.
And the. brightnsfs as the fquare of tbe length of the
telefcope.

For F, /, g, are in given ratios to one 'another ;

and the magnifying power is as •— or —-, which
fs s

is
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Fig. is a given ratio. And the diftinftnefs (or its
I21*fquare root) is as__, and this is a given ratio.l

Alfo the vifual angle is as -~— -_ or as — ( put-
F-f/ F

ting b zz breadth of the eye glafs), which is alfo a

given ratio. And laftly, the brightneft is as —

or as A* (becaufe M is given J that is, as F1.

Cor. 8. From what bas been laid down concerning
the nature and conflruiiion of ibefe telefcopes, it will
not be difficult to conßruEl one of any length. I ßyall
here infert fame tablet conßruaed by the preceding
rules.

?be Gregorian Tele/cope.

F
f. in.
0 6
о 9
1 0
I 6
г о
? °

/
inches
1.14
1.46
176
2.32
1.67
3-43

A
inches

!.6l

2.23
2.70
3.62
45*
6.26

a
inches
0.32
0.38
0.42
0.51
0.56
0.65

S
inches

1.25
'•5.1
'•73
2.04
2.31
2.56

M

25
Зб
47
68
93

148

Mr. CaJ/ègratn's.

F
f. in.
i 6
3 о
5 о

/
inches
2.17

3-57
5 * 7

A
inched

3.89
6-57
9.61

a
inches
0.42
0.59
0.76

g
inches
1.67
2-34
3-°3

M

90
155
230
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Sir ï

log

Fig-
12Г.

F
feet

I
•5Г
I
* '
3,
4
5
•6
8

io
12

• A;
nches
0.8:6
1-44
2-45
33'
4.10.

4.̂ 5
"5-57
6.89
8.16
9-36

* .-.
inches

Q.l6
o.zo,
0.2.3

O:Z6

0.28
0.29
o:ji
°-33
0;35"
0.36

№ :

36
6o

ï oh
•13,8
17.

.202
232
287

340

39°

S C H O L I U M I .
The breadth of the fpeculum eb is not deter-

mined by the jforegoirtg calculations, and therefore
is left to the judgment of the artift. , But it mull
be confidered, that if it ia too broad, it will inter-
cept too many of the beft fays, from coming to
the large concave FG ; and if it be two fmalJ,
many of the rays reflected from FG, will pafs by
it. Therefore to avoid both inconveniences, it
will be proper to make its breadth to that of FG,
as their focal diftances, or rather as rn to Vn. For
then it will juft reflect the whole pencil of direct
rays that falls upon FG, (fee fig. 118.)

Likewife __ was aflumed á given ratio j but as

it is unlimited, it may be taken otherwife ; and
then this will caufe a variation in all the other quan-
tities, and their proportions to one another. And
of this experience will be the beft guide.

. In the tables before laid down, it is fuppofed
í hat the focus о falls at or about V, and on that

P fup-
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Fie. fuppofition the magnifying powers are calculated ;
121.which would be greater if o falis beyondдч.

Inftead of a, fmall concave or convex reflector
ab, a plane reflector may be ufed» But then to
have the focus о to fall at V, it muft be placed
in the middle of nV 4 and then its breadth muft be
half of Ю, or elfe it cannot reflect all the-direct
rays falling on FG, and reflected by it. Such a
plane reflector would flop a quarter of the direct
pencil of rays, and the beft of them too. And
befides, the image at 'о would be /no bigger than
that at я ; and therefore this conftruction will not
anfwer the end.

Very long telefcopes ihould not be ufed to mag-
nify terreftrial objects. For they equally magnify
the particles of the atmofphere, and all grofs va-
pours arifmg in it. And thro' fuch telefcopes the
air appears in a perpetual tremor ; and the more fo,
the more the telefcope magnifies. And this trem-
bling motion of the 'atmofphere makes every ob-
ject appear confufed and mdiftinet. The only re-
medy is a ferene and quiet air.

If it was not for the different refrangibility of
the rays, the errors in refracting telefcopes, would
only be fuch as are caufed by the fphericalnefs of
the figure of the glafles ; and then the dimenfions
of the feveral parts would be proportioned by the
fame rules, as in reflecting teleicopes. But as ex-
perience fhews the contrary, it is plain, that the
aberration arifmg from the fpherical figure, is ex-
tremely fmall, in companion of that proceeding
from the different refrangibility.

I ihall here add the algebraic expreffions for the
feveral parts of Gregory's telefcope, fuch as have
been found to anfwer experience.

Let focal diftance of the great concave rr F.
its breadth — — — n A.
magnifying power — — — M.

tan.
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tan. angle the hole in the. concave, ï _ Fig.
fubtends at the eye glafs. J ~ n' í г ï .

»F

then, с — breadth of the: image at », of ft>
of the objeét as the eye takes in ; fuppoiîng the
eye glafs as big as> the hole.

Breadth of the hole in the concave, 1 __ , -n
or of the fmall fpeculum (a) * _ '

focal diftance of thefmaHfpeculum(y) =r w

diftance of the fpeculums (Vr) = F -H .- — ̂ - = Лr

ï -

focal diftance of the eye glafs (g'— Eo) =— -L

diftance of the eye

breadth of the holp in the plate at the ey&= , f - .

Note* day telefcopes require an eye glafs of
the focus of night telefcopes -, apd njagnißes but
half as much.

S C H O L I U M П .
Befides the telefcopes defcribed before ; there is

alfo one called a binocular or double tekfcope. This
is no more than two equal telefcopes fet in a frame,
parallel to one another j and thefe may be fet at a
proper diftance from one another, by the help of
fcrews ; and that diftance is to be the fame, as the
diftance of the two pupils of the eyes. When.
that is adjufted, a perfqn is to look thro' them both
at once -, thro' one with each eye, to any objeél \
which will then be feen by both eyes, and apßcw
far brighter than thro' a fmgle tekicope,

P г AU
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.Fig. All tclefcOpes in general reprefent all tcrreftrial

objecb to be nearer hand, but not larger -, and this
-nearnels, vicinity or feeming approach of the ob-
jeft, is as the magnifying power of the telefcope.
Thus looking at a man 100 yards off, with a te-
lefcope that magnifies ï oo times ; the man will ap-
pear no bigger, but will feem only to be a yard
off; and the like of other objefts fituated on the
earth.

P R O B . XVIIT.

f o find the ntAgnifying fewer of a telefcope^ by ex-
periment.

Make two equal circles of paper of an inch dia-
meter or more, and fix one of them upon a wall
loo or zoo yards diftant \ and the other at a fmall
diftance, in a line with the firft. Then look at the
further circle thro* the telefcope with one eye, and
at the near circle with the other eye naked. Move
the nearer circle (or elfe the telefcope) back and-
forward, till the two circles appear equal, or coin-
cide. Then meafure the two diftances, from the
eye glafs of the tekfcope to the two dries ; then
divide the greater diftance by the lefler, and yoe
have the magnifying power of the telefcope.

Or thus,
If you be in a room where there is a cafement

or fafh window -, caufe a ftaff, or fuch a thing of
two or three feet long, to be fet upright at a good
diftance from the houfe. Open the window,' and
place yourfelf at a convenient diftance therefrom,
fo that you may be in a line with the ftaff, and the
fide or frame of the window. Then looking thro'
the telefcope with one eye, to the ftaff, mark the
extremities of the ftaff where they appear on the
•window frame. Alfo with the other eye naked,

(or
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for with the fame eye afterwards, placed where Fig.
the eye glais of the releicope was) look at the ftafiy
and mark the extremities of it alfo oh the window
frame. Meafure how oft this laft diftance is con-
tained in the firft, and that is the magnifying
power.

Inftead of a ftaff, an accidental object may pre-
lent itfelf, which will do as well ; as a chimney top,
a window pr door of a houfe, a tree, &c. By try-
ing thus feveral times to find if your marks be
rightly fet, you may do the thing pretty exactly.'

In a refracting telefcope, when you, have a large
objeot to look at, you may do the fame thing, by
looking the contrary way thro' the telefcope to di-
miniih it ; and making marks as before ; and like-
wife looking with the naked eye, and making marks.

,likewife -, for thefe will give the fame refait. In-
ftead of marks, you may ftick pins into the win-
dow frame.

P R O B . XIX.

To make a Jingle micröfcope.

A microfcope is an optical inftrument, made of I22.
•ne or more glaflès, or fbmetimes with a reflecting
metal ; to view very fmall objects.

To make a fingle one, take a very fmall lens L,
fix it in a frame to take hold on with the fingers -,
and place any fmall object PR in the focus of it -,
and applying the eye clofe to it on the other fide,
at O, and looking thro' the lens ; and it will view
the object diftinctly and magnified. Or if the fo-
cus is not known, move the object to and fro', till
it appears moft diftinctly ; and then it is in the fo-
cus ; and; therefore the rays will be refracted paral-
lel to the eye.

In this microfcopey put D z: títe teaft diftance,
that the naked eye can fee diftinctly ; then the mag-

P 3
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. microícope is ? - - . And it
t"22. ........ QL •

For àejâys 'from |* ^ndvï£ enter .the eye under
the angle jPLk, but 'to the naked eye tbe object
appears under the angle which PR iubtends at the
diftance D. And thefe angles are .reciprocally as
the diftances D and QL, A.rid therefore the appa-
rent magnitudes are in that ratio.

If the lens L was taken away, and a plate with
a fmall hole in it put in its place ; the object PR
will Appear under thé fame angle PLR as before.

Otberwife thus,

Since lenfes сащы be formed fmall enough to
view very minute .objeïts.; there is a neceffity of
making ufe of very final] фЬегёз for that purpofe.
Let ABD be a fmall фЬеге, С its center, PQR an
object, placed in the focus Q, where AÖ = t AC.
Then applying the,eye clofe behind the Iphere, it
will fee the object magnified- For the rays flow-
ing from the focus Q, ajjd failing on the fphere,
will emerge" parallel to me eye, and the object will
appear diftind, and erect.

If D be the leáft diftance that the naked eye
ean fee diftinctly ; then the magnifying power will

For drawing PCG, RCF thro' the center C, the
rays from P and R come to the eye under the an-
,gle FCG or PCR. And that angle is to the angle
which the object -appears under at the diftance D,
as that diuance D to CQ ; and therefore chat is the
ratio of the magnifying .power.

Whence this fphere has the fame magnifying
power as a lens whofe focal diftance is CQ. Bat
thefe fpheres are inferior to lenfes j becaufe m the

•lens
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lens the object is three times as far diftaat from it, Fig.
as it is from the fphere } for which reafon the 123.
fphere hides almoft all the light from the obj«at.

Thefe fpheres are fixt between two brafe plates,
or rather one plate doubled in the middle; and
having a imall hole drilled through it, to take up
about thirty degrees of the Ipherej and in this
hole the fphere is lodged.

Otbertvife thus.

AB is a tube, having a fmall lens or fphere fixt ! 24.
in the end A, and the end B muft be covered with
a very thin paper. P is the object, which mull
be placed a little further off than the focus ; fa
that the other focus (conjugate to P) may fall juil
on the paper at В -, which is eafily known by mov-
ing P back and . forward, till the image at В be
diuinil, where it will appear magnified, in the ra-
tio of the length of the tube to the focal diftance
of the glafs iphere or lens, and inverted. The
object P ought to be illuminated.

A microfcope may be made, by placing two
piano convex glaiTes in a frame, to touch at their
convex furfaces. This will ihew the objects flat
and not crooked.

Cor. r. In ßngle microfcopes, the objeEl will be
equally dißinß, wbfn the apertures are as t hg focal
dißances.

For then they are fimilar parts of the whole
fpheres, and confequently there is the faròç fcpara-
tion of the rays in both, uppu .which the indiftincV
nefs depends.

Cor. 2. The magnifying power of -a Jingle lens is

reciprocally es the focal dißance •, or it is

For D the diftance to fee diftindly, is given.
P 4 Cor.
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Fig. Cor. 3. An cbjeã would appear as great to f be1

122.-naked eye as thro1 aßnglt microfcope, if it was placed
at tee focal'dißanee froffi tbe eye, and the eye could fee
diftinfflyat teat dijtanee,'

For then D =r QL, and the magnifying power

— is ,i ; and ,it would appear under the fame
QL
angle to the naked eye as thro* the microfcope.

Cor. 4. Tht brigbtnefs-ef an obje£t feen through a
ßngle microfcope is as the fquare of the aperture* di-
vided by the fquare of the focal dißance.

For the focal diftance and aperture being fup-
pofed in a given ratio, the angle which the glafs
fubtends at the focus is given, and confequently
the quantity of light contained in that angle (or in
a cone described by its revolution) will be given.
But when a givra quantity,of light enters the eye,
the brightnefs of the image will be reciprocally as
its bignefs, that is reciprocally as the fquare of the
magnifying power, or reciprocally as the fquare of
the focal diftance. Now incréafe the aperture, and
the light will be increaled in the ratio of the fquare
of the diameter of the aperture.

Cor. 5. The more convep the lens is, the greater, is
the image ;, but .then it is alfo the mare obfcure. And
tier if ore we cannot magnify as far as чае pleàfe, un-
lefs more tight be borrowed to illuminate tbe objeSl;
and that would f ail at laß.

For' the power of the, microfcope would be li-
mited, by the breadth of the pencils, that enter the
pupil, and thefe are equal to the breadth of the
aperture i and if that be lefs than 4 or 4 of a line -,
the, jpdge§,,of ,the objeit. will begin to appear in-
diffinâ:. ^ And to'preferve the fame diftinftnefs,
the aperture cannot be inçreafed, but muft be in a
given ratio to the focal diftance.

S c H Q-
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There is ъ •way.rJtOvmakjewater mjeroicopes, 124«
which is thus; cake a thin brafs plate, and dru a
hole in it, about the 3pih part of an inch. ;,Then
take a little water upon the point of a needle or
pin, and fill the hole with it, and this water will
form'a double convey lens or fphere. Then a
fmall object being placed upon a thin glafe, fixed
in the other end of the brafs turned up, and
drawn into the focus by a fcrew. Then the objéét
will appear magnify'd thro' the drop of water,
more or lefs according to the fmallnefs of the hole.
But this fphere of water will exhak, a'nd vaniih
away in a little time.

If an object be illuminated by iome homogeneal
colour in a dark room, the microfcope will bear
a deeper charge and a larger aperture, with dif-
tindtnefs.

To make the little glafs fpheres for, microfcopes.
Take fomc fmall pieces of broken glafs, and hold
them in the blue flame of a candle, till they be
red hof, and run into globes, or rather in a lamp
made with rectified fpirit of wine,, with a wick
made of filver wire laid clofe together. Any fmall
piece of glafs taken upon the end of a filver needle
wetted with fpittle, and this held in the flame till it
is melted, and becomes round, then it muft be im-
mediately taken out and cooled. Or take a clear
piece of glais and heat it in the lamp, and draw
it ' out into a long thread ; then holding the end
of the thread in the flame, till it run into a round
globule hanging at the end of the thread ; it
muft then be. taken out. Thefe will magnify
vaftly if they are as big as a grain of muftard feed,
or of a fmall pin head. The chief ufe of thefe
globules, is to look at tranfparent particles of mat-

ter/,
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ï'ig. ter ; and the leaft globules have the greateft power

of magnifying.
Drops of Ikpaors -which are to be viewed, rnuft

be fpread upon a thin glafs, contrived to ilide
every way, that all the parts of it may be brought
fucceffively to the focus.

By help of thefe inftruments one may fee the
circulation of the blood in animals ; the animal-
cwla that iwim in drops of water impregnated
with ginger, pepper, and fuch like things ; alfo in
vinegar. Their forms are various, and their mo-
tion odd and feprifmg -, thefe in vinegar are like
«els, and fwim like them ; and generate their own
kind. It is likely thefe animals are drawn out of
the air by the fmell of the infufion in which they
are found. For none appears in a veflèl that is
clofe covered. Milk appears to confift of tranipa-
rent globules, fwimming in a tranfparent liquor,
but of a different degree of refracYion. The ani-
malcula that fwim in water are of a globular form,
but tranfparent ; they have two motions, one pro-
greffive, and the other a rotary one ; they are ex-
ceedingly fmall, 30,000 of them being but equal
to a grain of fand. In rivers after rain there are
plenty. Rain water has many, and fnow water
more. The dew and the air is full of them.

P R O B . X X .

7o make a compound Microfcope with two or more
convex lenfet.

\ 25. Let the microlcope be made with the two lenfes
A and В -, A the objeft glafs, which rrmtt be a
very fmall one, and very convex ; F its focus. В
the eye glafe, being larger than the other. PR is
the object, which muft be placed a little beyond
the focus F, of the glafs A. Make QF, QA>
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Qq continual proportionals ; and make q the Fig.
focus of the glafs B. Alfo make Aq AB, АО 125.
continual proportionals, and О is the place of the
eye, where looking thro/' the glafs B, it will fee the
object at q inverted. Thefe glafles are inclofed in
a tube, which may be brought nearer, or fet fur^
ther from the object PR, as there is occafion, by
fliding within another tube. Generally there are
feveral ftzes of the lens A, fixt in little cells or but-
tons,, which fcrew upon the end of the tube, as
one has occafion to ufe a greater or lelTer magni-
fier. The objects are laid on thin pieces of glafs
or talk, to which they cleave, and thefe are fixed
in fliders, to be ufed pccafionally. It is beft to fef
the tube upright, and look down perpendicularly
upon the object, thro' a fmall aperture made at O.
There is a concave or convex glafs in moft-qf thefe
machines, to throw light upon the object PR.

bince QF, QA, Q^, are in continued propor-
tion, Q_andj, are conjugate foci ; (by Prop. XXI.
B. III.) and^r is the image of PR. And fmce g
is the focus of В -3 the rays flowing from fry and
refracted by B, wil l emerge parallel to the eye at
B} where it will fee the imagepr diftinct, and in
a contrary pofuion to PR. Likewife fmce Aqt

AB, АО ate continual proportionals, A and О are
conjugate foci ; and (by Prob. III.) therefore О is
the place where all the pencils meet, and confe-
quently is the place of the eye, to fee the moil of
the object.

If D = the k aft diftance the naked eye can
fee diftincily, then the magnifying power is
P x g A

jB x QA '
For m the fingk microfcopc B (Prob. XIX.),

the image pr is magnified in the ratio of D to jB*
And by the lens A, the object PR is magnified
ito pr}t in the ratio of Aa to AQ, (by Prop.

XXXII.
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Fig. ХХХИ. В. III.) ; therefore the whole magnifying

PxAg . Alfo fee the Corollaries of

Prob. II,
To fuit thé micrufcopë to íhort-fighted people,

the glafíès A and B muft be placed a little nearer
together, that the rays of each pencil may come a
little diverging to the eye.

The lens В muft be greater than A, otherwile
many of the rays paffing from the object through
A, -would mifs В -, therefore it muft be broad to re-
ceive them ; and the axes of all the pencils will
meet at O. This conftruction is nearly the fame
as in the aftronomical telefcope ; only the object
glafs A is here lefs than the eye glafs, which muft
be greater in the telefcope.

In many of thefc forts of microfcopes, there are
two eye glafíès -г and the middle one is the largeft ;
jand is placed before the image. />r, between q and
A. By this means the microfcope receives more
light. And thefe two eye glaffes bring the rays
looner to a focus, and gives a larger view of the
Object.

Cor. ï. The magnifying power of a doable na>-

trcfcope АЪ, is Px?A . Ana is fametbing le/er in

é treble mierofcope : wbicb is flwrter^ where D is the
dißance to which íbé eye can fee diftinflly*

Cor. 2. The apparent brightnefs of anobjeft
A * v eßz

» as. — —" — ; putting h for the aperture of the ob-
?A*

je£f glafs A.
For tbe light falling upon A in the plane

PAR, is as the angle it fubtends at Q, that is, as
A AA"

and that cone of light is as — — .-, and that

light



В. IV. I N S T R U M E N T S . îuu
light is tranfmitted to the image pr, !,and fo.to.the Figi
bottom of the -eye ; and its brightneft there will be 12J,
as the denfity, or reciprocally as the area of the.
image ; that is, reciprocally as the magnifying
power. Therefore the brightnefs is as the fquare of
A B? x A Q , . , r _. . ' .

— — x -rpr -- r-^ -, that is, became D is given, as

v r r- A x BÖthe fquare of — — 2.4 -Af

Cor. 3. *Tbe vifual angle is as the ireadib of tee
' ..... .

For if the eye glafs be contracted, fome of the
extreme rays will mifs it, and fo the view is con-
tracted.

Cor. 4. // is found by experience, that a double -mi-
frofcope performs well iiaben the aperture ôf A iJ'Vs-
of an inch AF — -/-„-. Aq •=. 7, and Щ :=. г\ Aiiâ
the magnifying fewer — 36.

S C H O L I U M .

Altho' the aberration occafioned by the figure of
the glafs is of no moment in telefcopes, when com-
pared with the aberration arifing from the different
refrangibility of the rays; yet in fuch fmall lenfes
as are ufed for microfcopes, where the apertures
are large, in reÇpect to the focal diftance ; the
aberrations by .the figure become fenfible, and of-
ten caufe the image to be indiftinit. , For example,
let there be a fingle microfcope, whofe lens is -rV
of an inch in breadth, and its focal diftance near
•A-. iThen (by Cor. 6. Prop. XLI. B. III.) the
aberration by the figure, will be to the aberration
by the colours ; as 232 to 256, almoft equal. So
that in fmall lenfes, the indiftinctnefs is caufed by
both forts of aberration, and therefore cannot well
be brought under any rule.

A fmall
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Fig. A ímall aftronomical telefcope may be turned
125. into a microfcope, by drawing the eye glais fome-

thing further from the object glafs ; and looking
thro' it the contrary way, at the object placed near
the end of it.

P R O B . XXI.

To make a reßeßing microfcope.

126. Let FG be a reflecting metalline concave, whofc
focus is P, BC a refracting lens for the eye glafs,
placed upon the fame axis. O an object, placed
near the focus O. Take PO, PV, PA continuaüy
proportional, and place the lens BC fo, that A
may be its focus. Then take VA, VE, VI, con-
tinually proportional, and I is the place of the eye,
which thro' the eye glafs BC, will fee the object at
A diftinct, inverted and magnified.

For О and A being conjugate foci, the object
at О will be repreíènted at A inverted. And A
being the focus of BC, the rays flowing from A
will emerge from BC parallel to the eye at I, and
caufe diftinct vifion.

The eye glafs E is inclofed in a tube KL, which
ilides within another KH, which is clofe as far
as DH, but open in the ípace DFGH, to let the
light in upon the object O. A ftop muft be fet
at A to cut off the ftraggling rays. To illuminate
the object, it will be proper to throw the light
upon it, with a concave renector.

Cor. ï. If D is tie keß diftanee tbtf the eye can
fee diftinaly (as etgbt inches); the» tbe magnifying

: VAxDp.e-vasr is ———-=•.r VOxAE

For
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For the pbject is magnified at A, in the ratio Fig.

— (by Prop. XVI. B. II.) and this image at A iz6'

is again magnified by the lens BC, in the ratio ——
,. AE

(by Cor. 2. Prob.Xït.O

Cor. a. f be apparent brightness in federal mtcrof-
. & д vAF* ' • • ' ' •

fOpes,is as —-— . Where 'A is tht aferture of

FG.
For the light falling on FG, is as the fection of

A A •
the cone FOG, or as w-r-rt, j and that light carried

to the image at A, and thence to the eye» bas the
brightnefs diminiihed in the ratio of the area of
the image in the eye, or as the magnifying power.
Therefore the brightnefs is as the fquare of

Л.* 22*i£. o'r of еЛ^ or of A*A£
vo VAX P VAX D VA

S с но L i v м.

A reflecting microfcope may alfo be made after
the manner of the Gregorian telefcope, with two
concave fpeculums, the object being pjaced with-
out the tube at a fmall diftance from the end of it.
Or it may be made after the form of Mr. Cafla-
grain's telefcope, with a concave and a fmall convex
reflector ; and the object to be placed between the
principal focus and center of the large concave,
and a little without the fmall reflector -, and then
each of the reflectors muft have a hole made thro'
it, to let the rays país from the object.

P R O B .
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Fig.

P R O B . XXII,

To make a folar tnicrofcope.

The ufe of this inftrument »to magnify tranf-
parent objects which are very finaU ; and to ex-
pole them to view by the help of the fun's light
thrown upon them, and eafting their image on the
oppofite wall of the room.

> 1 he conftruetion is this-, CD is a microfcope-
glafs, F its focus, its focal diftance GF, which
may be ^ of an inch or 4. an inch. The glafs CD
is fixt in the tube EK, which ilides within another
tube HI about two inches diameter, and eight or
ten inches long. О is a very fmall object, placed on
a flip of Mufcovy glafs or talk, in a flider, which
goes thro* the tube HI, where a flit is made on each
fide to receive it. By fliding the tube EK contain-
ing the microfcope glafs CD, within the other tube
Hi back and forward, the glafs is fet to any dif-
tance from the object O, which is to be placed Ibme-
thing beyond the focus F. The place of the ob-
ject O, is adjufted thus ; let L be the oppofite
wall of the room-, make OF, OG, OL continual
proportionals-, and O, L will be conjugate foci,
by Prop. XXI B. III.

To illuminate the objecl:, a lens AB is fixt in
the end of the tube HI, to collect the fun beams,
and throw them upon the object at O, which muft
be placed between the glafs AB and its focus -, for
if the object was in the focus of CD it would be
burnt or difperfed by two much heat.

This inftrument is only ufed in a dark room,
to which purpofe the end of the tube HI goes thro'
a ball and focketj which fits into a hole in the
window fliut MN ; then the tube being directed
towards the fun ; the lens AB will caft the fun's

rays
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rays upon the object at O, by which it is ftrongly Fig.
illuminated. Then rays flowing from it as a lu-127.
minous body, will be refracted by the lens CD,
and converge to L, where it will paint the imase
of that body. For О and L being conjugate foci,
the image will appear diffinct at JL. And there-
fore the tube EK. muft be flid in or out, till the
image at L appears diftinct.

There is a contrivance oi placing a looking-
glafs without the hole of the window fhut, which
may be fet at any angle. And by turning fome
fcrews or pins, it is fet to fuch an angle as to re-
flect the fun's rays horizontally thro' the tube ; fo
that it need not be elevated to the fun.

By the help of this inftrument may be viewed
the animakula in pepper water, in vinegar, or any
other liquor -, and likewife a,ny other fmall animals
that are traniparent.

It is by the means of the fun's light that the
picture at L becomes vifible -, for feeing it is very
much magnified ; the brightnefs would decreafe
in proportion to its magnitude, and it could not
be feen at all with common light. >

Any object О is magnified in proportion of
GL to GO, or the diftance of the image from
the lens CD, to the diftance of the object from it.
And therefore the fmaller the lens CD is, or the
leiTer FO is, the more the object will be magnified.

P R O B . XXIII,

To make a magic Lantborn,

ABPQR is a tin lanthorn afoot diameter; or 12 "
it may be a fquare box of wood ; HI a round
tube four inches diameter, and eight inches long,
fixt in the fide of it. CK another tube four inch-
es long, iliding within the firft, and having a

Q convex
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Fig. convex lens D of three inches focus, fixed in it.
128. O an object whofe image is to be projected on

the oppofite wall of the room at L. F is the
focus of D, and О is to be placed beyond F, fo
that OF, OD, OL, be continual proportionals ;
and then L will be the place of the image. This
inftrument is only ufed in a dark room ; and to
illuminate the object, a candle or lamp is fet at E,
and a concave reflector GN placed on the oppo-
fite .fide; fo that its vertex may be in the "fame
line with E, O, F, D ; and that E and О may be
conjugate foci, to the reflector.

The object at О is generally forne ludicrous ,or
frightful figure, on purpofe to divert the fpectatorß,
it is painted upon a piece of plain thin glafs, in
dilute and tranfparent colours ; for if they were
opake they could not be reprefented at the focus
L. They are beft done with oil of fpike, mixt
with feveral forts of colours ; they penetrate the
glafs and dry prefently. The pieces of glafs the
figures are painted on, are put into fliders, three
of them in one flider ; which are to be put in at a
flit at O in the tube HI, when Uied, and in -an in-
verted pofition -, they muft be placed in a line be-
tween E and D. Small living animals may alfo be
xifed ; and fome of them make a moil terrible ap-
pearance.

This machine carried into a darkroom, and fet
on one fide, and the candle or lamp E being light-
ed, and the box made clofe, the candle partly by
its direct light, but more by-that reflected from
the fpeculum GN, will ftrongly illuminate the ob-
ject at O, which being tranfparent, the light will
pafs thro' it, and being refracted by .the lens CD to
the oppofite wall, will give there the image erect,
becaufe the object was inverted. If the image at
L is not diftinct ; then to adjuil it, draw the tube
CD a little in or out, till the image appears dif-

tinct,
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tinft, for it may be projected to any diftance. As Fig.
there is á deal of fmoak produced within the Ian-128,
thorn, there is a hole R at the top, to convey it
away.

Inftead of the concave reflector .GN, one may
place a deep convex lens AB, in the end of the
tube HI, which will throw the light of the candle
upon the object at O, and illuminate it. Likewiie
one may place two lenfes in the tube CK, .which
will make the rays converge fooner ; and .then there
muft be placed a ftop between them with a hole to
let the light thro', and cut off the fuperfluous rays.
The whole length of the machine may be about ã
foot and a half long; and the-focus of the glafs
CD, fix or eight inches. This inftrument and the
folar microfcope are both upon .the fame theory.

P R О Б. XXIV.

7* make a Camera Obfcura for taking the draught
ef a country, a town., or any building, &c.

