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D У E R Г I S E

Г "| ^ H E Author of the following Work, in the year 1742 firil
Л propofed printing a Treatije upon Microfcopes only. The

plan laid down was entirely new ; and to render it more compleat,
a prefatory diieourfe was intended, to introduce fuch general prin-
ciples as were necefliiry for underflanding the fubjedl fcientif ically.
This difcourfe increafed fo fail, under the Author 's pen, that it was
foon thought advifeable to enlarge the originnl defign, into a ge-
neral 'Treattfe »f Optics. Two' books, containing the Elementary
parts of this fcience, being finiihed with all convenient expedition,
were immediately printed off—both Plates and Letter-prefs-—
with uncommon care and correitnefs. And upon this foundation,
it was propofed to explain the Theory and Mechanifm of Optical
Inilruments, in a third Book, under the general head of Telefcopes
and Microfcopes. A Taflc of this kind, required a multitude of
accurate experiments ; and perhaps nobody could be better quali-
fied for malting or reafoning upon them, than Mr. Harris. But,
white this bufinefs was forwarding with unufual celerity, our Au-
thor was called from the purfuit, by an extraordinary dçmand of duty
in His Majefty's Mint : And from that .time, a variety pf avocati-
ons, for the publick fervice, with a feries of bad health, the con-
fequence of laborious application and iludy, prevented any regular
renewal of the fubjeft for feveral years. Mr. Harris however, did
not lofe fight of his favourite object, but employed moil opportuni-
ties for the advancement of it ; t i l l at length, finding himielf once
more at leifure, he refumed his application to this work with an
earneilnefs that probably haftened his diiTolution : For, in the ac-
tual profecution of feveral interefting experiments he was taken
fick, and, unfortunately for the Publick, expired zoth September
1764.

After Mr Harris's deceafe, a numerous colledUon of Manufcripts
were fubmitted to the confederation of fome Gentlemen, well ac-
quainted with the Science of Optics, in hopes of compleating fo

valuable



valuable a work. But it appeared, upon examination, that though
there feemed to be ample materials for the purpofe, and many of
them prepared f o r t h e p r e f s j yet the greater part, having never
been digefted, was incapable of any arrangement, without affift-
ance of the Author—no longer to be had—or taking up the fubje<5t
de novo, and purfuing it through an almoft infinite variety of ex-
periments—A Labour, neither to be expected or defired of a Stran-
ger !

Under thefe circumftances, the whole Treatife has long lain dor-
mant, againil the importunities of many friends, who have fre-
quently recommended to publiih this Elementary Part alone. They
have repeatedly alledged—That the Elements of Science are always
the fame—That thefe Elements, being quite diftincT:, arc compleat
in themfelves—That very little hae been written on the fubjeä—
And That the following iheets, containing much new matter, would
be a valuable acquiiition to the fcience. Such have been the reafons
advanced for this publication, by Gentlemen whofe names might
do honour to any Book : And they have at I ail prevailed over every
fcruple of the Proprietor. But as nothing here is intended to bias
the favour of the Public, the true hiirory of this work is fairly rela-
ted, and the performance fubmitted, upon its own merit, to the
candid judgment of the impartial Reader«

T H E
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"The Elementary Part of Optics.

»• • ^HE object or deiign of OPTICS is to explain the Theory of
I Vifwn, as it is founded upon known and eílabliíhed proper-
• ties of light. Thefe properties may be confidered in the ab-

-Ä- ftract, that is, without an immediate application to Vilion ;
and this properly makes the elementary part of the fcience : for
upon thefe are founded the lurprifing effects of all forts of optical
inftruments ; the principal of which are Microfcopes and Tekfcopes.
Both thefe enlarge the apparent magnitudes of objects : the Microfcope
being adapted for magnifying fmall objects that are near at hand ; whilil
the Telefcope is applied to remote objects.

Optics is diílinguiíhed into two principal heads : Catoptrics, which
treats of the reflection of light by fmooth or poliih'd furfaces of given
figures ; and Dioptrics, whofe object is the progrefs of light through
tranfparent bodies, terminated alfo by given furfaces. But of all the kinds
of furfaces, the moil ufeful in Optics are the Plain and Spherical, and to
confider others is feldom neceflary : nor is it requiiite to make a formal
diftinction as to Catoptrics and Dioptrics, it being often more advantageous
to blend them together.

S E C T I O N I .

Of the chief Properties of Light^ with an Explanation^ às
they occur, of fome general "Terms.

•drf. i.TTT is manifcft that rays of light are inceflantly propagated in Light in con
_£_ all pofiîble directions, from every phyiical point of a lumi- timialmotion.

nous body ; and when they enlighten other bodies upon which they falls

В they
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they are alio reflected and difperfed from every part of thefe bodies.
For opaque bodies fo enlightened are * vifible to the eye, as well as
thofe that are luminous.

2. By a Ray of light is meant, the leaft light, or part of light,,
which may be ftopt alone without the reft of the light, or propagated

; alone, or do or fufFer any thing alone, which the reft of the light doth
\not or fufFers not -f-.

3- fr k very probable that rays of light are not continued filaments
or threads ; but confift of fmall and diftinct particles of matter |j, which
fonowing in a clofe fucceiTion do as it were make one continued thread.

4- That light ihould be propagated in time, and not inftantaneoufly,
is very rcafonable to fuppofe: Aлd that its velocity is much quicker than
^а<: °^ ^оип^, we know, bccaufe the flaih of a gun fired at a confi-
derable diftance will be feen fome time before the report is heard **.
The Aßronomers have difcovered the velocity of light ;£ to be fuch, as
to reach from the fun to us in about 8 minutes of time.

c. Definition. Any tranfparent Body, as Air, Glafs, Water , &c. alfa
cmpty Space, is called a MEDIUM : And mediums are faid to be denfer
or rarer, as they are fpecifically heavier or lighter. Note, By a Medium
is always underßood a denfe Medium, unlefs it be otherwife exprcfled.

6. Deßn. All bodies feen by rays propagated directly fi-om them to
the eye, without being at all bent out of their courfe in their paflage,.
afe ca]]e(j Objeffs. And the vifion of objects in this manner is called
Naked Vißon. A fmall object, or a phyfical point of an object, confider-
ed as propagating light towards a certain part, is fometimes called a Ra-
diant or Radiating Point.

7. The
I * It cannot be doubted, but that light by its ** It is for the fame caufe that a clap of
i impulfe upon the proper organ is the mediate caufc thunder is not heard till fome time after the flaih

of lightening has been feen.
J This difcovery was firil made by MonKeur

; 6f vifion: and therefore wherever bodies are vi-
\ fible, light mutt be propagated from them to the
\ tye. A continned uninterrupted motion is eflen- Romtr, who having obferved that the cdipfes of
; tial -to the very being of light, according to what the Satellites of Jupiter appeared fooner or later
! ideas we can form of it ; for the moment it flops,

it ceafes to be light to us.
f Sir Ifaac Newton 's Defin. Optics, page 2.

than according to the theory, as the earth was
nearer to or farther from Jupiter, concluded from
thence that tlieprogrefs of light is not iniranta-.

Light is fo fubtile and fine, that it is probable neous : And by obferving the different times of
the fmallcft part of it which we can flop, may
yet confift of fever.il rays.

the appearances of thdc cdipfes, according to
the different diftances of the earth from Jupiter,

|| How exquifitely minute muit thefc particles the time the fun's light takes in coming from
be, that myriads of them can move promifcuouf- him to us, has been difcovered. This hypo-
ly all manner of ways, without impinging one
another ! And that this is the cafe, we need not
doubt, fmce different bodies and different parts
of the fame body are diitinilly vifible at the fame
time. And how curious muft the eye be framed,
tobe fenfible of theft fnihll impulfes, and to diftin-
guifh at the fame time thofe from different ob-

thefis, that light is not inftantaneouily propagated
thro' all (pace, is now univerfhlly agreed to ; and
is farther confirmed by a notable difcovery of an
apparent motion of the fixed itars, by the Re -
-vercnd and ingenious Dr. James Bradley, Reg.
Proffjjar of Jlflmnomy, who has elegantly a'c-
counted for that phenomenon, by the theory of
the light's motion.
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7. The progrefs or path of light, whilft it continues uninterrupted

in a medium of the fame uniform deniity, is, in * ftrait lines. For"
all bodies ceafe to be vifible, when any opaque body is interpofed be-
tween them and the fpecrator.

Thus from a radiating point Q^f an object PQ_R, are propagated Fig. ï.
inceflantly in ftrait lines, and in all poflible directions the rays Q q,
Q?> Q,?> &c- And in like manner rays of light are inceflantly pro-
pagated from every other phyfical point of the object, as well as from
Q: otherwife the whole object would not be vifible, and that all at
once, and to all pofitions of the eye.

8. A ray of light, as AC, meeting obliquely with a furface RÖ, if Fi<\ г
it be turned back into the medium from whence it came, it will take
fome new direction, as С В : And if it enters the medium RG, inftead
of proceeding directly forward in the ftrait line ACG, it will be bent
at С into fome -\- new direction CD, in which it will proceed ftrait ||
whilft it continues in that medium. The difpoimon of the rays of
light to be turned back into the medium from whence they came, is
called Reflexibility : as is that to be bent at their entrance into another
medium, called Refr eligibility. The changes which the rays undergo
in thefe two cafes, are called Reflection and Refraction. The original
or primary ray AC, is called the incident Ray ; С the Point of Inci-
dence ; CB, the r e fleeted Ray ; and CD, the refracted Ray.

In like manner, if В С or DC be an incident ray, which at С is bent
into CA ; the Ray CA is accordingly called the rejiefiea or refracted
Ray.

9. Let PCO be a ftrait line perpendicular to the furface R S at the
point of incidence C; the angle ACP which the incident ray makes
with this perpendicular, is called the Angle of Incidence j BCP the
.Angle of Reflection ; and DCF the Angle of Refraction. From the point
of incidence C, with any radius defcribe a circle cutting the incident
and refracted rays in A and D ; and from the points A, D upon the
line P O let fall the perpendiculars AE, DF. Now the line AE is the Sines of Jnci-
Sine of the angle of incidence ; andDF is the fine of the angle of re-
fraction. The line A E for fhortnefs of expreflion is called th& Sine of'
Incidence, and D F the Sine of Refraction.

В 2 The
í * The propagation of light is in this refpefl •(- The advantages we derive from the refran-

different from tku of iuu/id, which feems to gibility of light are ineftimable : without thie
; luffer no obllruftion by the crookcdncfs of its property in light, we Ihould have figured glaflea

i partage; whereas no objcdl can be feen through a in vain, and Tclefcopes and Microfcopes would
I crooked pipe. Sound is undoubtedly propagated not have cxiiled.

io the ear by an undulating motion of the air, || It fcems that light is not refilled, at leaft
(like that of water after a (tone has been thrown feniibly, by any medium through which it paf-
iiitoit) cauied by the tremor or vibrating mo- feth ; for if it was, its motion would be curvi-
lion of the founding body ; and not by any par- lineal, and not lirait,
tides of matter emitted from that body.
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The following Axioms about Light, are by repeated experiments found
to be general without any exception ; and are by fome called the Laws
of Reflection and RefracJion.

i o. AXIOM I. The Angles of Reßeffion and Refraction lie in one and
the fame Plane with the Angle of Incidence. That is, AC, С В, CD and
the perpendicular P O are all in the fame plane.

n. A X I O M II. The Angle of Reflexion (BCP, or ДСР) is * equal
to the Angle of Incidence. (ACP or

12. Coro/. Hence it follows, that when the incident ray is perpen-
dicular to the reflecting furface, it íhall be reflected directly back along
the fame perpendicular. For in that cafe the Angles ACP, BCP both
vaniih, and AC, В С coincide with PC.

13. AXIOM III. If the Reflected or Refracted Ray (BC or DC) be
returned directly back to the Point of Incidence (C) ; itßiall be reßeSled
or refracted into the fame Line (CA) before defcribedby the incident Ray.

14. AXIOM IV. Refraction out of the rarer Medium into the denfer,
is made towards the Perpendicular ; that tsy fo that the Angle of Refrac-
tion be lefs than the Angle of Incidence. And the converfe. That is, the
.angle of incidence ACP from a rare medium, as air, into a denfer
R SO, is greater than the angle of refraction D CO. And if DC be
an incident ray, the angle of incidence DCO íhall be lefs than the
angle -of refraction ACP.

15. AXIOM V. The Sine of Incidence is either accurately, or <very nearly,
in a given Ratio to the Sine of Refraction -\-. That is, any other incident
fay л С will be fo refracted into Cd, that whatever ratio there be be-

tween
* This feems to agree with the law of reflec- tures became ufcful to others. After the inven-

tion of hard bodies of я/enfible bulk. t ion of Tclefcopes, the fubjcft of this enquiry
•| The refraction of light at the furfaccs of being thought more valuable than before, was

tranfparent bodies was taken notice of by the farther purfued ; and Willrbrardtn Sncllini (a
Ancients. Jlrijtotle has a problem concerning Dutchman} found out the t ruth : but f t i l l he did
the apparent curvJiy of an oar in water : And not throughly comprehend his own invention.
Archimedes is faid to have written a book about This ih >rt hillory is extracted from M. Iluvpenfs
the appearance of a ring or circle under water. Dioptiicb, png. 1,2. To which may be added,
Albaxen the ЛгцЫап and Pitcllio thought, that that DCS Cartes, fome time after it had been dif-
the angles of incidence and refraction were in я covered by S/ullius, was the firll who publimt-d,.
given ratio ; but this proportion being found that /'•<• Sines tif Liclilcuct and Rrfrailiou (and
erroneous in large angles, the Modern:; began to not their angle:) are in a given ratio.
examine the matter more ttriotly. Kepler, among The cuifc of' rtfrailion fccms to be, an attrac-
ihe rcfl, made fcvvral experiments about it ; and tion of ligfct by the furíicc-ь of mediums of
U<o ho-mifvM li i- j i'.ini, his attempts and conjee- greater duiihies : Upon ihh fuppofaion, the rea-

i foa
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tween the fines AE, DF; there will be the fame ratio between the
fines ae, df: i.e. AE : DF :: ae : df.

16. Carol, ï. Hence it follows, that if the angles of incidence be in-
creafed or diminiihed, the angles of refraction will be alfo increafed or
diminiihed; but not in the fame proportion, becaufe angles and their
fines have not the fame ratio ; fmaller angles and their fines being
nearer to a ratio of equality, than larger angles and their fines. Alfo
if two angles of incidence be equal to each other, the angles of refrac-
tion ihall be likewife equal to each other.

17. Carol. 2. If the incident ray is perpendicular to the refracting
furface, as P,C, it will then undergo no refraction, but proceed directly
m the lirait line P CO. For the angle of incidence being now vanifhed,
the angle of refraction muíl alfo vanifli.

18. Coral. 3. If the ratio between the fines of incidence and reflection
at the furface of a given medium, be known, and an angle of inci-
dence ACE be given ; the angle of refraction F CD may be thus found :
About the point of incidence C, with any radius, defcribe a circle cut-
ting the incident ray AC fomewhere in A; and from A upon the per-
pendicular PCO to the refracting furface, let fall the perpendicular
AEB ; then make AE to EH, as the fine of incidence to the line
of refraction ; and through H draw HD parallel to PO, and where
this line cuts the circle as in D, is a point through which the refracted
ray CD will pafs. Or, the angle F CD may be found by a table of
fines, thus: Sine of Incidence : Sine of Refraff i on :: Sine L. A C E :
Sine ^FCD.

19. Scholium. A r.iy of light as AC falling upon a fpherical fur- Fig- 3>4-
face ECF, either convex as Fig. 3. or concave as Fig. 4.. will be re-
flected or refracted after the fame manner, as it would be by a plane
R S touching the fpherical furface at the point of incidence C. For
in that cafe a line PO, which is perpendicular to the fpherical furface
ECF, will be alfo perpendicular to the plane RS; and therefore in
both cafes, the angle of incidence ACP being the fame, the angles
of reflection and refraction will be the fame alfo.

20. It is found by experience, that if the refraction be made out of
air into water, the fine of incidence (AE) is to the line of refraction
(FD) as 4 to 3 : If out of air into glafs, the fines are as т, to 2 near-
ly ; or more accurately as- 17 to 11, or 14 to 9. And revcrlely, if the

rctraclion

fon is manifcft why 'i^lit at its entrann1 into ihe .''.une prir.ciple. Sir //«<?, Xwto.'i hath l l icwtd,
a dcnfv medium is rtfr.-iClcd nearer to the per- v. ),y ilr id : : i i i iuu : . .IK- in t in- r.uio ol " t h e i i iuv.
pendicular, anil farther from the pciycncueular / ' iMVí/Л О/./Л/j, jd L'iuuiun, pajj. 6fc' Iy 70.
«it its entrance into u raier medium. Ami from
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refraction be made from water into air, the fines will be as 3 to 4 :
if from glafs into air, as 2 to 3, or u to 17 *.

21. Coro/. Hence if the refraction be from water or glafs into air,
and the angle of incidence GCF be greater than about 484 degrees in
water, or greater than about 40 deg. in glafs ; the ray G C will not he
refracted into air, but will be reflected into the line C^, making the
angle of reflection £CF = GCF the angle of incidence : Becaufe the
fines of 484- deg. and 40 deg. are to the radius (C/Í-) as 3 to 4, and as
ii to 17 nearly i and therefore when the fine G h has a greater propor-
tion to the radius than as above, the ray will not be refracted.

22. Scholium. The furfaces of bodies, as well thofe that are tranfpa-
rent, as opaque, being for the moft part uneven ; it neceffarily follows
that abundance of light is diffipated by bodies even the moft tranfpa-
rent : Some being reflected and fome refracted towards different parts
by their uneven furfaces, whilft fome is reflected and fome refracted
pretty uniformly. This accounts, why a perfon can fee through water,
and his image reflected by it at the fame time : Why, in the dufk, the
furniture in a room may be feen by the reflection of a window glafs,
whilft objects that are without are feen through it.

[22.] Sir Ifaac Newton-^ hath ihewed that the reflection and refrac-
tion of light are probably both owing to the fame power or caufe diffe-
rently exercifed in different circumftances. And that this power exerts
i'tfelf at fome diftance from the reflecting furface ; fo that light is not re-
flected by impinging on the folid parts of bodies, but by fome principle,
which is uniformly diffufed to a certain diftance from the body. And
this accounts why polifh'd furfaces reflect light fo uniformly as they do,
which otherwife would be inexplicable. For the heft poliihed furface
is full of fcratches or fiifures made by the powder wherewith it was
poliihed, and therefore utterly incapable of reflecting light uniformly,
if reflection was made by the impulfes of light upon the folid parts of
bodies. Neverthelefs we find that rough or uneven furfaces reflect
light all manner of ways ; and that the fmoother they are, the more
uniform will be their reflections. The reafon of which feems to be, that
the reflective power reaches every where to the fame diftance from the
body nearly ; and that when the depths of the fiflures are lefs than fome
affignable quantity, the reflective power may be fo extended as to form
as it were a film or furface round the body that iliall be perfectly fmooth.
And hence perhaps there may be a degree of fmoothnefs of bodies at-
tainable by human art, beyond which no optical advantages are to be

expected.
* The rays of light are not all equally re- purpofe. How to find, by experiments, tin- re-

frargible, but this inequality need not in this fraitivc power of all forts of mediums both fluid
place be confidercd. Alfo the numbers 2, 3, for and folid, is ihewed in Sir Ifaac Nt-wion's Opti-
cxprefling the ratio of rcfraetion between glafs cal Lcftures, $ .2 .
and air, are fufficitntly accurate fur our prefcnt •[- V'id. Ne-wioifs Opticks, p. 237, 10244.



SECT. I. O F O P T I C S . 7

expected. What has been faid as to the reflection of bodies, may be
alfo applied to their refractions.

23. Deßn. Any parcel of rays, as QAC, QBC, orQ^AB confidered Fig. 1,5,9.
apart from the reft, is called a Pencil of Rays. When the bafe of the J^jg °r'Co№

pencil is a circle, as the pupil of the eye, an optic glafs, &c. or con-
lidered as being a circle, it is alfo called a Cone of Rays. That ray as
QA, ßg. 5, 9, which falls perpendicular upon any furface, is called the
Axis of the pencil or cone j alfo the Principal Ray : "And this ray Ra>'s-
undergoes no change either by reflection or refraction.

The rays of any pencil before they have undergone any change by Fig- 5>9-
reflection or refraction, are called Incident Rays : afterwards they arc
called Reßeoled or RefratJed Rays, according to the change they under-
went. Both the incident and reflected or refracted rays, are confider-
ed as making one pencil.

24. Deßn. Rays proceeding from a certain point as Q, and as they Diverging,
go on, fpread or recede farther afunder, are called Diverging Rays. co",veis"^{
And rays, which, on the contrary, convene towards a certain point at Rays.
which they would at laft unite, if not intercepted in their paflagc, are
called Converging Rays. Rays are faid to be parallel when their incli-
nation, if they have any, is infenfible : or, when the diftance of the
point from, or towards, which they diverge, or converge, is fo great,
that the breadth of the pencil bears no fenfible proportion thereto.
Thus, the folar rays are reckoned parallel, becaufe their inclination at
the diftance We arc from the fun, is altogether infenfible. In like man-
ner, the rays which enter the eye from an objedt at a mile or even lei's
diftance, may be reckoned parallel, becaufe the breadth of the eye's
pupil bears no fenfible proportion to that diftance.

25. Deßn. The point from which rays diverge, or towards which Fig.5,9,10
they converge (tho* they never arrive at it) is called their Focus. Every Focus, real,
pencil of rays after reflection or refraction has two focus's, the one as ™nwwlc'i-o-
Qbcing the Focus of incident Rays ; and the other as q, the Focus of the cub's. Geo-
reßecJed or refraffcd Rays. Thefe confidered as being the focus's ofmemcal Fcb

the fame pencil, are called Conjugate Focus's. Parallel rays are confi- Aberration,
dered as having focus's at an infinite diftance. The Line Q 7 joining the F°Per1''
conjugate focus's, is called the Axis of the Pencil. The point Q_Jfrom
whence the rays diverge, or in which they would unite after reflection
or refraction, if q be the focus of incident rays converging, is called a real-
Рост. But q in the three figures referred to, is called a virtual or inin-
ginar\ Focus ; becaufe the rays arc not really there united *.

All

" Thefe def ini t ions are placed here, becaufe upon them, their meaning will be more obvious,
they are general; but a beginner need not dwell alta a fcrufiil of part of the next fcdlion.

ouïs



8 A T R E A T I S E BOOK Г.
All the rays in a pencil will not be always reflected or refracted into

one point, as will be ihewcd hereafter; but only thofe rays that are
equidiftant from the axis on différent fides, all thofe that have different
inclinations having different focus's. And, ftrictly fpeaking, by the focus
of a pencil is meant the focus of thofe rays that are neareil to the
axis : this is alfo called the Geometrical Focus. And the diftance between
this focus and the proper or rcfpcfri-ue Focus of any ray, is called the Ab-
erration of that ray. Thus, jig. 13, 14, if QJpe the focus of incident
rays, and q be the focus of thole rays that are next the axis after re-
fraction, x the focus of any particular ray CD ; then is q called the
Geometrical Focus, x the refpccli-ve or proper Focus of the ray CD, and
ax its Aberration.

Image. 20. Dejin. A phyfical point Q^JJig. 5, 9, io.) being confidered as an
object, die correfponding point q from or towards which the rays diverge
or converge after reflection or refraótion, is called the Image of the faid
point Q._ In like manner the images of all the feveral points of an ob-
ject PQJ3-, (fig- 6,7, 8, ii, i2.) being taken collectively or as one image,
as pqr, is called the Image of the faid Objeõt PQ_R.

27. Light the farther it is propagated from any radiatin'g^ point, be-
comes continually rarer : And if it met no obftruction in its courfe, the
decreafe of its denfity would be as the fquare of the diftance from the
radiating point. This is manifeft from the principles of geometry.

Fig. 5. Let BQ^C be a pencil of light propagated from the point Q, and let
Q£, Q^ be equal refpectively to half QB, QC. Now a circle whofe
diameter is В С will be four times as big as a circle defcribed upon ab;
but the quantity of light contained in thefe two circles is equal ; and
therefore the light at the diftance Q# is four times denfer than at the
diftance QB. In like manner, if Qts Q/' be one fourth of QB, QC,
the light at ef will be 16 times denfer than at BC. For a circle de-
fcribed upon e f contains all the light that сац come into the circle de-
fcribed upon BC, and thefe two circles are to one another as ï to 16 :

; That is, Light t he f art h er it is propagated deer cafes in its denfity in a du-
plicate Ratio of the dißance.

I 28. Corol. Hence luminous bodies, or thofe that mine with their own
I light, are vaftly brighter than opaque bodies illuminated by them. For
' opaque bodies difperfe the light falling upon them, alfo all manner of

ways ; whence, fuppofing that all the light was reflected, the quantity
of it received by the eye from the opaque body, compared to that which

; it receives from the luminous body, is only as the vifible illuminated fur-
face of the opaque body, to the furface of an hemifphere whofe radius
is the diftance of the opaque body from the eye ; fuppofing the breadth

! &f the pupil to be the fame in both cafes, and that the Aim of the dif-
;tances of the opaque body from the eye and from the luminous body,

differs



SECT. I. O F O P T I C S . 9
differs infenfibly from the cured; diilance of the luminous body from ̂
the eye.

29. Hence again, the light of the full moon at a medium is about \
100,000 times fiinter or rarer than the fun's light when at the fame j
height above the horizon, all other circumftances being the lame alfo ; \ /
as will appear by comparing the moon's apparent dilk to the furfacc ;
of a hemifphere. Whence it is eafy to conceive, that lince we can j
bear the fun's heat, why we are not fenfible of any from the moon ; }
and much lefs can we be fenfible of any heat from any of the other '
planets.

30. We do not know any mediurn that is perfectly tranfparent. NO Medium
Even the air, the moil rare and tranfparent medium we know of, is full perfectly
of opaque particles that impede light ; this is manifeil from the phaeno- lra" 1'ari'n

menon of a beam of light let in through a fmall hole into a darkened
chamber, which will be vifible like a luminous Cone from every part of
the room : and this ihews that the whole light does not go forward
in its rectilineal courfe, but that at every point of the medium through
which it pafleth, fome part of it is reflected every way ; for the virlbi-
lity of the luminous cone is caufed by this reflection. The greater
faintnefs of the fun and moon when near the horizon, than when ele-
vated higher up, ihews alfo that their light is more obstructed by the
longer tract of air and vapours in the one cafe, than in the other. The
lofs of light in paffing through glafs is ilill greater.

3 r. Hence the quantity of light contained in any pencil is continual- Hence Light
ly diminiihed, the greater the diftance from the radiant : and this di- denfity^n'a5

minution is more or lefs, according to the more or lefs opacity of the greater pro-
medium through which it paries. This makes it impofiible to affign j^the
exactly the different proportions of the denfity of light, at different dif- of the
tances from the radiant; but in all cafes, the decreafe of the denfity oft;ulceSl

light is greater than as the fquares of the faid diftances. And das is
the caufe why objects appear lefs bright the farther they are from
the fpectator. For if none of the rays were ftopt in their palîâge,
the degree of brightnefs of the picture of an object upon the retina,
Would be the fame at all diftances between the eye and object, fup-
pofing the aperture of the eye's pupil to remain the fame. For in
that cafe the magnitude of the picture upon the retina, and the denfity
of the light would increafe or decreafe together in the fame proportion,
*ui?,. reciprocally as the fquarcs of the diftances of the eye from the
object ; and therefore the denlity of the light upon the retina would be
invariable at all diftances *.

С Luminous
* For example ; when the eye approaches as retina becomes quadruple ; and the quantity of

ag;vin to ihc objtd, the picture upon tlic light received from the object, thru' the fame
aperture
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Luminous bodies íhining in the dark, as a lamp or torch> occ. emit

to very great diftances much more light than in that cafe is neceiTary
for vifion. And tho' their light fuffers a continual diminution by the
heterogeneity of the medium, the farther it goes j yet there being ilill
more left than is requifite for vifion, their fplendour is not fenfibly in-
creafed or diminiihed, by leflening or increafmg their diilances.

Light not all 32. Light is not only diverted out of its courfe by the reflection of
bodies it meets with, but alfo a great part of it is frequently fuffocated,
or as it were deitroyed by them. For it is manifeft, that black or dark
bodies reflect much lefs light than others of darker colours ; and it is
probable, that no bodies whatever reflect all the light they receive *.
Hence the furface of the moon having in it feveral large dark fpots, the
quantity of light we receive from her muit be lefs than according to the
computation in Art. 29.

3 3. Hence the power of the eye to difcern objects without inconve-
nience, by different quantities of light, is vaffly exteniive. For not
only objects of different colours placed in the fame light, are feen with
equal eafe ; but even objects fo imall as the letters of a book may be
diílinguiíhed and read by a clear moon-light. And admitting the fur-
face of the eye's pupil to be ten times greater in a weak light than in
a ftrong light, yet the proportion of the weakeil light to the ílrongeíl
by which the eye can conveniently fee objects, perhaps does not exceed
that of ï to 10,000 -J-. How exquifite are our faculties !

Speculum. 34. Dcßn. Any fmooth or poliihed furface, reflecting light, is called
plane and a Speculum. Reflecting furfaces that are ßat, as a Looking-glafs, are
cuhuns?' PC called || Plane Spéculums ; and thofe that are Segments of a Sphere, are

accordingly called Spherical Spéculums ; and as they are convex or con-
cave as ECF, Jig. 3, or Jig. 4. they are called convex or concave Spé-
culums.

35. N. B. There will be frequent occafion to confider the fines of
incidence and refraction ; and therefore both for the fake of brevity and

perfpicuity,
aperture of the pupil at half the diftance, is alfo found full moon-light at a medium to be about
quadruple: and this, being cqiully fpread over 300,000 times weaker than the fua's light. Vide
four times the furface of the retimi, the light is the learned Dr. Smiths Remark c;6. upon his
iuft RS denfe as before when the objeft was at compleat fyftem of Optics. But it is to be ob-
twice the diftance. ferved, thai iky-light,which properly is day-light,

* Light, whatever afterwards become of its is always much weaker than the direfl fun's light,
component particles, ccaíès to be light as foon as and the degrees of it do not only differ confl-
its motion is üopt. Whether there be a decrtafc derably, at different times of the year, but ali'o
in the velocity of light, is impolbble for us ty frequently in the fame day ; and thofe different
know from any experiment. But it cannot well degrees are not ealily meafurcd, fo as to be re-
be doubted, that lince light is continually pro- duced to numbers.. However, it is manifeu
pag.itcd from the fun arid other (elf-mining bo- that the diifciencc of the degrees of light fuit-
dies, fo it muf t alfo fuller a continual waftc and able for vifion, is very confiderable.
decay, to make room for thefe continual fup- || Thcfe are alfo c.illed Mirrourt, but Opti-
plier.. cians generally make ufe only of the word Spt-

•j- Бу a well-contrived experiment M. Bot/gitcr culuta.
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perfpicuity, we ib-ill often abbreviate thefe cxpreffions, by calling the
Sine of Incidence, I ; and the Sine of Refraftion, R. And when the
ratio between thefe fines is the only thing under confederation, without
regarding which is the fine of incidence, or which the fine of refraction,
we íhall call the greater of thefe fines, m ; and the lejj'er of them, n,
Hence, and from Art. 14. if the incidence is from a rare medium into
a denfe, it will be I : R :: m : n ; and when the incidence is from a
denfe medium into a rare, it will be I : R :: n : m. If the refraction
be betwixt air and glafs, ;;/ : n :: '3 : 2 ; if betwixt air and water, "Art. 20.
m \ n \ \ a4 : 3.

36. Lemma. Small arches and their fines are veiy near in a ratio of
equality *, and therefore have the fame ratio to each other, as their
fines nearlyj that is, if the Arches DO, i/O, are but fmall, it will be fV. 2.
DO: «/O :: D F : d f nearly. And the fmaller are the arches, the lefs
will be the error in fuppofing them equal to their fines. Thus, if the
arch DO does not exceed 20 min. and the radius CD or CO be di-
vided into 10,000,000 of equal parts; the excefs of the arch D O above
its fine D F will be lefs-than one of thofe parts.

Alfo the verfed fines OF, Of of very fmall arches OD, Oil are as
the fquares of the fines F D, f d of thofe arches nearly. For OF : F D
:: FD : F P ; and Of:fd r.fd :/P ; but when the arches OD, О 4 are
very fmall, F P and f P will be nearly in a ratio of equality, and there-
fore OF : Of:: FD1 :/</* nearly.

S E C T I O N I I .

Of the Reflection and RefraElion of a Pencil of Rays at a
plane Surface.

§. ï. Of Reflection at a plane Surface»,

P R O P O S I T I O N I.

37. Л Pencil of rays diverging from a point Q, will after refleïïion Fig. 5,
JLX hy ft plane Jpecu/umBAC, diverge in fitch a manner; that if

the reflected rays ivere produced backwards, they would all meet in a point
q, taken in the perpendicular QA to that plane produced, as far below
A as QJJ above it ; that is, QAq is a ßrait line, tfWqA=AQ._

С 2 Let
* Mathematicians will at firft fight underftand vanimcs, yet as by diminifliing the arch the error

Hus lemma ; and this is not a proper place to may be reduced to a lefs quantity than any aí-
prove proportions purely geometrical. And fignablc one, no objection can lie againft it.
fio the lemma is never ilriiuy true till the arch
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Let QJ3 be any incident ray, and let QA, B F be each perpendicular

to the plane or ftrait line ВАС, and make the angle DBF equal to
« ii. I. the angle QI3F } then will B D be the a reflected ray. Produce D B

backwards until it meets QA produced in q ; I íay q is the focus of all
the rays diverging from Coupon ВАС, and that Ay=±=AQ._ For BF,

bconftrua. Qy being "parallel, the angle QBF=CABQ?= bFBD = cB?Q ;
c2^.lEucl wherefore the right-angled triangles BAQ, BAq having befides the

right angles at A, the As BQA, BqA equal, and the fide В A common ;

*z6.lEucl. the fides AQ, Ac are alfo "equal. The fame argument holds good with
refpect to any other incident ray, as QC ; and therefore all the rays di-
verging from Q,will after reflection by the plane BC, belong to the
focus q. ^ ETl).

38. Carol, ï. Hence, and from Art. 13. if q be the focus of incident
rays, Qjivill be the focus of the reflected ones ; that is, if rays DB,
EC, &c. converge towards the focus qy they will all meet in Qjifter
reflection.

39. Carol. 2. If the fpeculum BC be inclined a little, as into the po-
iition /£CK, fo that CH mail be a perpendicular thereto at the point
С ; the incident ray QC ihall be reflected into CI, fo that the Z_ ECI
contained between the two reflected rays CE, CI at both pofitions of the
fpeculum ihall be double the angle GCH, the inclination given the
fpeculum. And hence, Any error in the figure of a fpeculum^ as well
as any inclination given /V, produces a double error in its eff'eëî.

P R O P . I I .
40. Images formed by the reßeStion of a plane furface, are equal and

Bmilar to the objeffs ; and are at the fame dißance from, and have a like
ßtuation with refpeEl to the backßde of the plane ; that the objcSîs are from\
and have with rcfpeSt to the foreßde.

Fig.6,7,8. For the images p, q, r of the radiating points P,QjR "being in the
perpendiculars PB/>, QAy, RCr to the reflecting plane BC, and at

» 27. I. the fame diftance from one fide of the plane, athat the radiants are from
the other ; that is, fo that Bp, Aq, C r are equal refpectively to BP„
A Q, CR : And this being true of the images of every point of the
object PQR, it is manifeft that the whole image p, q, r is equal and
fimilar to the object P QJl ; and has a like fituation with refpect to
one fide of the plane, that the object has with refpect to the other.
^E.D.

41. Carol, ï. If the pofition of the object PQR, and of the eye r,
be given, fuppofing the pupil of the eye to be only a point *, the parts

of
* In the figures the breadth of the pupil is from a larger part of the fpeculum than it would

taken in, and it is manifeil thut it receives light do if it was no bigger than a point. And in the
next

J
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of the fpeculum a,è which reflect to the eye the rays proceeding from
any points P, R of the object, may be found by drawing from the cor-
refponding points p,r of the image the ftrait lines рае, r b e. For the
rays diverging from the points P, R upon the parts n^b, do after reflec-
tion belong to the. "focus's p,r. » 37. I.

Or the point a of the fpeculum which reflects to the eye at c, the
*ays diverging from P, may be found without having the place of the
image p : Thus, upon the fpeculum let fall the perpendiculars PB, eu.
Now if a be a point from whence the reflected ray comes to the eye,
the angles PaE, eau will be equal. Wherefore PB : Ba :: eu : au ;
and therefore PB -f- eu : E a -f- аи (В и) :: eu : аи. After the fame
manner may be found the point b, which reflects to the eye a ray which
came from R, &c.

42. CoroL 2. The eye at e will fee the whole object PQR by rays
reflected from the part of the fpeculum contained between a, b, and
from no other part ; all the reft of the fpeculum in this cafe being ufc-
lefs. But if any part of ab be covered, fome part of the image will
be accordingly loft. If either the eye or the object change their pofi-
tions, the rays that come to the eye will be reflected from a different
part of the fpeculum, which part may be found as in the preceding
Article.

43. CoroL 3. The diftance of any point of the image from the eye,
is equal to the incident and reflected rays taken both together у that is,
PC, or re, is equal to Pa-{~ac, or R6-]-l>e. And tho* with reipect to
the different fides of the fpeculum, the object and image have a like
fituation ; yet to a fpectator who firft looks at one and then at the other,
the cafe will be dilícrent.

44. Carol. 4. If ab be the breadth of the fpeculum, and e the place
of the eye ; the breadth of the images that can be feen by the eye at
?, will be contained between the lines ел, cb produced indefinitely.
And therefore having the diftanccs and fituations of objects before the
fpeculum given, the extent of thofe that are vifible by the reflection
of a fpeculum having a given breadth, may be found from die extent
of the vifible image.

45. Carol. 5. The nearer is the eye, and the lefs oblique to the fpccu-
lum, the greater will be the field of viiiblc images.

46. Carol. 6. If an object PR be placed parallel to a plane fpecu- p- £
Imn. BC, and two lines as Pp, P/- be drawn from any point P thereof D'
to. the extremities of its image p r ; the part В A of the fpeculum in-

cluded-
next article, the eye will fee the objedl by r.iys The differences in both Cafes is inanifclt from the

fted from a fmalltr pnrt of the fjicculunj, figures,
it could do if its pupil was only a poiut.
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eluded between thefe two lines will be equal to half the length of the
object or of its image pr. For the triangles РВА, P/> r being íimi-
lar, and PB being equal to half P/>, it will be BA = 4./>r = | PR.
Whence,

47. Carol, j. A perfon viewing himfelf in a plane looking-glafs
placed upright, will fee his image compleat in a part of the glafs, whofe
length and breadth is equal to half the length and breadth of the cor-
refponding parts of his own body. And this will be always the cafe at
whatever diftance he ftands from the glafs.

48. Coro/. 8. *Afpectatorwillfee his own image as far beyond the
fpeculum, as he is before it ; and as he moves to or from the fpeculum,
his image will at the fame time, move towards or from him on the other
fide, but apparently with a double velocity, becaufe the two motions
are equal, and contrarily. In like manner, if while the fpectator is at
reft, an object be in motion, its image behind the fpeculum will be
feen to move at the fame rate. And if the fpectator moves, the ima-
ges of objects that are at reft will appear to approach or recede from
him, after the fame manner as when he moves towards real objects.

49. Coro/. 9. Whatever has been faid of the image of any object, or
primary radiant, holds alfo true of the image of another image, &c.
whence by two -f- plane fpeculums duly placed, a multiplication of images
may be made ; and the diftance of any image will be equal to the
length of a ray propagated from the primary radiant through all the in-
termediate reflections to the eye.

§. 2. Of RefraEtion at a plane Surf ace»

P R O P . III.

Fig- 9, io. 50. IfQ^be the focus of incident rays upon a refracting plane ВАС,
ana a point q be taken in the perpendicular QA (produced if need be)
to that plane, fo that Aqß>a/l be .to AQ,_tfj the fine of incidence to the

ßne of refraftion ; or if it be made R : I :: AQj. Aq, the point q will
be the focus of thofe rays that are neareß to the perpendicular QA after
refraSlion : that is, if the points of incidence В, С of the rays QB, QC
are not remote from A ; the r ef rafted rays Be, C f produced backward's
•would meet in q nearly.