Let ABCD be a wooden box, about a foot and
a half fquare, open only on the fide AD ; and
efgh a fmaller box about fix inches fquare, and open
only on the under fide gb. This lefler box is let
into a hole in the top of the great box AB, and
made clofe and fixt there ; eopi is a plain reflector
or looking-glafs, fixt diagonally in the fmall box,
with the reflecting fide downwards, making an an-
gle of 45 degrees with the perpendicular fide, or
face, eh. There is a tube К going thro' the fide
eh of the fmall box, which ilides in and out ; in
this tube is contained a convex lens about three
inches diameter, and focal,diftance about two feet;
this tube ftands even with the middle of'the reflec-
tor ep. The focal diftance of the lens ought to.be
equal to the height of the middle of the reflector

Q 2 above
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Fig. above the bottom CD of the great box, added to
129. the diftance of the faid middle point from the lens.

On the top of the fide AD, along AL there hangs
a curtain ; by the help of this, the box may be
made entirely dark within.

When this machine is to be ufed, it is carried
into the fields, to the top of a hill, or fome high
piece of ground, where the place, whofe draught
is to be taken, may be feen to the beft advantage.
Then placing it upon a table, or upon a frame
made on purpofe ; fet it level upon its bafe, and
let it exactly face the objects that are to be drawn.
Then the draught's man is to put his head and his
hands into the open fide AD, and draw the cur-
tain clofe about him, that no light get in ; then
laying a Iheet of paper upon the bottom CD, and
fattening it that it cannot move ; fee if the objects
appear diftinft upon the paper ; if they do not,
move the tube a little inward or outward, till the
objects do appear diftinctly -, and then it is time
to draw the pictures of the objects within. There-
fore having your head and hand in the box, and
the curtain clofe drawn, run over all the lines of
the feveral objects, as they appear on the paper,
with a black lead pencil, or one of chark ; till
you have gone thro' the whole. Then you may
cither keep the draught as it is, or run the lines
over again with ink, and then it will ftand in no
danger of being rubbed out. Thefe inftruments
generally take in about 45 degrees.

This machine is on the fame principle as that of
darkening a room, and letting the light in,thro' a
lens in the window fhut. For here the rays flow-
ing from any object, are refracted by the lens in
the tube K, and would paint the image of that ob-
ject, in its focus ; but being reflected by the fpe-
culum ep, directly down to the bafe DC, they will
there paint the image thereof, at the fame diftanct

from
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from the reflector, as it would have been beyond Fig.
it, in their true fituation, and proper colours. Here \ 29.
the Jens muft not be too broad, for then the images
will not be diffinct ; nor ihould it be too narrow,
for then they will appear dark. And of all things
a clear funfhiny day muft be chofen for this work,
fo as to ihine on that fide of the objecb that ap-
pears to your view.

Inftead of having a tube with the lens in the fidç
of the box ; the tube may be fixt perpendicular^
under the refleftor, and then the rays will be firft
reflected, and then refracted. This requires a
greater height of the box ; but all the effecb will
be the fame.

Alfo inftead of having the fide AD open, one
may'have it dofe, and near the bottom make a
hole to put the hand thro' with a pencil ï and near
the top make another hole to look thro -, and there
the fide of the box ihould be flanted off. The part
where the hand goes thro', ihould flide back and
forward, that the hand may move to any part of
the paper.

P R O B . XXV.

To make a portable Camera Olfcura, to чз'геч» dißant
objeïïs.

ABCD is a fquare box eight inches long, open
at top and on the fide AD. ALMD a fquare hol-
low fruftum of a pyramid five inches long, fixed
clofe to the fide AD of the box. In the end of
this pyramid LM, there ilides a tube KI, in which
is fixt a broad convex lens, whole focus is near the
end BC. FG is a plain refledbr or looking-glafs
going diagonally thro' the box, and is fet to an an--
gle of 45 degrees. EB is a glafs plane, having the
upper fide unpoliihed -, AH is a lid that opens up
when the machine is ufed; this lid has. two wings^

Q.3 one
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Fig. on each fide, hanging perpendicularly, and they
130. reft upon the fides of the box when -the lid is up -,

and ferve to ihade the image, made in the rough
glals E'B, from the light.

When this inftrument is ufed, the lid is opened,
and the fide AD fet towards the objeót. Then
the rays coming from thence, are refraded by the
lens in the tube KI, and would form the image
upon the fide BC -, but being reflected upwards by
the looking-glafs FG, they form the image upon
the glafs plane EB, with the right end uppermoft,
when one faces the objeds ; but the left fide is to
the right, and the right to the left ; where it may
be feen diftinftly with the eyes. If the image does
not appear diftincl, draw the tube KI out or in,
gradually, till it does appear diftincl:. Then the
image may be traced out on the glafs with a black
lead pencil. This operation is beft performed,
•when there is a ilrong funihine upon the objects.

Or thus,
131. ABCED is a cheft in form of a long parallelo-

pided, nine inches broad, and two feet long ; in
the end AC is a tube, with two convex glafles F,
G ; this tube may be drawn out or put in, at plea-
fure. H is the focus of the lens F, and FH its
focal diftance ; alfo HG is fomething lefs than twice
the focal diftance of the lens G. The lenfes F, G
ought to be pretty broad, the diameter of F about
T^S- ; of G, -jV of a foot. IKLM is an oiled pa-
per, or a plane glafs, parallel to the end DE, and
•whofe diftance from the lens G is fomething more
than twice its focal diftance, and from the end i)£,
fix or eight inches. N is a flit big enough to look
thro* with both eyes. The whole cheft is clofe and
dark within ; no light entering, but what comes
thro' the tube. To make the rays converge fooner,
three lenfes may be ufed.

Then
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Then the tube being directed to any objects, the Fig.

rays of light proceeding from them, will be re- 1 3 1.
fracted by the lens F to its focus H, where the
images will be made, and from thence paffing thro1

the lens G, will be refracted again to their focus
upon the paper IKLM, being the conjubate focus
to H ; and therefore a perfon looking in at the
flit N, will perceive them painted 'upon the paper
in their true and natural pofition. If the images
appear not diftinct, draw the tube FG, in or out,
till they are fo.

S C H O L I U M .

The pictures of external objects may be- made
in a dark room, by holding a concave fpeculum
directly before a fmall hole in the window ihut, at
a diftance equal to the focal diftance. For the
fpeculum will paint the images upon the window
mut, or a paper held there, but inverted.

Or the pictures of objects may be made in a
dark room with a convex lens placed in the window
íhut, or in a iky-optic ball which goes into a hole
in the window ihut ; but then the images will be
inverted. But receiving them upon a white apron,
and looking down at them, they appear erect.

But to have them direct, hold a plain reflector,
flanting from the lower fide of the hole, upwards,
to reflect the light upwards ; and {landing with
your back to the window, you'll fee the images
upon the cieling, or on a paper held at a proper
diftance above the reflector, in their proper fitua-
tion. This is like fig. 130, in this Problem.

Or
Place the reflector in a contrary pofition ; that

is, clofe to the lens on the upper fide, and flant-
ing downwards -, and it will project the images
upon a horizontal paper near the floor, in their
proper fituation ; which may be feen, by ftanding

О 4 with



Fig. with the back towards the 'window, -for this has
131 the fame efíeft, as fig. 129, in Prob. 24.

Thefe two laft methods are preferable in this,
that they reprefent objecb in their natural fituation.
But they have this difadvantáge, that they want
light. Therefore one muft have very good glafles,
a dark room, and a ftrong funihine on the ob-
jecb.

P R O B . XXVI.

3*0 make a machine to magnify a perffeflive draught.

132 Here ABCDE is a wooden box eight inches
' fquare, open only at the bottom DI, L is a con-
vex lens-three or four inches diameter, and about
tv/o feet focal diftance ; this is placed in the fore-
fide of the box CD -, alfo CIEF is a plane reflec-
tor, fet at an angle of 45 degrees, and with the
reflecting fide downwards ; G, G, G, G, are the
legs, the inftrument Hands on, whofe height muft
be fuch, that the diftance from the lens to the
middle of the refleftor, and thence to the bafe,
muft be equal to the focal diftance of the lens;
P is the draught to be viewed, laid on the bafe.

When you would view any draught or piece of
perfpective, lay it flat on the bafe at P, with the
upper end towards you, and looking into the box,
thro* the kns L, you will íèe it diftinctly, and
magnified. '

For the rays iffuing from the draught at P, be-
ing placed in the focus, and reflected to the lens,
and then emerging parallel :to the eyes, will repre-
fent the objecb vaftly diftant, and confequently as
much magnified; having the very fame appear-
ance as the natural 'objecb themfelves would have.
Only thé right hand is to the left, and the, left to
the right.

For
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as. the draught is turned upfide down, it Fig.

will appear contrary in the machine; that is, it 132»
will- appear the right way up. If it \?as laid the
right way up, the right fide would appear to the
right ; but as it is wrong way up, the right fide
appears to the left. And therefore one cannot
read any writing this way, unlefs one can read it
backward.
• This-machine is the fame as that in fig. 129,
taking away the box ABD. For as the external
objefts give the pifture thereof on this bafe CD ;
fo on the contrary the pifture placed there, would
fend the rays back again to the feveral objefts -, but
the eye takes them before they come there, and they
paint their images upon the retina ; but upfide
down, becaufe the face is turned the contrary
way.

But inftead of legs, one may have it all clofe 133,'
below, the better to conceal it;-, as BH, which is
a hollow box, clofe below, but above having the
fame apparatus as the laft ; at the bottom a dozen
views are laid flat upon one another at P ; which are
all Ihewn fucceffively, and then drawn back, by
the rulers O, into the part GK behind. EG a thin
cloth to let the light thro' -, which is ihut by the
flider BE, when the infiniment is not ufed. There
may be two or three lenfes L, on the fide CH, for
different people to look thro' at once ; which are
Ihut up by fliders when not ufed.

Otherwife thus.
ABE is a wooden bex-open on the top, the fide 134.

AC a foot long, or more, and almoft as broad ;
D a concave refleftor, 9, 10 or 12 inches broad,
fixt perp. with its back leaning a little againft the
fide BCK -, its focal diftance 12 inches, equal to the
length AC. HG a flit in the end AE to look thro'.
EH, FG two ftops or bearers, fattened to the op-

pofite
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Fig; pofite fides of the box, againft thefe the picture or

4. draaght is to reft.
"When a piece of perfpective is to be viewed,

you-rouft-flid'e it down upon the pieces EH, FG,
as-low as the flit, and with the right end upwards;
and facing the reflector у and then looking in at
the flitHG,- it will appear magnified and erect,
but the right hand will be to the left, and the left
to the right.

For fince the print leans with the upper end to-
wards the reflector, and the reflector leans a little
back, the rays iffuing from the picture will not be
reflected back upon the picture, but will pafs be-
low, thro* the flit HG, to the eye ; and the pic-
ture being in the focus of the reflector, the rays
are reflected parallel upon the eye, and therefore
it will fee the picture diftinctly, and very much
magnified.

Or thus.
But'the bcft way of all is, to place the view up-

on a table, to ftand perpendicular againft a wall,
or hang it on a pin; and then to place a lens at
its focal d iftance from it-, then looking thro'the
lens, you will fee the proípéct in its natural pofi-
tiori every way ; and magnified fo as to appear like
Ehe natural place itfelf ; efpecially if the view be
painted in its proper colours, as it ought to be.

To have the profpect to the beft advantage, the
lens ihould not be lefs than four inches diameter ;
and two feet, or two feet and two or three inches
focal diftance. «And in order to confine the view
to your profpect, the lens fhould be fet upright in
the middle of a little box or tube fix or eight inches
long ; at the end of which, a flit muft be made an
inch wide, to look thro' with both eyes, towards
the object -, and therefore this box muft-be placed
horizontally to face it. The picture ihould be fo
large, as to fubtend an angle of 25 or 30 degrees,

at
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at the focal diftance of the glafs. But wheni your Fig
pieiure is given, you muft fuit it with a glafs,: fo
that the focal diftance of it, may be about twice
th'e.breadth of the picture. A glafs ihould never
be of fo fmal lafocal diftance, that the Scratches
ane deformities of the picture may appear. For.
at too ihort a diftance the glafs will magnify thefe
errors and make them vifible,, and fpoil the prof-
pect. The way to judge of a proper glafs for any
picture, is this-; obferve at what diftance the pic-
ture makes the5 beft and fineft appearance to the
naked eye ; and that ought to be the focal diftance
of thé glafs; So that altho' a picture placed in the
focus of any lens, will be magnified and feem at a
vaft diftanee ; yet to prevent any blemiihes or .ir-
regularities in the drawing to appear, the leas
ought to be chofen by the former rule. A ihort
glafs will not take in all the view ; and a long glals
makes the .picture have but a fmall appearance j
and the eye cannot diftinguiih the minute parts.

I ihall fur|her obferve, that to have any perfpective
view appear exactly fimilar to the place, it...was
drawn for ; the lens ought to be placed in": the
point of view in the air, of that picture or per£
pective draught ; and confequently the focal dif-«1

tance of the lens muft be equal to the principal
ray (or line of diftance) ; and when this is fo, if
it be viewed thro' that glafs, it will give the true
appearance of that place in all refpects, in regard
to the magnitude, and fituation of the lèverai, parts*
And therefore all thefe perfpective draughts ought
to be fo drawn, that, the point of view, be at the
due diftance, that is, equal to the focal diftance of
•the glafs proper to be ufed. The longer the focal
diftance of the glafs is, the longer and more ex-
tended, the place appears to be, whofe perfpectiye
you view. And the ihorter the glafs, the ihorter
and more contracted is the apparent view. Both

thefe
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Fig. thefe diftort the view, the.longer glafs by making

it too long ; and the ihorter by making it too
Ihort, but they do not affecb the breadth. And
nothing but a glafs of a juft length will make it
appear in its juft proportion. If a profpeétive
draught be well taken, and then viewed according
to thefe rules, you'll have the exa£t appearance of
the place, juft the fame as if you was looking at
it with your naked eyes.

It may be thought, that inftead of a lens, two
fmall glafles of the fame focal diftance, for the
two eyes, may do as well. ' But thefe will not an-
fwer .the fame end, as one large glafs ; becaufe the
axes of the two pencils of rays, that fall on thefe
two glafles, interfect at the pifture, and no further
off, апД there make an angle ; and &>•enter the eye;
whereas they ought to be parallel. And this makes
the pi&ure not appear far enough off, and quite
fpoils .the view.

Many Qther .optical inftruments might be infert-
ed, but thefe that have been here explained, are
the principal ; and from thefe, all others of a like
nature are eafily underftood, and their effefts de-
monftrated by a like way of reafoning.

Likewife by the known properties of light, the
phenomena of all forts of meteors may be ex-
plained, and the reafon of their colours ihewn ;
fuch as .the Rainbow, Corona's, Halo's, Parhelia's,
Parafelene's, &c. But I ihall here only explain
the colours and appearances of the rainbow, be-
caufe it is a phenomenon fo common, that it comes
under every body's obfervation,

P R O B ,
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Fig.
PRO В. XXVI.

Те explain the magnitude, pofition, and colours of the
Rainbow.

The rainbow never appears but when it rains in
the fun-lhine j and is caufed by the refradtion and
reflection of the fun's fight paffing thro' the drops
of falling rain. : .And it may be made artificially,
by Ipouting up water, and caufing it to fall down
in drops, in the fun's rays ; in thefe drops the
colours will appear to a fpeftator ftanding in a due
pofition. 'And the like may be ihewn in globes of
glafs filled with water, and placed in the fun in a
proper pofition.

To underftand how the bow is made ; let BNFG135.
be a drop of rain of a fpherical figure, С its cen-
ter, and let AN be one of the fun's rays incident
upon it at N, and then refraded to F, where let it
either go out of the drop by refraction to V, or
be reflected to G i and. at G let it either go out
by refraction to R, or be reflected to H ; ah'd fat
H let it either go out by refraction to S,' or be fe-
flefted to I, &c. On thé incident fay AX, and
the refracted one NF, let fall the perpeHdicuJars
CD, CE. Draw the diameter BQ^pafalleVtcrthè
incident ray AN. And let m, » be the fines of
incidence and refradtion out of air into 'water.
DrawNC, CF. ' • •"

Now in the progrefs of the ray AN, thro' the
points N, F, G, H, &c. it is continually change-
ing its direaion, the fame way about the circle,
till at laft it emerges out of the drop, making
the angle of refraftion, equal to that at its inci-
dence-, for all the lines NF, FG, GH &c. are e-
qual. Then to find the direction in which it at laft
emerges, produce NF to W, FG to T, GH to Y,

&c -,
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Fig. &c -, and then we muft find the fum of the angles
135. XNW, WFT, T.GY &c. and YHS, which makes

the whole change of direction, or the revolution of
the ray :in its progrefs. Draw CZ perp. to FG.
Then in the quadrilateral CEFZ, the angles at E
and Z are right, therefore the angle ECZ + EFZ,
= .two right angles = EFZ + ZFW, therefore
ECZ .= ZFW; or ZFW = NCF -. a-NCE. Put
/ .= number of reflections, F, G, H, &c. Then
fince all the external angles at F, G, H are equal,
the |urn.of them all is = t X ZFW — 2/ x NCE,
to which add XNF + YHS or aXNF, and the
fum is it x NCE -f- 2XNF, for the whole change
of direction of the ray. But XNF.= XNC —
ENC, and 'NCE = R — CNE (putting R = a
right angle;, therefore the whole change of direc-
tion -is = 2/R — 2/ + 2 x CNE + aCNX, or
twice the quantity /R — / +T x CNE -f- CNX.
And this being known, it is eaCy to find the angle
the emerging ray makes with the incident ray AN
or BQ. This is true of any ray whatsoever, but
to our purpofe there is but one pofmon of the in-
cident ray AN, which will bring the colours, and
this is next to be found.

Let AN be an incident ray of any colour, and
let it emerge at H, defcfibing the traft ANFGHS.
Now that the rays of any colour emerging at H,
may afFeft the fenfe ftrongly, they ought to emerge
parallel, for if they emerge and fall upon the eye,
in different directions, they mix with other rays of a
different colour, and cannot appear fenfible. And
there will be Ib few rays of that colour in any one
direction, that they cannot excite any fcnfation. And
fince to excite a ftrong fenfation, the rays of any
one colour ought to emerge parallel, and as they
are alfo parallel at their incidence -, therefore we
muil find what pofition, or what angle of incidence,
the ray AN muft have, that all the rays of that

colour,
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colour, emergingiat;a>fmall diftance from'H,
be all parallel to HS. Now this can only be wiien-1.3-5.
the fum of all the angles z/R—2i+ 2XCNE +
2CNX is a maximum or minimum. For by the
•лашге of a maximum or minimum, fuch a quan-
tity remains the fame for a fmall variation of the
arch BN. Now we may obferve, .that when the
arch BN is very fmall, the arch FQ is very fmall;
and as BN grows greater, QF ;grows greater, and
BF lefler ; and when BN approaches a quadrant,
QF grows lefs.again, and BF bigger. "So that BF
firft decreafes to a certain limit, and then increafes
again, and at that limit it is at its minimum. But
the quantity 2/R — 2/-f- 2X CNE + aCNX de-
pends .much upon the fituation of F, and there,-
fore will be at its minimum when the rays 'at H
emerge parallel. Now fmce 2iR is given, 2/R —
2/ + 2 X CNE + 2CNX, will be at is minimum
when 2/.+ 2 x CNE — 2.CNX is a maximum, or

when / + j x CNE GNX is a maximum. But
(by Prob. #3. Seft. VII. Algebra; t + i X CN.E-r-:

CNX is a maximum, when / + i x increment of
CNE - increment of CNX.

Letj»'—CD or NM the fine of incidence^ CN=i ;
m, n the.fines of incidence and refraéHon, and take
N» a very fmall increment or decrement of BN,
and drawing no parallel to AN, No will be the in-

crement or decrement of MN -, then ^- y — CE
д а - • ' • • •

the fine of refraftion, and its increment rr_xNo.
m

And by the nature of the circle, cofme (Y/T-wyy)
No

; radius (ï) : : No : N» = • . —> the incremehr
vi —yy_

of BN or < CND.. Alfo cofme (</i—. -
mm'J

dius
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Fig. dius (ï.) : : increment of the fine of refraction

135. f» x NP) : n>L^ , the increment of the
{m MV г

.arch or angle of refraótion CNE. Therefore
я X N0 _ . N»

then r-—— = — ; -- , and p» x

r: v/í»»» — w/gy; and fquaring, ДО»» — ppnnyy ±=
— »»)у; and reducing, ppntyy — nnyy=.ppnn —

and у •=. ъ/W ~~~- — . Andy being known,
pp — ï.»»

the angles CND and CNE are known, and confe-
quently the quantity of the angle of deviation of

'the ray, 2iR — p X CNE + 2CNX. And the an-
gle in which HS cuts the incident ray AN or BQ,
will be known ; for if the deviation be 180 de-
grees, the incident and emergent rays -will coincide,
and the emergent ray will return back to the fun.

Since у depends upon the quantities of m and и,
it is evident that the rays of different colours, ha-
ving a different degree of refrangibility, will have
different limits of BN, and will emerge parallel in
different points H, and will cut BQ_at different an-
gles. And thefe feveral forts of rays being fepara-
ted from one another, will appear each in their
proper colours.

For the firft rainbow -, if light paffes out of air
into water, m and я (by Schol. Prop. II. B. III.)
will be 108 and 81 for the leaft refrangible rays,
or the red; and 109 and 81 for the moft refran-
gible rays, or the violet. And therefore in this
bow, where m =: 108, p — 2, y comes out —
86036 = S. 59 22 = CNX, and CNE = 40 u.
And 2R— 4 CNE + aCNX = 137 58, and this

or
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tor its fupplem'erit 42 2 is the angle the emergent Fig.
ray makes.withithe incident ray for the red.' And 155.
in like manner when m = 109, the 'angle which
the emergent ray makes with the incident ray, will
be found 40 17, for the violet.

Again in the fécond bow where p ~ ^ m — 108,
we ihall find y — 950-15 •= S. 71 50 = CNX, and
CNEa=45 27; and 4R—6CNE + 2CNX =
230 57 which exceeds 180 by 50 57, the angle
made with the incident ray, for the red. And
when rh z= 109, the angle the violet emergent
ray makes with the incident ray will be 54. 7.

Now fuppofe О to be the eye of the fpeclator, ï
and OP a line drawn thro' the fun and the eye.
And let the angles РОЕ — 40 17, POF = 42 2,
POG = 50 57, and POfi = 54 7. And let thefe
angles be turned about their common fide OP ^
then ihall the other fides OE, OF, OG, OH, def.
cribe the extreme arches of two rainbows AFBE,
and CHDG. For if E, F, G, H be drops o£
water placed any where in the conical furfaces def-
cribed by OE, OF, OG, OH, and be illuminated
by the fun's rays SE, SF, SG, SH }. the angle
SEO or POE of 40 17 will be the greateft angle,
ift which the violet rays will after one reflexion be
refrafted to the eye ; and therefore all the drops in
the line OE, ihall fend the moft refrangible rays
moil copiou fly to the eye, and thereby ftrike the
fenfes with the deepeft violet colour. And in like
manner the angle SFO or POF of 42 2, will be
the greateft angle Under which the red rays qan
emerge out of the drops, and therefore will come
moft copioufly to the eye and ftrike the fenfes with
that "colour. And the rays that have intermediate
degrees of refrangibility, ihall come .moft copioufly
from drops between E and F, and ftrike the fenfe*
with the intermediate colours; that is, /rom. the
infide to the outfide of the bow, die colours will

R appear
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Fig. appear in the order violet, indigo, blue, green,
135.yellow, orange, red.

Again in the fécond bow, the angle SCO op
POG of 50 57 fhall be the leaft angle under which
the red rays, after two reflexions can emerge out of
the drops, and come moft copioufly in the line
OG, and ftrike the fenfe with that colour. And
the angle SHO or POH of 54 7 ihall be the kaft
angle in which the violet rays after two reflexions, ~
can emerge out of the drops, and therefore they
will come moft copioufly to the eye ; and ftrike the
fenfe with that colour. And by the fame argu-
ment the drops between G and H, ihall ftrike the
fenfe with the intermediate colours ; therefore from
the infide to the outfide of the bow, the colours will
appear in this order, red, orange, yellow, green,
blue, indigo, violet. And fince thefe four lines
OE, OF, OG, OH, may be fituated any where in
the conical fuperficies, what is faid of the drops
and colours in thefe lines, is to be vmderftood of
the drops and colours every where in thofe furfaces.
But the fécond bow, by reafon of the light loft
by two reflexions does not always appear, and is
always fainter than the firft.

Thefe would be the angles if the fun was but
a point, but from his apparent diameter, the
breadth of the bows will be increafed half a de-
gree, whence the breadth of the inner bow will be
2 15, and of the outer one 3 40; and their dif-
tance 8 25 ; the radii of the inner bow 40 г and
42 17, of the outer one 50 42 and 54. 22 j and
this appears to be fo by obfervation, when their
colours aïe ftrong and lively.

It may be obferved, that all the rays but the vio-
let in the line SE, will emerge from E in a greater
angle than SEO made by the violet, and will there-
fore all pafs below the eye : and all the rays but the
red, in the line SF, will emerge from F in a lefler an-
gle than SFO made by the red, and will therefore

pafs
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pafs above the eye* by which means, only red will ap- Fig.
pear in the line OF, and only violet in the line OE.

They that have a mind to, meafure the bow, may
obferve that its radius is equal to the 'height of the
bow and the height of the fun together ; and therev
fore is eafily meafured with a quadrant. And if the
fun's altitude be greater than 42 17, the inner bow
cannot be feen ; nor the exterior one, if his altitude
exceed 54 22.

In the third and fourth rainbows.? is .97373 and
.98366 refpeftively, and CNX ;= 76 50 and 79 38.
Whence z/R + 2 CNX — 2/>xCNE = 318 20, and
400 3 1 refpeaively, putting m and и as 4 to 3 for
the red rays. And therefore in the ^d rainbow, the
emerging ray cuts the incident ray at an angle of 41
40 j and in the 4th, at an angle or 40 3 1, both mov-
ing from the fun. And therefore looking towards
the fun, the red rays in thefe rainbows would appear
at the diftance from him of 4 1 40 and 40 3 1 refpec-
tiyely, and nearly coinciding. And in the 3d the
violet would be towards the fun ; but in the fourth
the violet is from the fun. But their light is weak-
ened fo by reflexions, that they never appear.

Cor. ï. The angle of revolution 2/R + 2 CNX — •
2/>xCNE will come to its limit when ND is to NC : :

as \/mm~»n to ̂ pp—i^nn. And ND is to NE
: : as m ta pn,

For ND*=i

And NE1 = ï - yy - ï _
fp—i.mm

. Therefore ND : NC : : A
f p — ï. mm V pp — i ,nn

• * '• '• Vmm—nn : </pp—i,nn. Alfo ND : NE : :
: fppmm—ppnn . . / £ _ . /fP_ : t

' J ' ' * ' ** ™™

mm—nn

I D_:£_: : m:pn. „
» w Cor.
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Fig. Cor. 2. Wben the angle of revolution (or change 'of
s^6tdire£iion) of the emerging ray differs not much f r09

a femicircle or any odd number of .femicircks ; one muß
look for the bow towards the fun's apportion. Bui
when it differs not much from a circle or any number
ef circles, one muß look towards the fun for the bow.
fTbus thefirft and fécond bows are fee» oppo/ite to the
fun, and the third and fourth towards it.

For if the revolution be a femicircle, or 3, 5, 7
&c. femicircles, the direction of the ray is towards
-the fun ; and therefore, that it may enter the eyeb
XHie muft look the contrary way. But if the revo-
lution be i j 2) 3 &c. whole circles, the ray moves
directly from the fun, and therefore to receive it
into the eye, one muft look towards the fun; fo*
the face muft'be fee againft the motion of the ray.

Cor. 3. If the angle of revolution falls ßort of a
femicircle or any number of femicircles, the 'violet co-
lour will be on the infide the bow. But if it exceed
them, the violet will be on the outßde. Thus in the
ßrfi and third bows, the violet is within ; and in the
fécond and fourth, without.

For the violet rays by a greater refraction, makf
a greater revolution than the red ; and therefore
•when the revolution angle falls ihort, the violet ray
will come nearer a femicirde, and make a Jefs an-
gle with the incident ray ; and therefore will be
neareft the center of the bow. But the contrary
will happen when the revolution is greater than
a femicircle, for then the violet recedes farther oft",
and makes a greater angle with the incident ray ;
and fo it will be furtheft from the center of the
bow. ' Thus in the firft bow the violet is withinj in
the fécond without, in the third within, and in the
fourth without, But after 3 or 4 reflexions die
light is fo weak as not to affect the fenfes ; and fo
the third and fourth bows, and thofe that follow,
never appear ; and therefore l íhall fay no more
about them.

F I N I S .
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T H E

P R E F A C E .
Art of Perfpeftive is properly a branch of

Optics ; for it depends on this optic principle, that
all the rays of light flowing from the feveral parts of
an objett, move in right lines to the eye. And there-
fore the images of thefe parts muß be fomewhere in
thefe vifual rays-, and confequently muß be where
thefe lines inter f e 51 the рШиге. Perfpeflive is a kind
°f projection, for here the pifture being placed at a
convenient dißance between the eye and the objeEf,
(or it may as eafily be placed beyond the objet!;) the
eye projets the feveral-points, and parts, of the body,
upon that piïïure, by lines drawn from the eye to the
'parti of the body ; and that by certain rules, which are
to be explained in this book.

Perfpefii-ue is an art abfolutely neceffary to be un-
derßood by all thofe that praflice drawing. From
this it derives all its beauty andjußnefs. It is alfo of
great ufe in Architecture, Fortification, Engraving,
Carving, and all the mechanical arts ; and particular-
ly in Painting. It is cf admirable ufe for defcribing
the figures of folids, or of any buildings, and of all
forts of'machines'. An artift cannot pul bis deßgn into
execution without this -, for all neat and curious draw-
ing ßgnifies nothing without it, if the de/jgn is not
executed according to the rules of this art. By this,
the figures and ßapes of all natural objets may be i-
mitated to the life, which no other art can eqital. By

A 2 ibis
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this are contrived thofe deceptions in vifion, which fa
agreeably delight and pleafe the eye.