Let QC be any incident ray, and C f the refracted ray, which pro-
duce backwards until it meets the perpendicular AQJomewhere, as in q.
Through the point of incidence С draw EH parallel to QA ; then will
QCE=aAQC be the angle of incidence, and HC/=aA^C be the

angle
* It is here prefuppofed that images formed by rience. Vide Book II. Seft. 3.

plane fpeculums, appear in their true places ; and f Vidt Ibid.
this fuppofition is confirmed by univerfal expe-
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angle of refraction. And in the triangle QyO, it will be As the fine of
the z_ CQy (AQC), is to the fine of the L. CyQj[AyC*) jS Cy to CQ^
that is, I : R -.: ''Cy : CQ._ But when the angle of incidence AQC is b Conftmft.
veryfmall, it will be Cy : CQ^: f Ay : AQjiearly; that is, I : R ::

Ay : AQjiearly. And the nearer any incident ray as Q£, or Q£^ is to
the perpendicular QA, the nearer will the fides gb, QA, or да, Q^
of the As Qy^ or Qy<z approach to a -j- ratio of equality with y A, QA
until at length they coincide. And therefore the point у found as above,
is without ienfible error, the focues of the refracted rays. ^ E. D.

51. Carol, ï. If у be the focus of converging rays (cB, /C, Oc.) Q
ill be their focus after refraction.
52. Coro/. 2. Becaufe Ay : АСЦ: "I : R -, it will be, a rQ j

Qy (Ayco AQJ : Ay :: m — « (Iço R) : » or » (I) according as the in- °
cidence is into a rare or denfe medium. And if the point of incidence
of a ray QC is fo near to A, that the angles and their fines may be rec-
koned proportional, it will be

\ 1 J (I) : m— n :: z_ Incidence AQC : refraStcâ L. Q£y=£C/l
53. CoroJ. 3. The image y of a final! object Q placed under water is Fig. 10.

one fourth nearer to the furface than the object. And hence the bot- Water *s x
torn of a pond of water is one third part deeper than it appears to a apneaïs.
Spectator above. For Ay being "A of AQ^ yQJs j. of Ay. This may »2o & 52 1.
be an ufeful caution to perfons who are not fwimmers, to prevent their
plunging out of their depths unwarily (j.

Hence we have the reafon .of the common phenomenon of a iliil- Why an ob-
Hng or other objeft placed in an empty vefiel, appearing to be elevated [e

0^*f .„,
higher and higher as the veflel is filling with water. Suppofe the vef- empty vdfel
fel empty, B£ its fide, and Qjhe objeft at tlie bottom : If the eye be appears ele-
at e, the objeft will be hid by the fide B£; but by filling the veiTel veffd ^filling
with water, it will become vifible, and be fecn at y, the ray QB being with water.
refracted into Bi?. And if the eye be fo placed as to fee the object at
Q^when the veflel was empty, while it is filling the object will appear
to rife gradually in the line Qy.

54. Carol, 4. If the refracting medium is glafs, and the angles of in- р,> Q, ja.
cidence and refraftion as AQC, AyC be fo fmall as to be reckoned
proportional to their fines; the refraftcd angle QCg=fcb, that is,
the angle contained between the incident ray produced and the refract -
ed ray, will be "ï- of the greateft of thoie angles, and n| of the lead of .i20&5^ j.
them. And hence if the angle of incidence be incrcaied or diminimed, у '
the refracted angle will be increafed or diminillied by j ofthat augniented

or
By the known rules of Trigonometry, into water, uia :l the ywt iromcifed appears of

T Tliis is maniítíl from an infpcdtioii of the equal length with the part :ibove ; theie t\vo
rcs; jwi t s being mcal'ureJ, will be found to bt to une

II U a lirait flick be immcrfgd perpendicularly -.vnothci, -about as ц to 3.
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or diminiihed part, if the incidence is from air to glafs 3 and by 4 if the
incidence is from glafs to air.

cc. Carol, c. Hence, and from Art. 39. the aberration arifing from
a fault in the figure of glafs, if a ray be refracted, and the refraction be
from air to glafs, is but £. of the aberration of a reflected ray : And the
aberration of refraction from glafs to air is ±. of the aberration of reflec-
tion ; the angle of incidence in both the cafes of reflection and refrac-
tion being the fame. And if the medium is water, the aberration of
refraction will be -J- and £ of the aberration of reflection arifing from a
fault in the furface.

Fig. 13,14. 56. Scholium. When an incident ray as QC is oblique to the plane re-
fracting furface AC ; the proper focus x of the refraSled ray CD, will
be farther from Q^jhan the geometrical focus q ; that is, Q_x is always
greater than С^Д. And the more oblique is the incidence, that is, the
greater is the angle AQC, the greater will be the aberration q x of the
point Tifrom q, the focus of thofe rays that are next to the axis or perpendi-
cular QA. In each figure fuppofe a ftrait line drawn from q to C.
Now if q be fuppofed to be the focus of the refracted ray CD, it ought

» 50. I. tobe, AQj^A.q :: "CQ^Cy :: "I : R. But it is manifeft that thefe
ratio's are not equal. For if QA, and q A be made radius's, CQ, and Cq
will be the fecants of the unequal angles AQC, A^C. And becaufe it
muft be AQj Ay:: "CQj, Cx, it is manifeft that in^. 13. Cx is
greater than Cq ; and in ßg. 14. Cx muft be lefs than Cq ; and in both
cafes QA; is greater than Qy. And it is manifeft alfo, that the greater
is the angle AQC, the greater will be ух. Therefore, &c. S^E.D.

P R O P. IV.

Fig. 13,14.1 57. The focus Qj)f any incident ray as QC upon a refraSling plane
\ AC, being given ; to find the point x where tfie refraSled ray CD pro-
1 duced backwards would cut the axis or perpendicular QA (produced if
\need be) to the refraSling plane.

In the perpendicular AQj:ake the point q fuch that AQ^.Ay :: R : I;
and through the point q parallel to the refracting plane AC, draw the
indefinite line qt. Let t be the point where CQJproduced if need be)
cuts the line qt : From the center С with the radius C/ defcribe the
arch /л1, and the point A:, where this arch meets the perpendicular AQ,
is the focus of the refracted ray CD. For the right-angled triangles

•4.VIEUC. QAC, QJÏ t being fimilar, it will be CQj,Q_£ :: ' AQj Q? ; and there-
fore C/ (CQ±= Q£) = "C* : CCu.: Ay (AQj±= Q q] : AQj_: bl : R,
and consequently the £. AxC = HCD is the angle of refraction *.
Therefore, ÖV. £> E.I.

Or,
* The author of this elegant conftruftion wns Dr. Barrow.
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Or the proper focus x of the refraeted ray CD, may be othenvife ï

found, thus : fay,
I : R :: Sine L. AQC : Sine ^ AxC ; or R : I :: Co-fecant A C^C : !

Cofec. AxC. then, Co-tangent АСдС : Co-tangent AxC :: AQj Ax. I
58. Lemma. Theverfed fines of very fmall arches of unequal'circles, Fig. 13, 14.

having the fame right fine common to them all, are reciprocally propor-
tional to the diameters of thefe circles, very nearly.

From the centers Q,x defcribe the arches Ca, Cb ; then will Qrf=
QC, and xb = лгС. I fay the verfed^fines Ад, Ab of the unequal
arches Ca, Cb having the fame right Âne ÇA, are reciprocally as the
radii Q£, xb nearly.
For Aa : AC :: "AC : 2 AQ+Arf ; and, «ig.VLEe.

Ab : AC :: "AC : 2 Ax -h Ab ; therefore,
Aa: Ab :: zAx-i- Ab : aAQj-Atf.

But when Aa and A b are but fmall in proportion to the diameters
zAx-+- 2 Ab, 2AQj- 2Aa, it will be without fenfible error ; Aa :
A.6 :: 2.Ax-+-zAb : aAQj- 2Aa. And the two laft terms being
divided by 2, it will be Aa : Ab :: xb : Q£ nearly. g^E.D.

59. Carol. Aa : Ab :: I : R nearly ; and therefore Aa = -^-

andA£=yA<7. In ßg. i3.$.a=~Al>; and in /^. 14 Ал = £-

60. Schol. The aberration qx is always in the fame ratio to Aa the
verfed fine of the angle of incidence nearly. And gx=—Aa — - Aa
nearly. For,

CASE ï. When the incidence is into a dcnfc medium-, it ivillbe, F
A? :: AQj-AÄ(CQ) : Aq •+. t- Aa =

*t>x=Ax-+- Ab. Wherefore Ал: = Aq -f- — Aa — . Ab ; and confe- ̂

b

CASE 2. /^Aí7« /^' incidence i s into a rare medium-, it ivillbe,
m : n :: • AQ^A? :: AQ^-Aa (CQ) : Ад +^Аа= 'CA— »^^ S- *4.

Ax -j- A^ j wherefore А^=Ал:-|- A£ — ~ Aa ; and therefore qx =

6i. Cere/. Hence, and from -4гл 2о. when the refhuftion is between
glafs and air, the aberration qx is £ of A<7, the verfed fine of the angle
of incidencej for i - i = 4 _ ̂ в f _ 4 ̂  ^ In like mamer

the refrailion is between air and water, qv — ^- Aa.
V- * PROP.

4. т?„, . ttf
Т ror n : т :: Л а • —

я
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P R O P . V.
62. Images formed by refractions at plane furfaces, are ercff, or alike:

ßtuated with the objeols, and on the fame fide of the r efr affin g planes.
Fig.11,12. From each point P,R, &c. of an objedt PQR radiating upon the re-

iradting plane BC; upon the faid plane let fall the perpendiculars PB»
R С, &с. Now if in the faid perpendiculars, the points p, r, &c. be fo
taken that R : I :: BP : B/ :: CR : O, &c. the points p, r, &c. fo

150. I. found will be the "images of the points P,R, &c. and therefore all thefe
points connedted together, will give the image p q r o f the whole objcSt
PQR. Whence the whole of the propofition is felf-evident.

63. CoroL ï. If the objedt be redtilinear, its image will be fo too ̂
and the correfponding parts of both will be fimilar. All other objedts
and their images, will be fimilar, if they lie parallel to the refradting
plane ; otherwife not. For if they be oblique, the image of a fquare
may be an oblong } and the image of an oblong parallellogram, may be
a fquare ; as is manifeft from the preceding, and the infpedtion of the
figures.

64. CoroL 2. If e be the pupil of the eye, the points P,R of the
objedl will be feen by rays aey be diverging from the focus's p,r nearly,
When the eye is fo fituated that the axis of the pencil entering the
pupil is perpendicular to the refradting plane ; the focus of that pen-

* 50.1. cil is a accurately the correfponding point of the image. But when the
rays of the faid pencil are oblique to the refradting plane, thofe rays if

ь 5б. I. produced backwards would unite in a point ь farther from the object
than the correfponding point of the image ; and the diftance of that
point from the image will be more or lefs, according to the greater or
Jeifcr obliquity of the rays to the refradting furface. And hence it is
that objedts in a different medium from that wherein is the fpedtator,.
generally appear a little diftorted.

65. CoroL 3. Objedts under water, to a fpedtator above, appear one
fourth higher than they really are ; and alfo fomewhat diminiihed, and
diitorted, if they are not parallel to the furface. And to a fpedtator
under water, objedts that are above appear one third higher than they
really are : And if they are oblique to the furface of the water, they'll
appear fomewhat magnified and diftorted.

Fie. ï®. 66. Corol. 4. From what has been above delivered, we have alfo the
why a ftrait reafon why a ilrait flick STQJmmerfed obliquely into water, appears
dick immerf- bent at the furface : the end Qjxppearing in q, and every other part
ed "atTbcnt by the refradtion of the rays at the furface, being elevated in proportion,,

the whole ftick appears under the form S T q ; that is, the part under
•water.
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water appears alfo *ftrait, as Tg, the only bending being at the fur-
face T.

?fs of Light through a Medium terminated
by plane Surfaces.

P R O P . V I .

67. A ray of light as QA, falling obliquely upon a medium terminated Fig. 15.
by two parallel plane furfaces RS, TV, will after its fécond refraSlion at
B, emerge in a line В С parallel to the incident ray О\А.

Produce the incident ray QA to D, and the emergent ray В С to E ;
and through the points A,B draw the perpendiculars PAO, FBG to
the fides RS, TV. Nowbecaufe the fides RS, TV are parallel, the
ray AB within the medium is equally inclined to them both ; that is,
the L. OAB = 'FBA ; wherefore if thefe be confidered as angles of '29.1. .£«<-.
incidence, that is, if the ray be conceived to go both ways along AB,
the ^LsPAQ, GBC will be kequal ; and coniequently their oppofite b l3&l6-^
^.s OAD, FEE are cequal ; and taking away from thefe the equal cis-l.Euc.
angles OAB, F B A, the alternate angles DAB, EBA will be equal ;
and therefore QAD is "parallel to CBE. ^. E. D. ^^.l.Eitc.

68. $chol. It is manifeft that the lefs is the thicknefs of the medium
RV, or the lefs is the obliquity of the incident ray, the lefs will be the
diftance between the parallel lines AD, В С : And when RV is very
thin, or the angle QAP is ,very fmall, the faid diftance will be ib inconfi-
derable, that the ray QABC may without fenfible error be reckoned
as one ilrait line.

P R O P . VII.

69. If a ray QABC be tranfmitted through a medium RST terminât- Fig. 16.
f d by two plane fides R S, T S inclined to one another in an angle R S T ; the
emergent ray BC, will incline from the incident ray QA, towards the thickeß
part RT of the medium : And if the angle S, and the angles of incidence
find refraSlion be fo fmall, as to be reckoned proportionable to their fines j the
angle of deviation QEq, contained between the incident ray QAE, and the
emergent ray CBE^, produced till they meet in E, will be to the refraéJing
angle RST, as the difference of the fines of incidence and refraSlion is to
the le/er of them ; that is, Z. QEy : £_ RST :: m~n : ».

Let Ал, BZ> be perpendicular to the fides RS, TS refpeitively, and
produce them till they meet in D : Alfo produce the incident and
emergent rays QA, CB till they meet in E. Now if it be made,
™ : n :: Sine z. я АЕ : Sme/.r fABj and я : m :: SineZ.^BA: bEq;
У В produced will be the emergent ray : whence it is manifeft,

„ Da ï. That
_ For if perpendiculavs be drawn from every the faid perpendiculars proportionably. Whence

point of thy Hi-nit objc-cl Т Qjo the plane fur- from the г of the VI. of Euclid, it is cafy to
• <-c J A, the nmges of thefe points will divide all fliew, that all thefe images lie in a (Irait line.
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ï. That the emergent ray BC, is more inclined towards the thickest,

part R T of the medium, than the incident ray QA : that is, the emer-
gent ray С В produced backwards, lies between QA and S.

" Hyp. 2. Becaufe ^BA : LbKq :: ';/ : m :: "Z.DAB : ^DAE ; it will
alfobe, ^BA : Z-ABy (s_b*Qq—zJBA) :: n : m—n :: /.DAB : zJBAE
(^-DAE—^DAB). Wherefore t_ 6BA =4= лОАВ (== ''ЮА =

f. CRST) : Z.AB?rtz ^BAE (=bAE?) ::" « : m—n -, that is,
A E ? : R S T :: m—n : n. S^E.D.

70. Carol, ï. Hence the angle of deviation AEy is invariable in all
positions of the ray ; that is, whether the incident and emergent rays
are equally inclined to the refracting furfaces, as in Examp. ï. or, whe-
ther one of them is perpendicular to one of the refrafting furfaces, and
therefore the whole refraction is at the other furface, as in Examp. 2. or,
whether they incline to different fides of the perpendicular, as in
Examp. 3. The angle of deviation AE^ in all thefe cafes will be the
fame, if the angles of incidence and refraction are fo fmall, as to be rec-
koned proportionable to their fines.

Fig. 16. 7i • Schol. Becaufe the angle A E q is lefs than S, and arches have
a lefs proportion to their fines, the fmaller they are ; the error arifing
from the fuppofition of the arches and their fines being proportional,
will make the angle AEq have a greater ratio to the angle S, than that
of m—n to n. And the lefs is the greateft obliquity of the ray to either
of the refracting fides of the medium, as in Examp. ï. where the ray is
equally inclined to each of the fides RS, TS ; the nearer will the ratio
of the angle AEy to S, be to an equality with the ratio of m—n to n.
And the converfe. But in moft caies the inequality of thefe ratio's need
not be confidered.

Fig. 18. 72- Carol. 2. When the angles of incidence and refraction are fo fmall, as
to be reckoned proportional to their fines, the angle (^contained between
two incident rays QA,QD upon a triangular prifm RST,will be equal to
the angle q contained between the emergent rays BC, EF produced back-
wards till they meet in q. For in the triangles Qo^, qoe, the angles
Qj>g, ^Q^contained between the incident rays QA, QD produced,

» 70. I. and ^е emergent rays BC, EF produced backwards, being aequal, and
fc 15.1.Eue: the vertical angles at о being bequal, the angles Q, q muíl be equal.

P R O P . VIII.

Fig. 17. 73- yOJ>e the focus of rays diverging upon a medium AE, termi-
nated by two plane and parallel fides AD, BE ; the focus q of the emer-
gent rays will be between q and the medium : and Q q the dißance be-

j tween
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tive en the two focus's iviJl be to DE the tbicknefs of the medium, as
и*—-n to m.

Let QD E be perpendicular to the refracting lurfaces AD, BE, and
. ОД be any incident ray not very remote from the axis QD. Now,
if in the axis D Q produced, the point a be taken fuch, that QD :
DO :: лп : m ; a will be the focus of die refracted ray AB. And if "35&/-O. I
the point q be taken fuch, that aE : qE -.: "m : n ; q will be the focus
°f the emergent ray BC. Wherefore, a Q (aD—QD) : aD-.-.ш—n : m ::
aq(aE—qE] : дЕ :: «Q^j-Qy: дО-f-DE (лЕ.) Whence aq is greater
than oQ ; and Q..? : DE :: ьт—n : m. ^ E D. big.

74. Carol. When the refracting medium is glafs, it will be Q<7 =
TOE nearly.

75. Schol. The aberrations at the different furfaces, are contrary ways,
<nd almoß dcßroy each other.

Let x be the proper focus of the refracted ray AB ; y the geometrical
focus of rays within the medium, whofe focus of incidence is x, after
their emerfion at the fide BE ; that is, xE : y E :: m : n ; and r the
Proper focus of the emergent ray BC. Now the aberrations x a, y r
are in the ratio of the fines nearly ; that is, x a : y r :: ";« : n nearly, a-g ,д &
But m : n :: ьхЕ : yE. Wherefore, боЛ.

xE—ха (аЕ] : уЕ—уг (гЕ) :: т : n :: ьаЕ:дЕ. And therefore bconflruft.
the point r coincides with q nearly. ^ E. D.

Otherwife thus : produce QA to s, and draw At parallel to QE,
and tu parallel to QA; then will Q^=A/' = DE. Now the ray
CB produced backwards to q is 'parallel to AQ j and st : B/ :: rt m : n, c r •.
nearly. But Qz^: qu: : e s t :Bt ; and tlierefore Q$r : Qi^ :: m—n : m ; л

 7' j
that is, the point g found as in the Prop, is without fenfible error the «z.V'l.£«<r.
focus of the emergent ray В С. Q^E.D.

P R O P . I X .

76. Having the focus of incident ravs, upon a medium terminated by
o plane fides inclined to one another in a given angle, toßnd the focus

°J the emergent rays.
Let QJpe the focus of incident rays, QA, QD upon the triangular pig. 18.

Prifm R ST. Upon the fide S R (produced if need be) let fall the per-
pendicular QG, and in this perpendicular take the point a fuch that
GQj.Gtf :: n: m^ then will a "be the geometrical focus of the pencil »50&35.I.
of refracted rays AB,DE within the prifm. Again in the perpendi-
cular Ä H to the fide T S (produced if need be) take the point q
fuch, that Нл : Ну :: m : n ; and "q will be the geometrical focus of
the pencil of emergent rays BC, EF. ^ E. I.

77-
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77. Scbol. The aberrations of the rays Aß, DE ; and of BC, E F

from the focus's a, q may be found, as in Art. 57 : The proper foci of the
faid rays, will be in lines without, and parallel to, the line и H ; and the
more oblique is the incidence of any ray QA or QD, the more remote
will the focus's of the refracted rays be from the line <гН.

78. Carol. The line Qq joining the focus's Q, q is parallel to the line
GH, joining the points G, H where the perpendiculars meet the refract-
ing fides, RS,TS.

P R O P . X .

Fig.i9,20. 79- The image pqr of an objeSl PQR, formed by the refraõíion of a
medium terminated by two plane and parallel Jides BC, be ; is ere£iy
equal and parallel to the objeSl, and on the fame fide of the medium, but

nearer to it by ̂ ~ part of the thickneß of the medium.

Draw the perpendiculars PB<£, QAtf, RCf, &c. from each point of
the object to the refracting furfaces, then will the diftances of the fe-
veral correfponding focus's P/>, Q^, Rr, &c. be each to the thicknefs

•73. I. of the medium A<z or Be, Gfc. as лт — n to m ; that is Qy =
A g x m—n G) T? T)

m • «^ « •

80. Carol. When the refracting medium isglafs, the diftance between
the object and the image will be -y of the glafs's thicknefs.

Fig. 2i. 81. Schol. ï. The image p q of an object PQJprmed by rays refract-
ed by a triangular prifm RST, may be determined by finding the
images of each point of the object, after the manner ihewed in Art. 76.
Thus, from each point Q^P, &c- of the object upon the refracting
fide SR (produced if need be) let fall the perpendiculars QG, PI, &c.
and in thefe perpendiculars take the points a,b, &c. fuch that n : m ::
GQ^Ga:: IP : I/>, &c. From the points a,b, &c. thus found, upon
the fide T S produced, let fall the perpendiculars лН, £К, &c. and in
thefe perpendiculars take the points q,p, &c. fuch, that m : n :: Ha :
H q :: Kè : Kp, &c. and the points qyp, &c. thus found will be the
places of the images of the points Q^_P, &c.

82. Schol. 2. From the conftruction of the figure, it appears that
the image is not exactly parallel to the object ; nor are the object and
image exactly equal as to length, and confequently if they have any
breadth they will not be exactly fimilarj for there will be no inequa-
lity betwixt thofe fides and their images, that are parallel to the axis of
the prifm. But becaufe of the great obliquity of the rays to the refracting
fides, the apparent images, or the images of objects feen by rays tranf-
mitted through two fides of a triangular prifm, will, in many cafes, be
very obicure and imperfect ; and differ greatly as to likenefs, fituation,
&c. from thofe found by theory. S E C T I O N



SECT. III. O F O P T I C S. 23

S E C T I O N III.

Of the Reflection and RefraSlion of Light at a Spherical
Surface.

§. ï. Of RefleBed Rays.

83. Deßn.TT ET O be the center of the fpherical reflecting furface Fig.22,23.
Jj j or fpeculum ВАС, then will any line as О A drawn

from О to the fpeculum be perpendicular thereto ; and therefore be the
axis of a pencil of rays whole focus is any where in the faid perpendi-
cular. Any line О A drawn from the center to the fpeculum, is alfo
called the Axis of the Speculum ; but more particularly that line, as О A, Axis, Focus
is called the Axis whicli is drawn from the center to the middle of the °^ pecu"
fpeculum. Let F be the geometrical focus of rays parallel to the axis,
after reflection, or the focus of thofe rays that are neareft to it ; then
is F called the Focus of the Speculum ; alfo the principal Focus; to diftin-
guim it from the focus of diverging or converging rays ; alfo F u\ßg. 22.
is called the burning Focus, becaufe it is the focus of the fun's rays.

P R O P . X I .

84. When parallel rays are incident upon a fpherical fpeculum ВАС, Fig.22,23.
the geometrical focus F, of the reflected rays, 'will bife Si that radius Q K,
which is parallel to the incident rays.

Let D B be an incident ray parallel to the radius О A, and from the
center О to the point of incidence B, draw the perpendicular OB, and
produce it ßg. 23. to о ; alfo in that figure produce DB to </, and
kt /BF be a ftrait line. Now the angle of reflection OBF or
? B/sä »angle of incidence DBO or DBo=b angle BOF, therefore • n. I.
ls OFszr'FB. But when the triangle OFB is vaniihing, that is *г$Л.Еис.
yhen the point В is very near to A, FB will be= FA nearly, and there- c 6. I. Eut.
fore O F will be equal F A nearly. Therefore, &c. ^E.D.

85. Corel, ï. If F be the focus of incident rays, the geometrical
focus of the reflected rays will be at an infinite diftance ; that is, rays
diverging from the principal focus of a concave fpeculum, or converg-
JQg towards the faid focus of a convex fpeculum, will have the reflecl-
çd rays next the axis, parallel thereto.

86. Cord. 2. When the angle of incidence DBO (= BOA) is con- Fig. 24,.
fiderable, that is, when the point of incidence В is at a fenfible diibnce

the reflected ray will mterfea the axis in fome point x, be-
tween
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twecn F and the vertex A of the fpeculum ; and the greater is the angle
BOA, the greater will be the aberration F x from the geometrical focus

» 84. I. F. For Ox .=; a xB, and Ox -+- x B is greater than OB or О А ; and
therefore Ox is greater than (Í-OA) OF. And it is manifcft that the
greater is the angle O, the more will О л: exceed OF.

When the L. O is 45°, the Z. OxB will be 90° ; that is, the ray will
be reflected along the right fine В V of the angle O. If the angle О is
60°, the triangle О А: В will be equilateral, and the point x will coincide
with A ; that is, the ray will be reflected into the vertex A of the fpe-
culum.

Fig.22,23. 87. CoroL 3. Hence, if F be the focus of incident rays, the rays that
are remote from the axis, will after reflection by a concave fpeculum
converge ; and diverge after reflection by a convex fpeculum.

Fig. 24. 88. De fin. Let FA be the axis of a pencil to which the ray Ex be-
Longitudinal longs ; F the geometrical focus of that pencil, and x the proper focus
Aberration. of the гаУ В*- At Ae Point F upon the axis FA raife the perpendicu-

lar FG, and produce it till it meets Вл; produced in G. Now FJC is
called the longitudinal Aberration, and F G the lateral Aberration, of the
ray BA-.

P R O P . XII.

Fig. 24. 89. Let DB be an incident ray parallel to the axis О A ; ВТ a tangent
at В to AB ; then will ОТ be the fecant of the angle О =. DB O the
angle of incidence. ' I fay, the longitudinal aberration F x of the rejleSled
ray Bx, is equal to half AT the excefs of the fecant ОТ of the angle of
incidence above the radius О A or OB.

« Conitruft. For the z. xET = »90° — z.O(=OBx) and alfo theZ.T=b9oe —
Ь32.1.£йс/. /.О ; and therefore x T = cxB = arO. Wherefore (becaufe ОТ • —
<6.LEucl. 2O*=2OF-f-AT) Ox = OF-f-iAT; that is, F x = JL AT.

And thus having the angle of incidence given, by a table of fecants
we have F x ; or, in the triangle OxB, we have OB and all the angles,
to find Ox.

со. Corol. ï . When the angle of incidence is not very large, the la_

. teral aberration FG = -^ nearly. . For VA or AT = "^ nearly,

and fo Fx = ^ nearly. But FG : Fx (~) :: VB : x V = 4. О А

nearly. Therefore, &c.
9 1 . Schol. ï . V/hen the angles of incidence are not very large, the

longitudinal aberrations will be as the fquares, and the lateral ones as the
cubes, of the ßnes of thefe -angles, nearly^

Draw
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Draw the right fine BV. Now the right-angled triangles OVB,BVT

being fimilar, it will be,
OV (OA— VA) : VB :: VB : VT ; But when the arch AB is very

imall, VA will be incomparably leis than the invariable quantity О А ;
and therefore a fmall augmentation or diminution of the arch AB, will
not fenfibly affeft the firft term OV; whence VT will be us VB 1 ,
nearly. Alfo in this cafe, VA is nearly equal to AT} for VA (OB —
OV) : AT (ОТ —OB) :: OV : OA; and therefore F*. (=^VT
nearly) will be as VB1 nearly. ^E. D,

Again, If whilil the Z.O is increafingor diminifliing, F* be iuppoled
to remain invariable $ FG will Ы as Vb, for the AsxFG, xVB are
fimilar : And if during the augmentation of the L. O, the L. x be fup-
pofed to remain invariable, or that BG moves parallel to itlelf ; FG will
be as Fx, that is, as VB * . Whence it is manifefl, that lince F x and the
an^le к are together both increafed or both dimmiihed, F G will be as
VB x VB' ; that is, as VB' nearly. ^ JE. D.

92. Scbel. 2. When the arch AB has a fenfible magnitude, the in-
creafo or diminution of VT will be greater than in the ratio of VB*,
and that of VA will be lefs than that of AT (which is always as F x),
and therefore that of VT will be lefs than that of FA: : And confequent-
ly the ratio of F x is ft ill greater than that of VB1 ; and therefore alfo
the ratio of F G (which with refpeft to P x increafes ordiminimes as
VB1 to VB 1 ) is greater than that of VB J . However in moil cafes,
VB* and VB* are íuíHciently accurate for eftimating the ratio's of
the aberrations, of rays reflected from différent diftances from the axis.

93. Coro/. 2. The rays that are neareft the axis, are reflected much
olofer together, than thofe that are remote : And therefore the burning
focus of the fpeculum, or the point in the axis where moil rays are col-
leéted together, will be in F, or very near to F.

It is alfo eafy to conceive, that the reflcfted rays are denfer or clofer
together between F and the fpeculum, than they are at the fame dif-
tance from F on the contrary fide.

P R O P . XIII.
94. Let ОД be perpendicular to The fpherical rcßefting fur/асе В A, p;^ 2r to

iiohofe tenter is O, and principal focus F ; and let Qjbe -tíie focus of in- 28?'
ci dent rays : Now if it be made FQj F О :; F О : F q ; and the point q
be placed the fame way from F that Q^is from F, foe print q will if
the geometrical focus of tbe reßccJed rays.

Let В be a point of incidence not remote from A, to which from
the center О draw the perpendicular OB, and parallel to the incident
and reflected rays QB, By, draw the lines О/», О/& j then will the tri-

E angles
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a 2 9. 1 PL ucL angles QO^, Oqa be a fimilar, and therefore Q^: O/£ :: b Oa : qa.
b4.VI.Euc. Now the triangles O/£B, ОлВ having the common bafe OB, are equi-
c ii. I. crural and alfo equal to each other ; (for the Z. £BO = COB#, and the

alternate z_ ̂ OB==a^BO, alfo ЮВ = аггВО) and therefore when
thefe triangles are vaniihing, that is, when В comes to A, the fides O bt

Oa will be each = | OB = OF, and the points b, a will coincide
with F : Wherefore it will be QF : OF :: OF : qF. ^ E. D.

The figures ferve for the cafes of a convex as well as for a concave
furface, by fuppofing the incident and reflected rays to be produced
backwards through that furface.

[94.] Coro/, i. Qp(QF=pOForOF=jrQF):OF:: qO(OF=^
jF or (jF=p OF) : qF. Alfo QO : Q? (QO ±= qO or gO ifc QO) ::
OF (AF) : A?(AF:±=?For?F:±=AF.)

95. Carol. 2. If q be the focus of incident rays, Q__will be the focus of
the reflected ones. Compare together /£. 25, 27 ; and ulfojïg. 26, 28.

96. Coro/. 3. Concave and convex fpeculums (that are fegments of
the fame fphere) are juft oppofite in their effects ; that is, rays falling
upon them the juil contrary ways, will have the fame focus after re-
flection.

2 A 27 97- C°r°l- 4- Во^ 1^е f°cus>s are united in О ; that is, when one is
' in О the other will be alfo in O, and their motion from О is the con-

trary way, but with a very different velocity ; the one being continual-
ly retarded or accelerated, as tiie other moves uniformly from or towards
F : So that when one is in F, the other will be at an infinite diilance
(for when QI? or qF is infinitely little, the other muil be infinitely
great.) And when (ßg. 25.,) QO=OF, Oq will be= qF .(for then
QF_=2OF; and therefore q F =| OF). So that an image moves as
far, whilft the objecT: moves back from the center of a fpeculum half
the length of the radius of the fpeculum, as it would afterwards, if the
objedl ihould proceed to an infinite diilance.

.26 28, 98- Carol. 5. When one of the focus's is between F and A, the
' other will be on the contrary fide of the fpeculum : Alfo their motions

will be contrary, as before ; that is, as one moves towards or from the
fpeculum on the one fide, the other will alfo move towards or from
the fpeculum on the other fide ; but with a different velocity : For
when one is in F, the other will be at an infinite diilance, and yet they'll
both arrive at A, which is the place where they ultimately unite, in the
fame time. When one is half way between F and A, the other will
be within twice that diilance of A on the other fide. The motions
of the two focus's on each fide of A, being exactly like to their motions
on each fide of O, in the preceding Corollary.

99.
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99. Carol. 6. If the focus of incident rays, diverging upon a concave Fig.25,27.

fpeculum, or converging upon a convex fpeculum, be farther from the
fpeculum than its principal focus F ; the focus of the reflected rays will
be alfo on that íàme fide of the ipeculum ; that is, the rays reflected
by the concave fpeculum will have a real focus, and thofe reflected by
the convex fpeculum will diverge from an imaginary focus : And the Fig.26,28.
contrary happens, when the focus of incident rays is between F and
the fpeculum ; that is, the focus of the reflected rays will be on the
other fide of the ipeculum ; the rays reflected from the concave fpe-
culum diverging from, and thofe reflected by the convex fpeculum con-
verging towards, that faid focus.

100. Corel, 7. When the focus's Q,y, lie on the fame fide of there- Fig.25,27.
fleeting furface ; if the incident rays diverge from Q, the reflected ones
will converge towards q ; and if the incident rays converge towards Q,
the reflected ones will diverge from q. But when the focus's Q,y, are Fig.26,28.
on contrary fides of the furface : If the incident rays diverge from, or
converge towards Q, the reflected rays will accordingly diverge from or
converge towards q.

101. Schol. When Q^_is in O, all the rays reflected by the fpe-
culum will either accurately converge to O, or diverge from O, with-
out any aberration. But in all other cafes, the focus y, found as by the
Proportion, will be the focus of thofe rays only that are neareft the
axis ; all others after reflection, interfering the axis at a leflèr or greater
diibmcc from q, as their incidence is Icfs or more oblique.

P R O P . XIV.

1 02. Having the focus q and the point of 'incidence ' B, of an incident pig 2 7 28.
ray qB, together with the geometrical focus Q^of the reflected rays ; to
find the proper focus Y, of the ray qB after refleclion, it ivill be

=±= ̂  fee ant of AE x i Radius О A : qOrt= ^Rad. x | fee.
OQj OY.

Parallel to the incident and reflected rays yB, BY, draw the lines
O^, Orf : draw alfo the tangent B/, and parallel thereto through the
point a or t>, draw the line adc; then will ad bifect О В at right angles,
For the Д OöB or O/;B "is equicrural ; and therefore Oe=bef=
| fecant of the arch AB. Now,

qY : О Y :: ьуВ : (Ot>) aB :: "?/ : et; and therefore,
qe(qt=^ct} : Ос (=?/) :: yO (?Y=^OY) : OY} Alfo
OF : ?F :: CQO : yO ; Wherefore, < [94.]

O ^ x y F : : (?O x QO : O Y x дО ::) OQj^OY; that is,

f O *= ± fecant x \Rad. : qQ±=iRad. x ̂ JecãnT:: OQj OY. ^E.D.
E 2 Or,
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Or, the point Y may be found by Trigonometry, thus : In the Д

q OB, are given the fides yO, OB, and the z. included q OB, to find the
&. gEO : then in the д OBY will be given the fide OB, and all th&
angles, to find OY.

103. Coro/, i. OQJs to QY, as the firft term is to the difference of
the fécond and firft j that is, OQ_: QY :: qe x OF : O e x yF —
qe x OF.

104. Carol. 2. If Y B is an incident ray, q will be its focus, after re-
flection. And if QB is an incident ray> its focus у after reflection will
be fuch, that the z. qEy = QBY : and therefore the aberration QY
being found, the aberration q y is alfo eafily found. For in the Д qEy,
we may have the fide q B and all the Z_s, to find qy.

105. Carol. 3. OQJs lefs than OY. And therefore when both the
Fig. 27. focus's Q,y, are on the fame fide of the fpeculum, the proper focus Y or

у У of a ray q E or QJ3 after reflection, will be nearer the fpeculum than
the geometrical focus Q^or q. Alfo when the focus's Q,q are on diffe-
rent fides j if the focus q of the incident ray be of the convex-fide of the
fpeculum, the proper focus Y of the reflected ray, will be between the

Fig. 28. geometrical focus Qjmd the fpeculum : But if the focus.O^of the inci-
dent ray, be between F and the fpeculum ; the proper focus y of the re-
flected ray, will be farther from the fpeculum than the geometrical
focus q.

106. Carol. 4. When q (the focus of incidence) is in O, the points
Q,Y,will both coincide with О : And the arch AB remaining the fame;
the greater is Og, if the focus's are both on the fame fide, otherwife
the lefler is Og, the greater will be the aberration QY ; and when OQ
is infinite, QY becomes = FA: (ßg. 24J the aberration of parallel
rays. And O q remaining the fame, the greater is the arch AB, the
greater will be the aberration QY.

107. Corol, 5. The arch AB remaining the fame, the aberration QY
continually increafes, as the point Q_pr Y is farther removed from О
towards A : And when it is greateft of all, that is, when Q, and confe-
quently q is in A, it will be equal to twice the excefs of the fecant of
the arch AB above the radius, nearly.

Fie. a 8. Draw the chord AB, then will the z. ABí be the complement of
the angle of incidence, and confequently the reflected ray will belong
to the focus S.} fo that the L. SEt = AEt. And therefore AS =
2At nearly,, is the aberration.

a юг. I. 108. Carol. 6. Becaufe?<? x OF : ?F x O^ :: 'OQ^ O Y ; And
* [04.] I. ?F. : OF : :V° : OQj itwillallo

be, qe : Oi' :: ?O : OY ; which is a very eafy rule for finding the point
д •
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Y. That is, qO sts \fec. : ^ fee. :: qO : OY. Alfo f О ±= ± Rad. :
\Rad. :: byO : OQ.

109. Corol.j. To find the lateral aberration QG ; having drawn
the fine BV, it will be YV : VB :: QY : QG. Whence, the nearer
the point Y is to V, the greater is the proportion of QG to QY. And
when Y is in V, QG will be infinite. In like manner when the focus
of the reflected pays, is farther from the fpeculum than the center O,
the farther it is from O, the lefs proportion- wilt the lateral aberration
bear to the longitudinal.

§* 2. Of Images formed by rays refliEl&d at a fpb&rical
Surface*

P R O P . X V .

ï io. Having the pofttivn of ал objeft PQR» with гф<Й t» л give* Fig. 29 i»
fpherical fpeeulum В А С ; to-ßnd the image pq r. 32.

Through the center О of the fpeculum» ада аз many points P, Q,
R, &c. of the objedr. as are neceiTary, draw the lines РОВ, QOA»
ROC,.£fc. and bifecl: the perpendiculars OB, О А, ОС, flfc. in E,.F,
G, &c. Then in thefe perpendiculars (produced if need be) find
the points p,q, r, off. by faying P E : OE :: QE : Щ\ and QF :
OF :: OF : F?i alfoRG ; OG :: OG : Gr,.ufc. and lay thefe point»
on the fame fide of the arch EFG, that the objeft is of} then will the
points р,д,г, (sff, thus found " be the geométrica/Foci after reflection, of » 94.1.
thofe pencils whofe foci of incidence were the points P, Q, R, Q>V.
And by connecting thefe points orderly together, we ihall have the
Image pqr of the -whole Objeft PQR. ^ E. L

After the fame manner as the images of phyfical lines are found, by
dividing them into phyfical points j fo alfo may the images of furfaces
be found by dividing them into phyfïcal lines, and connecting together
the images of tliofe lines.

In the figures, to prevent too great a conftifion of lines, there are
drawn lines only from the extreams and middle part of the objeft ;
but every other poiot of the ohjedt as well as thefe is underftood ta pro-
pogute rays of light to the fpecuiuni. Alfa in the pencils heiides the
axes» PQBi Q.QA, ROC mere are drawn only two .ra.ys PA, P b ; Q^/,
Q^; Rc, R<7j j one on ea.cJifide the refpedtive axes at a fmall diibmce
from them, the rays that are between thefe contributing moftly towards
forming the image ; the others, whofe incidence are more oblique, hav-
ing their proper foci after reflwaion, at "fome diíbmce from die geo- ь ,05. I,
metrical Pod p,q,r.

5 in.
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in. Carol, i. The lengths of the object and image are to each other

in the ratio of their diilances from the center О of the fpeculum ; that
is, PQR:/>£r :: OQj Oy. And ̂ POR = z.POr ; that is, the
object and its image form both the fame angle, at the center О of the
fpeculum.