I took notice in the Optics how delightful a jiudy
that is ; but the greatefi /hare of that pleafure belongs
to Perfpeïïive. For -what greater pleafure can one en-
joy by the eye, than to fee a grand building, a large
country, or great city, fo truly drawn and finely co-
loured, -which being placed at a due' difiance, ßall ap-
pear ta the eye in Its true proportions, and in all its
pomp and beauty, even to -vie with Nature itfelf; and
even to out-do it in fome cafes. For if it be drawn

' in'fumfrierj with all the beauty of flowers, and -ver-
dure of leaves; fuch a draught looked at in winter
•will appear gay ; whilft the place itfelf, now deflitute
•of all thefe beauties and natural colourings, gives but
ä difagreeabk ргв']реП ? Can it fail to pléafe and
that in the beholder to fee ã whole country have the ve-
ry fame appearance, and the fame beauty, as the place
it was drawn fef, and eve# of the fame magnitude
token ften thro' à lens at и due dißance. АЫ if it
be ä place one krows, how agreeably one is furprizid
to find himf^f iv it. Who would not be ßruck aí fo
agreeable a aelufto;i ?

Hence it has been objected ty fotríe^ thai this art
does not ßjew us truth, bid deceives tis with falfe ap-
pearances ; alledgln«, that nothing appears to us as it
•really is, but in a quite different form. It is true, 'if
•toe regard (he рШше itfelf as an objecJ, which is л
piece of paper j being nothing but a plane furface-per-
•pendicülßr to the horizon, with feveral lines and co-
lourings laid on it ; then it gives us a falfe appearance
if itfelf. But nobody that draws a pifiure, ever in-
tends that itßjouldreprefent itfelf, and therefore thisob-
jetJion will be nothing to the purpofe. For the piflure
is ahvays deßgned ю represent a thing that is out of
the ъШиге; and therefore if the picture truly repre-

fe.nis i ha t thing, then it ßjews us tfutb. And if it
does net in•• allrefpeSrs, represent it truly ; then fo f or

as
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es that fails, "it foes not reprefent the* thing intended,
but [omethingelfe-, and then indeed it jfhews usfalf-
hood. So that if the piffure is truly drqwn, it /hews
truth ; but it never ßews falßood, Ьщ -when it is
fclfely drawn.

As the art of gaining has always been in great ej-
teew, therefore we, need not wonder that men of ex-
cellent talents, have t alien great paius in perfecting
that art. But witksut the knowledge of p,rfpe£live,
'that art will alleys be deficient and i'-:perfecJ ; and
therefore every punter that is ignorait rf Perfpefiive
will unavoidably run into errors. I\rjpeaive then is
the coinpleating of the art of painting, without which
no painting can be perfeff. And therefore no perfon
•ßould engage in the art of painting; except be refihe
to make himfelf acquainted with the rules çf Perfr
peßive.

The inventive part of painting, is nothing but the
original defign, contrived in the imagination of the
art iß ; but the executive part is wholly tied. to the
rules of art, which inufi not be tranfgrejfed upon any
account, therefore he that defigns to be a paintert

muß fir ft of all learn Perfpe£îive ; and when he has
done this, and informed bis judgment what alterations
happen to figure, when drawn upon,a .plane;: 'he
ought then to bß put to a,rawing byßght, and.exer-
cife himfelf in this along with Pérfpe£ïive, till he be-
comes frffiaenily perfeã in both. Nothing ought to he
more familiar to a painter than Perfpeéiive ; for it.is
the only thing that can make the judgment correff-,
and will help tb'e fancy to invent with ten times mars
eafe, than it could do -without it.

Te t it is not necejjary or evenpoßble, that the flriSî
rules of Perfpe£livefl)oiild be applied to the drawing
every minute part of a body. For there would be fucb
a confufwn of lines, and their interfeSlicns would be. Jo
near together, that no exaclnefs could be expeftei.frот
thence ; fucb parts as thefe ought to be drawn by the

eye.
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eye. Nevertheless, the rules of Perfpeftive muß di-
refî ones judgment', and be a guide to bis eye,, how
they are te be drawn.

. In the ßrß fefiion of this took, I have laid down
the fundamental propoßtions on which the practical
far í of PerfpeRive is founded ; and given their de-
monfirations, that their truth and certainty may ap-
pear. And in the fécond feRion, I have given all the
rules ofpraclice, for performing the feveral operations,
in drawing any paints, lines or folids in Perfpeïïive.
And have given the reafons and demonßrations of theje
rules, exceeding ßort ; being eaßly deduced from the
propoßtions in the ßrß fetJion. And bave alfa given
great plenty of examples to illußrate the rules, and to
fatisfy fuch as have a great defire for obtaining the
arts of drawing and painting. And by frequent ufe
and praflice feveral compendious тле t bods of working
will occur of themfelves to every praïïitioner. AU
this is principally for upright pi£iures, the only fort
that are ufeful. For as to inclined piiîures, they re-
quire more lines and more labour ; and no objeïï drawn
in them ever appears fo well as in an upright pifíure j
fo that they are nothing but a piece of curioßty. Tet
leaß it ßould happen that any objeft requires to be
drawn upon an oblique plane, which cannot be put into
any other poßiion ; I have alfo ßewn the properties of
fhefe piSlures, and the methods of drawing upon them,
in a general way ; with feveral examples thereto,
which will make the method very plain and clear,
to any body that is deßrous to know how to draw
upon this kind of pifiures.

W. Emerfon,
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P E R S P E C T I V E ;
D Ë "| ':1N. I T I O N S,

pËR'S P EC&n?*E 'is tfe art of reprefenting
any obje£t'4üpön à plane; jùft as it appears -to

the eye, in. 'any given fituation. When the plane
ia perpendicular to the horizon, it is called common
Perfpeffive. .When the eye is infinitely diftant from

. that plane, it is called military Perffdflívé^ v

• . -.[,... D.E F. п. .. .- -'-'••->v';v^
The РШиге is that plane .upon which the objecl:

js reprefented, ..as' ABÇD ; which is perpendicular to
the horizpn ; . а.пД is fuppofed as tranfparent as glafs.
This is alfo called the Fable, or perfpeftive Plane*

;D E R III.
. The.geometrical Plane is a plane, parallel .to the
horizon, in which the vifible obje6bs are fituated as
FGH1. And the Jituation .of , any point of an okgeft, '
.is where a perpendicular from that point,, cuts *hig
plane. . : . , •'.'• : ' * •= -v •••

•. .DE F. IV.
The horizontal Plane is a plane paffing thro* the

eye, parallel' to the horizon, as KLMN ; or 'rather
;n the horizon. Therefore this is parallel 'to the
geometrical plane, and perpendicular to the1 picture. -

D E F. V.
. The vertical Plane is a plane paffing thro' the

eye, perpendicular to the pióture, and to the hori-
zon, as OPQR.

B DEF.
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- D E F. VI.

The directing Plane is a plane pafling thro' the
eye, parallel to the pidure, as KNHI. And its
interfection IH with the geometrical plane, is the
Line of Extremes.

D E F. VIL
"The ground Line, is the feótion of the pidure,

and the geometrical plane, as DC. It is alfo called ,
the Bafe Line, or fundamental Line.

D E F. VIU.
The horizontal Line is the interfedion of the

pifture, and the horizontal plane, as TV. Whence
this is parallel to the ground line. It is alfo called
the vanißing Line. But in a general fenfe, the va-
nißing Line of any plane, is the fedtion of its pa-
rallel plane drawn thro' the eye, with the picture.

D E F. IX.
The principal Ray, is a line drawn from the eye,

perpendicular to the pidure, as ES. 'Therefpre
this lies in the horizontal plane.

D E F. X.
The Line of Station, is the íèdion of the verti-

cal plane with the geometrical plane, as RQ^
D E F. XI.

The Line of Diflance is that part of the line of
ftation, contained between the direding plane, and
the pifture ; as RX. Hence the line of diftance is
parallel and equal to the principal ray.

D E F. XII.
The •vertical Line is the line in which the verti-

cal plane cuts the pidure ; as SX.
D E F. XIII.

The Hight of the Eye is a perpendicular paffing
from the eye to the geometrical plane, as ER. This
is equal and parallel to the vertical line.

D E F V
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D E F. XIV. Fig-
The Point ff View is the point where the eye is l'

fixed, as E.
D E F. XV.

The Point of Sight is the point where the prin-
cipal ray cuts the picture, as S. Therefore this is
in the horizontal and vertical lines. It is alfo call- '
ed the principal Point, or Ctnte^ of the PiSiure.

D E F. XVI. .
The Point of Dißance is. a point in the horizon-

tal line, whofe diftance from the point of fight is
equal to the principal ray, as V or T ; fuppofing
VS or TS, equal to ES.

D E F. XVII.
The accidental Point of a right line is the point,

'where a line, drawn thro' the eye, parallel to. the
line propofedj cuts the picture. This is alfo call-
ed the -vani/hing Point. Hence all lines parallel to '
one another, have the fame accidental point. And
all lines perp. to the picture, have the point of
fight for their accidental point. And all lines pa-
rallel to the picture have no accidental point.

D E F. XVIII.
The Plan is the projection of an object "upon,

the geometrical plane, by lines drawn from all points
of the object, perpendicular to that plane. This
is alfo called the Ichnography of the object, or the
Bafe of it. - •

D E F. XIX.
The Front is the fore view of an object, or the

fection of it parallel to the picture ; or it is the
projection of it upon a plane parallel to the picture.

D E F. XX.
The Proßl is the fide view, or fection of an ob-

ject, parallel to the vertical plane. It is taken for
the appearance of any fide,

B á ID E F.
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Fig. DER XXI.

ï. Selenography is the . reprefenting folids, or íuch
•objects as are elevated in the air.

D E F. "XXII.
"The- optic Cone is the cone of rays proceeding

. from the eye to all the points of an object, and
cutting the picture.

S C H O L I U M .
In general, the things to be drawn, are called

.ObjeRs or Originals ; and their pictures when drawn,
are called Reprefenfatzons, Appearances, Figures^
Images^ or Projections.

A X I O.M S.
ï.

- The appearance or reprefentation of'any point
of an object, is where the right line, drawn from

.the eye to that point of the object, cuts the picture..
2.

If any part of an object touches the picture, its
appearance will be in that part of the picture which
it touches. • .

3-
All parts of objects lower than the eye, or be-

low the horizontal plane, will be reprefented be-
.low the horizontal line, in the picture: and thofe
that are higher, will be reprefented above it.
: . .4>

All objects on the right hand of the vertical
plane, will be reprefented on the right hand of the

.vertical line -, and thofe on the left hand, on the
left fide of it.

' • 5-. .
If a right line in the object paries thro' the eye,

it will be reprefented in the picture by a fingle point.
6. '

Any plane (in the object) paffing thro' the eye,
will appear only a right line in the picture.

S E C T .
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S E C T . L
*ïhe fundamental Principles of P E R s P E

TIVE.

P R O P. L
TN military fer/peSive, lines that are parallel in

the objeïï, are reprefented by parallel lines in the
рШиге. And they are Jhortened in the рШиге, in the '
ratio of the radius- te the fine of inclination of the
•vt/ual rays.

For let there be two parallel lines in any object;
and fuppofe two planes to pafs thro' thefe two,
lines and the eye. Now fmce the eye is fuppofed
infinitely diftant, in this fort of perfpeótive ; there-
fore thefe planes, which only interfect at an infinite
diftance, may be looked upon as parallel. But
(Geom. V. n.) if two parallel planes be cut by
a third -, their common feòtions are parallel. And
therefore the two planes cut the picture in two pa-
rallel lines -, which reprefent the two parallel lines
in the object. And it is equally the fame if there
is never fo many of thefe parallel lines. And it is
evident that their lengths are diminiihed in the ra-
tio of radius to the fine of obliquity,

Cor. ï. If the eye be at a great dißance; lines.-
that are parallel in the oejeff, are reprefented by
nearly parallel in the рШнге.

Cor. 2. Vifual rays from the eye, cut al
end all parts of them, at the fame angle.

This follows from the parallelifm-, both of the
rays and the lines.

Cor. 3. Equal parallel lines have their images equat. '
В 3 F R O F,
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Fig.

P R O P . I I .

2. In common perfpeftive, a right line in the objefr,
•which paffes not fbro' the eye, is repreßnted by a
right line in the pifture.

Let GH be the right line, E the eye ; draw EG,
EH, cutting the picture in g and h ; then g and £,
reprefent the poirtts G and H (by Ax. ï.), And
thus all the points between G and H are reprefent-
ed by right lines drawn from thence to E ; and all
thele lines are in the plane EGH. And fince that
pitu .e interfecls the plane AC in the right line gb
(Geom. B. V. Prop. 3.) therefore all the points in
GH are repreiented by all the points in gh ; or the
right line GH by the right line gh,

Cor: Hence the lines GH andgh, are in от and
the fame f lane.

P R O P . III.

If a right line le parallel to the рШиге, its repre-
fentation in the piilure^ will be parallel to that right
line.

2. For let GH be a line parallel to the pifture.
and fuppofe a plane to pafs thro' it parallel to the
picture, then the plane EGH being cut by the two.
parallel planes GH, and AC; the feftions GH,
gb will be parallel (by Prop. XI. B. V. Geometry.)

Cor. ï. If a right line be parallel to the ground
line ; its appearance in the рШиге will be parallel to
the ground line.

Cor. г. If a right line be parallel to the v er tical
line -, its appearance in the рШиге will be perpendicu-
lar to the ground line.

Cor.
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Cor. г. If a Une parallel to the рШиге interíeSl Fi».

• T I } 7 Г • t • • ^/p£ geometrical plane, and make any angle with и ; т,,
its figure or appearance in the рШип will make the
fame angle with the ground line.

Cor. 4. If two lines parallel to the piflure, inter-
feïï ; their reprefentations in the piffure, will make the
Jame angle, as the original lines.

For each of them makes the fame angle as its
original ; and therefore the differences of each two
are equal ; that is, the angles which the originals
and their reprefentations make, are equal.

Cor. 5. All thefe things boldgoodjwben the pifiure
is inclined to the horizon.

P R O P . IV.
fbe figure or appearance of any right line' in the

pifture, tends to the accidental point of that line*

Let GH be the original line, gb its figure or 3.
appearance in the picture, P the accidental point
of it, E the eye. Then (Def. 17.) fmce EP and
HG are parallel; EP and HG are in the fame
plane, which plane paifes thro' E and P. Like-
wife (Cor. Prop. II.) gb is in the plane EGH j
therefore all the points P, g, h are in one plane,
which plane, interfecb the picture in the line P£Ã i
therefore gb produced, pafles thro' P.

Cor. i. f he reprefentations of all lines parallel to
GH, do a.11 meet in the accidental point P.

Cor. 2. the appearances of all lines perpendicular
to the piííure^ tend to the paint of ßght.

Cor. 3. The appearances of all lines^ in or paral-
lel to, the geometrical plane, making an angle 0/45 de-
grees ' with the ground line or piflure -T tend to tbt
point, of dißance on that fide,

В 4 Cor.
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Fig. Cor. 4. 'The appearance of a rigbt line, paffes both

3. thro' the accidental point; and thro' the point "where,
the original cuts the рШиге.

P R O P . " V. '

If two equal right lines be parallel to, and equidif-
tant from, the рШиге ; their reprefentations will be
equal. •

4. Let the lines GH, K I, be equal, and both pa-
rallel to the pifture AC, and at equal diftances
from it-, and gh, ki their reprefentations. Draw

. HI and hi. E is the eye. Then by reafon-of the
parallel planes GHIK and AC, the triangles EGH,
egh ; alfo EHIy ehi-, and EIK, Eik, are fimilar
each to each. Therefore, GH : gh : : EH : Eh : :
HI : Ы : : El : Ei : : IK : ik. But GH = IK,
therefore gh — ik.

Cor. ï. If -federal lines are parallel to, and equi-
difiant from, the piclure ; their 'reprefentations will
be to one another, in the fame proportion as the ori-
ginal lines.

For we have GH : gb ; : JK : ik ; or GH : IK : :
gh:ik.

Cor. г. If a right line parallel to the picJure, be
divided into equal parts ; the images or reprefentations
of thefe federal parts, will be equal.

Cor. 3. "Two equal right lines proceeding from one-
point, and both parallel to the piiiure ; will have their
appearances equal in the picture. And the angle they
make in the рШиге, will be equal to the angle made by
the originals. '

For the reprefentations are parallel to the origi-
nals, by Prop. III. ,

Cor. 4. All thefe things hold equally for an inclin-
ed picture.

P R O P ,
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• • Fig.

P RO P. VI. .
If a circle be parallel to the рШиге, its figure in

the рШиге will be a circle, in any fort of projection. •

Let E 'be the eye, BD the circle.- Then fince 5-
the optic cone EBD, is cut by the plane of the pic-
ture AC, parallel to the bafe of the cone, there-
fore (by Cor. Prop. LXXXIX. B. I. Conic Sec-
tions) the fcftion bd will be a circle.

Cor. ï. If a circle be fo placed, that the optic
cone,' be eut by the pifïure, fo that the angles on op-
paßte fides may be equal, which are made by the pic-
ture and by the bafe ; then alfo the appearance in the
pifïure will be a circle.
' "For then it is cut in fub-contrary pofition; and
therefore (by the fame Prop.) the feótion is a circle.

Cor. 2. In other cafes when a circle is not parallel
to the piãure ; its appearance is. an ellipßs -, fuppoßng
the optic cone to be cut on both fides by the pifture.

P R O'P, VII.
<The appearance of any plane figure parallel to the 5.

рШцге, will be fimilar to the original. . : .

Let GHIK be the plain figure whofe reprefenta-
tion is ghik. Then fince the optic pyramid EGHIK
is cut by the plane of the pifture AC, parallel to
the bafe GHIK ; 'therefore the feótion ghik will be
fimilar to GHIK (by Cor. ï. Prop. XVII. B. VI.
Geometry.)

PRO P. VIII.
The vanißing or accidental points, of all lines drawn 6.

in any plane, are in the vanijhing line of that plane.

Let FG be any line in the plane CFG, and EL
drawn from the eye at E, parallel to FG, cutting

the
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Fig. the pifture in L. Then íince all lines as FG are

6. in the plane CFG, all the parallels EL, are in the
parallel plane AEL ; and therefore all the points
L, are in the interfeftxon AL ; that is, in the va~
niihing line. And it is the fame thing whether the
plane AC be right; or oblique to the plane CG,
fince the planes CFG and EAL are parallel in all
cafes.

P R O P . IX.
*r. All lines perpendicular f o the pitJure, will be pro-

jected into fome parts or other of the fame lines in the
piSure ; in whatever point of the principal ray^ the
eye is placed.

Let FG be a line perpendicular to the pifture,
E the eye, ES the principal ray ; produce GF to
cut the pifture in N, and draw SN. Then fince
ES, NG are parallel, they and the line SN are in
one plane. Therefore FG appears fomewhere in
the line SN. Then let the eye remove to K, in
the fame line ES, and К is ftill in the fame plane
ESNG ; therefore FG appears ftill in the line SN,
which has riot changed its fituation. But then the re-
preféntation of FG docs not faU in the fame part of
the line SN, when the eye is"at E, as when it is at
K.» for the farther the point К recedes back, the lefs
angle the line FG appears under $ and the further
the reprefentation, of it is from S.

Cor. ï. 'The further the eye recedes along the prin-
cipalray, the lefs any line appears, which is perpendi-
cular to the pifture.

Cor. 2. JPberever the eye is taken in the principal
ray, the reprefentations of all lines, perpendicular to
the pifiure, will converge to the peint of fight Ana
ionfequ ntly the picture will appear a regular piece of
perfpefiivey to an eye placed any where in that line.

Cor.



Sea. I. P E R S P E C T I V E . ц
Cor. 3. Likewife by the fame reafoning, the repre- Fig,

fentations of all parallel oblige lines will tend to their • 7.
accidental point, if the eye recedes in the line drawn
tbró tbat accidental point.

Cor. 4. Thefe things hold true in an inclined ptElure,
fubßituting lines parallel to the principal ray^ injtead
cf lines perp. to' the piïïure.

P R O P . X.

If a tight be put in the place of the eye, and the
ßado-ws of any objeEls be projeïïed on, a plane parallel
to the рШиге, placed beKind the objeSis ; thefe ]Ьааощ
•will form a piece of perfpeftive Jtmilar to that mad^
on the рШиге, when the eye is placed in the point of
•view ; and. will have the fame appearance*

FW the image made by thç íhadawss is formed
by rays drawn from the light thro' all the points of
the objefts, till they cut the parallel plané. And
the image on the pifture, is formed by1 the very
fame lines cutting the pifture. Therefore thefe two
images, upon thefe parallel planes, m.uft needs
be fimilar ; and will appear equal to an eye in the
point of view.

Cor. ï. The images of objefis, formed by theirßa-
dows, on a plane-, will make a regular piece o/ per-
Jpeflive.

Cor. 2. The images formed, by the ßadows of the
fun's light, make a piece of military perfpeftive.

For the fun's light, may be fuppofed to. come
from an infinite diftance.

PROP.



ia P Ë R S P Ë С T ï V E.
Fig-

PRO P. XL

8. If the back fide of the piiïure AC be a plain reflec-
tor; and if. the eye be placed at O in the, principal ray
ES, produced as far beyond the piflure. 'Then the
eye looking towards the refletJor, will.fee all objefts in
the fame places of the refleftor ; as an eye at E will
fee them in the рШигс.

. Let F .be any point of an object, and draw FIG
perpendicular to the pidture cutting it in I, and
make GÍ ~ FI ; and draw SI from the point of
fight 6. -Then fmce both EO and FG are perpen-
.dicular to the pidlure, the point F feen by reflec-
tion from О, or direcTly from E will appear fome-
where in the plane FEO, and therefore fbmeWhere
in the line SI,. the fecHon of it with the picture.
But (Optics, B. II. Prop. II.) F is feen by reflec-
tion in the line GO, and F is ieen directly in the line
EF. But both thefe lines interfect at V in the line SI,
For the lines GI rr FI, and ES = OS, and SI регроь.
idicular to "them all. Therefore their interfection
imuft be in the line SI. But in looking towards
the refleftor, with thé back towards the objefts ;
the right fide will appear on the left, and the left
on the right ; being contrary to what they, are when
(he face is 'turned the contrary way. Now what is
proved of the point F, holds of all points of all
objects whatever.

Con .Tbo' all objefls and all point s of them appear,
in the fame places by reflection as when feen direftlyy
yet the face being turned the contrary way, what is;
on the right will appear on the left, and -what is on.
the left will appear on the right hand.

P R O P ,



Sea. ï. P E R S P'E С Т I VE. a!

3

Fig«
P R O P. XII.

In viewing any fie c e of pèrfpeïïive of a country, ci-
•/y, &c, the further the eye is placed from it> in the
principal r ay; the longer the draught ".appears, to be^
and that in proportion to the difiance of 'the eye.

I call that the length which is taken along the q.
geometrical plane, as it'runs diredtly from, the pic-
ture. • • - . . ' . '

Let AC be the pi£ture,'EA the principal ray,
CV the-horizontal plane. Let E be the point of

-view, for which the profpecl was drawn. .Then 'tis
plain CB reprefents the length CF, to the eye at E.
Let the eye be removed to D, in the principal ray
AED; then the fame CB reprefents the length CV.
But by fimilar triangles, CF : AE : : (CB": AB : :)
CV : AD -, and therefore the apparent length of
the draught is greater at D than at E, in propor-
tion of AD to AE. .

Cor. ï. Hence in any given piece of perfpeftive^
the further the eye is 'placed from the pifiure -, the
larger and more extended it feems to be ; and the near-
er, the lefs it appears. .

Cor. 2. No perfpeElive view will appear exaïïly like
the original, but when it is feen from the true point
of view for -which it -was made.

. For when it is feen from a point nearer than the
true point, it gives too ih'ort a view -, and if from
a point further off, the view is too long. And in
no pofition of the eye but one, can all lines come
from the objefts to the eye, to cut the pifture in
the fame points. And therefore the iituation of
all objeus will not be the fame, when viewed from
different points. Whence no view can appear fo
natural, as when feen from its own point oi view.

And
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Fig. And then all rays coming to the eye will come in
q. their true directions, and make an appearance ex-

actly fimilar to the original.

Cor. 3. Tbo* tee objeãs feem greater when tie eye
is further off, yet they really appear under kfs angles.

For in this cafe the reafon of their appearing
greater, is not becaufe the feveral parts of the view
appear under greater angles, for they really appear
under leflfer ; but becaufe the view appearing long-,
er, we judge the diftance to be greater, and there-
fore the objects feem greater, and the view more
extenfive. But this apparent greatnefs anfing mere-
ly from judgment, it may be different in different
people.

P R O P . XIII.

If any print or perfpefíive view, be looked at thro*
a lens, whofe focal dißance is equal to the principal
ray, and the print placed in its focus ; it -will be f&
magnified, as to have the very fame appearancey as
the place it was drawn for.

io. Let L be the lens, AC the pifture placed in its
focus, whofe focal diftance is LS == the principal
ray. Then (Cor. 10. Prop. XX. B. III. Optics;,
all the rays ifluing from the picture AC, in its
focus, and refracted by the lens L, will emerge
parallel to the eye ; therefore they come to the eye
as they do from the objects at a great diftance ;
therefore the view is magnified. Alfo (by Prop.
XXXVII. ib.) the apparent magnitude of the view,
or any part of it (that is the angle it appears under),
feen thro' the lens ; is the fame as that feen by the
naked eye from L, that is from the point of view
of the print. But the apparent magnitude of the
view or any part of it feen from L, is the fame as
that of the country itfelf (or other object) feen

from
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from L, fince the fame lines go to all the corré^ Fig.
fpcmdent points. Therefore the angles, the whole 10,
and every part of the print is feeh under, thro' the
lens, are the fame as thofe of the object or objects
feen with the naked eye from L. And therefore
.both muft necefiarily have the fame appearance.

Cor. Glaffès which are not of a due focal length^
will not give the exaEi appearance of a place. Shorter
•glaffesmake the dißances lefs, anafo contracl the view.
And longer glaffes make the difiances greater^ and ex-
tend the view.

For by Prop. XII. the further the eye is off, the
larger and more extended the draught appears.
And when 'tis feen thro' a lens of any focal dif~
tance, it appears equally large, as feen at that dif
tance with the naked eye. Therefore it follows
that a print feen thro' a lens of a long focus, ap-
pears larger than when feen thro' one of a lefler
locus.

S C H O L I U M .
Since glaflbs of a long focal diftance, give a

large and extenfive profpect of a country, there-
fore they are better than fhorter glafles. And when
the profpedts are well drawn, and properly colour-
ed ; it is very delightful to view them thro' a good
glafs, as they fo nearly imitate nature. And tho'
there is but one focal length that will give a true,
appearance, yet the draught will always appear a
jegular piece of perfpeftive, tho' it may not ex-
aetly reprefent any place in the world, fuppofing
the eye.placed fomewhere in the principal ray. And
the draught will feem longer in proportion to the
focal diftance of the glafs made ule of; or in pro-
portion to the apparent diftance of the neareft part
of the piéture.

As there is nothing more pleafant than viewing
the draughts of countries, towns, cities, magnifi-•&

cent
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Fig. cent buildings, and other grand objects, when welí
ID. drawn: to fee them to the beft advantage, the fo-

cal diftance of the glafs £hould be juft fo long, as
not to ihew the fcratches, and coarfenefs of the
engraving ; or not much longer -, for then the view
will be narrow, and the parts too fmall to be feen fo
far off. And if it be far off, it will hide the beau-
ties as well as deformities. And to get a proper
glafsj obferve at what diitance the fcratches dif-
appear to the naked eye, and that is the focal
length of the glafs. Perfpeotive views ihould be
drawn, fo that the point of view be further off,
than is generally practifed, if you would have the
piece to be a true copy-of nature. The principal
ray mould not be lefs than two foot, and then the
draught being looked at thro' a lens of that focal
diftance, it will appear in perfection, and give a
true reprefentation of the place it was drawn for.
The view mould be fo large as to fubtend an angle
at the lens of about 30 degrees. And it is proper
to put the lens in a mort iquare tube ; which will
confine the fight, and direct it to the perfpeftive
draught -, which, to compleat its beauty, ought to
be coloured with the fame colours as the natural
objects appear in. For which purpofe water colours
need only be ufed, as being fufficient for .that pur-
pofe.

P R O P . XIV.

ii. If G le any point in the geometrical plane, G F
perpendicular to the ground line DC, S lhe point of
ftght, and SF, EG drawn. The reprefentation of
G, jhall be at P in the line SF ; and fo placed^ that-
ES : SP: : GF : FLJ.

For fmce GF and ES. are parallel, they are both
in one plane, which plane cuts the picture in the
jine SF. And all lines as EG, drawn from E to any

point
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point of the perpendicular GF, will interfect the Fig.
picture in the line SF; thus EG interfefts it in P, n.
and therefore P is the pifture of G. Now the tri-
angles ESP, GFP are fimilar, for by the parallels,
angle SEP — FGP, and the vertical angles at P
are equal ; therefore GF : FP : : ES : SP.

Cor. ï. If G be any point in the geometrical plane^
GF perp. to the ground line, and SF drawn; and EG
to inter/eft SF in P. Then P the image of G will be
fo placed, that the fum of the principal ray and per-
pendicular ES + FG : to the line SF : : as the prin-
cipal ray ES : to S P the dißance of the image P from
S : when the point G is beyond the pitiure. But
iahen G is on this ßde the рШиге, you muß take ES
— FG.

For fmce ES : SP : : G F : FP, therefore ES +
GF : SP + PF (SF) : : ES : SP. AndES —gF :
Sp —pF (SF) : : ES : Sp.

Cor. 2. If t Ье рШиге AC is oblique to the geome-
trical plane, the fame proportions will hold good.