112. Corol. 2. When the object and its image are on different fides
of the center, as m flg. 29, 30. the image will be inverted : But when
they are on the fame fide, as in flg. 31,32. the image will be erect.

113. Corol. 3. A convex fpeculum,^. 32. cannot form a real image ;
nor a concave one, when the object is betwixt it and its principal focus,
as in flg. 31. the reflected rays reprefented by bb, bb; aa,aa-, ce, cc-,
in thefe two cafes diverging as from the points />, q, r on the other
fide of the fpeculum : And thefe alfo are the only two cafes where
the image is erect. A real image, as in ßg. 29, 30. being always
inverted.

114. Corol. 4. If the object PQR be an arch of a circle, concen-
' trie to thefpherical furface ВАС, its image pqr will be alfo a fimilar

concentric arch. And fo will alfo a fpherical fegment, formed by the
rotation of the arch PQR round the axis О A, have a fimilar concentric
fegment for its image.

115. Corol. 5. In all other cafes, excepting as in the lait article, the
object and its image will not be exactly fimilar. But as a fmall arch
differs infenfibly from a ftrait line ; fo a fmall ftrait object at a good
diftance from the fpeculum, may be reckoned to have a ftrait image
very nearly.

116. Schol. ï. The image of a ftrait object is curvilineal, and its
curvity is the fame way with that of the fpeculum *. And the nearer
the object is to the principal focus F,flg. 30, 31. the greater will be the
curvity of its image.

,n ta Becaufe QF : OF :: "OF : F q ; it will alfo be,
9 QF : QO(QF_^OF) :: OF : O?(OF
I Alfo PE : PO :: OE : O/>. Wherefore,

QF : QF :: Oq : OQ ; and OF (OE) : PE :: Op : OP. Whence
it is manifeftj that

In fis:. 29, 31. the ratio of O q to O Q is greater than the ratio of Op
to OP; And in flg. 30, 32. the ratio of O q to OQjs lefs than the
ratio of Op to OP. And fo will alfo the ratio of Oq to OQJ>e
greater or lefs, as the cafe is, than the ratio of the diftance of any point
of the image from O, to the diftance of the correfponding point of

the

- * The learned Dr. Barrow, in his XVIIth Stßiom nearly. But it would be ncedlds here
Optical Lefture, hath fhewcd that tit image of to purfue the fpeculalion of images any farther.
a reciilinear objett ii one or other of the Conic
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the object from О : And consequently the image q p is a curve, and its
curvity is the fame way with that of the fpcculutn AB. And it is mani-
feft alio, that the nearer the point Q îs top, fig. 30,31. the greater
ivill be the cur-vity of the image. Therefore, ÕV. ^ Ë. D.

117. Schol. 2. Since an object placed at any diftance, and its image,
form both "the fame angle at the center of a fpeculum j the angle under » 11 r. I.
which any very remote object appears, being given, it will be cafy to
find the diameter of its image.

Let О be the center, and q the principal focus of the concave fpe- Fig. 33.
culum A ; and let the angle POR = por be that under which the
fun, or any other very remote object, appears to the naked eye. Bifect
the angle pOr with the line O^ ; then in the right-angled triangle Oyr,
or Одр, we ihall have the fide O q and all the angles, to find, y r or qp=-
the femi-diameter of the image.

118. Schol. 3. The theory of the focus's of rays reflected by a fphc- Fig. 34.
rical fpeculum may be thus illuftrated. Through the center О of the
fpeculum A, draw the indefinite line BD, and bifect О A in F j from
the points О and A, divide the lines OB, AD into parts, each equal to
OF or FA, marked by the figures ï, 2, 3, 4, 5, &c. And from F
take on each fide Fi, F|, F^., F±, F4-, &c. each equal to the whole
or l, 1, .1, ̂ -, &c. of F O or FA. Now if in the line OB, the point
ï or 2, 3, 4, 5, &c. be the focus of incident rays ; the correfponding
point ï or 4-, у, ^r, 7-, ÖV. in the line OF will accordingly be the focus
of the reflected rays. And, vice verfJ, if thefe laft be the foci of in-
cidence, the others will be the foci after reflection. In like manner,
if ï, 2, 3, 4, 5, -ÖV. in the line AD be the foci of incidence ; ï, •£-, 4, 4,
-£-, &c. in the line AF will be the foci of the reflected rays. And,
•vice vcrfa. So that the foci of incidence and reflection unite in О and
A : And their motions from О and A towards В and F in the one cafe,
and towards D and F in the other cafe, are exactly fimilar j F being
the focus of parallel rays in both cafes.

119. If in a dark room a lighted candle be held farther from a con-
cave fpeculum than its principal focus F, as fttppofe at 2 ; its image
will be feen diftinct, but inverted, upon a white paper held at the cor-
refponding point i. And if as the candle is moved towards or from
the fpeculum, the paper be alfo moved fo as to retain the diftinct
image of the candle, we ihall have an ocular proof of the theory of the
Foci of incident and reflected rays. When the candle is at O, the
paper will be there alfo. But bccaufe the image of an object placed
between F and a concave fpeculum, or any where before a convex fpe-
culum, is on the other fide of the fpeculum ; in either cafe the expe-
riment of the candle and paper cannot take place.

P R O P .
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P R O P , XVI.

120. The ßtnation of an obje£tt and the place of the cye^ being given -,
to ßnd the vißbk area, or bow much of the objeSt can be feen at one view,
•by rays reßeSied from a given portton or aperture of a given fpeculum.

Fi*, ic и Let PR be an indefinite object, E the place of the eye; BC the
38° given aperture of the fpeculum, -and О its center. From E to the ex-

tremities В, С of the aperture of the fpeculum, draw the lines EB>
EC j draw alfo the perpendiculars OB, ОС ; and to the indefinite object
PR, draw the lines BP, CR by making the angles OBP, OCR equal
refpeótively to the angles ОБЕ, ОСЕ ; then will PR be the vifible
area required. For it is manifeft that the rays PB, RC will be re-
fleeted to E; and alfo that no rays diverging upon the fpeculum BC,
from points that are farther from the axis than P,R will be reflected to E;
and confequently that PR is the largeft object that can be feen in the
aperture В С from the point E. ^ E. L

Or, PR may be omerwife thus found : Draw the indefinite image
pr, and having drawn the lines EB, EC, produce them, if need be, till
they cut the image in the points />,r -, then lines drawn from О to the
points *,r, and produced as the cafe requires, will give the limits of
PR.

Fig.~c об. 121. Coro!, i. When the objeft is farther from a concave fpeculum
than its principal focus ; if E is farther from the fpeculum than the
image pr, the farther E is from />r, the greater will be PR ; for then
the angles OBP, OCR will be greater ; and the objedt will appear in-
verted. And when E is in prt PR will be diminimed to nothing.
If E be between p r and the fpeculum ; the nearer E is to the fpecu-
lum, the greater will be PR ; and PR will appear ereét.

Fig-37>38- 122. Cord. 2. When the objedt is nearer a concave fpeculum than
its principal focus, or any where before a convex fpeculum,, it will ap-
pear erecl:, wherever E is placed : And the nearer E is to the Ipeculum,
the greater will be PR.

123. Sciai. In finding PR, no allowance was made for the breadth
of the eye's pupil ; but that is eafily done by drawing lines from the
«xtreams of the pupil to the points B,C; and this would make PR
fomewhat greater. But that nicety would be fuperfluous ; for in fome
cafes the phenomena do not exactly agree with this theory, for reafons
that will be given in the next Book.
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§. 3. Of the RefraEîîon of Light at a Spherical Surface.

P R O P . XVII.

124. To ßnd the geometrical focus of parallel rays, after refraction
fit a fpherical furface} of any given rèfraõling medium.

Let ВАС be a fpherical refracting furfacc, whofe center is O, and Fig. 3 9 / 0
let the perpendicular K AO F to the refracting furfiice, be the axis of a 42-
pencil of parallel rays. Now if in the faid axis the point F be taken
fuch, that A F : OF :: I : R ; and the point F be taken on the fame fide
of A that О is of, if the incidence is out of a rare medium ; otherwife
on the contrary fide, the point F will be the focus required.

Let DB be any incident ray, parallel to the axis К OF, and through
the point of incidence B, draw the perpendicular OBE; then will the
£.. DBE, ßg. 39, 42. or its fupplement DBO, ßg. 40, 41. be the angle
of incidence : And if BF (or its continuation BL, ßg. 40, 42.) be the re-
fracted ray ; the /. OBF, ßg. 39,' 40. or its fupplement EBF, fig. 41,
42. will be the angle of refraction. Wherefore in the triangle OBF,
it will be BF : OF ::a I : R ; And AF : OF ::b I : R. But when the * Trigonom.
arch AB is vanishing, BF will be equal to AF, and therefore the point ЬНУР°Л-
F is the geometrical focus of the refracted rays. ^ E. I.

125. Carol, ï. АО : AF :: m—n : I ; and АО : OF :: m—n : R,
126. Carol, z. When the incidence is into a denfe medium, АО : OF:: Fig.39,4°.

m—n : n -, and АО : AF :: m—n : m. Alfo OF : AF :: n : m.
127. Carol. 3. When the incidence is into a rare medium ; АО : OF:: Fig.4i»4 2»

w—n : m -, and АО : AF :: m—n : n. Alfo OF : AF :: m : n.
From^irf. 13, 20, and 124, we have alfo the following Corollaries.

!28. Cord. A.. Rays in Air, falling upon the í convex J furface of *'-:&39>4°.^ J ' ь r •£ concave 5

glafs ВАС, parallel to the axis KOF; will after refraction î^veTïfrom}

a focus F, wbofe diibmce FA from the vertex A, is three times the гл-
dius OA, of the arch ВАС.

lag. Coro/, ç. Rays in Glafs, 5diverginS from ta focus F,whofe Fic 5Q 40
' л } ' i converging towards S x 1g-39»4c>-

•diftance from the vertex A, is three times the radius OA; do after re-

fraction by the j c o n v c x S fur^ace ofAir ВАС, become parallel to the

axis F OK.
F ,30.
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Fig.41,42. 130. Carol. 6. Rays in glafs, parallel to the axis OAF ; do after re-

fraction by the 5concav4 furface of air ВАС, S^verge to 7 f3 I convex 5 I diverge from $
F, whofe diftance from the vertex A is twice the radius О A.

7- Raysinair, * f°™ F> whofe

diftance from the vertex A, is twice the radius О A ; do after refraction.

by the 3convex с furface of glafs ВАС, become parallel to the axisJ i concave }
OAF.

132. Corel. 8. Convex and concave furfaces, are juft oppofite in their
effects : that is a pencil of parallel rays refracted by either, will have
its focus at the fame diftance from the vertex, but on contrary fides ; as
appears by comparing the figures 39, 40 ; and 41,42. together.

133. Carol. 9. Parallel rays, refracted by a ^ > furface of a

J. > medium, will have a real focus, as in ßg. 39, 41 : But being re-

c л. ju Ç concave 7 f c c Cdenfe? j- . /•fracted by a |convex £ furface of a j rare £ medium, as m Jtg. 40, 42.

the focus will be only imaginary.
Fier. 39 to 134- Schol. The point F is the focus of thofe rays only, that are neareft
42? to the axis A OF ; all other rays as dbt whofe incidence are more ob-

lique, will have their focus at fome point x, between F and A ; aud
the more oblique is the incidence, the greater will be the aberra-
tion Fx.

a i 2 4 . I. For AF : OF::a I : R: : b £*:O* ; Now in ßg. 39, 40. AF (=
bTrJgonom. OF -4- O/>) is greater than bY ; And m fig. 41, 42. AF (=OF— O£)

is lefs than <£F ; and therefore in both cafes, OF is greater than Ox ;
that is, the point к is fomewhere between F and A. And it is manifeft,
that the greater is the arch A^, the greater will be the aberration F#.
Therefore, &c. ^ E. D.

P R O P . XVIII.
Fig. 39 to IT c. The ratio of the fines of incidence and rcfraelioft, and the angle
42.. of incidence — A Ob, of any ray d b upon the gi-vc?2 JurfaccBAC, being

given ; to fin d the point x, ivbcre the refraSíed ray cuts the axis A OF ;
And consequently to find the aberration Fx.

Make, Sine, Z. AO^ : Sine Z. Qbx (or ebx) :: I : R ; and draw bx :
then in the Л O^x,will be given the iide O£ and all the angles, to find
Ox. And OF— O*=sFA-. £>.£./.

P R O P .
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P R O P . XIX.

The longitudinal aberration Fx, of a parallel ray incident
upon the fpherical furface of a dcnfe medium ', fig. 39, 40. is to v Л t be
the "üer fed fine of the angle of incidence ; as n n to mm — m n near h.
And when the incidence of the parallel ray is upon a fpherical furface of
a rare medium^ fig. 41, 42. Fx : vA :: mm : mn — nn nearly.

From the center x defcribe the arch ba> and let fall the perpendi-
cular bv.
Now, ï. Ox:£x:: aOF : AF. Wherefore, »Conftruc.

2. Fx (OF— Ox) : OF:: ( AF-~&xorax}Fx±=Aa: AF -, therefore

3. Fx : Aa (Fx =i= Ал со Fx) :: OF : О A (AFc/э OF) :: Ь

\ l\-m-n. 127.1.

4. va : -У A :: COA : x a nearly : But m fig. 39, 40. x a is nearly c 58 I.
-{-equal to x A ; and inßg. 41, 42. xa is nearly equal to -f FA. Where-
fore fubftituting thefe equals, it will be

. , * ч л Ox /Ax— OA\ xl> ъп т.
5. Aa („А=,= ш) : *A :: op (^A4_OAJ : AF :: m : ;;>

Wherefore compounding the 3d and jth fteps, we ihall liave,
Cafe ï. Fx : v A :: я« : mm — mn nearly j and Fig-39,4o.
Cafe 2. Fx : v A:: mm : mn — nn nearly. ^E.D. Fig.4i>42-

137. Coro/, i. The angle of incidence being the fame, the aberra-
tion Fx in fig. 39, 40. will be the fame ; and fo it will alfo be in fig.
41, 42. but the aberration in the two laft figures will be greater than in
the former.

138. CoroL 2. If inftead of да,», we put the numbers 3,2, which exprefs
their ratio ; we ihall have in Cafe ï. Fx^=^=^i)h. ; and in Cafe 2. Fx=
I- vA : And therefore Fx in Cafe ï. is to Fx in Cafe 2. as 8 to 27.

139. Carol. 3. Hence and from Art. 89,91. the longitudinal aber-
ration of a parallel ray incident upon a fpherical reflecting furface, is
to the longitudinal aberration of a parallel ray of a like incidence upon
a fpherical refracting furfhce, whofe radius is the fame with that of the
reflecting furface ; in Cafe ï , as 3 to 8 ; and in Cafe 2, as ï to 9 j nearly.

F a P R O P ,

•|- When the? arch А В is very fmall x a, .vA, iiicreaies, the quantities nflumcd for xa are
Jig. 39, 40. and xa, FA, fa. 4.1, 42. are pretty greater than it, and therefore К л- be.irs a greater
"tar in 3 ratio of equality ; but as the arch А В proportion to -v A than is cxprcifed above.
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P R O P . X X .

740. The longitudinal fiber r aí ions are as the fquares, and the lateral
ones as tht eubes^ of the fines of the angles of incidence nearly.

3 1 0,6. I. For, ï . The longitudinal aberration Fx is almoit in a confiant "ratio to
h0l т the verfed fine ï; A ; and ï; A is as "^u1 nearly.

Again, 2. The lateral aberration FG, whilit the angle of incidence
remains the fame, is in fome certain ratio to FAT, that is, in a certain
ratio to hi}1 ; but as the angle of incidence increafes or diminiihesj
FG does moreover increafe or diminish as the fine of the Z. F#G, that
is, as l)V ; and therefore the whole increafe or decreafe of FG. is as bv*
nearly. Therefore, ÖV. ^E. D.

P R O P . XXI.

141. The focus of incident rays, either diverging or converging upon
a fpherical r ef rafting furface, being given ; toßnd the geometrical focus
of the refrafted rays.

Fig. 43 to Conflruõíion. Let ВАС be a fpherical refracting furface whofe center
48. is O, and let Q_be the focus of incident rays, (either diverging as QB,

fig. 43, 45, 48. or converging as MB, fig. 44, 46, 47) : through the
points Q,O, draw the indefinite line QÒy, and let КШ be a flrait line
parallel thereto. In the line CK) produced, let f be the geometrical
focus of rays parallel to the axis QOB, as kB; (that is, let it be m — n : n ::
АО : О/') ; and parallel to the incident ray QJB4 or MB, througli
the center О draw the perpendicular aOb, and take O^=O/i Through
the point b draw the line ~Qb, and produce it till it meets the axis QO
produced in q ; and q will be the focus required.

The focus muft be fomewhere in the line QOy, for this line being
perpendicular to the furface, is the axis of the pencil whofe focus of
incidence is Q; the refracted rays alfo pafs through b, for b is the focus
of rays parallel to the axis Ol>. Therefore, &c. ^ E. D.

142. To find the focus q by calculation : Take AF — Of, (or let F
be the geometrical focus of rays parallel to the axij QOy, as KB), and
fay QF^ : QA :: QO : Q q ; and lay the point q on t lie fame fide of Q
that F is of; and q will be the geometrical focus required.

»4- VI Eu. For Ob bein£ parallel to QB_, the triangles QjB^ Ob q are fimilar,
» СомШ-ufí and therefore QB : Ob :: *Qy : qQ. But wlien tîicic triangles are vanim-

ing, QB will be = QA, and O^ = O/= "AF. Wherefore fubilitutr
ing thefe equals, it will be

i QA:
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(TA : A F :: Q^1 : g О ; and therefore
43, 44; QA-AF : QA :: Qf—f О : Qy;
45,46i AF—QA: QA ::?0— Q?:Q? ;

-47. 48J QA-f- AF : QA :: Qy4-yO : Q? ; that is, meachcafe,
QF: QA: :QO:Qy. ^.JS.-D.

143. CW.i. QF:AF(QA£QF)::QP:07(Q?£QO).

144. Coro/. 2. QF:OForA/(Qg^QF)::QA:Ay(Qy¥.QA)::.
0/or AF (QA£QF) :/? (Ag £ Af. i.e. QF : OF(A/) ::QA: A? ::

14 ç. Corol. 3. If y be the focus of incident rays, C^will be the focus
of the refradled ones.

146. SchoL.i.. This propoiition may be diftinguiilied into the fix fol-
lowing cafes.

Cafe ï. When the focus ^ k of a ray ^ ^o? diverging upon aFiS-43-

Ç convex ? furface of Jdenfe? dium . fc d CF?
I concave S i rare 5 J c/5

2. When the focus < ?э °^ -1 гаУ^ >JR C converging upon a ^S- 44

When the focus Q^ of a ray upon а

vconve / jpur£ice Of a denfe medium, is between F and A : Or, when
i concave S '

С £ В con verges? С concave? r r r ,.
* гаУ íyB diverges 5.uPon a jconvex Í ^íkce,of a rare medium.

Gafe И' I When a ray 5 MB converges ? с convex 7 f Fi 4?<
•^ /.6. S ^ 2QB. diverges i ^ ^concaveS 48,

fece of a denfe medium : Or,when thefocus.7, of a ray ̂  £r L dlvcrSinS Z? 3 L N В converging S

upon a < > furface of a rare medium, is between .f and A.

147. Schol. 2. The fituationsof the focus's Q,f, in Cafe 1,2. in Cafe
3, 4. and in Cafe 5, 6. arc alike ; that is,

148. Cafe ï, and 2.. The focus's Q,^are onoppoiite (ides of the fur-
face ВАС ; and wlicn Q_is in F, q is at an infinite diilance beyond /';
and, as (precedes beyond F, q approaches towards /j ajid at laft co-
incides withyi wlien Qjs at an inlunite. dilbnce.
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Fig-45,46, 149. Cafe 3, 4. Qjind q are both on the fame fide, and the whole

motion of Q^Js from A to F ; but q may be either between A and F,
or beyond F. If QJs in A, q will be alfo in A ; and as Q^recedes
from A, q alio recedes from it the fame way, but with an accelerated,
velocity ; fo that when QJs got very near to F, q will be got at almoft
an infinite diftance beyond F.

Fig47,48. 150. Cafe 5,6. Qjmd q are here alfo both on the fame fide, and the
whole motion of q is properly from О toy*; but Qjmy be either be-
tween О and у* or beyond f: When QJs in O, q will be alfo in O.
And if QJ)e between О and A, q will be between О and Q._

151. Schol. 3. In all thefe cafes, the focus's Q, q move both the fame
way. And the furfaces of the mediums remaining the fame, Cafe ï,
3, 5, and alfo Cafe 2, 4, 6. pafs from one into the other.