This is evident, becaufe ES and FG will ftill be
parallel, and the triangles ESP, and GFP fimilar. '

Cor. 3. Hence, if the given point be beyond the pic-
ture, its image will he above the ground line ; if on
the fame ßde as the eye, it will appear below the
ground line.

P R O P . X V .

'•The length of a line GF ßanding upright upon the 12>

geometrical plane, is to the length of its image g f in
the рШиге; as the bight of the eye ER, to the dif-
tance of the image of its foot from the horizontal
line, gn.

Let E be the eye, RGB the geometrical plane,
ESTNV the horizontal plane. Produce GF and

С its
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Fig. its reprefehtation gft to cut the horizontal plane
12. at N and и, and draw NT parallel to VÀ. Then

• fince GFN, and gfn are parallel, the t triangles
EOF, Eg/, as alfo EGN, Eg-я.аге fimilar, whencç
FG \fg : : EG : Eg : : GN : gn : : ER : gn.

Cor. r. As the dißance of tbe 'line from the eye, to
the dißance of its image from the eye-, fo the length of
the line, to the length of its image.

For by fimilar triangles, FG : fg : : EG : Eg : :
DN : En.

Cor. 2. As the dißance of the eye from the plane
TNG (in which the line is), to the diftance of the
»ye from the рШиге ES, fo the length of the line FG,
•to the length, of its. image f g.

For FG : fg : : EN : En : : ET : ES.

Cor. 3. 7i>e fame is true on an inclined pißure,
provided the line FG be parallel to the vertical line SX.

For the triangles EGF, Egf will be Uill fimilar;
as alfo EGN, and Êgn. • -

S C H O L I U M .
This propofition is the foundation of all fcheno-

graphy. By its help all elevations are performed,
thé pofitions and hights of all folids truly laid
down. And the fchenographic representations of
all bodies exaétly delineated.

PRO P. XVÍ.

If a point be elevated above the geometrical planet

it is .the fame thing as if it was in a new geometrical
plane raifed fo much higher ', as is the high t of that
point, ï 'be point of dißance remaining the fame.

i(j. Let E be the eye, S the point of fight, AC the
picture, IHQ^the geometrical plane, and GF a

line
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line Handing perpendicularly upon it. Thro* the Fig;
top F draw the plane KLÎVIN, which will cut the 13.
picture perpendicularly in the line dfc, and the
Right of the eye in r. Therefore if we make this
.new plane the geometrical plane, the point F will
be a point in it. And the high): of the eye will be
Er, and grou-nd line dc. And the hight of the
eye, and the picture wilt be ihortened by the hight
Rr OK FG orfg-, while the point of diftance, and
principal ray ES remains the fame.

Cor. And thus every f oint., elevated above, or de-
prejfed- below, a given geometrical plane ; may be af-
fumed in- fome other geometrical plane, drawn thro*
tbat^point, parallel tu lhe ßrß.

P R O P . XVII.

If E be the eye, AC the horizontal plane, ER the- 14.
geometrical plane. And if any objects, (fttuated' in the
plane GR perpendicular to the horizon) are to bei
drawn цроп the plane AC, for the рШцге. They will
appear in the fame places, as when the hight of the:
eye, and the dißance, are changed for one another.

For let G be a point to be reprefented in the.
plane SC. Draw the line EG to cut SC in g, and
g will be its place in- that plane ; where, ES is the
hight of t:he eye, and SC. its diftance. But this is
the very fame thing as if ER was the hight of the
eye, and ES its cliilarice, AC the pic~rure,''and RG
the geometrical plane, in-which the point G is fitu-
ated. This will be evident, by turning the whole
figure about, till RG becomes the bafe -, for then E
being the eye, ER is its hight, ES its djftance, Sec.

Cor. Hence the fame rides that ferve for drawing
upon a vertical plane, will alfo ferve for drawing
upon a horizontal one.

С 2 P R O P ;
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P R O P . XVIII.

The ßadow of a, right line, upon a f lane caufed
by any light, is alfo a right line.

For if a plane be drawn thro* the light, and the
given right line, and extended to the plane, it will
cut that plane in a right line (Geom. V. 2.) ; and
it is evident this line of fedtion is the ihadow of the
given line.

Cor. ï- If the right line given be parallel to the
plane, its ßadow will be parallel to that line;

For the line being parallel to the plane will be
parallel to the feffcion, (Geom. V. n. Cor.).

Cor. 2. If the right line go thro' the light, its
ßadow is only a point.

Cor. 3. Tke image of the ßadow (of a right line,
upon a plane") will alfo be a right line.

This is evident by Prop. II. confidering the iha-
dow as an obje6t.

Cor. 4. If feveral parallel lines be parallel to a
plane, all their Jhad<nt)$ will be parallel to one ano-
ther and to thefe lines.

This is plain by Geom. V. 8. and Cor. ï. of this.

Cor. 5. And if the light be at a great dißance-,
the ßadows of any parallel lines, will be parallel ta
one another.

For then the planes paifing thro' thefe lines, and
the light may be efteemed parallel. And therefore
(Geom. V. n.) thefe ihadows, or their feetions
with any other plane, will be parallel.

P R O P .
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Fig.

P R O P . XIX.

f he images of all rays, proceeding either from tbe
fun or a fmatt light, tend í o the image of that light
in the pbiure.

For the image of the light is the image of one
end of any ray proceeding from that light-, and
the ray being a right line, its image will be a right
line, proceeding thro' the image of the light» or
tending to it.

Cor. ï. <ГЬе image of the Jhadow of any -point', is
in the right line drawn thro' the image of that point,
and the image of the light.

Cor. 2. ЧГЬе images of all ladies are terminated, by
lines drawn thro* the image of the light, and -thro*
the images of the extremes of thefe bodies.

P R O P . X X .

If a right line FG be parallel to any plane PQj 15.
the image ik of its ßadow IK upon that plane, (by
any fort of light), jhall tend to the accidental f oint
О, of that right line.

For (by Cor. ï. Prop. XVIII.) the line FG and
its lhadow IK will be parallel; and (Cor. ï, Prop.
IV.) the images of thefe parallel lines, FG, IK,
tend to the accidental point of FG, that is to 0.

Cor. ï. If d line be perpendicular to the рШиге,.
the image of its fliadow, upon the geometrical or ver-
tical planes, or their parallels, tends to the point of

fight.
.. For then the line is parallel to both the geome-

trical and vertical planes.
С 3 Cor.
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£ig. Cor. г. If a lim be perpendicular to the vertical
lg. plane -, the image of fis foadow upon the geometrical

plane-, or the piflure, or 'their parallels, is parallel to.
the ground lin-e.

For then it is parallel both to thte geometrical
plane, and the pidture.

Cor. 3. If .the line-be perpendicular to the geome-
tricalplane ; the image of its ßadow upon the piuurt
'ana vertical 'plane., and their parallels, is parallel to
the vertical line.

For then the line is parallel to the vertical plan*
and the piiture.

P R O P . ХХГ.

16. If L le the image of the fun in the pifiure, which
is below the horizontal line AS, when the 'Jûn is be-
fore the picîure ; or above it, when beyond. And if
LI, LN, be drawn parallel t o AS, SX;- cutting thé
vertical line SX in I, and the horizontal line AS in
N, and SL be drawn. 'Then if a right line be ex-
pofed to the fun's light ; the image of the ßadow-,
which fucb a line, perpendicular to the pifture, or
vertical plane, or geometrical plane, or their parallels,
cafts upon the f aid plane, is parallel to SL, tends tu
,1, or tends to N, rejpeftivelj.

. j. The ihadow of the principal fay ES will be
. LS. For L is the image of the fun in the pic-
ture, and a line drawn thro' L and the eye at E,
paflès thro' the fun ; and therefore L is the ihadow
of E. But planes drawn from the fun, thro' all
the parallels to ES, will cut the pifturé AC in pa-
rallel lines ; becaufe the fun is at an infinite dif-
tánce, and therefore thefe planes are parallel, and
their fections, with the pifture, parallel (Geom. V.
i i ) -, that is, the fliadows of the lines perpendicu-

lar
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lar to AC will be parallel to one another on the Fig/
pifture, and to SL. 16.

2. If feveral lines be perpendicular to the verti-
cal plane EPQR ; their íhadows upon the plane
will be parallel to one another, . as "appears from
what is demonftrated juft now. But thefe ihadows
being taken for objects, .their appearances in the
picture (by Prop. IVi Cor. ï.) will tend to their
accidental point, which is I. For the ihadow of a
line paffing thro' E, parallel to AS, will fall upon
1Л (Cor. ï. Prop. XVIII.), and that Ihadow fall-
ing on the vertical plane, will be parallel to the
other ihadows on that plane, and alfo in the line
EL Therefore El being parallel to all thé iha-
dows, I will be their accidental point.
. 3. Since L is the ihadow'of E, the ihadow of
1ER perpendicular to the horizontal plane, will fall
in the line GLN. And (Cor. 5. Prop. XVIII.)
the ihadows of all lines perp. to the geometrical
plane will be parallel to RG, which is the Ihadow
of ER. And fmce EN is parallel to RG, N will
be the accidental point of RG, and of all the iha-
dows, upon the geometrical plane. And therefore
their reprefentations in the picture tend to N. г,

And the faihe is true of the images of the iha-
dows upon, any parallel planes; fince thefe ihadows
are parallel to the former.

Cor. If the fun is in the f lane of the pitture, the
'Appearance of the Jhadow of any line perp. to it^is,
'•parallel to a ray of the-fun falling on it. If in the
plane of the.vertical plane^ \ihey tend to I. If in the
horizontal plane, they tend to N, And the fame for
their parallels.

P R O P .
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Fig.

P R O P . XXII.

f he image of theßadow, which a line perpendicu-
lar to any plane caßs'upon that plane, tends to the
image of the point of Situation of the light upon that
f lane ; that is, to the image of the point where a per-
pendicular from the light falls upon- that plane.

! 7, Let D be any light, BF a line perpendicular to
the plane KH, draw DI perp. to the fame plane ;
then I.is the .point of fituation of the light upon
the plane KH. Then fmce BF, andDI are paral-
lel, they will be in one plane, DBFI ; and the iha-
dow of BF will be in the fame plane. , But this
plane cuts, the plane KH in the line IFG. But the
image of that line in the pidlure (by Prop. II.) is
alfo a right line ifg. Therefore fg, which is the
image of the ftadow FG, tends to /', which is the
image of I, the fituation of the light.

Cor. r. If the ßadow of a line perp. to a plant-,
fall on that plane and others parallel to it -, the images
of the feveral parts tend to the accidental point of any
fart.

For thefe parts being parallel, their reprefenta-
tions (by Cor. ï. Prop. IV.) tend to the accidental
point.

Cor. 2. If many parallel lines ßand at any inclina-
tion upon the plane KH ; and if DI be drawn from
the light D parallel to tbefe lines, cutting the plane in
I. Îhen the images of all the ßadoios will tend to
the image of I in the pifiure.

For the plain paffing thro' DBF will ftill cut the
plane KH in the right line GFI.

P R O P .
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P R O P . XXIII.

УЬе properties of an inclined рШиге ABC are tbe 18.
fame as t bofe of an upright one, in regard to the places,
pofttions, and magnitudes of any points, lines or fi-
gures ; taking ER for the bight of th'e eye, parallel ta
the vertical line SX. And inßead of lines perpendi-
cular to the рШиге or to the geometrical plane, taking
the fame lines parallel to ES or SX.

Let NG be a line in the geometrical plane paral-
lel to the ground line XC ; ng the image of it in
the picture. Then the plane ENG, drawn thro*
the eye at E, and the line NG which is parallel to
the picture, will cut the picture in the line ng pa-
rallel to NG. And fo would it do in the upright
table, by Prop. III.

Let GF be a line {landing upon the geometrical
plane at G, parallel to SX. Then fg its image
will alfo be parallel to SX, or perpendicular to CX.
And fo it is in the upright picture, by Cor.'2.
Prop. III.

Draw RG which will meetfg at I in the ground
line CX. Then by fimilar triangles, GF :.gf: :
GE : gE : : RG : RI : : RE : lg ; which are the
fame proportions we have in Prop. XV. for the up-
right picture. Likewife NG : ng : : EG : Eg : :'
ER : gl ; which is the fame porportion, as in the
upright picture.

So that whether the picture and the lines ER,
FG, ftand floping, or upright upon the line CX,
at the points R and G; the reprefentations of the
lines NG, GF, will fall in the fame places of the
picture, and be of the fame magnitudes in it. '

Cor. Hence if a perpendicular folid, as a prifm or
cylinder, ÖY. as DM, is to be drawn ; before this can

be
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Fig. be done, by the rules for upright pifturcs, lines muß
ÍS. be drawn from the top D to the geometrical plane^pa-

rallel to SX, as Dm. Then by having the length of
friD, 'the Mage of D may be found\ and then the
image 'of M, 'and the'folia compleated.

S C H O L I U M .
Hitherto ï have been laying down fuch princr

pies as are the foundation of the whole practice of
perfpeftive -, which being well uriderft'ood, the rea-
fon of the feveral operations in the practice will ea-
fily be ihewn and made intelligible.

' And tho' objects may be drawn in perípeélive
various ways, either upon a plane perpendicular to
the horizon, or parallel to it, or inclined in any
given angle -, yet fence alm'oft all objects ftand per-
pendicular to the horizon, and all views and per-
Ipective draughts, - are hung againil a wall, which
is allb perpendicular to the horizon. And fince
the rules for drawing are the moil fimple and «afy,
when the pifture is in that pofition. Tlierefore I
have given all the principles in full for that fort of
projection. And in order to extend the rules to
other kinds, I have given fome proportions, mew-
ing how the other forts may be reduced to this.

Alfo as it is moil natural to look at á draught of
any thing direftly, rather than obliquely. And
all towns, cities, cailles, towers, churches, edifices
of all forts, ftand in á perpendicular pofition, this
fort muft be efteemed the moil natural of any, ás
weil as the moil ready, familiar, and eafy.

Ahd tho' the objefts I have been defcribing,
«re fuch as fall below the horizontal line, and be-
yörid the pïéluré. Yet all the propöfitiöns are
equally true, tho' the objecb are never fo high í
jor when they are between the eye and the pifture.
But to have drawn them fo, would have required
Jarger figures and more room.

And
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And fmce lhadows ferve to diftmguim the dif-

ferent fides of a body, and to ihew us what fides
are towards the light,- and what from it, and there-
by enable us to judge of the pofitions of all the
parts of it ; and upon this account they give life to
a piece of perfpeftive, and are the chief ornament
and beauty thereof. And as this light may either
come from the fun, whofe rays are to be efteemed
parallel to one another, as coming from an infinite
diitance. Or they may proceed from a fmall light
as a lamp or a candle ; and then they diverge from
a point near hand. And fince a perfpeftive draught
is imperfe<5t without fhadows ; therefore I have laid
down a few propofitiôns, Ihewing the' direction and
pofitions of the ihadows of bodies upon all forts
of planes, by any fort of light 5 from whence the
method of laying them down in p'erfpeftive is
cafily deduced. '

SECT*
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S E C T . I I .

PraSíical Rules for drawing in
PERSPECTIVE.

T TAVIN.G in the .firlTfection treated of the
". JTJL theory or fundamental principles of perfpec-
. tive. ; I ;cpme now to lay down the rules by which
"all the.operations, in the practical part, are per-
formed. •Albwhichare.eafily deduced and demon-

'ftrated, from, the-foregoing theory. .
The natqre and .foundation of drawing in per-

' ipective -is..eafily underftopd, by looking thro1 a
'glafs window, and viewing the feveral objects with-
out, and whilft you keep your eye fixed fteady in
one place, imagine thefe objects painted on the
glafs in the fame places they appear in -, that is, in
the places where the rays coming from the feveral
objects to the eye, meet the glafs. For if fuch
pictures of the lèverai objects were actually de-
fcribed upon the window, it would be really a per-
fpective draught. But then it would only be drawn
mechanically, without any rules of art. Whereas,
by the practical rules, which will be here laid down,
the very fame draught may be made, without look-
ing at the objects -, and that from certain data, fuch
as the diflance, pofition, altitude, Sec. of the feve-
ral objects to be defcribed.

The practical part of perfpective is either direct:
or inverfe ; the direft method is that by which the
appearance of any given object is reprefented in
the plane of the picture. And the inverfe method
is that which finds out the object, by having its
image given in the picture. In what follows we

lhall
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mall fuppöfe the piéture ;dire£tly oppofed to the Figv
eye, and by the help of füch lines and points,-as:
we have given, we ihall.find-the appearance of any
objeel upon that plane; :; In what, went before con-.-
cerning the demonftrations, же .were obliged to view"
it fideways; that the eye 'might fee all theanterfec- •
tions of the feveral lines and planes concerned
therein; many of which, in any other pofture,
would be hid from the eye; fo that each of thefe
figures is really itfelf a piece of perfpeótive. But
thefe principles being eftabliméd, we' íhall have ho '
further occafion for it in that pofition ; but fuppoie
it placed diredly before the eye, as it is to be feen <
from the point of view. - • - • ; •

In the dired method, we find firft how to place
the. image of a point in the geometrical plane, in
the pifture. Then the image of a line -in the
geometrical plane is found, by finding the images
of the extreme points. Then the image of any
plain figure is found, by finding the reprefentatiohs
of all the fides. Thoíè of curve lines are found,
by finding a. good number of points, and drawing
a curve regularly thro* them. The image of a
line perpendicular to the geometrical plane, is ea-
fily found by having the point or bafe given. And
then the image of a floaping line. The image of
a folid is had by finding the image of its bafe, and
then eredling perpendiculars at the angles, of a
proper hight-, .and joining the tops of them by
right lines.

In general, the images of all lines in the geome- J
trical plane, which are perp. to the ground line,
converge to the point of fight. And thofe that cut
it obliqyely tend to their accidental point. And
the images -of all lines parallel to one another, ex-,
cept fucla as are parallel to the picture, converge
to fome point or other.

All
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Fig. All lines parallel to the ground line, have their

representations on the table parallel thereto. And
the images of all lines perpendicular to the geome-
trical plane, are perpendicular to the ground line.
All thefe things -will be exemplified particularly in
what follows.

P R O B . I .

fo reprefent. an obje£l by military perfpefiive.

Military, or orthographic perfpective is ,the draw-
ing lines thro' all the points of the object: perpei*-
djcular to the plane of, the picture, placed in a
proper pofition ; and then connecting all the points
by right lines as they are in the object. Hepe all
lines that are not directly expofed to the eye, muß:
be made kfs than they are, fo much as the- obli-
quity is. greater. Angles may appear either bigger
or lefler than the truth, according to the pofition
of the plane of their fides. All lines that are pa-
rallel in the object:, muft be parallel in the picture.
And thofe perpendicular to the horizon, rnuft bç
perp. to the ground line.

The practice is eafy. Draw .any .line for the
ground line, and the object: being placed, or fup-
pofed to be placed, in a convenient fituation ; let
fall perpendiculars from every point 'or angle of'
it. upon the plane of the picture ; drawn in obfcure
lines; all.thefe will be perpendicular to the ground
line. Then, lines muft be drawn from one point
to another as they are in the object:.

Or thus, Draw the plan or bafe of the object:,
and-.draw from all the angles, the feveral altitudes
of the parts of the object in thefe places, parallel
to one another ; and perpendicular to the ground
line, all in obfcure lines. Then join the tops of
thefe lines, by drawing other lines, as they are ,in
the object:, and all lines belonging thereto that are

vifible -,
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yifible ; rubbing gift; thpfe that are, hid from the Fig.
eye. But ftriótly ilich Unes as are not directly opr
pofed to, the eye mufh be dimmhbed, according щ
the fine of the. angle qf, incidence,,, from the eye,
And the angles will be increased or, decreafed, in
confequence of that obliquity. Laftly, the feveraî
parts or planes compoiïng the furface of the bodjTi
that lie from the eye mud be ihaded,; the more,
the more oblique they are.

Sometime? you muft draw the front or profile a?
well as the plan, to.ihew the feyeral. altitudes,

ï.
Let OPQRS be a piece of fortification feen in ig.

front. ABEF is the plan, where all the lines BA,
CD, &c. perpendicular to the ground line BE, arc
reduced in length in the proportion of <zB tp.AB$
by reafon of the obliquity of the raya, upon the,
lines AB, CD, in the bafe. GHIKLMN is the
front, where all the lines Ш», li, &c. are fliqrter)-
ed in proportion of the radius to the fine of incli-
nation of the rays upon the lines H£, I*', &c. ia
front, or plane GLMN. Then the figure OV/RS,
.being made equal toGHLMN, and the lines OP,
V-y, &c. and RQ, be ' made equal to В A, CD,
&c. and EF -, and the lines joining, on the feveral)

.planes be drawn, as Pii, OV, /R, &c. the folid,'
will be formed -, which being flaaded, gives the true.
appearance thereof OPQRS, according to this me^-
thod of drawing.

Ex. 2.
ABCD is a table, feen both in front and profile. 20.

Let EC be the ground line, EF a line parallel to
the front. MG the length of the table, MF the,
length contracted by the obliquity of the lines in
the front, parallel to the ground line i and MK
perp. to MF, is the breadth ; and MH the con-

tracted
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Fig. traded breadth, by the obliquity of the lines perp.
20. to the line EF. Make HI = НК, and draw IN

parallel to MF, and make ML n MH, and draw
FN parallel to ML ; then LNFM is the plan.
Make thefigure OCDP equal and fimilar to LMFN.
And on the points O, C, D, P, raife the perpen-
diculars OQ, CR, DS, PT, equal to the con-
tracted hights of the table by the obliquities of the
lines OQ, CR, &c. Draw a plane ABV, thro' the
points Q, R, S, T, whofe fides Ihall be parallel
to QR, RS, ST, TQ; and finiih your table as in
the figure.

S C H O L I U M .
• Drawing by this fort of perfpective, is no more.
than drawing the ihadows of all the lines of an
object, which the fun, (or a light at an infinite dif-
tance), cafts upon a plane ; and then ihadowing
the parts.

The point of fight in this kind of perfpective is
any where. For the "eye is fuppofed to project any
parts of the object, by lines perpendicular to the
picture ; which comes to the fame thing as viewing
them from an infinite diftance.

This fort of perfpective is the beft for drawing
fmall bodies, as things within a houfe ; and parti-
cularly all forts of engines ; for ftanding at a dif-
tance, the fides that are parallel in the object, fcarce
appear otherwife than parallel. And upon account
,of its eafmefs, it is an excellent method to learn to
draw by, and very proper to be practifed by young
Undents that are learning to draw ; for by this
they acquire a habit of judging of the pofitions of
the feveral parts of an object, and by that means
readily learn to draw by hand. The principal dif-
ficulty is to know how much any line, (or any other
parallel to it) is contracted in the draught, and to
do this, either the angle which the vifual ray makes
with that line mufl be given -, 'or it mnft be found

by
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by experiment ; and thefe being had, the thing will Fig.
be eafy. But it muft be obferved, that the -me- 20.
thod here ufed of laying down the plan, is not ac-
curate, but only an approximation ; and is ufed
only to avoid л more tedious and troublefome con-
ftruftion. And therefore it gjves not the angles
exactly true. But for fuch as would be exact in
finding the true reprefentation of an angle, I fliall
lay down the following problem.

P R O B . I I .

Vo find the apparent magnitude of an angle in mi-
litary perfpeffive.

Let ABCD be the plane, BAD the given angle 4j.
in that plane. At the point А erect the perpendi-
cular AP, to that plane -, thro' AP and the eye (at
an infinite diftance) draw the plane PAFG, which
will be perp. to the given plane AC. Let the
angle AGF be the elevation. of the eye above that
plane, and let AF be perp. to FG. Then thro*
AF and FG draw the two planes AFE, and FGBE,
both perp. to AFG ; then fince the three planes
AFE, AGB, FGB, are all perp. to the plane AFG,
their interfections will be all perp. to AFG, and
confequently parallel to one another ; and therefore
FE parallel to GB. Therefore if a ray paffing thro'
F fall upon G, another ray parallel to it falling on
В will pafs thro' E making FE — GB. Therefore
it is evident, the angle BAG in the plane ABCD,
is projected into the angle EAF in the perpendicu-
lar plane EAF. And the angle BAG is the decli-
nation of the plane AFG (or of the eye") from the
fide BA. Therefore in the triangle AFG, rad :

j.AGF : ; AG : AF = — X S.AGF, and in the

D tri-
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Fig. triangle AGB, rad : tan. GAB : : AG : GB r;

— т X /.GAB ; therefore in the triangle AFE, rad :

tan. FAE : : AF : FE or GB : : - x S.AGF, :

AG
f.GAB : : S.AGF : tan. GAB.

Cor. ï. Hence, as fine of elevation of the eye AGF
above the plane ABCD : radius : : tan. declination
BAG of the eye or -vertical f lane from the ftde В А :
tan. of the apparent angle FAE, from the Jams ver-
tical plane AFG.

Cor. 2. dfter the fame manner that the anglt
FAE is found for tie representation of the anglt
GAB on one fide of the vertical plane AFG ;
the reprefentation of the angle GAD on the other

ftde, is found ; and confequently tbs whole angle
BAD.

P R O B . III.

Any figure or figures being given in the geometrical
plane, to lay them dcwn in a proper fituation for draw-
ing them in perfpeiïive.

22. Let AB be the ground line, CDEF the given fi-
gure. From every point of the figure, C, D, E, F,
draw perpendiculars to the ground line CG, DH,
F/, EK, and continue them till Gc = GC, Ha =
HD, I/ = IF, and Ke = KE. Then draw cd, de,
ef and fc. And the figure cdef is in a proper fitu-
atjon for drawing.

For if the figure CDEF was to remain in its
proper place, the projection of it in the picture
would interfere with the figure itfelf, and one of
them would confound another. Therefore the ori-

ginal
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ginal is transferred to the other fide of the ground Fig.
line in an inverted pofition, as if the whole figure 22.
was turned upfide down over the line, AB into the-
pofition cdef. And this is juft as it would appear
by reflexion in a looking-glafs ; and therefore the
inverted "figure, will by reflexion fliow the true fi-
gure. And .as the diftances of the feveral points
ct â, e, f are the fame as of the points C, D, E, F,
and in the fame perpendiculars to the ground line •
therefore they anfwer exactly the fame ends, whe-
ther the true or inverted figure is made ufe of.

S c H o L ï и M.
Hence in what follows, all figures placed in the

geometrical plane> are fuppofed to be tranfpofed
to the other fide of the ground line, at the fame
diftance, and there drawn in an inverted pofition.
But it is not always nèceflàry that the figures be
actually drawn ; it - is fufficient in many cafes, to
have only the diftances of their feveral points from
the ground line, and the points where the perpen-
diculars cut it. For by having thefe things, all the
operations may be performed as well as if the fi-
gures were drawn. •

P R O B. IV.

5Г0 find tbe vanißing line of any plane, -whofe in-
ierfetiion and inclination to tbe fi£iure are given.

Let S be the point of fight, PQ the interfection 23.
of the plane with the picture. Draw RSP perpen-
dicular to PQ, and SE parallel to it, and equal to
the principal ray. Make the angle SER equal to
the compliment of the angle, which the given plane
makes with the picture, interfering R P in R ; draw
RV parallel to PQ, for the vanifljing line of the
plane.

D 2 The
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Fig. The vaniíhing line is the interfeftion of the pic-
23. ture, and a plane paffing thro' the ejfe parallel to

fhe given plane. Juft as the interfeótion of, the
pifture and the horizontal plane, is the vaniíhing
line of the geometrical plane.

For fuppofe the plane RES to be raifed up per-
pendicular to the plane of the picture. Then as E
is the eye, and RV parallel to PQj a plane paffing
thro3 ERV, will then be parallel to the plane pafl-
ing thro' PQ ; and inclined to the pidhure in the
angle EES. Therefore RV is the vaniíhing linf
•fought.

P R O B . V.

24- To find the accidental point of a right line ; having
given its elevation on the geometrical plane, and the
angle its bafe wakes -with the ground line.

I call that its bafe, which is a line drawn from
the point where it interlecls the geometrical plane5
to the point where a perpendicular interfeóts the
geometrical plane, which is drawn from the top
of it.

Let S be the point of fight, SP the horizontal
line, XQ^ the ground line. Then as it is all one
where the line ftands, if it be but in ,a parallel po-
fition ; therefore fuppofe it cuts the geometrical
plane at X. Make the angle BXC the declination
of the bafe, or the angle it makes with the ground
line, and DXF its elevation above the plane; which
here is towards the eye. 1 .et SE, equal to the prin-
cipal ray, be perp. to SP, and make the angle SEP
— BXC the declination -, thro' P, draw PQ parallel
to the vertical line SX. Then make PG = PE,
and the angle PGR = DXF the depreifion; here
below the geometrical plane j and R is the acci-
dental point.

For
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For imagine the plane ESP to be raifed up till it Fig.

be perpendicular to the plane of the pifture SXQP, 24.
then the angle SEP being equal to BXC, the plane
paffing thro' EPQ will be parallel to the plane in
which the given line is, whofe bafe is XC j there-
fore PQJs the vaniihing line of that plane. Then,
fince PG or PE is the diftance of the line PQ/rom
E ; and the angle PGR being equal to DXF, there-
fore ER mult be parallel to DX (fuppofing ER to
be right over S, as was faid before) ; and there-
fore R is the accidental point of DX, or of the
given line, which is parallel to it, by Prop. VIII.

It is eafy to know, from the pofition of the given
une, whether the angle SEP is to be taken to the
right or to the left ; and whether the angle PGR
is to be taken upwards or downwards.

Cor. ï. If the given line have no declination^ its.
occidental point is in the vertical line SX.

Cor. 2. If tie given line be -pardid to tbe geome-
trical f lane \ its accidental point is in the horizontal
lineS?.

Cor. 3. f voo lines proceeding from one point, make,-
the fame angle, as two lines drawn, from the eye. to,
their accidental points de.

P R O B . V I .

A point in the geometrical plane ^beinggivtn\ to
find its appearance in the pitlure.