152. Schol. 4. Convex and concave furfaces of like mediums; as
alfo denfe and rare mediums with like furfaces ; are juft oppofite in
their effects.

153. Schol. 5. Whatever has been ihewed as to the focus's Q,tf; is
alfo applicable to objects and their images. And fince the axis's of all
pencils do evidently interfect in O, it is manifeft alfo, that the breadth
of the object will be to that of its image, * as OQ_to Oy.

[I53-] Schol. 6. If an object be an arch of a circle concentric to the
fpherical refracting furface, its image will be alfo a fimilar concentric
arch. And fo will alfo a concentric fpherical fegment, have a fimilar
concentric fegment for its image.

Fig 4.3 4i. ^ut a ßrait object PQ, will have a curvilineal image pg, whofe cur-
,g/ ' vity is the contrary way to that of the refracting furface BAC ; as will

be manifeft by comparing the -f-rules for finding the focus's q^p.
Alfo a ftrait object (pq) within the denfe medium, ßg. 43, 46, 47.

will have a curvilineal image (PQ); but its curvity will be the fame way
with that of the refracting furface.

P R O P . XXII.
P. 154. Having the focus Q, of any incident ray QB or MB, and the
.0s' ^ ° dißance of the point of incidence В from the vertex A, or Z, A OB ; to

find the proper focus y, of the refratted ray.
Having drawn QJ3, and the perpendicular OBG ; with the fides QO,

OB, and the angle Q.OB, find the angle of incidence QBG, or QBO :
Then fay,
I : R :: Sine z. GBQ_or QBO : Sine L. OB^ orGB^; and draw By,
which will be the refracted ray.

Now
* Vide An. no, i u. I. -f- Vid. no, & 143. I.
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Now in the triangle OBy will be given the fide OB, and all the
angles j to find Oy, which gives the point y. ^ E. L

155. Schul. Let b be the geometrical focus after refraction of rays
parallel to the axis лОВ, and A- the point where the refradted ray By
cuts that axis : Upon the axis's Obt O g at the points b,q raile the per-
pendiculars es, qf. Now bs is the lateral aberration, of the parallel ray
QB after refracHon, from the geometrical focus b ; and qt is the lateral
aberration, of the diverging or converging ray QB or MB, from the geo-
metrical focus q. I fay bs : q t :: Af : Ag nearly.

For in the As В/лу,В^/, having the fame very acute angle at B, the lines
. 6s, qt do not fenfibly differ from perpendiculars at the points b^q upon

the line bq ; in which cafe the As E/>s, B^f, would be exactly limilar ;
and then it would be accurately, Eb : Eg :: bs : qt. But as the point В ap-
proaches nearer to A, the A.S El>s, Egt approach nearer to a fimilarity; and
the lines Eb, Eg approach alfo nearer to an equality wit!) the lines Af;
Ag • and therefore it will be nearly Af : Ag :: bs : qt. % E. D.

156. Coro/, i. Draw the right line Ev. And it will be, В-и : qt ::
vy : yq. Wherefore alfo Ev3=gf : qt :: vg (vy^=: yg) : yg. Alfo
Eii : Ev3=;gf :: vy : vg (vy^±=yq).

157. Coro/. 2. Hence, having either the lateral or longitudinal aber-
ration of any ray, the other is eafily found. And from Art. 155.
having the lateral aberration of a parallel ray, the lateral aberration of
any other ray of a like incidence, is alfo readily found fome what nearly.
But both are accurately found by Art. 142, 154.

,jg. <W.3. WhenAQJs

than Ay. And cœteris paribus the more oblique is the incidence, the
more will the ray be refracted, or the greater is gy. And hence an
object may be fo placed, that the rays next the axis íhall diverge after
refraétion by a convex furface, when the more remote rays mall have a
I'cal focus.

I mall conclude this fection, with the two following conftrudtions,
for finding the proper focus of a ray refracted by a fmgle furface *.

1^9. To ßf id the proper focus, of a ray parallel to the axis of a rcfraft-
lng jiirfacc, and at a given d i/lance from it.

Let О be the center of the fpherical refracting furface ВАС, and DB Fjp-.^
an incident ray parallel to the axis АО; to find the proper focus „v of
the refradted ray. In АО produced, find the geometrical locus F,
by taking AF : OF :: "I : R ; and divide OF in E, by taking EF : EO :: ., 24,
I : R. . From the center E with the radius EF deicribe a circle EFG ;

through the given points B, (), draw a line Eu a cutting this
circle

Dr. Barrow, 1 think, was фе Author of tliefc CoHlkuflioni. Vid. Баг. Lett. XI. XHJ.
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circle in a ; then in the axis OF take Ox=Oa, and drawing Ex it wil l

b Conftruft be the refracted ray. Join E a and Aa, and fince A F : OF :: ' (I : R ::b)
E F : E O ; it will be,
AE (AF—EF) : EF :: EF (OF—EO) : EO. But ЕР = ьЕд j and
therefore fince the legs of the As AEa, aEO having the common L. E,

c6.Vl.Euc. are proportional, it will alfo be, Aa : aE :: caO : OE ; and therefore
Aa :aO :: EF (лЕ) : OE :: 'I : R. But in the As АО*, ВО*, we

*i5.l.Euc. have AO=bBO, Oa=bOx and the A AOtf = dz. ВО* ; and con-
'4. I. £«л fequently B*=cArf : Therefore Ex : Ox :: (Ал : aO ::) I : R. But

the Z. ВОлг is equal to the angle of incidence or to its lupplement, and
Ъх is as the fine ofthat angle; and therefore OEx is the angle of refrac-
tion or its fupplement ; that is, Ex is the refracted ray. ,̂-E. /.

160. Corel. As the point В approaches to A, the point a approaches
to F ; and therefore every two contiguous rays will interfedl each other
.before they crofs the axis OF.

i<> «ï to J 6i - ̂ сЫ. Fig. 49. correfponds to ßg. 39, and the fame conflruc-
•r.?' tion will ferve to find the point x, jig. 40. Fig. 50. correfponds 1041,

and will alfo ferve to find x, Jig. 42.
162. Having the focus Q., ana the point of incidence B, of a ray

either diverging or converging upon a given fpherical furface ВАС ; to
ßnd the proper focus у of the refracJed ray.

From Qjhrough the center О of the refradting furface ВАС, draw
the axis QP, and produce it both ways, if need be -, and to the point
of incidence В draw the perpendicular OB which produce as the cafe
requires. In the axis QÒ take the point R fuch, that OQj OR ::
ï : R ; and with the radius QJB, from the center R defcribe an arcli in-
terfeciing OB in D j parallel to RD draw B^, and B^ will be the re-
frafted ray.

Upon the axis Q^), the incident ray Q B (produced if need be), and the
refracted ray Ey, let fall the perpendiculars Bi;, Оя, О/£. Now becaufe
Ey is parallel to RD, the triangles BOjy,DOR are fimilar; and fo are alfo
the right-angled As уЮ, yvb ; as are likewifc the right-angled As
< ;̂B, QßO. Wherefore OR : QB (RD) :: O^ : B^ :: Qb : Ev. There-
fore OR.: Obr. QB^ : Ev :: QO : Oa ; and confequently OQj^OR
(:: I : R) :: Oa : Ob. But Oa is the fine of incidence, and therefore
Ob is the fine of refraction ; that is, Ey is the refracted ray. ^ £. 7.

The figures here referred to, correfpond to thofe in the preceding plate ;
usßg. 51, to 43. and the fame kind of conftruction will ferve for 44. Fig.
52. correfponds to 45, as doth alfo 53 to 46, only changing the places of
Q,jy. Fig. 54, 55. correfpond to 47, 48.

163. Carol, ï. If ОД be equal to OR, the point D will coincide with
--O ; and then the refracted ray will be parallel to the axis.

J Ó 4 -
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164. Corel. 2. If QB be greater than OR (fig. 51, 54, 55.) the focus v

"will fall on the fame fide of the furface ВАС, as the center О is of : And
the focus у will fall on the contrary fide, if QIB be lefs than OR,

(fiS- 52, 53-)
165. Carol. 3. If the point D falls on the fame fide of the axis as

the point B, (//£. 52 to 55); the focus's Q,_y will be alfo on the fame
fide of the furface ВАС : And the faid focus's Q,_y will be on contrary
fides, when the points D,B are on different fides of the axis, (ßg. 51.)

1 66. Corol. 4. DO : OB :: OR : Oy :: RD or QB : By. Whence to
find the geometrical focus q, becaufe in that cafe QA =QJB = RD, it
will be

167. Corol. 5. QA« OR (OD) : О A :: OR : O?; butOR='yQO. «coniirutt.

Therefore QAw -^QO : О A :: yQO : Од :: (RD : By ::) QA : Ay.

And thus the focus q may be found without having the point R.

S E C T I O N I V .

Of Lens's.

1 63. Dcfin. ï. Л LENS in Optics (a feftion whereof is reprefented by pjo-. Г6 ta
jLb. the ihaded figures), is a tranfparent body of a diffe- 72?

rent denfity from the ambient medium, and terminated by two furfaces*, Lens.
either both fpherical, or one plain and the other fpherical. And becaufe
lens's for optical ufes are made of glafs, it is ufiuil to call them ^/^//лг, with
the addition of the ufe that they are intended for ; as a mugtiifying-glafs,
Ъ-fpcclacle-glüfs ; ohjefl-glafs, or cye-glafs of a Tclejïope , &c.

169. Deßn. z. A lens having one fide plain and the other convex,
in fiy. су, со. is called a plano-convex lens : So the lens, /fr. с 8, 6o. phno-con-

• .f1-; J/' J/ J • j u r j eive, double-
'S called a plano-concave. A lens terminated by two convex lides or convcx,d(.>uble
two concave fides, is accordingly called a double convex, as ßg. 6г. or conove, con
double concave lens, as ßg. 62. A lens having one fide concave and the '̂„j","̂ *'
other convex, as //£.63, or 64. is called a concavo-convex lens. The lens lens's.

.A?. 63. is called a mcnifcus ; as is alfo very often, tho' improperly, the lens,
fis- 64.

170. Deßn. 3. When the particular figure is not confidered, a lens Convex and
that is thickefl 'in the middle, is called a convex-lens-, and that which co»cavclclls'f-

is
* This definition might be made more gê- tical lens ; but we (hall have occafion to confider

ncral ; for any trnnfparent body Co figured as to no other but thofe above defined. A transparent
Divert thé courle of the rays rcfniflrd by it, to- fphere may be alfo calli-d a lens.

or from a certain focus, is properly an op-

G
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is thinneil in the middle, is called a concave Jensy without farther dif-
tinction.

Axis of a lens. j^b Deßn. 4. A ftrait line drawn perpendicular to both the furfaces
of any lens, is called the Axis of the lens. The axis therefore pafTes
through the centers of the fpherical fides : And it is manifeft that no
lens, excepting the fphere, can have but one axis ; and therefore all
pencils are oblique, excepting thofe whofe foci are in the axis of the
lens.

Focus, or 172. Deßn. 5. The geometrical focus of a direct pencil of parallel
principal, fo- rays, (or that point in the axis where rays that are parallel and neareft
ine focus'of a thereto, arc united after refraction, if the lens is thickeft in the middle ;
Jens. or from whence they diverge, if the lens is thinneft in the middle) is
Focal length called the focus of the lens : Sometimes the principal focus, by way of
of a bis. diitinction from the focus after refraction, of diverging or converging

rays. It is alfo called the folar or burning focus, if the lens is convex,
bccaufe there the fun's rays are clofeit united. The diilance of the prin-
cipal focus from the lens, is called the focal length of the lens.

§. r. To find the principal focus of any given Lens.

P R O P . XXIII.

173. To ßnd the principal focus of a fphere.
pjo-, r-б. Let DB be an incident ray parallel and very near to the axis ARE£,

and let b be the geometrical focus of the pencil whofe axis is AR^, after
the firft refraction by the furface AB. Bifect E b in F, and F will be
the focus required.

Produce the incident and emergent rays DB, fa till they meet in K,
and from the center R draw RB, RaG. Now becaufe the /l />лС=

45.\.EucL a RrfB= b RBAj and Sine Z.RB# : Sine £_ KBa :: cSine^L baG : Sine
Ь5.1. Eucl. L$ab (:: n : m—n). Therefore the Z. fab = КВд s= *l*ba ; and
<• Laws of re- COnfequently FA=CF^. But when a coincides with E,FE will be™F<7}

™in°l'Euc. a"d therefore the point F, which bifects El>, is the focus of thofe rays
r6. \.Eue. íbat are neareft to the axis AE. ^R.I.

174. Corel. Hence the focus F of a glafs fphere, is one fourth of its
1 128, I. diameter diftant from the vertex. For AR (RE) = f 4. R£, and

therefore.FE=iAR=4:AE.

7 P R O P.
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P R O P , XXIV.

То ßnd the principal focus of a plano-convex t or a plano-concave Jew.
Let RAF be the axis of the lens (or a line drawn perpendicular to Fig. 57 to

both its furfaces), R the center of the ïphericaï íurfaee ВАС, and let бо.
DB be an incident ray parallel and very near to the axis. Now this
propofition admits of two cafes, according to "which fide of the lens is
turned to the incident rays.

175. Cafe ï. When the incident ray falls upon the plane fide, it will №3.57,58.
pafs on directly to В unrefradled. Wherefore, when the point В is
very near to A, if it be made R A : AP :: a»z— л : n-, the point $ fo » ̂ 7. I.
found will be the focus. E. L

Г 17 c.l Cale 2. When the incidence of the parallel rays is upon the F;? ко 6о
/ i r - i r - i / * ! - ! '£>•;>;/)""•iphencal fide of the lens.

Let AR : R^ :: m — « : n ; and b "will be the point where the refraited » , 2(j j
ray В a produced would meet the axis.

Again, take Eb : EF (:: R : I) :: m : n -, and Ръ will be the focus. ь-0 j

176. Corol ï. AF==-EJ±=AE=-AJ=t= — AE. Fi« ro 60
* JW M nt Ö .7 ̂  > *

For - A£= JLEfa= - AE j and =t= i AE together with d= 2^? AEw « »/ ' w ° я»

177- Coro/. 2/ AF (ßg. 57.) = EF (ßg. 59.) +± AE. And EF

J ' */ O ££ */O ffl~-ft

===AE.

178. /SíÃo/. i. A plano-convex glafs, with its plain fide towards the
incident rays, (/%•. 57.) hath its focus at the diftance of twice the radius
of convexity from the glafs ; that is AF=zRA. And á plano-con-
cave expofed in like manner, (ßg. 58.) hath its focus at twice the radius
from the concave fide. But a plano-convex glafs with its convex-fide
towards the incident rays, {ßg. 59.) hath its focus nearer to the glafs
than a diameter of the convexity, in the ratio of ^E to t>A ; or E F
(5аа»Р£)=г£А£—|АЕ=з2 AR—-J-AE. And inßg. 60. the focal
length F A=2 R A—4-AE; andconfequentlyEF==2RA-f-|AE.

179. Schol. 2. If the thicknefs AE, is very fmall in comparifon of the
radius R A, then the focal lengths of each of thefe lens's, may be Con-
fidered as being equal one to the other ; and in glafs equal to twice the
radius R A.

G 2 180.
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1 80. Schol. 3. The focus of a glafs hemifphere, with its convex fide

expofed to parallel rays, is about ^ of the diameter, diflant from the
glafs.

Let ßg. 59. be fuppofed a glafs hemifpherej then will E coincide with
R, and the focus b of the rays after their firft refradtion, will be in the
fame place as before ; fo that R6= 2 R A. And to find F the focus
of the emergent rays, it will be,
R£ : RF :: m : n :: 3 : 2 -, therefore RF=|R^ = |RA. ^. E. D.

But if the parallel rays fall upon the plane fide of the hemifphere, as
in ßg. 57. the focal length will be the fame with that of a thin plano-
convex lens in the fame pofition ; for the ray D B will pafs to B unre-
fraded by the plane fide.

1 8 1. Schol. 4. Plano-convex 'and plano-concave lens's, that are une-
qual fegments of the fame fphere, with their fpherical fides expofed to
parallel rays j the fmaller the fegment, or the thinner is the lens, the
greater will be the focal difbmce fro'p, the neareft fide of, the lens : And
the contrary, reckoning from the nirt.irjft fide of the lens. But if pa-
rallel rays are incident upon the plain fides, their focal lengths, will be
the fame, how unequal focver the lens's are in thickncfs.

P R O P . XXV.
182. To ßnd the principal focus of any lens, ivbofe fitrfaccs are both

fpherical.
Fig. 6 1 to ï. Let R be the center of the fpherical fide AB, and r the center of
64. the fide ab ; draw the axis Rr, and produce it both ways. Let K/1 be

an incident ray parallel, and very near, to the axis R r. Now take
ar : r q :: m — n : n ; and place q the fame way from r, that r is from a ;

a 126. I. then will q nbe the geometrical focus of the parallel rays incident upon
ab; or q may be confidered as the focus of the incident ray £B upon the
fécond furface AB.

2. Let f, F be the geometrical foci of rays coming both ways, paral-
lel to the axis, upon the furface AB ; (./the focus of parallel rays com-
ing from without, and F the focus of parallel rays within the lens.)
Now to find the focus Q__pf the emergent rays, ûy,

",44. I. /?:R/(AF)::"A?:AQ ; or/y : R/ (AF) :: bRF (A/) : FQ ;
and laying the point Q_on the fame fide of A that q is of, or on the
fume fide of F that R is of j "the point Qjhus found will be the focus
required *.

183. Carol, ï. fa : R? (/?co/R) :: A? : Q? (A?co AQ) :: RF : RQ.
Alfo/?:/A (fq=^Aq] :: AF: FQ (AF=

Compare fig. 61 with ji 'g. 45 ; 62 with 46 ; 63 with 48 ; and/£. 64 with fg. 47.
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184. Schol. ï. If the incident ray comes the contrary way, and it be

made gf: qr :: af : ax -, the point * will be the focus. This will be
manifeft by fuppofmg / and q to change places, then it will be ï .
m— .n : n :: * AR : R? ; 2. j 'q :fr :: *ag : ax -, that is, tranfpofing the * 126. I.
letters qyf back again, as- they ftand in the figures j gf : qr :: af : AA\ b H4- 1-

ï 85. Scbol. 2. The rules f q : R/:: Ay :.AQ j and gf: qr :: af: ахл

for finding the geometrical foci Q,x ; contain the following. Let the
radii R A, r a be called R,r, and the thicknefs Aa of the lens's be cal-
led Л .

ï. When the lens is a double convex, it will be, F'S- 6l*

Г—t: — ::~_í: AQ;
#;_—// nt-~-n M Л

And ^t— —/ : ~ :: ̂ — — / : a x.
tn—я w*—я w—я

2. When the lens is a double concave ; p;gi

m — n m — n

Л J M R - « 9 T --- ;— r-" П Г m , ,And — - -- j- t: - :: -- [-t : ax.
m — я m—n m — «

3. When the lens is a menifcus, or a convex concavo-convex. p:_

j— i . - :c - — t .
m — я т — ;; m — я

m R — m r . . n r m R
: -

m — n

» , m R — m r , . n r m R
And, h f : :: \-t: ax.' m—n m—л т—я

4- When the lens is a concave concavo-convex ; ~ ЛVier. OA-_. TJ ..n •*• 'o WT"m_ — rnr ;/ R ^ m r , . _.

м — я ' m — n " m — я- "
m r

For т—п : т :: R : А/= — ; and т— n : т :: г : аа ~~ • Alio
»»—я 2 т — я'

*-« : n :: R : R/=^ . and да-я : n •,. r : r q -=,£.. Whence by

adding or fubtracling f, as the cafe requires ; the four above cafes are
lumciently manifert.

1 86. Carol. 2. In all cafes, the lefs is the ratio of R to r, the ft m
both being the fame, the greater will be AQ and ax : And AQ The leftist

For in the ap n u , -, the firíl term wjll be the fame whatever be the ratio of R to r •
it is manifeft that the rectangle under the two middlemoft terms!



In A convex
lens, thclefs is

46 A T R E A T I S E BOOK I.
is gi-eateil of all, when R and r are equal $ and dut thefe reclanglcs
•will be the lefs, the greater iß the ratio of R to r.