ï. Let AB be the ground line, DD the hori- ге
zontal line, S the point of fight ; D, D, the points
of diftance. And let С be the point given, tranf-'
pofed to the other fide of the ground line; Draw.
CF perpendicular to AB i make FG = FC,.
d,raw FS, then draw GD to the oppofite point of

D 3 diftaace
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Fig. diftance D, if the original point is beyond the pic-
25. ture, to cut SF in c, then с is the image of С in

the picture.
But if the original point be on this fide the pic-

ture, you muft draw a line from G to the point
of fight on the fame fide -, and then the interfection
with SF, gives the image of С below the ground
line.

For the triangles DfS and FcG are fimilar, whence
DS : Si : : FG : Fc. But (by Prop. XIV.) the ь
mage of С is in the right line SF, and fo placed,
that the principal ray : Sc : : diftance of the point :
Fc. But DS is equal to the principal ray (by Def,
XVI), and FG is equal to FC the diftance of the
point. Therefore с is the image of C,

2. Otherways thus.

Set off the diftance FC both ways from F to G
and A, and draw from A and G, two lines to the
oppofite points of diftance D, D ; and their inter-
feflion с is the place of the image, if С is beyond
the pifture. Otherwife draw lines to the points of
diftance on the fame fide.

For fmce AF = FG, and DS = SD, therefore
DG and D-A interfeft SF in the fame point c, and
confequently they interfect one another in the very
fame point.

3. Or thus.

When the diftance of the eye, or the diftance of
the point, is very great, or when the point D or
the' point G, falls without the pifture. Take any
aliquot part of SD from S, and the fame part of
FC or FG from F ; and from thefe points draw a
line to interfect SF, which interfedion will ftill fall
upon the fame point c, becaufe fimilar parts are
proportional to the wholes.

4. Other-
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Fig.

4. Otberwife.
Let SD be the horizontal line, AB the ground a&.

line, S the point of fight, С the given point tranf-
pofed. Draw SE perpendicular to SD, and equal
to the principal ray ; and draw FC perp. to АЭ«
Draw SF, and EC to interfecl: it in c, the image
fought. If the given point be on this fide the pic-
ture, FC mutt be taken upwards.

For the triangle ESf, and CF<r are fimilar,
whence SE : Sc : : CF : Ft. Therefore (Prop.
XIV.) f, in the line SF is the image of C. Hence
•lib, SE: EC:: CF : Cf.

5. Otberwife ibus.
Let SD be the horizontal line, S the point of г.^

fight, AB the ground line, С the given point tranf-
pofed. Draw SE perpendicular to SD, and equal
to the principal ray. Draw the line EC, then
draw any line CB and EL parallel to it, draw LB.
to interfe£t EC in r, the image of C.

If the given point be on this fide the pi&ure».
draw FC upwards.

For draw CF perpendicular to AB. Then by the
fimilar triangles ESL, CFB, and EfL, CBf -, we
have, ES : CF : : EL ; CB : : Ее : Ce : which comes,
to the fame thing as the 4th method..

6. Or thus-.
From the point С tranfpofed, draw two lines CB,

CG, to the ground line AB ; and two lines EL*
ED parallel to them, from the eye at E, to the
horizontal line LD. Draw LB, DG to interfedt irjt
e, which will be the image of C.

For by the fimilar triangles, the lines LB, EC
interfect one another in the fame point, in which.
DG, EC interfecb And therefore LB, DG ia-
tecleft in the fame point.

D 4 7. Qtber-
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Fig;

7. 'Other-wife.
28. Let SD be the horizontal line, S the point of

fight, AB the ground line, С the given point tranf-
pofed, CF its perpendicular. Draw from any
point D, two lines DB, DG, making any angle ;
make DG = principal ray, and EG — CF ; draw
GB, and EK parallel to it, and КС parallel to AB,
cutting SF in f, the repreientation of C.

For by the parallels, DE : EG : : DK : KB : :
Sc : fF, according to Prop. XIV. therefore с is the
image of C.

Cor. ï. From hence the accidental f oint of any right
line may be found as follows.

29. Let DE be the horizontal line, S the point of
fight, AB the ground line ; then fmce the pofition
of the line is given, its interfection with the geo-
metrical plane, and alfo with the picture, is given.
Let P be the point in the geometrical plane tranf-
pofed, and I that in the picture. Find the appear-
ance of P in the picture as at p. And thro' I, />,
draw ElpF. Make as the diftance of the foot of the
line from the picture, PC : to the principal ray
DS : : i>o is p\ : to pK ; and К is the accidental
point of the given line.

3O> For let PI be the given line, and let p be the
appearance of P, in the picture -, thro' p and I, and
the eye at D, draw the plane DIP/», in this plane
draw DK parallel to PI, then it is evident (Def.
XVIIJ K is the accidental point of PI. But the
triangles P/>I and D/>K are fimilar, whence pK :
pi : : Up : pP. Let the plane DIPK revolve about
the line DP, till it coincide with DS, then the
plane DSCP is perp. to the picture, and PC perp.
to the ground line ; and the triangles D/>S and PpC
are fimilar, whence Dp : pP : : DS : PC. Therefore

Cor.
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Cor. 2. Let Ip interfett the horizontal line in E, Fig.

and the ground line in F. Then if pF : pE : : pi : 30.
pK, К will be the accidental f oint of PI.

For the triangles S/>E, CpF are fimilar, there-
fore DS : PC : : S p : p C : : Ep : $F, and (Cor. ï.)
Б5:РС::/>К:/>1 ; whence ̂ E :j>F :

S C H O L I U M .
To avoid confufion with many lines, if two

threads be fixt at the points of fight and diftance,
and be extended to the divifions of the ground
line, their interfeclion will give the points in the
picture. It may be fufficient only to apply the
Threads.

P R O B . VII.

Any right line in the geometrical plane being given \
to find its appearance in the piiïure.

Find the image of one end of the given line (by
the lait Prob.) and in like manner find the image
of the other end of it. Then a right line drawn
from one of thefe images or points to the other,
will be the image of the given line.

Ex.' ï.
Let FG be the given line tranfpofed; find the

image of F at /, and the image of G at g -t then
draw_/£, which is the reprefentation of FG.

Ex. 2.
Let the given line FG be parallel to the ground

line PQ, draw FP, GQ_ perpendicular to the
ground line. Then find the image of F at /, and
of G at g. And draw the line fg for the image of
FG.

Orßorter thus, draw SP and SQ, and having
found the point / as before, draw fg parallel to PQ,

to
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Fig. to cut SQ^ in g. Then draw fg for the image of
32. FG. For (by Prop. III.) the image fg will be

parallel to FG or to PQ^ And (by Prop. XIV.)
it will be terminated in the line SQ.

P R O B . VIII.

Aright lined figure in the geometrical plane being
given-, toßndits reprefentation in the piflure.

Find the appearances of all the angular points
thereof in the pidure (by Prob. VI.) and dravr
lines from one to another, as in the original.

Or find the appearances of all the lines that com-
pofe it, one after another (by Prob. VIIJ and that
will give the image of the whole figure.

And here all lines, perpendicular to the ground
line, muft have their images drawn to the point of
light; and all lines parallel to the pidure, will
have their reprefentations parallel. By this means
feveral ihori methods of working, eipecially in re-
gular figures, will appear of themfelves.

Ex. ï.
»3. Let NOPR be a fquare, whofe fide NR is рз^

rallel to the ground line AB. DE the horizontal
line, S the point of fight. Make CF = CN, and
CA = CO. ОС and PI being perp. to AB, From
S draw SC, SI, and FE to interfeft it in » and p -,
draw яг, ep parallel to AB, and «opr is the image
Or reprefentation of the fquare NOPR.

For. fince CN z: CF, n is the image of N ; and
CA being — CO = IP = IF, therefore ^ is the
image of P, and therefore vow is the image of
NOPR.

Ex. 2.

34- Let LMNOP be a regular pentagon, DE the
horizontal line, S the point of fight, AB the ground

line.
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line. From the feveral angles L, P, O, N, M, Fig.
let fall perpendiculars upon the ground line, L/, 34.
P£, Mb, Oi, and N/è. To the point of fight S
draw the lines/S, gS, bS, /S, kS. Make /ï =/L,
and draw iD, to the point of fight D, cutting fS
in /, the image of L. Make £2 — ̂ P, and draw
2Ü cutting gS in p, for the image of P. Make'
Ш == AM, and draw BD, cutting hS in яг, for the
image of M. Make £3 =: Ш, and draw ^E, cut-
ting £S in я, the image of N. Make /4 n z'O,
and draw 4É, cutting iS in <?, the image of O.
Then draw the lines op, pi, A», mn, no, which
makes the image of the pentagon, required.

Ex. 3.
Suppofe the two fquares O, P, feen corner wife, 35«

are to be drawn, joining upon the ground line AB.
S is the point of fight, D one point of diftance.
From all the angles of the fquares let fall perpen-
diculars upon the ground line AB; from the points
of interfeftion draw lines to the point of fight S.
Make'A/ — It, and from the points A, /, / draw
lines to the point of diftance D, to interfeft the '
former -, the firft in /, k ; the fécond in /, m, the
third in ». Then iklt, and Imnt are the images of
О and P.

Shorter thus. Since the fides of the fquares make
half a right angle with the ground line ; their re-
prefentations will tend to the points of diftance, од
each fide. Therefore from the angular points /, /,
draw lines to the point of fight D, and alfo to the
point of fight on the other fide -, thefe lines by
their interfeelions will give the angles of the fquares
at /, k, I, m, n.

Or thus. .Draw tS, rS, tS, and draw iD to iri-
terfect thefe in /, m. Thro' /, m, draw parallels,
nit, tnk, to the ground line AB ; and making // =;
In ; this gives the angles i, k, I, m, ».

The
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Fig. The reafon of thefe operations, is evident ; for
35. /M = tf, and /К = t A, and гЪ =. rt, &с. Alfo

fmce the lines ILN, and KM, are parallel to AB i
iln, and km will alfo be parallel to AB.

Ex. 4.

'To draw a floor of fquares feen fore right.

36. This may be done either with or without a geo"
metrical plan. Let ABGH be part of the plan,
where the ground line AB is divided into the equal
parts A/, fg, gk, &c. equal to the fides of the fmall
iquares. To the point of fight S, draw AS, /S,
£S, £S, &c. to BS. Then from A draw to the op-
pofite point of diftance, the line AE, which will
cut the lines /S, g S, £S, &c. in feveral points, ï,
2, 3, thro' which, as many parallels muft be drawn
to the ground line AB -, the laft whereof is CF ;
in which all the divifions are equal between С and
F, and the fame equal divifions may be continued
from С to K, and from F to I. And from thefe
points of divifion other lines may be drawn from
S, which upon the line AE (going thro' the point
of diftance E) give other points, thro' which more
parallels to the ground line are to pafs, and thus
the whole fpace AB1K may be filled with fquares.
And if more be defired, draw from the point К to
the oppofite point of diftance E, the line KE, which
will cut all the lines drawn from S, in as many
points, thro' which new parallels muft be drawn to
the ground line AB, which laft is LN, paffing
thro' the point L, at the interfeftion of SB, KE.

For fmce/A =/*', the point i reprefents í, and
gA being equal to £K, 2 reprefents k -, and as b A.
— Ы, 3 reprefents /, and fo on. And the fides of
the fquares being parallel to AB, their reprefenta-
tions in the pidture, paffing thro' ï, 2, 3, &c. will,
be parallel to AB, by Cor. ï. Prop. Ill,

If
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If a line be drawn from/or £ or £, &c. to E; Fig.

that line will pafs thro' all the angles of the fquares, 36.
as well as the line AE, which pafies thro' the angles
ï, 2, 3, &c. For fuch a line cuts the lines drawn
from S to the feveral divifions of AB, in the angu-
lar points. As AE pafles thro' all the angular
points ; therefore lE or zE or gE (which are parts
of the fame line) alfo pafies thro1 all the angular.
points. Therefore a line paffing thro' any divifio«
in the firft parallel, or thro' any divifion in the ie-
cond, or in the third, &c. will alfo pafs thro' all
the angular points. And therefore a line drawn
thro' F and E, or thro' С and E, or thro' К and
E, will alfo pafs thro' all the angular points of the
fquares.

Ex. 5.

To draw a floor of fquares feen corner-wife.
This alfo may be done either with or without a 37,'

geometrical plane. Let ABGH be a part of a
fquare feen fore right, which contains the little
fquares. Here AB is divided into equal parts by
the diagonals of the fmall fquares. Let AB be the
ground line. DE the horizontal line, D and E the
points of diftance, S the point of fight. Draw
AS and BS to the point of fight, and from all the
points of divifion in AB, draw lines to D and E
the two points of diftance, of which the extreme
rays AE, BD, will cut the former in С and F ;
draw CF. Then ABFC is the image of a fquare
which contains all the little fquares -, and the other
lines drawn to D and E, will by their interfections
form the images of the fmall fquares, íèen angle
wife. And to fill up the whole, divide CF into the
fame number of equal parts as AB is divided into ;
and draw lines from D and E thro' all the points
of divifion, which will form the remaining fquares.

For
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Fig. For fmce the fides of the fmall fquares, lying
27. on the geometrical plane make half a right angle

with the ground line, their appearances in the pic-
ture will tend to the points of diftance, as their
accidental points, by Cor 3. Prop. IV. And fmce
AB is divided into equal parts by lines drawn from
D or E ; therefore all lines parallel to AB, and
paffing ' thro' the angular points, of the fquares,
will be divided into equal parts by the fame lines ;
and therefore EF is divided equally, by the lines
drawn from D and E ; to the equal divilicns in
AB continued.

Ex. 6.

1"o represent a floor of equilateral triangles.
58« Let AB be the ground line, DE the horizontal line,

S the point of fight ; D, E, the points of dirtance.
Upon the horizontal line DE, make an equilateral tri-
angle PIQ ; fo that SP and SQjnay each of them be
half the fide of the triangle. To the point of fight
S, draw AS, BS. And from A and В draw to the
points of diftance E and D, the lines AE and BD,
interfefting the former in С and F. Then ACFB
is a fquare in which the equilateral triangles are to
be reprefented. Let ABGH be part of the fquare
upon the geometrical plane. AB being divided
into equal parts, each equal to the fides of the tri-
angles ; from all the points of divifion, draw lines
to the point P, and from the fame points of divi-
fion, draw lines to the point Q, and thro' the points
of meeting draw lines parallel to AB. All thefe
lines by their interférions with the former, will
make the reprefentations of the triangles in the pic-
ture, as required.- And to fill up the fquare, di-
vide CF into the fame number of equal parts, as
AB is divided into -, then drawing lines from P and
from Q^thro' all the points of divifion ; the fquare
ABFC will be filled up with equilateral triangles.

For
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For the figures in the geometrical fquare ABGH, Fig.
are terminated by continued right lines which in- 38.
terfect the ground line in an angle of 60 degrees.
And IP and IQ^ alfo making an angle of 60 de-
grees with the horizontal line DE ; therefore P and
Q^ will be the accidental points of the lines AH,
BG, and all others parallel to them ; confequently
(by Prop. IV.) the appearances of all thefe lines
tend to the points P and Q^ And fuch lines as
GH in the geometrical plane, being parallel to the
ground line AB, their repreientations in the pic-
ture as CF will be parallel to AB (by Cor. ï. Prop.
III). Alfo (by Cor. 2. Prop. V.) the divifions of
CF will be equal; and therefore lines drawn from -,
P and Q, thro' thefe equal divifions, will termi-
nate the remaining triangles, and fill up the fquare
ABFC. And if CF was continued and divided
into the fame equal parts, and lines drawn from
P and Q^thro' the feveral divifions, thefe lines
would form more triangles, and fo as much fpace
as you pleafe may be filled with thefe triangles.

Ex. 7.

fo reprefent in perfpeftive a floor of regular bexagons.
Divide the ground line AB into as many eqaal 39'

parts as you will, and defcribe a floor of equilateral
triangles, as in the laft example, all in obfcure lines.
Then join every 6 triangles together, meeting in
the center with all the angular points, and draw
lines round them, which will form a hexagon.
ABGH is part of the floor drawn upon the geome-
trical plane. ABCF is the perfpeotive fquare,
formed by drawing AS, BS to the point of fight
S ; and then drawing AE and BD, to the points
of diftance D and E, to cut AS, BS in С and F.
All the fides of the hexagons tend either to the
.point P or Q; or elfe are parallel to the ground line
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Fig. AB -, for each of them is the fide of fome equilate-
39. ral triangle, all which is evident by the figure.

When the hexagons are all finiihed in the picture,
tthc fuperfluous lines may be rubbed out.

P R O B . IX.

î*0 draw any given curve line in perfpeïïive, ivhitb
is ßtualed in the geometrical plane.

Find the images of a fufHcient number of points
thereof, (by Prob. VI.) and then join them neatly
by hand j that is, by drawing a curve line regular-
ly thro' them, making no angles -, and the more
points are affumed, the more exaot the work will be.

Ex. ï.
;4°« Let CGK be any curve, DE the horizontal line,

S the point of fight, D, É the points of diftance,
AB the ground line. Take the points C, F, G,
H, I, Z, K of the curve, and let fall the perpen-
diculars CL, FM, GN, HO, KIP, ZQ. Make
Li = LC, and draw it) and LS to interfeor. in с
the image of C. Make MP — MF, and draw
PD and MS to interfect in /, the image of F.
Make NP =: NG, and draw NS and PD to inter-
fefb in gi the image of G. In like manner make
OP = OH, PB = PK, PQ^= PI, and QB =
QZ. And draw PD, OS interfering in b; and
draw BD, QP interfe&ing PS in k and г, and laft-
ly draw QS interlecting BD in 2. Then cfghizk
is the reprefentation of the given curve.

Ex. 2.
41. Let FNO be a circle, AB the ground line, DC

the horizontal line, S the point of fight. Draw SE
perpendicular to DC, and equal to the principal
ray. Draw any number of parallels as FNG thro1

the
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the circle to cut the ground line:, as at G, and from Fig;
E draw EC parallel thereto, cutting the horizontal 41.
line in C: Then to find the image of any point
F, draw EF, and CG interíèóting one another in
/, which is the image of F. In like manner EN
being drawn will interfeft CG in щ the image of
N; . And thus EO will interfect CI in O, which is
the image of O. And fo of the reft;

. For fince EG is parallel to FG, С is the acci-
dental point of FG, and all its parallels. There-
fore (Prop. IV.) the images of all thefe parallels
tend to C; therefore (by Prob. Vh Method 5)*
the image of F will be found at /, at the interfec-
tion of EF and CG. And the like for the reft of
the points.

Otherivife for a Circle.
. Let DS be the horizontal line, S the point of 4V

fight, D one point of diftance^ AB the ground line.
FKH a circle, С the center. Draw the diameter
FH perpendicular to AB, and as many lines as you
will parallel to FH, as GL, &c, Then find the
image of the diameter FH, which is f h -, and of
all the points G, L, K, &c. as g, I, k, as ufual ;
and thro' /, kit g, &c. draw lines parallel to AB,
and continued to i^ 2, 3^ fo that the diameter hf,
may bifleób the lines /ï, £2, £3, &c. Then will
ï, 2, 3, &c. be in the curve, which muft be drawri
by hand thro' all thefe points.

S C H O L I U M .
The appearance of a circle will fometimcs be a

circle, when it is feen foreright ; and to find when
this will happen, make the height of the eye a
mean proportional, between the two parts of the
line of ftation, taken upon the geometrical plane
from the eye's perpendicular, to the neareft and
furtheft points of the original circle. For let AB
be the geometrical plane4 LB the diameter »f the

£ circle
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Fig. circle feen foreright, E the eye, EA the eye's pef-
42. pehdicúlar, ES the principal ray, SH the picture,

and FG the image of the circle LB ; and that this
may be a circle, the cone ELB muft be cut in fub-
contrary .pofnion, by the planes AB and S H ; that
is, the angle ABE muft be equal to the angle EGF.
Draw CL parallel to SH. Then the triangles ABE
and AEL are fimilar -, for the angle ABE =: EGF
r= AEL, and the angle at A is common -, there-
fore AB : AE : : AE : AL, and AE is a mean pro-
portional between AB and AL.

P R O B . X.

T*? draw any figure in perfpeffive, by help of a floor
of fquares ; called the Method of Reticulation.

44. Let AB be the ground line, DE the horizontal
line, D and E the points of diftance, S the : point
of fight.. Make the fquare ABGH upon the ground
line AB, in the geometrical plane, and divide the
fide AB into as many equal parts as -you pleafe,
and fet off the fame on BG ; thro3 thefe divifions
draw lines parallel to the fides of the great fquare,
which will divide it into little fquares or cells.
Then defcribe the given figure or figures in their
true pcfition, in the great fquare ABGH. This
done, draw the fquare ABGH in perfpedive, with
all the fmall fquares within it, by Ex. 4. Prob. VIII.
Then defcribe each part of the objecl: in fuch a
fquare or cell of the pifture, as you fee it defcribed
•in the correfpondent fmall fquare in the geometrical
.plane ; and draw the lines in a like fituation in one
,;as you find them in the other. And thus by going
:thro' all the parts fucceffively, the whole objecl or
objefts will be defcribed. This method by net-
wprk is very ufeful, for putting any irregular plane
.figures in perfpeflive, confifting of many parts ;

which
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which would require^ deal of time, and the draw-Fig.
ing of a. great many lines, the common way. 44..

;Let IKLMN be a piece of fortification. The part
ï is "fituated between the fécond and third fquare
from B, in the firft crofs row, therefore its image i
muft be fituated between the fécond and third
fquare of the pidure in the firft crofs row. The

,part К lies on the fide of the third fquare from AB,
and of the fécond from AH -, and :k its image like-
wife lies on the fide of the third fquare from AB,
and of the íècond from AC. L lies in -the third
cell from AH, and fécond from HG And its
correfpondent / lies in the third cell from. AC, and
the fécond from CF. M runs into the corner fquare
at G -, and m runs into the corner fquare at F. N
joins upon the fide BG, in the third fquare from B;
and n joins upon the fide BF, in the third fquare
from В And the like for .all other parts of it, as
the center, &c.

P R O B . X I .

To find the image of a right line perpendicular to
the geometrical plane, at a given point.

ï. Let AB be the ground line, DE the horizon- 45.
tal line, S the point of fight, D and E the points
of diftance. And let P be the image of the given
point. Thro' the point 1J, draw any line KI, cut-
ting the horizontal line in K, and the ground line
in I -, make I H r= the length of the perpendicular
given, and draw HK. Draw PQ_ parallel to the
ground line AB, cutting KH in Qj draw PG per-
pendicular to AB and equal to PQj, then PG is the
reprefentation of the given perpendicular.

For (by Cor. 2. Prop. III.) the image GP wUl
be perpendicular to AB. Thro' P draw ML per-

E 2. pendicular
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Fig. pendicular to AB, then by Prop. XV. as length of
45. the perpendicular HI : to length of its image : :

height of the eye ML : diftance MP : : (fimilar tri-
angles) KI : KP : : HI : QP ; therefore QP, or
its equal PG, is the image of that perpendicular.

ï. Or thus.
Let RV be the diftance of the perpendicular from

the piau re, make VO =: VR, and VN = given
length of the perpendicular ; and draw VS, NS to
the point of fight, alfo draw ND to the oppofite
point of diftance, to cut SV in i j and drawing 12
parallel to AB cutting NS in 2, then 12 fet from
P in the perpendicular PM to G ; gives PG, for
the image of the given perpendicular.

For it is evident by the procefs, that ï is the
image of R, or of the foot of the perpendicular
in the geometrical plane. And therefore ï and P
are equidiftant from AB. And fmce VN = HI,
therefore 12 = QP = PG.

. 3. Or thus.
Draw EB perpendicular to AB, from any point

E -, in which fet off ВТ equal to the given length
of the perpendicular. And from any point С in
the horizontal line DE, draw CB, CT. £ rom P
the image of; the foot of the perpendicular, draw
PX parallel to AB, and XZ parallel to ВТ -, and
billy ZG parallel to AB; and PG, in the perpen-
dicular PM, is the image of the given perpendi-
cular.

For HI : QP : : KI : KP : : CB : CX : : ВТ or
HI : XZ. Therefore XZ - EP as required.

Cor. Hence the image of a right 'line ßanding ob-
liquely upon the geometrical plain may be found ; ly
let ting f all a perpendicular from the (of, and finding

its
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its appearance^ and alfo the appearance of the foot of Fig.
the line it f elf. 45 ̂

P R O B . XII.

70 make afcale to f et off tbe reprefentations of ail
equal altitudes.

Let AB be the ground line, DE the horizontal 46".
line. Draw BE perpendicular to AB, and fet off
ВТ equal to the original height on the geometrical
plane -, and from any point V, in the horizontal
line, draw VB, VT. And from any point F re-
quired, draw FG parallel to ВТ, and FG is the
apparent altitude. And thus all lines parallel to ВТ
as FG, fgy &c. will reprefent equal altitudes at
the points F, /, &c.

Or if the altitude be greater than the height of
the eye ; in the perpendicular AD, fet off AH
equal to that altitude ; and draw lines from A and
H to any point V in the horizontal line DE, as
AV, HV. Then any line FG drawn parallel to
AH, and comprehended between the lines AV,

" HV, will reprefent the altitude AH at the point F
of the pifture.

And if the perpendicular objeél be on this fide
of the pifture, produce the lines VA, VH ; and
at any point/draw fg parallel to AH, andj£ will
be the reprefentation of AH at the point /. ,

The truth of this appears by the 3d method in
the- 1аД Prob. This is called a Flying fcale*

S C H O L I U M .
It may be proper fometimes in finding an aid- '

tude, to do it in a feparate paper, and afterwards
to put it into its proper place in the draught. And
this is done where there is a multitude of lines»
which will be apt to confound one another.

E P R O B »
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Fig.

P R O B . XIII.

l'a draw a folid body in Perfpeflive.

From all the angles of the body, let fall per-
pendiculars upon the geometrical plane, and find
the appearance in the picture of all the points
where the perpendiculars fall (by Prob. VI) ; upon
all thefe points raife perpendiculars (by Prob. XL
or XUJ of due lengths, as taken from the folid i
the tops of thefe being joined with right lines, as
they appear in the body, will give the perfpeilive
draught thereof. But fuch lines muft be left out
as are hid from the eye behind the body. And
this being properly lhadowed, makes the draught
complete, and thofe planes muft be fliaded the
deepeil that are moft oblique to the eye.

If there be any curve lines in the body, perpen-
diculars muft be let fall from feveral of their points,
on the geometrical plane, and the points of inter-
fection put in perfpective, and perpendiculars erec-
ted of a due length ; then all the reft is to be done
by hand.

Before you begin, you muft'make choice of fuch
a pofition of the body, that the work may be the
eafieft done ; and that the moft parts of it may be
feen, and that it may appear to the beft advantage.
If a parallelopipedon be propofed, it may be placed
with one fide parallel to the picture, fo that two
faces befide the top may be feen. If a folid has a
triangle for its bafe, it may be fet to advantage,
by placing one fide parallel to the pioture. And
if they be fet to touch the table it will íhorten the
work.

In drawing all bodies, you muft have its plan
drawn out upon the geometrical plane. And if
the body be much compounded, you muft have the

front
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front and profile, or the fedtions thereof made by Fig.
perpendicular planes, which is to direct you in the.
altitudes of the feveral parts, and their places and
pofitions. You muft work by the plan for making
the bafe of the body -, and by the front and profile
for getting the altitudes, to be erected upon the
feveral parts of that bafe. The profile (hews thefe
heights, and the plan ihews where they are ta
ftand.

Example ï.
To draw a cube in perfpective. This is fo fim- 47^

pie, that it needs neither profile nor plan. Let AR
be the ground line, S the point of fight, D the
point of diftance. Let one fide of the cube be ia
the ground line at EF. To the point of fight S,.
draw ES, FS. Alfo draw DF to the point of dif-
tance, to cut ES in H. Draw HG parallel to EF*
to cut SF in G. Then EFGH is the bafe, upon
•which at the points E, F, G, H, are to be raiied
perpendiculars equal to EF. Therefore make El
and FK — to EF. Alfo make GL and HM =
HG, then I, K, L, M, are the tops of thefe per-
pendiculars ; then draw IK, KL, LM, MI, and
they compleat the cube.

For fince the fides of the cube are all equal, and
EF, FK, KI, IE are all. in the picture, their re-
prcfentations are equal to thefe lines. And (by
Prob. XI.) HG is the image of EF ; and HG,
GL, LM, MH being parallel and equidiftant from
the picture, are all equal in appearance. Therefore
EG1 is the cube, drawn in perspective.

Ex. 2.
To draw a triangular prifm, whoíê bafe is an 47*

equilateral triangle. Let one fide be in the ground
line AB% at NO. Find the appearance of the other
angle of the bafe at P, by Prob. VI. Then NOP
is the bafe. Make NQ equal to the height of the

E 4
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Fig. prifm, and draw QS, and thro' P draw RV pa-i
47. rallel to NQ, then fet off P/> equal to RV, and

perpendicular to BA ; alfo make N», Oo equal to
NQ, and perpendicular to AB. Then draw »0,
of, pn ; and NOPp»i? is the prifm required.

Ex. 3
л gt To draw a parallelooidçdon, whofe bafe is a reo

tangle. Here P is the plan and Q the profile j
AB the ground line, DS the horizontal line, S the
point of Tight, D the point of diftance. By Prob:
VI, find tie appearance in the picture of all the
points in. the plan, as D, D, D, D, I, I, I, I,
make FO equal to the perpendicular height of the
body, draw US, and thro' D, and I, draw the lines.
JCO, LI parallel to AB: at D, D, eredl two per-
pendiculars equal to KD, as Ш, Da. And at I»
J, raife two perpendiculars equal to LI, as I*', It.
Then drawing the liant lines as in the profile, and
alio the lines ai, ii, id> ad. You have the paraUelo-
pipedpn required.