^ex 1-87. Cvrri. 3. AH other things being the fame: In a convex lens
rfsis {/£• 61, 63.) me lefs is /, the greater will be AQjmd ax. In a con-

s / c a v e lens (Jig. 02, 64.) the greater is f, the greater alfo will be A Q
And m aeon- and ax ; this will be manifeft by comparing together the terms wherein
cave lens, the f .g / ̂ ^ j g ̂  In /%. 61. the fivft term is greater than the third ; and
fnTg'Lter''is in both t is fubtra&ed. In /£. 63. í is added to the firft, and f is either
.Aciam!«*, fubtraded from the third, or the third term is greater than the firft ;

whence in both figures, the greater is t, the lefs will be the fourth term ;
or the greater will be the ratio of the fécond term, which is an invariable
quantity, to the burth *. In like manner, inßg. 62, 64. by comparing
the firft and third terms together, it will manifeftly appear, that the
.greater is f, the greater alfo will be AQjmd ax. But in a convex lens,
the greater is /, the greater will be oQjmd Ал: 5 and in a concave lens,
the contrary.

188. Schol. 3. Rays refrailed by a fmgle furface of what kind foever,
юг by a lens of what figure foever ; the lefs is the ratio of the greater
of the fines of incidence and refraction to the lefler ; that is, the lefs is
the ratio of m to n, or the nearer they approach to an equality, the greater
will be the diibnce of the focus of the refrafted rays, from the refracting
furface or lens.

P R O P . XXVI.
180. If rays come both ways, upon a lens ivhofißdes have unequal cur-

cities, parallel to the axis ; the focus, after refraction by the lens, of thofe
rays that fall upon the ßatteß ßde, 'will be the fartheß from a convex
.lens, and the ncareß to a concave lens.

This has been already (hewed of plano-convex and plano-concave
lens's in Art. 177. And becaufe in Art. 185, in each couplet of pro-
portionals, the firft teems, and the divifors to the two middle terms are
the fame ; AQjmd ax will be as the reélangles under the correfponding
middle terms, (multiplied by the common reftanglcs m—пкт—я),
that is,

In Fig. 61. mn'R.r—^nKt : mnRr—nrt :: AQj ax.
Fig. 62. tnnRr+nRt : mnRr-b-nrt :: AQj^*.

; Fig.6$. mnRr—nRt : mnRr+art :: AQ_| ax.
Fig. 64. mnRr+nRt : mnRr—nrt :: AQj ax.

Therefore in Fig.. 61, 63. ax is greater than AQ; and in Fig. 62, 64.
•ax is lefs than AQ^ ^E.D. 190.

• If to or from two unequal quantities, the two quantities be 3, 4. Now the ratio of 3 ±:
•fame quantity be added or iubtraued, the leaíl S 4 í to , -ь , J 5 Í ;J greater 7 , ,
•quantity will be thereby molt afFeded ; that is, ( 2 > I 3 ) t leffer i
it will accordingly have a greater or lefs .propor- tio of 3 to 4.

ctlon to the greateft, than it had before. Let the
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190, Scb&l. If the lens's be glais, the rules in -^^..185. are conver-
tible into the following ;

ï. зК-f ̂ r—t : 2R :: y—t : AQj Fig. 61.
And 3 R -f- 3 г-*-* : 2r :: ßR — í : ax,

2. 3R+3M-í:2R :: зг-К: AQ; Fig. 62.
And 3R-f-3r4-í : 2r :: 3R+/ : AX.

3. 3R— 3r-f i : 2R:: зг— -/: AQj Fig. 63.
And 3R — ̂ r-i-t: 2r :: ̂ R+t: ax.

4. 3R— 3»%~f : 2 R::3r-b/: AQj Fig. 64,
And 3R — зг — / : 2 г : : з К — t : ax.

191. Coro/. ï. If the lens's be glafs, and their thicknefs be neglefted
as inconfiderable. the above rules will become 7 R &=: ir-. : : 3 : ^^-0 ° 2 г sK. ДАГ-
Д *J

And dividing the antecedents by 3,, we fliall have the following ;

102. Coro/. 2. R=t=r : 2 :: л : that is, in a double convex:x z f К лх :
Or double concave glafs, whofe thicknefs is inconfiderable, it will be

•As the fum of the radii t is to one of them ;
*>ut in a concavo-convex glafs, it will be

•ds the difference of the radii, is to one of them-, fo is double tbt otbcr-
to the focal affiance.

193. Corel. 3. Hence in a double convex or double concave glafs,.
whofe thickneis is inconfiderable, and iides are fegments of the fame
фЬеге, tlie focal lengtli is equal to the radius of the fphere.

194. Carol. 4.. In a concavo-convex glafs whofe thicknefs is inconfi—
Arable, if the radius RA ( R ) b e = = 3 r < z ( 3 r ) ; . the focus Qwill fixll
ln the center R of the flatteft fide. For it will be 2 r (Rw-r) : г ::

And if the proportion of R A tor«, is greater than that of 3 U? i }

yill be between the center R and the lens ; but if the íaid propor-
ьоп is leis than tliat of 3 to ï, Q^will be farther than R from tlie. lens..

PR О P. XXVIL

195. If the dißance Rr of the centers R,r of the fides. BA,.ba of a
с°пса-ио-сопъсх medium, be to A a the tbrckneß of the medium, r as n torn;
and r be to the fame ßde of R that a is of A ; the incident and emergent
parts KB, bM, of a rav KB parallel and very near to. the axis ARW///
be parallel,

bet:
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Let q be the principal focus of the fide A, and^of the fide a.

« 124. I. Becaufe Aq : Ry :: 'm : « :: *af: rf:: ъ Aa : Rr; it will be
"Hypoth. ^ (А?—-Ал) :. rq-(&q—Rr) :: л/: r/;:and

or (0^—r^) ,: r.q :•: ar.-.(ar-r-rf}-\ rf,'. Therefore the
points g,f coincide ; and confequently the focus of the refrafted ray is
at an infinite diftance, that is, 1>M is parallel to KB. ^E. D:'

196. Carol, r. If the centers iR, r, • be moved farther afunder, the
points/^ q will feparate, and the lens will have a real focus, as inßg. 63.
So that a concavo-convex lens, whofc furfuces are fegments of the fame
fphere, has a real focus.

197. Corel. 2. If the centers R, r be brought nearer together, f will
be nearer to the lens than g, and the lens will have a virtual (and not a

Fig. 66. real) focus. And this will happen when the centers R, r unite: So
that a lens with concentric fides is to be deemed a concave lens ; but
when the thicknefs A a is but fmall, the divergency of the refracted rays
will riot be fenfible. If the centers R, r change fides, that is, if r gets
neareft to the lens, the cafe will be, as is exemplified m Jig. 64.

Fit/.67 бд? 198. Deßn. The thicknefs of a convex lens is a part of the axis
y° ' (AV, ßg. 67. or Aa,ßg. 69, 71.) intercepted between the fides -, and its

breadth is a line (Sj) drawn between the extreams of the fides (perpen-
dicular to the axis), the fides being continued to a iliarp edge.

. - 199. Deßn. A concave lens is underftood to have its fides touch in
45- »7°» the middle, and its breadth is terminated by two lines (SS, ss] drawn pa-

'~' rallel to the axis, and at the fame diftance from it on either fide.
The length of (either of) thefe lines (SS=ij) is reckoned the thick-
nefs of the lens ; and the diftance between them (Sj=Si) is the
breadth of the lens.

Or, If the concave lens has fome thicknefs in the middle, the diffé-
rence between that and the thicknefs at the ends, is to be reckoned the
thicknefs of the lens.

200. Lemma. The thicknefs, half the breadth, and focal length of a
plano-convex or plano-concave glafs, are continual proportionals, nearly.

Fig.67,68. Let the axis Aa be twice the radius of the convexity S As, and of
» 179. I. the concavity Sas; then will 'abe one of the principal focus's of the

plano-convex glafs, ßg. 67 *. and "A the focus of the plano-concave
glafs, ßg. 68*. And becaufe SV and S'y are each perpendicular to
the diameter Ал of the femicircle AS S a, it will be

* Vide 8. AV : SV :: ''SV : Va -, and av : Sv :: bSv : v A. Therefore, &c.
.VI. Eue. ^E.D.

201.

* This is never ftriaiy true till the thicknefs of the lens has vaniflied. Vid. Art. 178.
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20 r. Carol, Let the radius of the convex fide SÁ J be called R, and

of the concave fide Sas, r -t and let S V and Sv Бе called S : Now if the
thicknefs of the lens be neglecled as inconfiderable, in proportion to the
focal length -, it will be AV : S ;: S : 2 R ; and av : S :: S : 2 r ; that is,

PRO P. XXVIII.

202. Ha If í he breadth of any very thin glafs lens, is a mean propor-
tional betwixt its thicknefs and focal length ', nearly,

This has been already fhewed of plano-convex and plano-concave
glafles, in the preceding lemma.

Let half the breadth of the lens, S V or Sv, be as before called S, and Fig. 69 t»

the thicknefs of the lens A V±zav becalled/. NowAV=a jand<zi;=' a 2 0 ï i jt

~ . Wherefore,

Cafe ï. / (=AV-f av)=s ^ -f ~ -, and by reducing thefe fractions

fo a common denominator, and dividing by 2, we lhall have /:=:•— S ' »

therefore, multiplying each Side by 2Rr, and dividing by R •+•'", we

llbavB

Cafez.

Let the focal length be called /, then in Cafe ï. /=b 5—5 and in * 192. I.

*£ 2. /=-ь : . and therefore in both cafes// aas SS ; that is, / : S ::
8 í

203. Coro/. Hence, in all forts of lens's that are very thin in propor»
«onto their focaliengths: If of thefe three, viz. breadth, thicknefs,
«Kal length, any two be the fame, the third will be the fame alfo i
°r any two being given, the third may be found.

§.2.

iu?!8 Pr.0P?flti°n is not to be trufted to, when the thicknefs of fuch glafles ufually bear too ere»t
?«a to glafles of very Jhort focus's » becaufe a proportion to their focal lengths.

H
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§.2. Of oblique pencils of rays.

204. The axis of any pencil of rays whatfoever incident upon a re-
fracting fphere, will pafs thro' the center unrefracted. This is felf-
evident ; for a ray that enters a fphere perpendicular to the furface,
emerges out of it alfo perpendicular to the furface. But the cafe is dif-
ferent, with refpect to a lens ; for the fides of it not being concentric,
no ray can be perpendicular to both the fides, but that which coincides
with the axis of the lens : And hence all pencils of rays refracted by a
lens, excepting that one whofe axis is perpendicular to both the furfaces,
are faid to be oblique, and called oblique pencils.

P R O P . XXIX.

205. In every oblique pencil of rays whatfoever, r ef raffed by any lens,
there is one r ay whofe incident and emergent parts are parallel ; and this
ray is the axis of that pencil, or that ray in it which undergoes the leajl
refracJion. . . '

Fio-. 72 to Inßg- 75> to 78. bt R,r be the centers of the-fpherical fides A,a ;
7i/f ' and in ßg. 73, 74. let r be alfo the center of the fpherical fide a. In

the* flatteft iide of any lens whatfoever aflume any point B, at which
fuppofe a ray of light to be refracted, either at its enterance into the
lens, or at its emerfion out of it : Draw the perpendicular R B to that
fide, and parallel thereto draw alfo the perpendicular r b to the other
fide a -, join Be, then will Be be a ray wnofe parts PB,p6, without
the lens, will be parallel. For the ray Bo drawn between the two paral-

'zQ.l.EucI. lels RB, rb is 'equally inclined to them both, and confequently PB, bp
k Laws of re arc alfo 'equally inclined to RB, rb, and therefore parallel to one ano-
baion. tiier_ And after -the fame manner, wherever the point В is aflumed,

we can find a ray Eb, that ihall be equally inclined to both theiurfljces;'.
and therefore in every oblique pencil of rays, there is one ray whofe in-
cident and emergent parts are parallel. And it is manifeft alíb, that
every other ray pafling through B, will be more refracted than the ray
Be ; for a plane touching the lens in any other point beiîoles b, will- be
inclined to a plane touching it in В ; and therefore a ray paffing through

c 69. 1. B and any other point befides b, cwill be bent out of its courfe, more or.
lefs, according as thefe planes are more or lefs inclined. Therefore,

Q y is the axis of an oblique pencil on the contrary fide of the axis of
the lens.

206.
* The only reafon for chufing В in the flatteft otherwife might happen, bccaufe the fide Л ii a

fide, is to prevent i fulling out of the lens, which Icfler fegmcut than the fulc a.



SECT. IV. O F O P T I C S. 51
206. Corel. The axis of any oblique pencil whatfoever, is equally in-

clined to .each fide of the lens : And the lefs oblique is the pencil, the
nearer will the point В be to the vertex A ; and d the lefs will be the rt6S. 1.
diftance between the parallel rays PB, bp.

P R O P . XXX.

207. In every oblique pencilof'ravs; the part Bb of the axis within the Fig- 73 t9

fens, produced if need be., will interfecJ the axis of the lens in the very j ame 7 Я •
point О ; and the point О divides the axis of the lens in fuch a manner,
that АО : aO :: R : r j that is,

ï. The point О is in the vertex of. a plano-convex and plano-concave. Fig. 73,74.
2. .In the double convex and double concave, the point О divides that Fig.75,76.

part of the axis 'which is within the lens, in the ratio of the radii of the
ßdes, the ßorteß part being next that fide which has the greateß
curvity.

3. The //'/&? Bb muß be produced without a concavo-convex lens, before Fig.77,78.
it will interferi the axis : And the point O in the axis, where the faid
Une B b produced int erf eft s it, lies next to that fide which has the greateß
curvity -, and its dißance from the ßdes, is as the radii of thefe ßdes re-
fpeSlively.

Let the radius of the flattert fide A be called R, and the radius of
the other fide, r ; and becaufe the axis ЪЬ of any oblique pencil, *is »2об. I.
equally inclined to both the fides of the lens, it neceflarily follows :

Cafe ï. In a plano-convex and plano-concave lens, the axis B b of
any oblique pencil pafles through the vertex a, and therefore the point
О is alfo in a. For no perpendicular to the fpherical fide, can be paral-
lel to a perpendicular to the plane fide, but that only which pafies thro'
the vertex a. Again, becaufe R in this cafe is infinite, and О coincides
with a ; it will be, R : r :: АО : л О. Therefore, &с. ^ JE. D.

Cafe 2, and 3. Becaufe the radii RB, r b are ьparallel, the As RBO, p-p.
*oQ are fimilar ; and therefore RB : r b :: RO : rO. Alfo RB±=r/; : RB *f 7ü 8

or r b - ROrtirO (Rr) : RO or rO. But the three firft terms are t Hypoth

^variable quantities, and therefore fo is the fourth likewifej that is, in the
fame lens the point О is invariable. And from the pofition of the parallel
radii RB, rb, it is manifeft that the point O muíl be within the double
convex and double concave lens, and without the concavo-convex.

Again, becaufe RO : RA (RB) :: rO : ra (rb) ; it will alfo be,
АО (ROc/5 R A) : R A :: aO (rOco ra) : га-, that is,

АО : aO :: R : r. Therefore, off. ^E.D.

H 2 208.
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208. Carol. The point О is in the middle of a double convex and

double concave, whofe fides are fegments of the fame fphere. And in
every lens whatfoever, the greater proportion the greater radius bears to
the leiTer, the nearer will the point О be to the vertex a of that fide
which has the greateft curvity.

P R O P . XXXI.

Fig. 72 to 2O9- If the axis Bb of a pencil of rays, is not very oblique to the axis
78. of the lens; the points s,v where the parts 'without the lens PB, ^pro-

duced, of the axis of the oblique pencil, cut the axis of the lens, divide t hat-
axis in fuch a manner, that

AO : As :: m : n :: aO : av ; nearly.
"Conftruc. The angles RBi, RBp or their fupplements, "are the angles of inci-

dence and refraction at the firft fide A ; and therefore their fines are as
bi5&35.1.b^ to n. Inßg. 73,74. the ̂  RBj — cAiBj andRBO= cAOB.
'гуЛ.Еис. And inßg. 75 to 78, the difference between the /Ls RBj, RBO, or.

their fupplements, and the refpecbve z.s AiB, A OB is equal to the Л
ARB; as will be manifeft by drawing dE parallel to the axis R A.
And therefore the fines of thefe refpective angles, are pretty nearly in
the fame ratio ; that is, SineZ.AiB: Sine Z. A OB :: m : n ; nearly.

* Trigonom. But the fines of the Z_s A jB, АО В dare as the fides B O, B s ; and when-
the point В is not very remote from A, BO and B í will be as АО and
As, nearly. And therefore when the point В is the neareft of all to A,
it will be, АО: As:: m: n. ^E.D.

In ßg. 73, 74. the points a,v and О do all coincide : And inßg. 75,
to 78, it will be proved as above, that when the point b is very near, to a,.
it will be, aO : av :: m\ n. Therefore, &c. ^ Ë. D.

aio. Corol. j. The farther is the point В from A, and b from a-,
f 56. L «the greater will be O s and Qv.

Let s and v be points belonging to pencils, that have the leaft obli-
quity to the axis of the lens. Then will,

211. Corel. 2. AJ = — AO; and qv= ^aO. Let the thicknefe

Aa of any lens be called / : Then in a plano-convex and plano-concave

Jms, AJ=—/. And in a double convex and double concave, whole

fides are fegments of the fame fphere, As=av = £-t.

212. Corol. 3. Hence, in a plano-convex and plano-concave glafs
As = jt. And in a double convex glafs of equal convexities, and in a
double concave glafs of equal concavities, Aí^=^e-u = ^í,.

213.



SECT. IV. OF O P T I C S. 53
213. SchoLi. The places of the points s,v are affected only by the

different inclinations of the axis of the pencils, refracted by any lens, and
not at all by the different diftances from the lens, of the focus's of the
faid pencils. The point i> will be always without a concavo-convex
lens ; but the point s may be either without or within that lens, accord-
ing as the ratio of AO to A//, is greater or lefs than the ratio of m
to n.

214. SchoL.z. As the angles fubtended by objects and their images>
яге properly thofe which are contained between the axis's of the pen-
cils belonging to their extreme parts; fo thefe angles, ftrictly fpeaking,
are not formed at any common point in or out of a lens, but at the
two diftinct points s,y according to the refpective fide of the lens, the
object and image are of..

215. Schol. 3. The focal length of any lens^ isto be reckoned from
the point v, if the flatteil fide is expofed to parallel rays ;. and from the
point s, if the parallel-rays are incident upon the moil convex or concave
fide. The point v in all cafes, .being the moil remote from the flattefb
fide (A) of the lens. Note, the points s,v we ihall fometimes call the.ofTien!"'"

focal centers of the lens.
[215.]. Carol. Hence,, the focal length of a convex lens is, properly,

the diftance between the principal focus and the next focal-center. And
the focal length of a concave lens, is to be reckoned from its principal
focus, to the fartheft focal center. See ßg. 57, to 64.. and ßg. 73,,
to 84.

2-16. Scbol..%. As the axis's of the feveral pencils that are not very
oblique, are refracted orderly from the fame point í or ï; nearly ; fo the.-
refraction of thefe axis's caufe no fenfible confufion in .the image.

21.7.-. Schol;̂ . Becaufe AJ= "-^ AO j and av=.* -^ дО.. *m. l.

Alfo becaufe R : r :: ЬАО : aO ; it will be,. ъ ao7< i..

R=fc=r : R :: t (AQ.=fc=rtO) : A2 ; therefore/.
r'

f

Wherefore,

AÍ = -^- x R^r-;; and a v = -^ x ̂ r;/and multiplying one fide: of

each equation by m x R=fcr ; it will be^ ,

PRO P. .

ay.:; nR.t : nrt*.
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P R O P . XXXII.
218. If rays come both ways upon any lens, parallel to the axis-, the

dijlances of the geometrical foci on each ßde, from the rtfpeolive points
s,v will be equal.

Let as before the thicknefs of the lens be called /, and the radii of
the fides AB, ab be called R,r,

,„. , CASE ï. When one ßde of the lens h plain.bg. 57 to J J f
60. Becaufe AF (fig. 57.) == *EF + ±t (fig. 59.) = VEF -f- Es. And
»177 I.

" EF (fig. 58.) =:aAF— £/ (fig. 60.) = bAF— EJ. Therefore,
ь 2i ï. I. AFг jF 7 ç A 7

(fig. 57.) = s¥,ßg. 59. And in/^58.|AF £ = j íF J A- 6o-

Therefore, &c. ^E. D.
Fig. 6 1 to CASE 2. #$f;z both ßdes of the lens are fpherical.