Ex. 4.
40. To draw a cylinder in perfpeftive. Let AB be

the ground line, Sb the horizontal line, S the point
of Sight, D the point of diftance, OGHK the
bafc of the cylinder on the geometrical plane. Let
the diameter OH be perpendicular to AB, and the
diameter GK parallel to it ; from all the points O,
G, H, K, and as many more intermediate points
as you will, let fell perpendiculars to the ground
line AB ; from which points draw lines to the
point of fight S. Make FC, FA — to FO, FH ;
draw AD, CD to the point of diftance D, cutting
SF.in h and o, Ib will ho be the image of HO. In
like manner g is the image of G, andgk drawn
parallel to AB, to cut DC in k gives gk for the
image of GK. And as many intermediate points
may thus be found as yon defire. Then joining
all thefe points by a curve line, gives the bafe of

the
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the cylinder gbko. Make CB the altitude of the Fig.
cylinder, and draw BD ; and from <?, k, b, draw 40.
parallels to AB to cut BD ; and the lengths of
thefe parallels fet perpendicular at the points 0, kt
b-, £•> gives the altitude of the cylinder in thefe fe-
veral points ; and as many more intermediate alti-
tudes may be fet up aá you pleafe, by the fcale CDB.
Then the curve 1234, drawn thro' thefe points,
determines the top of the cylinder. If the cylin-
der be an oblique one, inftead of raifing the per-
pendiculars from o, £, b, g, they muft be raifed
from the points where the perpendiculars from the
top cut the plan, and at laft the oblique lines 01,
£4, £3, gz muft be drawn, and the curve thro' the
points i? 2, 3, 4, as before,

Ex. 5.
. Let a pyramid be put in perfpective with a hex- go:
agonal bafe. Let CEFGHI be the plan of the
bafe. From all the angles of the bafe let fall per-
pendiculars upon the ground line AB, and from
the points of interfeclion, draw lines to the point
of fight S. Then fetting off the diftances of thefe
Angles from AB, from thefe points, towards B,
draw lines to interfecl: the former. Thus H, I, C
are projected into h, /, c. Then drawing lines
from h, z, c, parallel to AB, will by their interfec-
tions with the correfpondent lines, find the points
£, /, e, which are the projections of E, F, G. Then
if P be the point where the perpendicular from the
vertex cuts the bafe, find its projection p, as you
.did the reft. Set off the altitude of the pyramid
from ï (in the perpendicular Pi) to 2, and draw
28; and thro' /, draw 3^ parallel to AB, which
fet from p to V, perp. to AB. Then draw lines
from the vertex V to all the angles of the bafe,
fffgbi ; as "W, V/, Vg, V£, V/, W ; or rather leav-

ing
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Fig. ing out Vc and W, which are invifible, draw the reft
50. of the lines, and the pyramid is finifhed.

Ex. 6.
rln To draw the fruftum of a fquare pyramid in

perfpeélive. Let P be the plan of the bafe, O
the profile. From all the angles of the plan, let
fall- perpendiculars on the ground line AB, from
the points of interfeclion draw lines to the point
of fight S. Then take fucceffively the diftances
of thefe angles from AB, and lay them from their
eorrefpondent perpendiculars towards A ; and from
the points where they fall, draw lines to the point
of dlftance D, to interfecl: the eorrefpondent lines
drawn towards S ; the points of interfeftion joined
by right lines, gives the perfpective of the bafe
LMNO, and likewife of the interior fquare 1234.
Then make BC the perpendicular altitude of the
fruftum, according to the profile, and draw lines
from any point S, as SB, SC. From 1234
draw parallels to AB, to interfecl SB, in certain
points, from which other parallels muft be drawn
to BC, reaching to SC ; and thefe laft parallels muft
be fet off from the correfponding points ï, 2, 3, 4,
perpendicularly ; thefe give the angles at the top
at /, í», я, о. And the lines /я», »я», no el, being
drawn, give the top end of the fruftum ; and laft-
ty, the lines /L, /яМ, and Ю drawn, and the iidc
Le, and top mo, ihaded ; the fruftum is finiihed*

Ex. 7.
52. To reprefent a hollow cube in perfpe&ive. Let

P be the bafe, from all the points of it, let fall
perpendiculars to the ground line AB, and fet off
their diftances along В A, as before. Draw lines
from the firft points to S, and from the laft to D,
to interfect in the points .of the perfpective bafe, as
at L, M, N,.O, and ï, 2, 3, 4. Make BC the

height»
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height, equal the fide of the cube. And make a Fig.
fcale SCB as before for fetting off the altitudes, 52.
Ьу drawing from L, ï, 4, Q parallels to AB, and
from the points of their interfering SB, draw pa-
rallels to CB, for the refpeftive altitudes at L, ï,
4, O, and thofe oppofite on the other fide. Seve-
ral lines are "left undrawn to avoid confuting fo
fmall a figure ; but the way of proceeding is evi-
dent,

Ex. 8.
To draw feveral rows of iquare pillars, at equal 52,

diftances and of equal heights.
Firít defcribe the bafes or fituations of all thefe

pillars, which is beft done by defcribing a floor of
fquares, as in Ex. 4- Prob. VIII. and upon each
tow of fquares taken at equal diftances, creeling
perpendiculars upon the feveral bales, equal to the
g-iven height. Here the fquares are all equal to the
defigned bafes of the pillars -, the pillars being all
finished, fuch fquares as are hid behind the pillars
muft be rubbed out, and the parts that are vifible
may be drawn in full.

If inftead of fquare pillars you would have cy-
linders, then the fquares muft be made equal to the
diameters of the cylinders, and defcribe the repre-
fentation of the circles of the baies within the
fquares, upon which perpendiculars muft be creeled
as before. Or if they be cones, perpendiculars
muft be erefted from the rriiddle of every corre-
fpondent fquare, from the top of which two right
lines muft be drawn to the fides. And after this
manner any other prifrhatic bodies may be drawn,
having any poligonal bafes, defcribing firft the bafes
of the polygons in their proper fquares, and ereét-
ing perpendiculars at every, angle, of the height
given ; and complearing the fohds..

As to the fquare pillars, it is evident that two
parallel fides are parallel to the grouhd line AB,

and
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Fig. and the other two fides, which are alfo parallel,
53. range to the point of fight S.

Here the foremoft pillars ftand in the ground
line AB, but if they had been at fome diftánce, the
images of the firft would have been dimini&ed,
which requires ib much labour, more than if they
had ftood in the ground line.

Ex. 9.
e* To draw an equilateral crofs, {landing upright

upon the geometrical plane. Draw the plan PP
and the profile Qp. Let the plan PP be drawn
in perlpeftive, which will be cccc ; and from the
points с, с, d, d, &c. raife perpendiculars to the
ground line AB, upon which fet off the heights of
the crofs in thefe particular places, according to the
profile, but diminiihed, becaufe it does not ftand
upon the horizontal line. Then all the lines being
drawn as in the figure, will give the perfpe<5tive
appearance of the crofs.

If the crofs had been double, the plan would be
the fame as the profile PQ, and the fore part would
come to the ground line AB, and perpendiculars
muft be erefted at R, r, &c. of a proper height,
and lines drawn to terminate the other ends of the
<:rofs,

Ex. 10.

55. To reprefent a hollow prifm ftanding upon an
edge. Let P be the plan, Q the profile when cut
thro' the middle. Produce the lines of the.plan
till they cut the ground line AB, and from thence
draw lines to the point of fight S. Then fetting
off the diftances in the plan, 3, ï, 4, &c. along
the ground line towards A, draw lines to the point
of diftánce D as ufual,' which will find the points 3,
ï, 4, &c. on the lines drawn to the point of fight,

-correfponding to the points 3, ï, 4 in the plan.
Then
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Then from the points 2, 2 in the picture, raife per- Fig.
pendiculars by the plan, which will give the exter- 55.
nal angles 2, 2 of the prifm, the points ï and ï are
the angles of it below, and perpendiculars erected
at ï, ï, by the plan, will give the angles i, i at
the top. Then the lines 12, 21, n, 12, 21, n,
being drawn, give the external circumference of the
foreiide of the prifm. Then to find the inner cir-
cumference bounding the cavity, from 3, 4, &c.
in the line 82, raife perpendiculars according to the
profile, which will be 7-5, r5 ; thefe will give the
points 5, 5, 5, 5, being the inner angles of the
internal poligon. And from 3, 3 raife other per-
pendiculars, which are equal to ri by the profile,
and thefe will give the points 3, 3. Then thefe
points connected by right lines will give the inner
polygon, 535535. In drawing thele perpendicu-
lars, they muft be diminiihed according to their
fituation by Prop. XV. and ought to be drawn in
a feparate paper, to avoid fo great a confufion of
lines ; then for the back fide of the prifm, or that
from the eye ; fince the pofition of the prifm is fuch,
that its axis is parallel to the ground line, the in-
terfections of all the faces with one another, will
be parallel to the picture ; and therefore to find the
angles, draw from the points ï, 2, &c. lines pa-
rallel to AB, whofe length muft be 26, but dimi-
nifhed according to their fituations ; thefe give the
angles 6, 6, 6, which joined by right lines give
the appearance of the back fide of the prifm e>66,
as far as it is vifible. Then for the inner part,
from 3, 5, &c. draw linçs parallel to AB as before,
but diminiihed by Prop. XV ; which will give the
points 7, 7 ; and lines being drawn from one to
another, will give part of the inner poligon on the
back fide, fo far as it is vifible thro' the hole. And
the planes that bound it, being properly ihaded,
we have the representation of the hollow prifm as

required.
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Fig. required. But it is imppffible to reprefent all tító

operations in fo.fmall.a draught,

Ex. iii
сб. To draw a trough in perfpeElive, being a helloti)

parallelopipedon.
Here P is the plan, and Q^the profile or per-

pendicular fection. From all the angles in the plan,
.draw lines perpendicular to the ground line AB,
and draw lines from thence to the point of fight
S. Set their- diftances toward A, and draw lines
from thence to the point of diitance I), to cut the
former, which will give the points я, », &c. in the

f picture. From the feveral points к, raife the per-
.pendiculars no, in the picture, being the reprefen^-
tation of no, no, &c. in the profile. Likewife erect
the perpendiculars nr, nr, &c. to reprefent nr, nr
in the profile, which will give the bottom of the
trough. Having got the points я, », on one fide,
you need only draw mi, и», &c. parallel to AB, to
cut the lines proceeding from S, which will give
the points », », on the oppofite fide. Jn like man-
ner, -having got the points o, 0, &c. on one fide,
thofe on the other fide are had by drawing parallels
to AB, to cut the perpendiculars on the oppofite
fide, which gives the points 0, o. Then the lines
я», tin, &c. being drawn give the bafe ; and oo, oo,
&c. likewife drawn, give the edges at top, on the
outer and inner fide. Likewife rr, rr, &c. drawn
makes the bottom. And no, no, &c. drawn give
the corners, which finiihes the trough.

Ex. 12.

2*0 ararw -a parallelopifedon leaning againfl a-wall.

57> Let P be the p)an, Q. the profile, or front view.
' 'From all the points ï, 2, ï, ï, wher>e the.plan.cuts

the .grpund line A,B,/draw lines to the point of fight
Si
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S; then fettingthe diftances of ï, 3, &c. towards Fig
B, draw lines to the point of diftance D, to inter- 57.
fe<5b the former in points of the bafe, where ..per-
pendiculars are to be erected ; which being done,
by the profile, diminiihing thofe that are on the fur-
ther tide -, the points 4, 4, 4, and 5, 5, 5, are found,
•which are the corners at the top. Then thro' theie
points, drawing lines as in the folid itfelf, we have
1444 for the firft face, and 555 for the further face
of the folid. .Draw 45 and 54, and .the folid is
finiihed.

:p R о в. xiv.

ЧГо fnd the image of the Sun in the рШиге.

Let DR be the horizontal line, AB the ground eg.
line, S the point of fight, D the point of diftance.
Draw QS perpendicular to DR, and make SQ .̂̂ :
SD, and make the angle SQN equal to the fun's
declination from the vertical plane, on the left or
right, according as the ray drawn thro5 the eye;aod
the fun interfeits the pifture. Then draw NL per-
pendicular to DS, and take 'NR = NQ, -and-m^ke
the angle NRL equal to the fun's altitude, above
or below the horizontal line DS, according as {he
fun's ray drawn thro5 the eye interfecb the picture ;
then L is the image of the fun in the picture. Älfo
draw LI parallel to DS, to cut QS in 1, and 'N is
the point of declination^ and I the point of inclina-
tion in the picture.

For if the triangle NQS.be raife.d up till.it âand
perpendicular over NS ; then fince the line SQ^is
equal to SD the diftance of the eye from the .pic-
ture ; and the angle SQN, is the declination of
the fun from thepi&ure ; therefore the-fun's jrnage
will be fqmewhere in the line NL. Again, fince
NR is equal to NQ, the diftance of the eye from
N, and the angle NRL is the fun's altitude, .there-

fore
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Fig. fore he is in the point where RL interfe<Sts NJLj
58. and that is at L.

Cor. If the fun Is in the plané of the piflure, his
place L will be at an infinite dißance, in the line RL.

For then his declination from the vertkal plane,
is 90 degrees.

P R O B. XV.

59- То find the appearance of theßadow of a right
perpendicular to the geometrical plane, to the рШиге<
or to the vertical plane -, caß upon thai plane, or their
"parallels, by the fun's light.

ï. Find the appearance of the fun in the picture
at L by the laft Prob, and alfo the points N and I4
the points of declination, and inclination, Arid
let GH be a line perpendicular to the geometrical
plane. Thro' the point of declination N and the

.foot of the line H, draw the line NH> which muft
be terminated by drawing the line LG from the
place of the fun thro' the top of the line G to in-
terfeft NH in M, then HM is the image of the
ihadpw of GH. Alfo the lhadow of GH upon the
pióture or vertical plane will be parallel thereto.
And therefore the image will be perpendicular to
AB.

For (by Prop. XXI J the ihadow MH tehds t3
N, the point of declination ; and M is the lhadow
of G. Therefore MH is the ihadow of GH. The
reft follows from Cor. 2. Prop. III.

2. Let FK be a line perpendicular to the pic-
ture. Let fall FC perpendicular to the geometri-
cal plane, and thro' N and С draw Nr/; thro' L
the fun's place and F, draw LF/, cutting NC/ in
/, which is the ihadow of F. Draw/£ toward S,
likewife draw LK cutting f k in k, then k is the
fliadow of K, and confequently//e is the image of

the
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the ihadow of FK. And by Prop. XXI, f k muft Fig.
tend towards the point of fight S. And if the 50.
ihadow of FK falls upon the vertical plane, its
ihadow will be parallel to FK, and its image will
tend to S.

Let PQ be alfo perpendicular to the picture,
draw QR parallel to SL, and QR will be the di-
rection of the ihadow in the picture ; fuppofmg the
fun on your back, and it is terminated by drawing
LP from the place of the fun, to the end P of the
line, to cut QR, fomewhere in the plane ARQj,
for the part of the ihadow that falls without the
plane is loft. For if it cut it at R, then R is the
ihadow of P, and QR the ihadow of QP in the
picture ; and if a line perpendicular to the picture
was erected at S, it is evident its ihadow would,
tend to L. But PQ being parallel to the line at
S, its ihadow by the fun's light, will be parallel to
the ihadow of the other, or to the line SL, as is e-
vident by Prop. XXI.

3. Let VZ be a line perpendicular to the verti-
cal plane. Thro' the point of inclination I, and
the foot of the line Z, draw the line IZv, which
is the indefinite ihadow of VZ, and muft be ter-
minated by drawing the line LV thro' the place
of the fun, and the end of the line VZ, to mter-
fect the ihadow Zv in v ; then Z-u is the ihadow
of VZ in the picture, or its appearance.

For (by Prop. XXI.; the image of the ihadow
•vZ tends to I the point of inclination, and v is
the ihadow of V ; therefore Zv is the ihadow or.
ZV, upon the vertical plane Z-yt, fuppofmg the
fun in your face j otherwife the ihadow muft be di-
rected the contrary way.

Again the ihadow of VZ upon the geometrical
plane will be parallel thereto (by Cor. ï. Prop.
XVIII), and therefore parallel to the ground line
AB ; and this ihadow being taken as an object, its

F appear-
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Fig. appearance in the picture will alfo be parallel to
5£. Aß, by Prop. III. Likewife the ihadow of VZ

upon the pifture will be parallel to VZ, and that
ihadow coincides with its image.

Cor. ï. Hence if а Пне be perpendicular to the geo-
metrical plane, the image of ilsßadow upon the 'ver-
tical plane or the pifture, is perpendicular to the ground
line. If a line be perpendicular to the piElure, the
image of its fhadow upon the geometrical plane and
vertical plane, tends to the point of fight. And, if- a
line be perpendicular to the vertical plane, the^imagt
of theßjadow upon the geometrical plane, or the pic-
ture, vyill'be parallel to the ground line. Andthefantß-
of their parallel planes. -

Cor. 2. When the fun is in the plane of the рШиге ;
the image which a right line perpendicular to the ge-
ometrical'plane, cafis upon that plane or its pafajjels,
is parallel to the ground line ; upon the vertical plane
or its parallels, is perpendicular to the ground line.

• For the point N in this cafe is removed to an.
infinite diftance along the line SD, and therefore
NHM will be parallel to AB, which is the ap-
pearance of the ihadow of GH.

Cor. 3 When the fun is in the plane of the pic-
ture ; the image which a line perpendicular to the pic-
ture, caßs upon thepitiure or its parallels, is parallel
to LS. Upon the geometrical plane or its parallels,
tends to the. point of fight -, upon the "vertical plane or
its parallels, tends to the point of ßght.

For if a line be erected at L, perpendicular to
the picture, LS will be the ihadow thereof; and all
lines parallel to that line, will have their fhadows
parallel to one another and to LS. When the
ihadow . falls upon the geometrical or vertical
plane j then the real ihadow will be perpendicular

to
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to the picture ; and confequently its image tends Fio-,
to the point of fight. ^Q.

Cor. 4. When the fun is in the plane of the рШиге ;
the image of a line perpendicular to the vertical plane,
falling on it or its parallels, will be perpendicular to
the ground line. On the geometrical plane or its pa-
rallels, is parallel to the ground line. Upon the pic-
ture or its parallels, is an infinite furface.

For the point I being removed to an infinite
diftance, in the line SI, the line IZv will be pa-
rallel to IS, or perpendicqlar to Аи. ' And on
the geometrical plane the real ibadow is parallel to
the ground line, and therefore its image is alfo pa-
rallel to the ground line.

P R O B . XVI.

Vo find the image of the ßadow of a right line
falling upon яп inclined plane, by the fun's light.

Let CE be a right line or any upright object 60.'
upon the geometrical plane, PFQjin oblique plane

"cutting the geometrical plane in the line RV ; let
ÖKB be a plane parallel to the vertical plane, and

- therefore perpendicular to the geometrical plane,
and cutting the oblique plane RQ in the line PQ,
and the geometrical plane in KB. Let N be the
point of declination, and I the point of inclina-
tion, L being the fun's place. Thro' E the foot
of the object, and N the point of declination, draw
NEC to the foot of the plane OKB. From G
raife the perpendicular GH, to cut the top of the
oblique plane PQ^in H, and from F, where the
line NG cuts the bafe of the oblique plane, draw
FH. Laftly from the place of the fun L, draw
the top of the object C, the line LCZ cutting FH
in Z, where the ihadow is terminated. Then EFZ
is the fhadow of the object CE.

F 2 For
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Pig. For (by Prob. XV.) EFG is the direction of the
60. ihadow of the object CE, and G H is a part of the

ihadow when the oblique plane is taken away,
Therefore FH is the Ihadow upon the oblique
plane. And this is terminated at Z by the line LC
produced to cut FH in Z ; where Z is the madow
of.C.

Cor. ï. If tie oblique plane RQ was taken away,
the fliadow would be EGH ; the fart EG upon the
horizontal plane, and a part of GH upon the perpen-
âicidar plane.

Cor. 2. If the objetJ CE had been higher, a part
of the ßadow would have fallen upon the line HT ;
and then the ßadow of CE would have fallen upon
the three planes, NB, RQ, andRQ.

Cor. 3. After this manner it will be eajy to trace
the ßadow of any perpendicular objeSi thro" any num-
ber of, planes however ßtuated.

Cor. 4. If the objeïï is not perpendicular to the
geometrical plane, yet its ßadow may be found, by lei-
ting fall a perpendicular from the top as CE, and
finding the point Z as before ; and drawing ibro' ths
foot, which fuppofe to be at e, the line NfV, and then
drawing VZ.

S C H O L I U M .
This fuppofes the fun to be beyond the picture;

but if it is behind your back, you muft raife the
plane OB perpendicular to the geometrical plane
as before, but parallel to the picture. And the
reft of the work will be the fame. Here if the
line'NE does not cut the bafe RV of the oblique
plane, or if LC does not meet F H ; the fliadow
will not fall upon the inclined plane. If a line' is
drawn from L thro' any point ï of the line CE, to
cut the line NE produced in 2 ; then will 2FZ re-

prefent



sea. и. P E R S P E C T I V E ; %
prefent the ihadow of the part of the line Ci -, and Fig.
E2 the ihadow of the part Ei upon the geome- 60,
trical plane. The ihadow of the point ï will be
reprefented by 2 ; and fo the representation of any
point of the line CE may be found by drawing a
line thro' L and thro' that point -, and fo it will be
known whether that ihadow falls upon the geome-
trical plane, or upon tlie oblique plane, or upon
the perpendicular one. When the fun is in the
plane of the pifture, the points N and I vaniih,
being at an infinite diftance, and then the line EF
muft be drawn parallel to the ground line AB, till
it meet the oblique plane in F, at the common in-
terfedlion of it with the vertical plane ; and pro-
ceed with the reft as before.

P R O B . XVII.

To find ike image of the /hadoiv of a body upon tht,
geometrical f lane, when the fun is in the f lane of the
piãure.

Let fall perpendiculars from all the angles of the 6 1.
body upon the geometrical plane j from all the
points of interfeftion, draw lines parallel to the
ground line, continued on the oppofite fide of the
light. Then from all the angles of the body, draw
lines parallel tb the rays of the fun, to cut the for-
mer lines drawn thro' the feet of the perpendicu-
lars, each with each -, the points of interfeftion will
determine the ends of the ihadow.

LetDEFGöbean inverted pyramid, whofe vertex:
is at o, in the geometrical plane -, from the points D,,
E, F, G, let fall the perpendiculars Ш, Ее,. F/,

.Gjf, upon the geometrical plane. From e, fc.g*
draw the lines ei, /2, £3, parallel to the. ground

F 3 line-
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Fig. line AB. Then thro' E, F, and G, draw the lines
6j. E<, F2, 63, parallel to the fun's ray LS ; TSL

being the fun's altitude. The firft interfecb ei at
ï, the ihadow of E ; the fécond interfere/2 at 2,
the ihadow of F -, and the third interfecb £3 at 3,
which is the ihadow G. The point D is omitted,
being on the other fide, of the body, can give no
ihadow. Then drawing 01, 12, 23, 03 ; thefe
lines terminate the ihadow of the pyramid. For
i o is the ihadow of the .fide Eo, and 12 of the line
EF -, 23 of the line FG, and 30 the ihadow of the
line G<J. And therefore 01230 is the ihadow of the
pyramid 0DEFG.

P R O B . XVIII.

fo find the image of the ßaäow of a body upon
the geometrical f lane ; when the fun is out of the plane
of the pioïure.

Find the fun's place in the picture, as alfo the
point of declination. Then from all the angles of
the body let fall perpendiculars upon the horizon-
tal plane. Thro' the places where they fall, draw
lines from the point of the fun's declination, con-
tinued beyond the body. Then draw lines from

the fun's place thro' all the angles of the body, to
cut the former ; the points of interfeftioit will ter-
minate the ibadow of thefe perpendiculars ; and
the points of interfeftion being joined by right
lines, terminate the ihadow of the body, as repre-
fented in the pifture. Note, fuch lines as lie next
the light and caft no ihadow may be left out.

Exantp.
£2. Let CÜ3 be the fruftum of л .pyramid. Find

'JL the place of the fun, N the point of declination,
'in the horizontal line NS ;. AB is the ground line.

From
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From the points C, D, E, which lye from the fun, Fig.
let fall the perpendiculars О, Ш, Ее, upon the 62.
horizontal plane. Then thro' c, d, e, draw from
N, the lines Ne, NW, N>, continued beyond the
fruftum, and thefe are the indefinite fliadows of the
perpendiculars Cr, ~Dd, Ее. Then to determine
the'ihadows of the points C, D, -E, draw from L
the place of the fun, thro' thefe points, the lines
LC4, LD5, LE6 ; cutting the former lines drawn
from N, in the points, 4, 5, 6, which are the fha-
dows of C, D, E. Then drawing the lines 14,
4S> 5^> 63, they give the ihadow of the fruftum
required.

S C H O L I U M .
If part of the ihadow fall upon an inclined plane,

it may be found thereon, by finding the fliadows
of the feveral perpendiculars, after the manner of
Prob. XVI ; and then drawing lines from the ex-
treme points which will terminate the ihadow.
And by Prob. XV. the appearance of the ftiadow
of a line falling perpendicular to the picture or ver-
tical plane may be found, or of any number of
lines, and consequently that of a furface or folid
may be found on any of thefe planes.

In drawing any forts of fhadows, they muft be
taken for objects; and therefore their real poficions,
upon the planes they fall on, muft be known.

P R O B . XIX.

foßnd upon the geometrical plane, the mage of the
fhadow of a pointy a line, a furface or folid, expofei
to a fmatt light.

From the point given let fall a perpendicular to,
the geometrical plane ; likewife from the light, let
fall a perpendicular to the fame plane, to have the
foot of the light. Then from the fool of the light

F 4 draw
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Fig. draw -a line thro' the foot ̂  of the perpendicular,

which is the direction of the ihadow. Then draw
from the light thro' the given point, a right line
cutting the former, then the point of interfeclion
is the ihadow of the given point in the picture.

And the line contained between the foot of the
perpendicular, and this point, is the ihadow of the
perpendicular.

After the fame manner if another point is given,
the image of its ihadow may be found, and the
line drawn between them is the image of the iha-
dow of a line drawn between the two given points.

And thus the reprefentations of the ihadows of
all the lines and points in a iblid may be found,
and confequently the image of the ihadow of the
whole body.

Exam, ï.

63. Let EHG be a cube {landing upon the geome-
trical plane ; L a fmall light, LP a perpendicular
upon that plane. Then to find the ihadow of the
point F, draw from the foot of the light P, thro*
-the foot of the perpendicular G, the line PG^,
for the direction of the ihadow. Then draw thro'
the light L and the given point F, the line LF
continued to interfeft. the former in 3 -, then 3 is
the ibadow of the point F ; and 63 is the fliadow
of the line FG.

Again for the point E -, from the foot of the
light P draw PI thro' the foot of the perpendicular
El, continued ; then thro1 the light L and the
point E, draw LE continued to mterfeft the other
in 2 ; then 2 is the fliadow of the point E ; and
12 the ihadow of IE. And if 23 be drawn it is
the ihadow of EF. And 632! is the ihadow of
the plane GFEI. Again, for the point С and line
CK ; thro' P and К draw the line PK continued ;
and thro' L and С draw LC to cut the former in
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i ; then i is this ihadow of C, and K r of КС. Fig.
Therefore drawing 12, 23, gG; we ihall have 63.
1236 for the image of the ihadow of the cube
CGE.

Ex. 2.
Let DI be a cylinder, CE a perpendicular beam, 64.

L a fmall lightj P its foot, GF a perpendicular
wall. To find the ihadow of the beam CE. Thro*
the foot of the light P, and the foot of the beam
E, draw PEF, which is the direction of the iha-
dow upon the geometrical plane ; where it touches
the foot of the wall at F, raife FG perpendicular
to the ground line. Then from the light L, and
thro' the top of the beam С draw LCG, cutting
FG in G, which is the height of the ihadow; At
the place I where the ihadow meets the cylinder,
fet off the diameter of the cylinder, above the line
EF,' which will find the higheft point of the cylin-
der, thro' which the ihadow is to pafs, and thro*
that defcribe a femicircle for the form of the iha-
dow. From L to touch the top of the femicircle
at I, draw the line LH, which will interfeft PF in
H, the point to which the ihadow of the cylinder
reaches, - at the point I. So that between H and
the cylinder, we have the ihadow of the cylinder ;
and beyond that is the ihadow of the beam. As
it; pafíès over the cylinder, it is in form of a femi-
circle ; and ftreight, from E to the cylinder. The
truth of all this appears from Prop. XXII.

Ex. 3.
l_,et L;Jb be an upright poft, L a fmall light, P 65.

the foot of it, FG a flight of ftairs ; to find the
ihadow of the poft CE, upon the fteps. Thro' P
and E, the foot of the light, and the foot of the
poft, draw the line FED, interfering the horizon-
tal line SD in D; and where it meets with the
bottom of the firft ftep at ï, there is a plane per-

pendicular
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Fig. p'endicular to the geometrical plane, draw the line
65. 12 upon it, perpendicular to the ground line AB ;

till meeting with Another plane at 2, parallel to
the geometrical plane-, draw 23 towards D upon
that plane, till you come to 3, where is another
perpendicular plane ; upon that draw 34 perpendi-
cular to AB, till you come at 4, where you meet
another horizontal plane, thro' which draw 45, ftill
directed to D ; and at five where you meet with
another-perpendicular plane draw 56, ftill perpen-
dicular to AB •, and then upon the next horizontal
plane a line from 6 tending to D, which runs off
the fteps, and fo there is an end of the ihadow.
If from L the -point of light, and С the top of
the poft, the line LC be drawn, it cuts none of
the former lines, and therefore the remainder of
the ihadow at top is loft, and no where to be found.

For the plane of the ihadow of CE, being -per-
pendicular to the horizontal plane, will cut the
planes of the fteps which are alio perpendicular to
the horizon, in the lines 12, 34, 56, which are
perpendicular to the ground line AB, which being
parallel to one another, and to the picture, their
appearances will alfo be perpendicular to the ground
line, by Cor. 2. Prop. III. Alfo fmce the plane
of the madow interfefts the horizontal fteps in lines
parallel to one another and to the line PD, their
images 23, 45, all tend to their accidental point
(by Prop. IV.), but.(Prop. VIII.) their accidental
point is in the horizontal line SD, and therefore
at D, where PE interfeéts it.

S C H O L I U M .
By a like method, the reprefentation of the iha-

dow of any point, line, &c. may be found upon
any other plane, by letting fall a perpendicular
upon that plane, from the point of the light, and
allb from the point given ; as may eaiily be ga-

thered
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thered from v/hat is delivered at Prop. XXII. and Fig.
the foregoing Problems. For the ihadow of any
point in the perpendicular, will be fomewhere in
the direction of the ihadow, and the direction of
the ihadow is the line drawn upon that plane thro*
the foot of the light, and the foot of the line. And
the ihadow of a point in it is in the line drawn thro*
the light and that point, and is therefore where it
interfefts the direction of the ihadow. And if the
line of ihadow meet any oblique plane, it may be
traced upon that plane, by help of another plane
drawn perpendicular to the firft plane, as has been
explained in Prob. XVI. in regard to the fun.

P R O B . XX.

I'd reprefent fucb objeïïs as appear by reflexion in
tbe -water.

Let AB be the ground line, SD the horizontal бб.
line, ABEF a canal or pool of water.' GHN a
tower with a fpire upon it. Let LK be the level
of the water under the tower HI, make K£ =
KH in the perpendicular Hb, then the reflexion of
the point H by the water, will be at b. Alfo let
N1 be the level of the water juil under the point
G at the vane, make Ng- rz NG in the perpendi-
cular G£, and g will be the reflexion of the point
G by the water. And in like manner meafuring
the diftance from N to the top of the vane at G,.
and fetting it down in the line Ng-, gives the reflexion
of the top of the vane at ï. If you have a mind
to know how much of the tower HN appears in
the water, meafure the 'diftance from N or I to the
w'ater-fide at O, and fet it for I to P -, then the
part from P to G appears by reflexion, the reft be-
low being incapable of being feen by reflexion,
by reafon of the interpoied earth between L and.O.

Agai»
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Fig. Again, if Т be a tree near the water-fide, and
66. tut level of the water under the top Т be at V ;

then if Vz be made equal to VT, in the perpen-
dicular TÄ, then 2 will be the appearance of Т
by reflexion. And thus meafuring from any part
of the tree, perpendicularly to the furface of the
water or its level, and fetting that length down-
wards towards AB, in a perpendicular line, from
that furface, it will there give the fame part of the
tree as it appears by reflexion. And it will do the
fame for any other object, which is high enough,
or near enough the water. For all objects feen by
reflexion appear to be turned upfide down, the
higheft part appearing the loweft in the water;
and the loweft to be the higheft, where they touch
at the furface. And all this is evident from the
known laws of reflexion, which is: this, that any
object appears by reflexion, to be as far beyond the.
reflecting plane, as it really is on this fide ; that is,
the object and its image are equidiftant from the
reflecting furface, and on contrary fides. Whence
if N1 be a' part of the reflecting furface, then will
NG be equal to N£ And if LK be the reflecting
furface, then will KH = Kb. For the fame rea-
fon will TV zr V2. As fome objects maybe feen
directly which cannot be feen by reflexion, as the
part PK of the tower. So fome others may be
feen by reflexion which cannot be feen in a direct
line. Thus you may fee the hollow arch of â
bridge both by reflexion and a direct view, if your
eye is lower than the arch ; but if your eye is raif-
ed higher than the bridge, you may fee the top of
the bridge directly, but not the arch, and yet you
may fee the arch by reflexion ; for nothing hinders
the rays from the under fide, from falling on the
water, and being reflected to the eye. And thus
part of the tree T, which is covered by the other

branches,
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branches, cannot be feen directly -, but may appear Fig.
by reflexion in the water. 66.

P R O B . XXI.

fo take tbe perfpeffive draught of any place, as л
Country, City, a Harbour -with Ships, é? c.

All the problems that have been hitherto deli-
•vered, are preparatory to the folution of this. For
in a general 'view, all forts of objects offer them-
felves, of which fome lye upon the ground, fome
Hand erect, and fome íloaping, fome are ílreight,
and fome crooked, bodies ftanding fome in one po-
fition and fome in another ; of various forts and
forms, fome near hand, and fome far off; fome
with'ihadows,. and fome without. So that a perfon
before he fets himfelf to drawing in a general way,'
muft make himfelf acquainted with all the forego-
ing problems, and have them ready in practice, to
be applied as there is occafion. To proceed then,

Take a piece of paper big enough for the pur-
pofe, as half a iheet or a iheet ; and near the bot-
tom draw a line for the ground line -, and above
that, at a diftance equal to the defigned height of
the eye, draw another line parallel to it, for the
horizontal line. The height of the eye, or the dif-
tance of thefe lines mould not be above half the
height of the picture, and may be about a third part
of it. When the objects are high in the air, the
horizontal line muft be drawn nearer the ground
line, to make room for the appearance of the ob-
jects above. Then take the point of fight in the
middle of the horizontal line, or in fome cafes near
one end of it ; and from it, on one or both fides,
fet off the points of diftance, equal to the principal
ray, or the diftance of the eye ; which muft at leaft
be equal to the breadth of the picture ; but it

ought
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Fig. ought to.be more, fo that the picture may fubtend

an angle at the eye, of 45 or 50 degrees. The
principal ray, or diftance from the pidlure, muft be
more than the height of the eye, it Ibould be half
as much more, or fometimes even twice or thrice
as much ; and eipecially when the point of fight is
near one end -, and it ihould never be lefs than
eight inches, but may be as much more as you will.

This being done, the diftances of all the objects,
and their heights, muft be meafured (or at leaft
eftimated) by fome given mealure, as miles, fur-
longs, yards, &c. And their fituations, and po-
fitions, truly taken ; all by the fame fort of mea-
fure. Then they are all to be laid down or planned
upon paper, according to their feveral places, fitua-
tions and diftances, to be. taken off fome fcale of
equal parts of a convenient bignefs, as a fcale of
inc-hes, &c. keeping to the fame fcale thro' the
whole work. And as the plan or fituation of all
thefe objeits is commonly made, by drawing them
all below the ground line in an inverted fituation»,
yet this will be better done by drawing the plan in
a feparate paper, of the fame breadth as the pic-
ture, and placing all the objeóls in their true fitua-
tions. The reafon of drawing them on the con-
trary fide of the ground line, in an inverted fitua-
tion, is to hinder them from interfering with, their
images in the picture ; and to preferve the true dif-
tances of all and every part, from the ground line.
But this is better done by drawing all the objects
above the ground line in their true pofmons in a
-feparate paper ; and for that reafon it is more na-
tural., than inverting all the objects, and fo chang-
ing their places.

The plan of the work being laid down, it muft
be drawn in perfpeétive in the -picture, according to
the former rules, one part after another till the
whole is inferted. And if any of the parts be

much.
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much compounded, and requires a great many Fig»
lines ; it will be better to do fuch part in a feparate
paper, and then, transfer it to the picture. It will
be proper to do this as often as there are any dif-
ficult parts to be laid down.

When any buildings, or bodies elevated in the
air, happen to be in the view, as few are without ;
it will often be necefíàry to take the front view and
the profile thereof by the fame meafure as the reft ;
and then lay them down upon paper by the fame
fcale. And from this draught, they muft be
drawn in perfpeotive by the rules of drawing fo-
lids. And here alfo they may- be laid down on fe-
parate papers when they require many lines -, and
at laft transferred to the picture ; and thus the.pic-
ture will be kept clean and neat.

In the practice of all this, one muft remember
that all ftreight lines are reprefented by ftreight
lines in the picture ; and fuch as are parallel to the
ground line, on the earth, will be parallel to the
ground line ; and thofe perpendicular to the earth,
will be perpendicular to the ground line ; and all
lines perpendicular to the picture, tend to.the point
of Sight. Likewife all lines parallel to the bafe or
the.ground, have their accidental points in the ho-
rizontal line. And .lines parallel to the vertical
plane, have their accidental point in the vertical line.

Such objects as ftand on your right hand, muft
be placed on the right hand of the vertical line ;
and thofe on the left, muft be on the left hand ; and
thofe before, in the middle of the picture. And
thofe far off, high up in the picture. And objects
that are higher than the eye,« muft be raifed above
the horizontal line.

In defcribing objects at a great diftance, their al-
titudes muft be diminifhed in proportion to the dif-
tance. And therefore a fcale muft be made (by
Prob.XUI.) for every altitude concerned, which will

ihew
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Fig. Oi^iAe:jalíÍtud9,dÍn\ÍQÍÍhediia.;çyery place of the

pifture. And here the profile4 muft ,he made ufe
of, when different heights arc-rpncerned. And thefe
heights taken from the fcale, muft be raifed upon
their proper bafes in the,picture;, ;the tops of which
joined by right lines, give the boundaries of the bo-
dies, and then thefe • bodies may be finiihed, and
duly ihadowed. When this is done, in refpeét to
all the objects that are to appear in the draught,
then your view is finiihed, as far as depends on the
rules of geometry and perfpeftive. When all is
done, the ground line, horizontal line, and.other
lines not belonging to the profpeft muft be rubbed
out ; and to make the draught complete, it ought
to be coloured, every object with its proper colour.

When objects are feên by reflexion in water, they
muft be drawn according to the rules laid down for
that purpofe -, and then coloured of the fame colour
as the objedts themfelves, but a great deal fainter»
by reafon of the lofs of light, by reflection at the
furface ,of the water.

JLikewife the colours of all objefts ought to be fo
much fainter as the diftance is greater ; till at laft
they vaniih in a blueiih mift.

,. Every one that would be a practitioner in the art
of drawing, muft furniili himfelf with a drawing
board and a Tee. This board or table muft be
right-angled at .all the corners, and as big as to con-
tain a iheet of paper, and made fmooth and flat.
The tee (called fo from its lhapej is made after the
manner-of the carpenters fquare, with the head
thicker than the tong, and muft be madev exactly
fq.uare. Then a paper being parted to the board
at the four corners, it is ready to draw upon -, and
when you- want to draw parallel or perpendicular
lines»; apply; the .head of the ,t£e to one or other of
the edges of the board, .and then draw by the fidç,
of the tongue ; and thus you may foon draw as

many
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many parallels or perpendiculars as you pleafe, with- Fig.
out any trouble.

Example t.

ACEB is a building, whöfe roof is iupported by 67.'
pillars ; Aß is the ground line, SE the horizontal
line, S the point of fight, and the point of diftance
is far out of the pifture. Here the breadth of the
houfe is AB, and the height of the eye is SD or
EB. The floor here is laid with fquares, alternately
black and white, they lye in rows that run towards
the point of fight, and the other fides are parallel
to the ground line AB. F, F, &c. are two rows
of pillars, one on each fide, thefe are placed at
equal diftances, and range directly towards the
point of fight. G is the further end of the build-
ing, being a perpendicular wall of free ftone ; at
that end of the houfe are four lamps or tapers H,
placed to give light over the room. Between the
pillars F, F, and the fides of the building, are two
walks laid with the fame fort of fquares. In the
two fides of the room AC, BC, are two large win-
dows I, I ; thefe have each of them three lights,
with iron ftainfhals down the middle, and iron bars
acrofs, to keep the jaums faft. К, К, are arches
carried over the building from the top of one pil-
lar to that of another, all manner of ways -, upon
thefe the roof is built. С, С, &c. is the roof, the
two wings on each fide lye upon the arches L, L,
and on others beyond them. The higher part of
the roof С, С, ftands upon the main arches. On
the very top at the end of the roof, is placed a
vane, to ihew the wind. Before the entrance is a
gravel walk DM, and a roller О to roll it with.
On each fide of it are three rows of trees, which
tend to the point of fight. Along AB is alfo anq-
ther gravel walk.

Q Ехлт-
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Fig.
g§< Example 2.

. Let SD be the horizontal line, S the point of fight,
D the point of diftance, AB the ground line ; С is a
hoiife on the left hand, whofe profile runs up to the
point of fight S ; in this profile you may fee the win-
dows which are all perpendicular to the ground line ;
from the end of it runs a wall E -, which is perpen-
dicular to the picture, and therefore it alfo tends to
the point of fight. At the end of the wall is ano-
ther houfe, which ftands in the fame pofition. Be-
yond at F upon an afcent, .is a houfe itanding in a
wood among a deal of trees •, and at fome diftance
from this is another houfe G upon a hill, with a
garden walled in, before it; and near it is the fummer
houfe H, and beyond thefe is the country, rifinghigh,
and covered with buihes at I, I. On the ground
line at К is a garden inclofed with a wall, in this
are feveral beds with flowers, and fome with fruit
trees ; being all perpendicular to the picture, tend
to the point of fight S. Adjoining to the garden
is a church L with a tower indented at the top ;
this has its forefide parallel to the ground line ; and
the ends being perpendicular to the picture, run to-
wards the point of fight, Behind the church is a
houfe M, with its front parallel to the picture ;
this joins upon a garden N, with trees, herbs and
flowers. On the other hand is the houfe O, ftan-
ding crofs the former, or with its face perpendicu-
lar to the picture, and therefore, it tends to the
point of light S. Behind thefe houfes is another
large church P, with a tower and a fpire upon it,
on the top of which is a weather cock, to ihew the
wind-, this ftands fronting the pidlure. Behind
this church is another houfe or two Q, ftanding in
the fame pofition, and having a chimney fmoaking,
as like wife have feveral of the reft. R is an arti-
ficial fountain, where the afcending water plays,

and
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and then falls into the bafon belo\v. T feveral in- Fig.
clofures, and fmall fields. V feveral rows of trees.
W an obeliik in a walk between fome grafs plats.
X lèverai fowls flying in the air. Y a windmill
on the top of the hill. Z the clouds hanging iû
the atmoiphere.

S C H O L I U M .

From what has been laid down before, concern-
ing the nature of perfpeftive ; the following obfer*
varions may be drawn.

All horizontal planes feated above the eye, feem to
fink downwards, more and more, the further they are
produced ; till being infinitely produced, they at laft
become level with the eye. Likewife fuch planes as
are below the eye, feem continually to rife upward,
the further they go. Alfo thofe on the right hand ap-
proach to the left ; and thofe on the lefr, towards the
right. Therefore floors and pavements of buildings,
when continued to a great length, feem to a fpefta-
tor to rife upwards -t and the roofs and cielings of
buildings, appear gradually to defcend, and there-
fore the longer fuch roofs are, the higher they
ihould be made ; to prevent their appearing too
near the ground at a great diftance.

All rows of columns, or of trees -, and thofe of
walls or the fides of buildings, feem to the eye of
the fpecbtor to contraft themfelves, the further
they run ; and continually grow narrower. And
therefore the breadth thereof ihould be greater,
where the length is greater ; that their appearance
to the eye may- be the more delightful. And thus
the capitals of pillars feem to incline downwards»,
and their pedeftals to rife upwards. The horizon
feems continually to rife from the eye, and at laft
to appear higher than it really is. But if a row of
•columns, perpendicular to the horizon, and of e-
qual height, be lower than the eye -, the tops of

Q 2
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Fig. them feem continually to rife as well as the bot-

toms -, and thofe furtheft off would appear the
higheft. But the contrary happens if they-are above
the eye, for then the furtheft would appear the
loweft. Thus the furface of the fea feems con-
tinually to rile, and at laft to be higher than the
eye. Hence alfo a plane furface continued to a
great diftance will appear hollow. Statues and
images raifed on high, will appear only in their
true proportion at a certain height ; and at other
heights will appear more or lefs deformed or out
of proportion. And therefore the optical appearance
of any object, in any place, muft be, confidered.

From the tedioufnels of drawing a perfpective
view throughout, by geometrical rules, as has been
now taught-, no body ever puts it in practice. But
inftead of that, they make ufe of a mechanical me-
thod of doing it, which is this ; they take a fquare
box, with a hole in the top facing the object, in
which is placed a convex lens ; and behind that,
within the box is a reflector. This box being placed
fo as to face the country whofe draught is to be ta-
ken, the rays of light flowing from all the objects,
enter the convex glafs, and are reflected downwards
by the reflector, which is placed obliquely ; and fo
they paint upon a white paper laid at the bottom
of the box, the images of all thefe external objects,
very diftinctly if the convex lens be at its true dif-
tance ; if not, the lens muft be moved in or out,
till the images are diftindt. Then the draughts man,
putting his head within the box, has nothing to do,
but run over all the out-lines of the feveral objects
with a pencil ; all which being done, they may be
finiihed afterwards. Such a box for taking a per-
fpective view mechanically you have defcribed to y ou
,in Prob. 24. Book IV. of the Optics. For it would
be an endlefs tafk to go through all the particulars
of fuch a draught, by the common rules of Per-

fpective ;
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fpedlive ; not only for the number of lines it would Fig.,
require, but for the great Jength of time requifite
for fuch a work. And yetthefe rules are the. eafieft
that can be contrived, where the pifture is fup.-
pofed perpendicular to the horizon. For if the-
piclure was oblique, the labour would be far more,
to draw the objects in fuch a pofition ; and new
rules are neceflary to work by, and the objefts when
drawn make no better appearance than in the com-
mon way ; and therefore no body would ever fol-
low the practice upon oblique tables, and conie-
quently they are of no ufe, but merely for curio-
fity -, and to ihew what can be done by art. There-
fore the common method is the moft ufeful, and its
principal ufe, is that of drawing imgle objedls,'
which require to be done very exactly -, and to ini-
tiate the drawing by hand, which is by far the moil
ufeful and expeditious method. Hence no land-
ikips or views of countries are ever drawn by the
method of perfpe&ive, but by fuch mechanical
contrivances, as we have ihewn ; and that for the
fake of expedition. And this method is very exaét
too ; for the images are diftinftly reprefented on
the paper, and in their true proportions, as they
appear ; and the drawing them truly, depends on
the fteady hand of the drawer.

I muft obferve, that when any view or landikip
is to be drawn in a publick place, as in a garden,
on the fcenes in a playhoufe, or the walls of a large
room •, the point of fight is not to be taken in the
air, where people cannot come. But it ought to,
be taken where moft people refort, and ftand or fip.
to look at it. For then k will appear to the beft
advantage and moft natural. But if the point of
fight is taken in a different place, the profpeu will
appear unnatural and deformed; as may be,ga-
thered from Cpr. 2. Prop. XII.

G s, ER Q B;
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Fig-

P R O B. XXII.
By the invèrfe method of perfpètïive, having a point

given in the piflure-, to find its original in the geome-
trical plane.

In what goes before, we have treated only about
the direct method of perfpective, or the finding
the place of any object in the picture, having its
fituation on the geometrical plane given. We
ihall here add a few propofitions about the inverfe
method, which is finding the original, from having
its appearance in the picture. As'the place in the
picture is found from having that in the geome-
trical plane, fo by working bäckward, its place in
the geometrical plane is eafily found from having
that in the picture.

69. Let N be the point given in the picture. From
the given point N and the point of fight, draw the
line SË to cut the ground line CB in E. Alfo
from the point of diftance D, thro' the fame point
N, draw the line DC, cutting the ground line in
С -, then CE is the diftance of the point, in the
geometrical plane, from the ground line. And
therefore if Ей be made perpendicular to AB, and
equal to EC, n will be the point fought, but on
the contrary fide of the ground line.

For if я was given, its reprefentation at N is
found by drawing lines from S to E, and from D
to C, to interfeft in N, EC being made equal
to K». Therefore by the reverie operation, n is
iruely found.

P R O B . XXIII.

£Q Having an otyeEl given in the ptaure, to find its
real b eight ̂  on the geometrical plane.

Let OP be the object given ; find the fituation
F, of the foot O, by the lait Prob. And thro' F

draw



Seel. II. P E R S P E C T IV E. 87

of the objeft upon the geometrical plane. For if
FI be the real height, OP will be found to be the
apparent height in the pifture, by Prob. XÍ.

Cor. In like manner, if OR be a line in the geo-
metrical plane, parallel to lhe ground line ; then if
SO, S R be drawn to cut í he ground line in F and
G ; then FG is the real length of OR.

P R O B . XXIV.

Any oblique line in the pifiure being given j to find
its original in the geometrical plane.

Let OP be the given line in the pifture. Find 70.
the lituation of the point P at F, and then its
place p upon the geometrical plane, by Prob. XXII.
Then produce PO to cut the ground line in E, and
draw pE, which will be the original of PE.

Likewife find the original of the point O, which
will be at о ; then po will be the original of the
line PO, but inverted.

This is evident from the contrary procefs of
finding the reprefentation PO, from having the
original po.

Cor. ï. Hence the original of any plane figure gi v en
in the pifiure, may be found. For it is buí finding
the originals of all the lines, that indofe the figure -,
ana then you II have the original figure.

Cor. 2. And thus a folia being given in the pic-
ture, its original may be found, but -with more la-
bour. For all the- bafe lines, and all the perpendiai^
lar s will be found as before ; and thence all the ßir-
faces that imlofe it,, and confequeiitly the -whole folia.

G 4 Cor»
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Fig. Cor. 3. Hence the original of any angle may Ъе
jo. found, by finding t be original lines teat form the

angle.
P R O B . XXV.

Two or more lines being given in the рШиге, whofe
originals are perpendicular to it ; and having the real
length of any fuch bafe line ; to find the points of

Jighf and dißance.

~! Let AB be the ground line of the piflure, AEG
a houfe, and BHM a wall -, both the originals be-
ing perpendicular to the ground line AB. Produce
any two fides, as AE, IK, BM, HL, which are.
perpendicular to the ground line in the geometri-
cal plane ; till they interfect, as AE andBM, which
interfecl: in S, then S is the point of fight.

Again draw SD parallel to AB, and fet the real
length of the bafe line BF Г which tends to the

-point of fight) from its fituation В to G in the
ground line ; and thro' С and F draw the line CF
cutting SD in D ; then is D the point of diftance ;
and SD the horizontal line ; and the length of SD
js the principal ray, or the diftance of the eye from
the pióture.

For (by Cor. 2. Prop. IV.) the lines AE and
BM tend to the point of fight at S. And there-
fore the point of diftance is fomewhere in the line
SD drawn parallel to AB, which is the horizontal
line. But if BC be the diftance of a point from
the ground line, and D the point of diftance, and
DB and DC be drawn to interfeót in F, then F
will be the image of that obje£t. Therefore on
the contrary, when CF is drawn thro' the image at
F, it will go thro' the point of diftance D.

Cor. ï. Hence, in any perfpeßive draught, having
the horizontal line given •„ its center, or the point of

fight may be found.
For
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For produce any line whofe original is perpen- Fig.

dicular to the pidture, till it cuts the horizontal line, 71.
and there is the point of fight. Or if there is no
horizontal line, produce two fuch lines till they cut
one another.

Cor. 2. But the diflance of the pifture, or the prin-
cipal ray, cannot be found, unlefs the real dißance of
fome point or objeSl (from the ground line) be known.

For we only know, that the eye is fomewhere in
the perpendicular, raifed upon the point of fight.
But if a real diftance be known, the diftance of
the eye will then be known, as laid down before.

Cor. 3. If in any draught^ it be known that feve-
red original lines are -parallel, in tbe geometrical f lane.
Then their accidental point, and the horizontal line
may be found. t •

Produce two of thefe -lines till they interfedt, and
the point of interfecbon is their accidental point ;
and that point is in the horizontal line. Therefore**
thro' that point, draw a parallel to the ground linc.
and that is the horizontal line.

P R O B . XXVI.

Having the angle which any original oíjeSí fub-
tends at the eye, and alfo its image ; to find tbe point
of dißance, or the point of view in the air.

Make the angle CEF vipon the horizontal line, 72.
equal to the angle which the original object fub-
tends at the eye. Let OP be the image of it in
the pidture. Make CF — OP, and place CF in
the lame pofition to EC, as the image has to the
vifual ray paffing thro' O. Then CE is the dif-
tance of the eye from the point O in the pidture.
When that diftance is had, eredt a perpendicular
at S the point of fight (found before), which muft

ftand



• 0 o P E R S P E C T I V E .
Fig. ftand upright upon the plane of the picture ; then
^2. the diftance EG fet from O, will interfect that per-

pendicular in the point of view. Then the dif-
tance between the point of view and point of fight,
or the principal ray, fet from S to D, gives the
point of diftance D.

Having faid fomething before of inclined pic-
tures, I mall add a little more here ; more out of
curiofity, than any real ufe they are of.

P R O B . XXVII.

fo draw ebjefts in perfpeflive upon an inclined pic-
ture.

I have ihewn in Prop. XXIII. that the rules for
drawing upon inclined pictures are the fame as
thofe for upright ones ; taking here a line parallel
to the vertical line, inftead of the height of the eye,
ah the upright picture-, and taking lines ftanding
on die geometrical plane, parallel to the vertical
line, inftead of perpendiculars. I fay lines in this
pofition, and lines parallel to the ground line,
will be drawn by the very fame rules. Therefore
in thele cafes, you inuft work by Prob. VI. VII.
VIII. and Prob. XI. for altitudes, And when
perpendiculars are given upon the geometrical plane,
you muft firft draw lines from their tops parallel to
the vertical line, to cut the geometrical plane, and
there you have their bafes ; and then finding the
image's of one of thefe bafes, you muft draw an
oblique line obfcure. Then find the image of the
foot of the perpendicular itfelf, and joining this
Jail image, and the top of the former obfcure linet
by a right line, you'll have the image of that per-
pendicular upon the inclined plane ; and fo of all
the reft of the perpendiculars. By this means
planes may be drawn, and"folidsperpendicular up-,

on
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on the horizon or geometrical plane. And any Fig;
other fort of oblique lines may be drawn, by a like
method, firft drawing a flant line parallel to the
vertical line -, then you have two lines meeting at
the top, or whofe top is common to both -, find
the images of both the bafes or feet, and the alti-
titude of the faid fiant line; then join the top and
the proper bafe belonging to that line, fée Cor.
Prop. XXL

But the beft Way is» firft to draw the profile of
the picture, and the principal lines belonging to it,
and find the accidental point of lines perpendicu-
lar to the horizon •, or of any other lines, which
are to be drawn in perfpective. Thus,

Let SH be the picture, E the place of the eye, 73»
or the point of view. Draw ES and AH parallel
to the horizon, draw EC perpendicular со АН, to
cut SH produced in F, then (by Def. 17.) F js the
accidental point of all lines parallel to EC, or per-
pendicular to the horizon, Alfo draw EA parallel*
to SH ; and then E A is to be taken for the height
of the eye, ES the principal ray, AH the line of
ftation, and SH the picture. Then in order to draw
upon fuch a picture, (in Fig. 74.) draw SD for the 74.
horizontal line, and make SD equal to SE, and D
is the point of diftance. Draw SH perpendicular
to SD, and equal to SH (fig. 73.) for the vertical
line ; and draw AHB parallel to SD for the ground
line -, or this may be drawn firft, if you will ; alfo
make HF equal to HF (fig. 73), arjd F will be the
accidental point of all lines perpendicular to the
horizon. Thus all the requifites are transferred from
fig. 73. to fig. 74. which done, the operation's are
to be performed as before-mentioned. Examples
will explain the thing.

Ex. ï.
To find the image of a given point P. Let 74.'

fall PI perpendicular to AB, and fet PI from I to
A*
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Fig. A. Then draw SI from the point of fight S, and
74. DA from the point of diftance D ; and where they

interfeft at^>, is the image of P. This is juft the
fame procefs as in the upright picture.

Ex. 2.
To find the image of a right line, parallel to

the ground line.
Let PQ^ be the line given ; from P and Qjet

fall perpendiculars upon the ground line AB, toin-
terfect it at I and K. From I and К draw lines to
the point of fight, IS, KS. Set IP from I to A,
and draw AD to the point of diftance D, to iriter-
fecl Ib in p. Draw pq parallel to AB, cutting KS
i n q ; then pq is the image of PQ. Or find the
point q the reprefentation of Q» as p was found,
and draw pq.

Ex. 3.

1"o ßnd the image of any line in the geometrical
plane.

Let PL be the line given. Find p the image of
P, one end of the line as in the firft example/And
likewife / the image of L the other end of the
line, the fame way-, then draw pi, which will be the
reprefentation of PL, as required.

Ex. 4.
To find the image of a plane figure given in the

geometrical plane, on an inclined picture. Lee
PQLR be a fquare, whofe two oppofire fides are
parallel to the ground line AB. Find the repre-
fentations of all the points P, Q, L, R ; at/i, q, /, rj
and draw the lines pq, ql, /r, rp j then pqlr is the
image of the fquare PQLR.

Or thtts, let fall perpendiculars from all the an-
gles upon the ground line AB, to interfecl: it at I
and K j draw IS, KS to the point of fight S. Set

off
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offlR from I towards A, from which point draw Fig.
a line to the point of diftance D, interfering IS in 74.
•r. Alfo fet off IP from 1 toward A, and from
that point draw a line likewife to the point of
diftance D, to interfect IS in p. Frorn r and p
draw two lines parallel to AB, as r/, pq, interfe<5t-
ing KS in I and q ; then fqlr is the reprefencation
of the fquare PQLR, whofe two fides are parallel
to the ground line AB,

Ex. 5.
To draw the'image of a line parallel to the ver- 75.

tical line of the inclined pifture. Let SD be the
horizontal line, AB the ground line, S the point of
fight, D the point of diftance, as before; and Jet,
P be the foot of the line in the geometrical plane.
Draw PI perpendicular to AB, make LL = PL
Then draw SI, LD to interfeit in p the image of
P, the foot of the line. Make IA equal to the
length of the line, which ftands not perpendicular
but doping ; draw AS, and from p, draw pG pa-
rallel to AI, cutting AS in G. Draw pg parallel
to SH, and equal to pG, then pg is the image of
the line given.

If the line had ftood in the ground line at I, you
had no more to do, but to draw a line from I pa-
rallel to SH, and equal to IA, the length of the
line propofed.

Ex. 6.
To find the reprefentaiion of a line perpendicu-

lar to the horizon. Let^be the foot of the per-
pendicular upon the geometrical plane, and CN its
height. Find the image of Q, by Ex. ï. which
will be at 4, The picture being in the pofition
SH, fig. 73. From the top of the line C, draw
CM parallel to the vertical line, then MCN will
be the profile of the lines CN, CM. Therefore
make QO = NM, and О will be the fituation of

M
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Fig. M upon the geometrical plane. Then find the
•je, image of O, which will Be at o._ Alfo find the

image of MC whofe foot is at o,by jEx. 5. this will
be oCy which is drawn parallel to S H; and equal in
reprefentation to MO. Laftly, draw cq, and that
will be the reprefentation of the perpendicular CN,
ftanding at Q, whofe image is q.

For fince CM is drawn parallel to the vertical
line, the line NM is perpendicular to the ground
line or bafe of the pifture ; therefore the triangle
CMN is the profile of the flant line, the perpendi-
cular line, and the bafe. And fince N is at Q, M
will be nearer the pifture as at О ••> therefore q is the
reprefentation of Q or N, and о is the reprefenta-
tion of О or M; and oc being the reprelentation
of MC, therefore the triangle оц is the reprefenta-
tion of the triangle MCN -t and eg is the reprefen-
tation of CN.

Ofherivifs.
Find the accidental point F of lines perpendicular

to the geometrical plane, as dire&ed before. Alfo
find q the reprefentation of Q, the foot of the per-
pendicular as before. Thro' .F draw qc for the in-
definite perpendicular ftanding at q, which muft be
terminated thus ; draw the flant une MC as before,
and fet its length from К to T hríhe perpendicular
KV ; then draw ST which will cut qc jn c, the top
of the perpendicular line required.

For the images of all lines perpendicular to the
horizon tend to the accidental point F, and the
image of N or Qjs at q. Draw oc perpendicular to
AB, to cut SK in o. Then if KT be .the appear-
ance of CM at К in the ground line ; oc will be its
appearance at o, by Prob. XI. therefçre c is the
top of the image, and therefore qc is the image .of
the perpendicular required.
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Tfie 7-*• 7- 76.
To draw the reprefçntation of any floaping line.

Let the foot of the given line be at P in the geo-
metrical plane.-, fuppofe a line drawn from the top
of this lipe parallel to the vertical line, to cut the
geometrical plane in the point Q, and let the length
of that be CM. Find the reprefentations of the
points P, and Q, àt p and q, by Ex. ï. Set off
MC from К tp B, in the horizontal line AB, and
draw SB from the point of fight. Draw ql paral-
lel to AB, to cut SB in / ; and draw qc parallel to
SH and equal to qlt then с is the image of the top
of the line. Therefore draw cpt and it will be the
image of the given floaping line drawn ro P. For
it is evident by the procels in Ex. 5, that cq is the
reprefentation of the line CM, drawn to Q. There-
fore cp is the image of the given line.

By the help of this example any folid may be
drawn upon an inclined pidlure ; by drawing all the
out lines thereof, and joining their tops by right
lines, as thofe in the folid are drawn. But it is beft
to draw all the parts in feparate papers.

Ex. 8.
To draw an oblique parallelopipedon, whofeaxis 74.

is parallel to the vertical line, and one face parallel
to the pifture, and the bafe a fquare.

Let AB be the ground line, S the point of fight,
D the point of diftance. Let the bafe of the folid
be defcribed in the geometrical plane, according to
the given fituation, as at PQLR, which is a fquare
baie. Draw this in perfpective, as fhewn in Ex. 4.
•which let be pqlr. This,done, we muft proceed to
raife the heights, at the places/», q, /, r, as direft-
cd in Ex. 5, thus, fet the length of the axis or any
fide of the parallelopipedon, ^rom В to С in the
perpendicular BC ; draw the lines SB, oC ; tlv n

SBC
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Fig. SBC is a flying fcale to take off the altitudes. Draw1

74. rh and pqi parallel to AB, to interfeot SB in
ï and 2. Then draw 13 and 24 parallel to BC, to
cut SC in 3 and 4. At p, q, r, l raife perpendicu-
lars to the ground line AB ; and from 3 and 4
draw lines parallel to AB, to interfecl: thefe perpen-
diculars, which will determine the top of the folid.
Thus the parallel %wx will cut the perpendiculars at
/ and r in the points w and x ; and the parallel 4t
will cut the perpendiculars from p and q in / and
v. Therefore joining the points t, i>, w, x with
right lines, you have the upper face of the folid.
Here the lines pq, ql, and qv, which are hid from
the eye, are not drawn, in this example all the
lines terminating the feveral planes, are either paral-
lel to the ground line AB, or tend to the point of
fight S.

Thus all bodies which lean the fame way as the
picture, and incline as much, are as eafily drawn
in perfpective, upon an inclined picture, as bodies
perpendicular to the horizon, are upon an upright
picture, and by the very fame rules. But when
they ftand in any other pofition, there is required
more labour to draw them ; and fo there is in an
upright table, when the bodies are not perpendicu-
lar to the horizon ; but the labour in one cafe is no
greater than that in the other ; and they are both
done by fimilar methods.

Ex. 9.
77. To draw a cube upon an inclined table, feen

angle ways. Let AB be the ground line, SD the
horizontal line, S the point of fight, and D the
point of diftance. PQLR is the bate of the cube
laid down on the geometrical plane, in the fitua-
tion required. Let this fquare PQLR be drawn
in perfpective, by the method in Ex. 4. and let its
image be pqlR ; p being the image of P, q of Q,

and
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and / that of L; the point R in the ground line Fig.
being commom Then at the points p, q, /, R, we 77,
muft raife the fides of the cube, which are perpen-
dicular to the bafe in the folid, but muft pafs thro*
their accidental point in the picture. Therefore
find the accidental point F, of lines perpendicular
to the horizon as before. And from F draw lines
thro' />, j, /, R. Then to terminate them at the
top of the cube, proceed by examp 6 ; thus.
Let CN be the perpendicular height of the cube,
draw MN perpendicular to it, and draw CM, ma-
king the angle CMN equal to the angle which
the picture makes with the horizon. Then take
CM in your compafies, and fet it perpendicular at
the points G, R, I, where S/>, SjR, and S/, in-
terfect the ground line. Let thefe perpendiculars
reach to g, r, and i. Then thro' S and thefc
points draw lines to interfect the lines drawn from
F ; that is, draw Sg to interfedt Fp in the point ï,
the top of the fide pi. And draw Sr to interfedt
Fq and FR in 2 and 4 ; then 2 is the top of the
fide qz ; and 4 is the top of the fide R4- Alfo
draw Si to interfeft F/ in 3, the top of the fide
/3. Then draw the lines 12, 23, 34, 41, for the
upper face of the cube.

One may obferve, that fince the fides PR, RL,
&c. make half a right -angle with the ground line,
the point of diftance D, will be the accidental point
of the fides pq, R/, and alfo of their parallels 12,
43. And for the fame reafon the other point of
diftance will be the accidental point of R/>, lq, 41,
32. And if the cube was in any other pofition, th«
accidental points might be eafily found in the ho-
rizontal line SD ; becaufe SD is the vaniihing line
of the bafe, and top of the cube, being both in of
parallel to the geometrical plane.

In all thefe examples, I have made life of the .
feme picture, in the fame pofition, the fam« point

H of
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Fig. of fight and point of diftance ; .and in general of
77. the fame profile of the pifture as you have in fig.

73. And in all thefe examples the picbire is fup-
pofed to kan backward-, but all thefe things may
as eafily be done, if it leans towards you. In that
cafe, the accidental point of lines perpendicular to
the horizon will be above the point of fight ; but
all operations will be the fame. But for variety, I
fhall give one example where the picture leans for-
wards.

Ex. id.

7 g To draw a hexagonal right prifm, upon an in-
clined pioture. "We mail here fuppofe the pidture
to lean as much forward, as it before leaned back-
ward, and that the height of the eye and the prin-
cipal ray, remain the fame. Let PQRTVZ be the
hexagonal bafe defcribed upon the geometrical plane,
AB the ground line, SD the horizontal line, S the
point of fight, D the point of diftance. Praw Pi,
Z2, УЗ perpendicular to AB, the parallel fides PQ,
TV being fo. From the point of fight draw Si,
Si, 83 -, by means of which, draw the baie PQRTVZ
in perfpeftive, which let be pqrtvz. Then to raife
the images of the perpendiculars at the points p, q,
r, f, v, z, proceed thus, at the points ï, 2, 3, raife
the perpendiculars 16, 27, 38, each equal to the
fiant line CM, in the right-angled triangle MCN -,
where the angle CMN is the inclination of the pic-
ture, and CN the height of the prifm. D:aw the
line S8 from the point of fight S ; then from v
and / draw lines towards F, (the accidental point
of lines perpendicular to the horizon,) to cut S8
jn the points 4 and 5, then ^4, /5, reprefent two of
the perpendicular fides of the prifm. Again,
draw the obfcure line 87 -, and from z and r, draw
lines to F, to cut it in о and 9 ; then zc, ry will
be-two more fides of the prifm. Draw alfo the

-cbfcure line S6 ; and .from^> end 2, draw lines to
F,
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F, to cut S б in the points n and с; then fn^.qc are Fig.
the two other fides of the prifm-, then joining all 78.
thefe points by right lines, you have the top of the
prifm ИГ9540.' - nd the planes being ihaded, you
have the true representation of the prifm vzpqnc,
upon the inclined picture.

1 fuppofe thefe examples are fufncient to mew
the method of drawing upon inclined pictures.

S C H O L I U M .

It appears from the practice, in all thefe exam-
ples, that the image of any original 6gure in the
geometrical plane, will fall exactly in the fame
place of the picture, whether the picture lean for-
ward or backward, or be upright ; provided the
principal ray, the length of the picture, and dif-
tance of the object from the ground line remains
the fame. But in objects elevated above the geo-
metrical plane, the cale is otherwife ; and they will
have a different appearance according to the diffe-
rent pofition of the picture. The principal ufe of
drawing upon inclined pictures, is for painting any
images upon the cieling1 of a room, or on any
vaulted roof, or on the cupola of a church, &c.
where the furface to be painted on, is in an ob-
lique pofition. ,: ;

As to the ihadows of bodies ; the rules are ihe
fame as in upright pictures; only inftead of lines
perpendicular to the horizon we muft ufe lines pa-
rallel to the vertical line -, and for lines perpendi-
cular to the picture, make ufe of lines parallel.to
the line of ftation or to the principal ray. In dif-
ficult cafes, the progrefs of the ihadow may be
traced out as it falls upon any planes, or upon-any
bodies, that are in its-way, which is eafilydone
from the fituation of the light. And then thefe,
ihadows, or parts of ihadows, muft be taken for

Ы 2 jreal
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Fig. real objects, and fo drawn in * per fpedive by the

common, rules.

PR О В. -XXVIH.

То draw the рШиге of any objéSî-mechanically.

This may'conveniently bexdone : by help of a
candle or lamp. Let the objeét be placed near a
•wall, and a light,-fuciv-as a candle or lamp, placed
.at a good diftance-'from it, or the fun's light may
be made ufe of-, let this- light project the fhadow of
the given object upon the wall behind it in lines
nearly perpendicular to thewall. Then the fhadow of
the body would ihew the appearance of the body to
an eye placed where the light-is*- if the body was re-
moved, and the fhadow remained there. Therefore
we muft trace out all the out-lines of- the ihadow,
with a pencil, upon the wall ; which is very eafy
to do where they appear-, but where the fhadow of
any parr is intercepted by fome other part -, there
will be fome trouble. To find the ihadow of any
point, fo placed as that its fhadow cannot fall upon
the wall ; take a flender rod, and put one end of
it to touch that point ; and fatten the rod there by
fome means or other; then removing the body,
whilft the rod remains fixed j the fhadow of the
end of the rod will fhew the place where the iha-
dow of that point of the body would fall. Then
replacing the body, you may proceed thus with any
other point of the body, or as many points as you
will. If any line in the object is hindered from
cafting its fhadow upon the wall-, the place of the
fhadow will be found in like manner ; lay a flender
rod clofe to the line, and mark the length with
chalk ; then remove the body, and where the fha-
dow of that part of the rod, which you marked,
falls upon the wall ; there is the fhadow of that

line
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line in the objecV And thus any lines in, it .may Fig.
be drawn.

Or the ihadows of thefe points-and lines may be
found thus, take two firings and extend them crofs
one another; fo that the ihadow of their interfec-
tion may fall on the given point of the objeft.
Then if the body be removed, the ihadow of the
interfedtion of the.ftrings, will fall upon that point
of the wall where the ihadow .of the given point
of the body would fall. In like manner extend a
fingle firing, fo rhat ;a-knot in it may fall upon the
given point of the body, and fixing it there, re-
move the body, and the.knot will caft its ihadow,
where the ihadow of the. given point of the object
would fall upon the .wall. Alfo extend a ftriing, fo
that its ihadow may. fall upon any line in the .body
which we want to defcribe; and mark the .length
on the ftring,: by tying two knots, pr, any. ot^er
way. Then removing the body, that part., of the
firing will caft'a, ihadow upon the wall, where the
ihadow of the line in• the objecb would fall. Other
methods may be contrived, to get the ihadows, of
fuch points,: as are- hindered from falling on the
wall. And fome.fuch method may .be' cpruriy-ed
without removing .the body, and being at.the trou-
ble to place it again.;. .It may be thus, if ;уопг. crofs
firings are long: enough, to caft .'their madows upon
the wall, on...every; fide of the body, whilft their
interfeótion cafts. its ihadow upon the given point
of the objeft ; .continue thefe fhado\vs behind the
body, upon the; v^all, til-1 they interfexEb;; and it is
evident, the point .of-uiterfeftion will-"be-the. place-
where the .ihadow^of .the given, point of the body
will fall. And thus.f.you may find the ihadows of
as many, pointst-as you..will,' and confcquently ,Qf as
many, lines aaiyob-will,.without ftirring the body.

.Inftead of. à light, the eye may be ufed, keep-
ing it fixed in the place where the light ihould be4

H 3 Fox
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Fio-. For the eye will project any point of the object

upon the oppofite wail , which may be marked
there by help of an afiiftant-, and thus one part af-
ter another, and lo the whole body, may be pro-
jected upon the wail. Allb if one end of a firing
be fixed where the light mould be, and taking
hold of the other end, and drawing it ftreight ; if
the ftring be made to pafs along the out-lines of
the object, the end of the ftring, by help of a
pencil, may be made to defcribe the figure thereof
upon the wall. And thus by means of the ftring,
the image of the body will be projected upon the
wall, the fame as by the ihadow.

Otherwife.
70. To delineate any object-, make a fquare frame

DE ; divide the fpace into fmall fquares, by threads
fixed to the fides, parallel to one another and to the
fides of the frame, and at equal diftances. Set up
a ftand FH, upon the bafe FG ; this muft have a
fmall hole at H to look thro ; it is fixed in the
bafe, parallel to the frame DE. Alio let the pa-
per on which the draught is to be made, be divid-
ed into the like fmall fquares. Then placing the
object bfcyona the frame in a proper fituation -, look
at all the pares thereof fucceffively thro' the hole i
and obferve in what fquares the feveral parts ap-
p~ar, and put them into the correfpqndent fquares
in your paper ; fo at laft you will have the picture
of the whole object on your paper. Thefe fquares
may be drawn in black lead, and rubbed out af-
terwards.

There are alfo inftruments contrived, by the
help of which one may d.aw the appearance of any
object; but the confcruction of them is difficult,
and therefore i íhall lay no more about them.

What is here faid of the projecting the image of
a body upon a wall or any plane furface, is eafily

applicable
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applicable to any curve furface. For wherever the Fig.
lhadow of any point falls by the light, there will
be the image of that point. And likewife where
the íhadow of any line falls upon the curve fur-
face, there will be the image of that line ; for it
will be where the plane paffing thro' the luminous
point and that line, cuts the curve furface. And
the cafe is the fame, if the figure is projected
upon that curve furface, by rays drawn from the
eye, placed where the light was.

P R O B . XXIX.

'To draw a deformed or monftroiis piRure upon cr
plane, which Jhall appear regular, from a certain
feint.

Make'a fquare ABCD, and divide the fides in- 80.
to as many equal parts as you will -, and draw lines 81.
thro' all the points of divifion, parallel to. the fides ;
thefe lines will divide the great fqnare into a num-
ber of little fquares. In this fquare draw the fi-
gure true which you want to appear deformed.

Again draw any line ab, which divide into as
many equal parts as AB is divided into. From the
middle peint í, draw the line éV perpendicular to
ab, and VS perpendicular to eV. Alfo draw the
lines oV, £V, bV, £V, thro' the equal divifions
g, h, &c. Alfo draw £S, and where it cuts the
former lines drawn to V, draw lines parallel to ab^
then abed is a deformed fquare, and all the final 1
fpaces reprefent the correfpondent little fquares in
the great one ABCD. Therefore in all the cells
or little fquares of at>cd, draw the fame part of
the figure as you find in the correfpondent cells of
ABCD -, fo you have the deformed image requir-
ed. Then fuppofe VS to iland perpendicular to'
the plane abed; if the figure be viewed by.the eye

H 4 "at
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Fig? atcSy-'itwilltappear irfitsvttae'ihapey as you hav»
80. it in ABCD. But from any other point it will
g l. appeapr-mpreinraeß-deformed:J^Aitaafj the fide dc

was equal to- the fide DCr thee figure;'would ap-
pear:equally large, ; as that im ABCD would do,
feen at the diftance S^. •

For if a fquare whole fide is. dc be erefted upon
act and as many parallel lines' -'drawn in it; and if
SV be eredted perpendicular to the plane aVb ;
then the firft parallel line in the fquare will be
projefkd inro the line ir, by the eye at S ; and
the fécond parallel line into 22, the third into 33,
and the laft or top of the fquare into ah j and the
diagonal of the fquare would be projected into db^
Gonfequently all the little fquares would be pro-
jefledinto the correfpondent cells in^the fpace abed.
On the contrary, if the deformed figure abed be
given to be drawn in perfpeftive, its image wi)l be
the faid fquare ftanding upon dc, 'and all the little
fquares therein will be images of the refpeólive cells
in the figure abed. And whatever is defcribed щ
thefe cells, will appear in the little' fquares ; and
therefore tne deformed piflure drawn in the fpace
ábcâ- will be a regular pifture in the fquare ; that
is, it will appear a regular head, feen1 from the
point S in the air ; but from any other point, the
parts will appear to have differçnt proportions, and
therefore will be in fome meafure deformed.

This problem may be folved mechanically, by
holding a candle at S in the air, and tracing out
the "íhadów of the objeft (as the head here defcrib-
ed J upon the plane furface given abed, which may
as eafily be done upon a curve furface. But it is
better if the candle ihine thro' a fmall hole, made
in a plate fet at S. The fun's light may alfo be
made ufe of for drawing either the original, or the
deformed pifture^ which will be more or lefs fo,

accord-
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according to thc-obliquity of theíplane,'rt isitç'be Fig
drawn on. So.

And by a like methodj a-deformed-figurei may 81,
be drawn upon the furface of a cone, : or any fo-
lid-, which will appear regular frornra certain point
of the axis.

Cor. ï. Hence, .the trapezium abed is the fhadow
of the perpendicular fquare whofe .Jide is dc. And
every particular cell is the fliadow of the correfpon-,
dent fmall fquare in the upright one.

For the ihadow of any point of the fquare ftand-
ing on dc, is where the line drawn from the lumi-
nous point S, cuts the plane Vab. And the iha-
dow of any line in the fquarc, will be where che
plane paffing thro' that line and the luminous pointy
cuts the faid plane. Therefore the ihadow :of the
top of the fquare, is ,the line ab.-, .the ihadow-Apf:
one fide is ad, and that of the other fide _pf the-
fquare is be ; and the bafe de coincides with /the
Ihadow. And thus the ihadows of the lines or
fides of any fmall fquare, are the lines that circum-
fcribe the correfponding trapezium or cell. And
confequently the fpace contained in each;,cell, is
the ihadow.of the correfponding fmall fquare.;;

Cor. 2. Hence, à pi ff иге that appears rude 'and,
irregular, when viewed direcJly, will appear regular
and uniform, when viewed from a proper point. .

For the objeét abed' looked at directly, ' appears
only a long trapezium ; but to the eye p:f a ipec-
tator at S, it appears" a regular fquare. "For the
ihape of the image and all the parts of it in. the
picture, to the eye ; is the very fame as if the rays
had come at firft from that picture ilanding per-
pendicular upon dc ; becanfe they come^jn/.the
fame lines whether they come from ijlie piqûre, or
from the origirial.31 - And if'the colours of the fe-
yeral parts, and the ihadows be the fame in both,

a perfon
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Fig.,aperfon will rather judge it to be regular than de-
go, formed ; by being more accuftomed to that, and
81. feeming more natural.

Cor. 3. The praïïice of making deformed objeEls
from regular ones, is no more than the inwrfe method
of perfpeãive.

For in the direct method of perfpective, the tra-
pezium abed, lying on the geometrical plane is
projected into a fquare upon the line dc, to the
eye at S, in the air. So on the contrary, a fquare
in the picture is projected into the deformed image
abed, on the ground plane. In the firft cafe the
picture is between the eye and the object ; but in
the latter, thty lie contrary.

S C H O L I U M .
Since fhadows are no more than the deforma-

tions of objects falling upon fome plane or other.
Therefore the drawing of the ihadows of bodies
depends on the fame rules* as finding their de-
fbrmatrons. The rays of light paffing by the out-
lines of. a body project their iliadows upon thefe
planes ; and the places where they fall will be
found, by having the pofition of the light, and
the fhape of the body. Therefore the practice of
thefe things depends upon fome or other of the
rules- before laid down.

P R O B . XXX.

2V .ßew the ufes of perjpeffive in drawing.

The rules of perfpective before laid down, arc
employed either in reprefenting figures that lye in
the geometrical plane, or objects that are elevated
above that plane ; and all objects whatever are eir
rher one pr the other of thefe -, and therefore the

foregoing
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foregoing rules;are fufRcient for defcribing any ob-Fig.
jeds, and- ought to be followed when we want
any objects to be drawn perfectly exact, and ma-
thematically true. And this is the belt method
when there are only right lined objects concerned,
and but a few of them. But there are numerous,
objects that cannot be drawn this way, fuch as
mountains, trees, ihips, &c. In fuch cafes all we
can do is to get a few of the principal points of
fuch objects, -truly laid down ; for to get all the
points, is impoffible, efpecially where curve lines
are concerned, and the figures are irregular -, but
the reft of the work is to be done by hand. For
the art of perfpective only lays down geometrical
rules for finding the images of certain points, but
as the number of points in any object is infinite,
the work would be infinite -, except in their iingle
cafe, where the points in the object happen to be
connected by right lines ; for then they will be
right lines in the drawing, but in no other cale ;
and therefore our only refuge is drawing by hand.

Then to gain a dexterity and exactnefs at draw-
ing by hand -, the beft way is, firil to draw fome
plain and fnnple objects in perfpective, and then
try to imitate them by hand ; and where you find
any fault, rub it out, or elfe throw them away,
and do them over again-, ftill endeavouring, to
mend the former faults, and to make them more
exact ; which is as eai'y to do, as learning to write.
When you have fucceedc'd pretty well with .one
object, take a new one, and proceed the fame
way with that ; and the like for as many as you
pleafe, till you improve in the art ; and then you
may make choice of more compounded objects
which are harder to draw.

In objects that are mere difficult to draw, let
fome of the principal lines be drawn by the rules
of perfpective, and finiih the reft by hand } repeat

this
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Fig. this feyeral times till you get them to your mind.

Afterwards draw fewer of the lines in peripective,
ámifiniíh the reft by hand: Arid laft of all draw
none of." it in perfpeftive,' but do the whole by
hand ; and that feveral times over, till it be tolera-
bly exact. And thus by proceeding from eafy ob-
jects to thofe that are harder, you'll at laft ac-
quire a habit of drawing truly and readily. But
it is practice alone that muft compleat any perfon
in this art of drawing, a multitude of rules fig-
nifying little-or nothing.

: When a-complicated figure is to'be drawn, it
would'be a difficult thing to do every fmall part
of'it by the rules of perfpective ; but by inclofing
it in-áfqüare1 divided into little fquares, it may be
done'then by a perfon ikilled in drawing. For
where curve furfaces are concerned, the practical
rules can only ferve to find a few points thereof,
or fortie right lines, that may inclofe it; by which
-means thé drawer may then defcribe them fufficU
tndy true.

JFrbm what has been faid, any one may fee that
it'is in vain to endeavour, by the practical rules of
perfpective, to defcribe the hollows or rifmgs of
objects, their lights and madows^ or any irregular
turnings and windings thereof. Thus the capitals
an'd'brnaments of pillars, cannot be defcribed that
way, from the multitude of lines required to do it,
and: would never be exact. Nor can fuch objects
as'have'rtot any determinate ihape, be defcribed this
way f fuch ás clouds, hills, trees, valleys, rivers,
&e. feut are far better done by hand. For in fuch
as "tHê'fe, there is more latitude allowed, and one
carrhardly miftake fo far as to make them appear
frioriftrous or unnatural. The turnings and wind-
ings;'of, rivets,7 the ihapes of trees, their branches
and^eavès^'^thè-limbs of ;animals, the features of

"men and women, the folds of their garments,
could
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could never be performed by thejftrîct rules of Fig.
perfpective. T

We muft tie contenp therefore, to apply, the Art
of Peripective,tO:W,hat it is capable of .(doing to pen-
fection j and that is, laying down a general draught,
which is to ferve for a ground-work for our future
operations -, in which the feveral places and iitua-
tions of objects are to be affigned. But then the
finiihing and beautifying the piece muft. be., left "to
the Ikilful hand of the drawer. Indeed it is . moft
ufeful where it is, moft wanted, and that is Дп de-
fcribing fuch objects as are terminated by right-lines»
efpecially perpendicular ones ; fuch as. buildings,
pieces of architecture, regular figures, and fuch.like.;
where a deviation from their : true ihape or ,ро«йод
would be very fenfible. In other cafes, all w.e.jcan
do by the mathematical rules, is to find a few points
which ferve for a guide to draw the reft by, „Thus
in defcribing a circle, we find as many points.-in.it
by rule and compafs, as we think fufecient, and
then carry a curve thro' them by rhand.v fo that
ftrictly fpeaking no part of this image is"fpun,4,by
geometrical rules, but thefe few points^ .all.'tjhifcreft
owes its being and exaftnefs to the judgment and
hand o f t h e artift. . . . . ' ' . ' , ,-..;-Г

Tlie principal ufe then of PerlpecTJve,, is;forfin-
forming the judgment -, for by being accufton^^to
draw objcels in perfpeftive, one may. better know
which way fijch and fuch lines fliould,_r:]jh, ja.hd
where they ibpuld end, and to what.ippinjis.'E^ey
mould converge-, and from thence judge.vb.e.tier
how an object fhould appear, by.fhewing the rela-
tion between the object and its image; apd,by that
means directs the hand to draw them, and toe eye
to difcover any defeû in the drawing, ,vw]) ich .other-
wife would not be..feen.- Likewife. when;j;íie.;gèn^-
ral plan, and the principal- parts are .laidi^own.epc-
actly by rule ;:.the; minuter parts. wiU,natuiall^;.cOTne
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Fig. into their proper places, and all errors will then be

eafily avoided, and eafily rectified. So that make-
ing ufe of the rules for drawing the principal parts,
where they can conveniently be uíèd ; will give the
picture fuch a form as will guide the eye of the
drawer, in defcribing the other parts ; and direct
him to draw the reft, and to finiih the draught, and
make it perfect and complete.

When objects are at a great diftance, the mag-
nitude muft be diminiihed in proportion -, becaufe
they appear under a lefler angle than when nearer.
And in ihading them, the ihadows muft fall all
one way, that is from the fun. And in colouring
them which ought to be done at laft ; the colours
muft be ftronger near hand, and fainter further off;
till at a great diftance they lofe themfelves in a
bluiih mift. And in all things you muft perform
the fame thing in the picture, as you obferve with
your eye.

The bufinefs of deftgning, is the work of a maf-
ter ; this is forming a general idea of fome large
work, confifting,of many parts, whofe relation and
connection, is entirely the invention of the artift.
This may be fome hiftory piece, or contrived to
íhew fome great tranfaction or event.

At firft the artift muft make only a rough
draught of his defign, and in a fmall compafs :
this he is to correct and mend, as he fees it necef-
iary ; and the outlines need only be drawn in black
lead, to be rubbed out oecafionally. When he has
fixed on the manner he would have it done, he may
draw it larger and more compleat. And when he
has "got all the parts to his jatisfaction, he muft at
laft draw it, and all the parts of it, according to
his defign, and then proceed to the colouring it, if
it is to be painted. Here drawing according to a
defign, is a different thing from drawing the pic-
tures of objects, we have before us. For this pic-

ture
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ture or defign has no object but what exifts in the Fig.
ideas and mind of the arrift. And therefore to
make an elegant piece, the artift mould have a good
invention, and be well acquainted with the nature
of things, that he may proportion things truly, in
his draught ; and obferve that the connexion of
the íèvetal parcs be according to nature -, and that
they be pîeafmg and inftrudb've. To do this re-
quires a good genius, and a great deal of practice.
His defign is formed entirely in his own head,
which is to be executed by the rules beforementi-
oned. And this branch of the art is gained by
degrees, firft by drawing pictures by fight-, and
afterwards copying from good original draughts ;
obferving to draw the outlines firft, and then the
inner parts, and then to fhadow them. And laft
of all, they that would become complete, muit
make themfelves mailers of Perfpeftive.

F I N I S ,