4' Becaufe in ßg. , * ; w«Rr=qp»R/ : m n R r =
с О Т

By adding or fubtraéting the like proportionals «R/ : «ri :: AA.s : av ;
a 2, 7 ï it will be, mnRr : mnRr :: AQ_=t= AJ (jQ) : ax=t=av (vx). .

61Alfo becaufe in^. ,^ j mn^.r-=ç.n^t:mn^.r-±=.nrt

it will alfo be, mnRr : mnRr :: AQ±= Aj(jQ) : ax-=^av (vx).
Therefore in all cafes íQj== v x. ^ £. D.

219. &:&?/. i . The radius of a plano-convex or plano-concave lens
being the fame, the focal length (AF,^. 57, 58. and sF,fíg. 59, 60.)
will be the fame, whatever be the thicfcnefs of the lens.

220. Schol. 2. All other things being the fame. In a double convex
lens, and in the concavo-convex, ßg. 64. the greater is f, the greater
will be sQ^or vx -, and in the double concave and the menifcus,^. 63.
the greater is /, the lefs will be sQ^or vx. For,

__ _
217. I. "r̂ R + m r - m t + i i t

Fig. 62. «îl£
r - t -mt — n t

Fig. 63. ~

e -

r » R r
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In each cafe, the variable quantities —;;R/, -f- ;;R/ in the numera-

tors have contrary figns ; whence it is manifeft that in ßg. 61, 64. die
greater is /, the greater will be jQj and in ßg. 62, 63. the greater is f»
the lefs will be sC

P R O P . XXXIII.
221. The fact of both air caí and oblique pencils of parallel rays, are,

nearly at the fame dißance from the fecal center (s or v, as the cafe is) of
°ny lens,

Let ArQJpe the axis of the lens, r the center of the firft furface Y\*. 79 ts
Q^jhe principal focus of that furface, and F the focus of the lens, g/*
pbBP be the axis of any oblique pencil ; and let the emergent part

, produced backwards cut the axis of the lens in s. Of all the rays
Parallel to the axis pbBP, there ihall be one as Da1 which will fall per-
pendicular upon the firft furface ad ; and therefore if the medium was
continued, this ray (produced backwards from a concave lens, but con-
tinued through a convex lens) would pals through the center r, and the
geometrical focus of rays parallel to it would be at q, fo that ry = rQ._
This is manifeft, becaufe drq is perpendicular to the furface a, as well
as ar(\

Again, of all the rays parallel to the axis pb, there ihall be one as
Ее (if the lens is broad enough) which iliall be refracted into cG per-
pendicular to the fécond furface AB ; and therefore the focus of this
ray iliall be in sP produced, and-in eG produced ; that is, in the point
°f interfection /'. Neglecting the aberration of the firft furface ab ; c G
produced would unite with the axis drq in q. We are now to Ihcw
that -j/— s p nearly.

C A S E ï. When one fide of the lens is plain. Fig.79,80.
Bccaufe sr,fq ; and sf, r q * are parallel ; sf= brq = crQ_== •'jF. ' H)Toih.

C A S E 2. When bothßdes of the lens are fphcricah с a^it'iua'^'
Let R be the center of the fécond furface AB, and becaufe cG is per- rt 218. I.

Pendicular to this furface, it will pafs through the center R. And be- Fig. 81 to
cauTe rq is " parallel to sf, it will be Rr : RJ c :: rq : sf. Now the 84.

firft terms (Rr, l l i j are invariable quantities, and admitting r g to e4.VI.£/ff.
ain invariable, sf will be alfo invariable ; that is, jF will dclcribe ' •
fee-tor jF/; and .f/will be = ЯЛ

**
ut becaufe of the aberration by the firft furface de^ no ray, as Ее Fig. j^ to

Parallel to and remote from the axis D;-^, can be refrafted to the focus 84.
У; 'but it will cut the axis rqy in fome point у, between q and r ; and f 134.1.
therefore a ray parallel to pb, that Iliall be rclradted perpendicularly to.
tne fécond furface AB, rnuft be fome ray bkt between be and the axis
?6» if the centers R,r are on different fides, Jig. 8j, 82 ; othenvife b k

2 Will
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will be farther from the axis than Ее,, ßg. 83, 84 j and confequently
this ray, will cut the axis sf in fome point A-, between f and s. But it
has been íhewed above, that if the lens had no aberration, f would be
die focus of all the rays' parallel to the axis pbBf; and as the aberra-
tions at the different furfaces, are contrarily, it is fufficiently manifeft
that the focus of thofe rays that are .neareil to the axis pbBf, will not
.be remote -from/ ^E, D,

222. Schol. In every lens whatfoever, the true focus g of an oblique
pencil of parallel rays will be bet ween /and s ; that is, sg will be lefs
•than s f or S F.

Becauíe if there was no aberration at either furface of the lens, sg
,t ï would be eequal to sF or sf; it follows that if the aberrations at each
F'» s'i 82 furface were equal, they would deitroy each other. Let rays of light

°' ' 'be within the lens, on each fide of the axis &B, and let their inclina-
tion to that axis be fuch, as that they would emerge at the íide b parallel
to bp. Now it is manifeil, that a ray parallel to the oblique axis /><£BP,
and between the faid axis and the perpendicular dr^ will be more oblique
to the emergent fide A, than to the incident fide a ; and therefore in this
<afe, the aberration at the fide A is the greateft, and this excefs of the
aberration, contradts the focus nearer to s than/ äs to,g-. In like manner,
if the parallel ray be on the other fide of the oblique axis, the greateft
aberration will be on the incident fide a ; and in the prefent cafe likewifc,
this excefs of aberration, contracts the focus nearer to the lens, as to g ;
and it is manifeft, that the more oblique is the pencil, the greater will
be/£. Therefore, ÖSV.

§. 3 . Of diverging or converging rays, and of images.

P R O P . XXXIV.
223, The f ос из of incident rays, either diverging or converging upon

any lens, being given ; to find the focus of the emergent rays.
Let F/be the axis of any lens Bl>, whofe focal centers are s,v ; and

principal foci are F,f. Let any point Qjn the axis of the lens be the
Fig. 8$ to focus of incident rays, either diverging as QJ3, or converging as MB ;
90. and let / be the geometrical focus of thofe rays parallel to the axis of

the lens, whofe incidence is on the fame fide with the ray QB, or MB,
To find the focus of the emergent rays, fay QF : F s :: vf(Fs) :fq-,
and placing q the fame way from f, that F is from Q; the point q thus
found will be the focus required.

ConßruStion. Let the point of incidence B, be not remote from the
vertex of the lens : from the center v, defcribe the arch fd, and draw

J 2 2 i . I. ^ parallel to the incident ray QB or MB ; 'then will d be the point
where the emergent ray interfefts the axis vd, and therefore the point f,-

where
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where the emergent ray bd (orN^) produced, interfedts the axis of the
lens, is the focus required.

Again, draw sD parallel to gïï ; then will the As QDj, vdq be
Equiangular, and therefore QD : Ds :: cvd : dq. But D is a point where Ь2р,.& 32.
the incident ray qb, or N<£, after refraction by the lens, will interfeil *• ^Af-
the axis iD, fo that iD = *jF nearly; and when the As QDi, vdq C4- VI. £и.
are vanifhing, the point D will coincide with F, and d with f -, where-
fore QF : Fs :: vf : fq. ^E. D.

224. Coro/, i. Becaufe Fsz=cvf, F s or v f is â. mean proportional' 2 l 8 < *•
between QF and/? > that is, QF : F s :: FJ : f q,

22-5. Corol. 2, QF : FJ :: (vf:fj".*) Q^(QF^F.s) : v y (u/k/y). "Vide 12.
226. Coro/. 3.. QF : QL:: (Fi : vg ::') Q£_(QF£Fj) : Qs£vg. V'EucL

22.7. <SVy6o/. ï. When the lens is not very thick, in proportion to its
focal length, the focal diftances sF, vf, may without fenfible error be
reckon'd from the point O, which bifefts v s ; and then the preceding
rules, will be convertible into the following, viz.

ï. QF:FO::FO(=0/):/?,

2. QF : FO :: QO : Oq.
3. QP : QO :: QO : Qy.

228. Corol. 4. If q be. the focus of incident rays, Qjvill be die focus
of the emergent rays. .

229. Corol. 5. The focus's Q,y, move both the fame way ; and al-
ways lie the contrary way from F and f. And the diftances FQ,/?, .
Vary reciprocally ; that is, as one increaies, the other decreafes, but with
a different velocity, according as they are differently iituated. When
Qj:oincides with F, q will be at an infinite diftance ; that is, the re-
fradtcd rays 'will emerge parallel to the axis. And, m Jig. 85, b'6, when
0.0 = 2 OF,. Q,q will be = OQ ; whence the difference of the feed
diftances of the refrafted rays when QO =2 OF, and when OQJs in-
finite, is only equal to Of..

230. Corol. 6. When the focus Q,.of rays diverging upon a convex
lens, ßg, ^-r. lies between F and the lens j the rcfradled rays (/^N in-
ftead of croffing the axis) will diverge from the focus q. And. if inci-
dent rays upon a concave lens, converge towards a point -that is nearer to
it thunP, as in./£. 88. the lens in this cafe will have a real focus;
that is, the refrafted rays will croîs the axis in q. And univerfally,

231. Corol. 7. When the focus's Q,? lie both on the fame fide of the Fig- 87 л
if the incident rays diverge from Q, (fig. 87, 90.) the emergent 99-

I rays
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rays wffi diverge from q. And if the incident rays converge towards
Q» (ßS- 88, 89.) the emergent rays will converge towards q. And in
all thefe cafes, the nearer QJs to O, the nearer alfo will q be to О ; and
if one of thefe focus's be in O, the other v/ill alfo coincide with it.

Fig 85,86. And the contrary happens, when Q^and q are on different fides of
the lens; that is, rays diverging from QJjig. 85.) will converge to-
wards q. And rays converging towards Q (ßg. 86.) will diverge
from q.

232. Schol. 2. Convex and concave lens's, maybe compared to con-
vex and concave furfaces ; and what has been ihewed with refpect to
the motions of the focus's Q,q by the refraction of the one, is alfo appli-
cable to the other. Thus, in ßg. 85, 86. the focus's Q,^ are on oppo-
fite fides of the lens j and neither can approach nearer to the lens, than
the focus's F,y. If one of the focus's is between F and the lens, ßg.
87 to 90, the other will be alfo on that fame fide of the lens. In fig.
87, 88. the whole motion of (XJs from F to the lens; but the motion
of q is not limited to any diftance from the lens to infinity. In^. 80,,
90. the place of q is limited from y to the lens j and the motion of Q,
is like to that of q in the preceding cafe. The three cafes ot convex
lens's pafs from one into the other, as do alfo thofe of concave
lens's.

233. Schol. 3. All forts of convex lens's, that have equal focal lengths,
will have the fame effect if put into each other's places j becaufe the
rules above, regard only their focal lengths, and not their figures. The
fame is alfo true of concave lens's. So that the fix figures referred to,
contain all the variety that can happen with refpect to the focus's
Q,?;

P R O P . XXXV.

Of Images, formed by the refraSiion of Lenss.

Fia QI to 234; Van arch °f a circle PQR, described from the focal center s
„f" of any lens, be conßdered as an object ; its image pqr may, in moß cafes,

be alfo conßdered as a ßmilar arch, ivhofe center is the other focal center
v. The length of the object -will be to the length of its image, as sQto
vq: And the image with refpect to the object, •will be erect or invert e dt

according as they lie on the Jameßde, or contraryßdes of the lens.

93. This propofition, with refpect to a fphere is felf-evident ; becaufe the
object being concentric thereto, (the points s}v in this cafe coinciding
with the center O,) every part of the object is alike expofed to the fur-
face of the iphere. Therefore, &c.

And
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And in a lens, becaufe the geometrical foci, of parallel rays, E,F,G ; Fig.g 1,925

f*/><S" "are nearly in arches, whofe centers are srv refpectiveíy ; neglect- 94-
ing the aberrations of the lens, (or fuppofing the object, and the thick- a 2 2 1 . ï.
nefs of the lens, to be fo fmall that the refractions of die two fides are
equal,) it will be PE : Es :: bve : ep; QF : FJ :: bvf \fq ; and ь 2 2 3 . L
R G : Gs :: bvg : gr. But in thefe three couplets of proportionals, the
three firft terms "are nearly equal each to. each refpedtiveíy ; and con-
fequently the fourth terms are equal alfo nearly,, and therefore pqr may
without feniible error, be reckoned a circular arch, whofe center is v.

235. Again, becaufe the axes P í, vp; RJ, vr of the oblique pen-
cils, care parallel, the angles PiR,/>iJr are equal ; and therefore the ob- c 205. I.
ject PQR is to its image, as their diftances íQ, v q: And according as
their correfponding extremes P, p ; R, r lie on the fame,, or on contrary
fides of s, v ; they lie alfo on the fame or on contrary fides of their
middle points Q,yi that is, the image with refpect to the object, is
erect or inverted. £>.,£..£>.

236. Schol. ï. *In common cafes, or when the lens is not very thick;
"the axes of the oblique pencils may, without fenfible error, be confi- <> 227. I.
dered as interfering the axis of the lens in the point O, which bifects
the diftance s v*

237. Schol. 2. If the object is a ftrait line iubtending a fmall angle at
the lens, its image will be fo too, nearly j and the fmaller the object and
image are in proportion to their diftances from the lens ; that is, the
fmal'er are the angles which they fubtend, the more exaftly will they
correfpond. And univerfally, the images of all furfaces fubtending very
fmall angles at the focal centers of any lens, will be, accurately enough,,
alike to their originals.

238. Scbol. 3. Becaufe the focal diftances OE, Or, of .an oblique
pencil, care lefs than the focal diftances OF, O/'; a circular object whofe '222.. I.
center is O, will not have a fimilar arch, for its image.. If the object
and its image are on different fides of the lens, as injïg. 91. or if the
lens is concave ; the image will have a greater curvity, than the object ;
that is, the ratio of O q to O Q, will be greater than the ratio of O/> to
Q P : But if the object and image, are both on the fame fide of a.con-
vex lens, ßg, 92. the ratio of O/> to O.P, will be greater than the ratio
°f Oy to OQ.̂  As will be manifeft, by comparing together the rules

FO :: QO : O? ; PE : EO :: PO : Op.

I 2 239^
In fbe four laft plates, the lens's are made the places of the points s,v, and the rays be-
cr than ordinary, for the fake of reprefenting longing to them diftinoly.
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Fig. 9 j to 239. Schul. 4. Neglecting the aberrations of the lens's, a ftrait ob-
94- jeól (PQR) at right angles to the axis of any lens, will have a curvilinear

image : And if the object and image are on different fides of the lens,
as in ßg. 91. the image will be concave towards the objecl: ; and the
image will be convex towards the object, if they are both on the fame
fide, as in ßg. 92, 93, 94. For it being QF : OF :: fOf:J'q-, and

f 234 & PE : OE :: 'O<? : ер ; it will alfo be,
Ч«- í- OP (QE£ OF) : OF :: Oq (O/£/?) : f q ; and

OF (=OE) : PO :: ep : Op ; and by multiply-
ing theie two rows of proportionals together, we fhall have,
<3P : O q x cp :: PO : O p x f q. But in ßg. 91, 94. (becaufe QJF is
lefs than PE, and the middle terms OF, Of, OE, Oe are equal,) it is
manifeft that ep is leis than f q ; and therefore the ratio of O q to OQ>
is greater than the ratio of Op to OP. And inßg. 92, 93. ep is greater
than f q ; whence there the ratio of O q to O Q, is lefs than the ratio of
"Op to О P. Whence in all cafes, the image is curvilineal ; and in ßg.
91. the image is concave, and in ßg. 92, 93, 94. it is convex, towards
the object, ^ E. D.

If the aberrations of the oblique pencils be confidered, becaufe then
the focal diftances OE, O e are lefs than OF, Of; it is manifeft that
the curvity of the image will be ftill greater, and the fame way as be-
fore. And the greater is the angle QOP, the lefs "1^.91,94. and
the greater inßg. 92, 93. will be the focal diftance Op. So that qp is
not a circular arch, but approaches towards one or other of the conic
Sections, having q in its vertex.

And it may be farther obferved, that the images of ílrait objects, by
convex or concave lens's, correfpond to thofe of like objects, by convex
or concave furfaces. Vide Art. [153.] I.

240. Schol. 5. When an object, as PQR, is farther from a convex
lens (ßg. 91.) than its principal focus F, there will be formed a real
image pqr, whofe pofition with refpect to the objecl:, is inverted.

But an object placed nearer a convex lens, (ßg. 92, 93.) than its
principal focus F, or any where before a concave lens, (Jig. 94.) will
have no real image ï the rays b,b ; a ta-, c,c in each pencil, after their
emerfion out of the lens, diverging from the foci />, q, r^ refpedtively.
In both thefe laft cafes, the image pqr is ereet^ and in the firft cafe
(fis- 92> 93-) tne image is always greater, and in the fécond cafe, (ßg.
94.) the image is always lefs than the objecl:.

241. Schol. 6. The theory of real images, may be thus illuftrated by
"S- 95-» an experiment. Upon a long table draw the line BD, and over fome

point
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point there in A, place the convex lens O, whofe principal focus's are
F,/3 fo that the axis F/of the lens, be parallel to BD. In the line BD,
take AF, Af each equal to OF or Oy'in the axis Qy. On one fide of
A divide the line AB into the parts ï, 2, 3, 4, off. each equal to AF;
and on the other fide take/'л equal to A/'or AF, and divide it into

/т,/у,/т> &с- *° ^1а|: th^ Parts k£ refpectively equal to -i-, |, ~,&c.
of f i or A/I Now if the room be darkened, and a lighted candle be
placed over any one of the divifions in the line AB, as at 2 ; the image
of the candle, will be feen diftinct but inverted, upon a paper held
over the corresponding fraction on the other fide, as at i. If the candle be
placed at the point 3 or 4, &c. the paper for receiving the image muil be
held over -i- or -J-, &c. So that if the candle be moved from 2 to an in-
finite diftance, the whole motion of the image will be from ~ to f.
If the candle be placed at ï, the image will be at ï, at the fame dif-
tance from the lens on the other fide. If the candle be brought nearer
to F, the motions of the image and candle will now be reciprocal, to
what they were before. But if the candle be placed any where, be-
tween F and the lens, there will be no image formed.

242. SchoL 7. Since an object placed at any diftance, and its image, «235. I.
fubtend 8 equal angles at the focal centers st v of any lens j the angle
under which any remote object appears, being given, it will be eafy
to find the diameter of its image.

Let q be the principal focus of the convex lens O, an4 let the angle pjg. об.
PsR=pvr be that under which the fun (or any other very remote
object) appears to the naked eye : Bifect the Z. p*vr with the line
vq ; then in the right-angled A vqp or vgr, we ihall have the fide
vq and all the ^_s, to find qp or qr, the femi-diameter of the image.

P R O P . XXXVI.

Of the Camera Obfcura.

243. By a Camera Obfcura in optics t is meant any darkned room or
fox, out of which all light is excluded, but what comes through a lens upon
a white Jheet properly placed, Jo that the pictures of objeSls that are
without, are feen thereon. 'This phenomenon is very curious, and being
altogether explicable upon the principles already delivered ; its * theory
may not improperly be explained here.

Let OB be a darkened room or box, into which no light is admitted, Fig. 97.
but what comes through the lens O, whofe principal focus is F, and
axis is Qj- : And let q be the focus, after refraction, of rays which come
from Qj_ 244.

* The mechanifm of different forts of Camera Oijcura'f, will be exhibited in Book III.
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244. Phänomenen. Now if a meet, of * white paper or canvas, be

placed at q perpendicular to the axis Q q ; the pictures of objects that
are before the lens, at the diílance OQ, will be fairly and orderly re-
prefented upon the paper, in their natural colours and proportions, but
inverted.

In the figure, to prevent confufion from too many lines, there are
drawn only the three pencils that come from the extremes P,R, and
middle Q, of the objefl PQR ; and in thefe pencils, there are alfo
drawn only the two extreme rays, befides the axes. But the rays
flowing from any point P, for inflance, upon the lens, are innumerable,
the whole conical fpace bPd, being filled with them ; and thefe being
all collected and united at the focus f, and there received upon the
white paper, whofe furfàce is uneven, are reflected by it all manner of
ways j after the fame manner, as objects themfelves reflect the light
falling upon them. So that p to a fpectator in the room, is now, as it
were, a real object, exactly fimilar to the phyfical point P, and in pro-
portion to it, as Qp to OP. And p is of the fame colour with P, be-
caufe the rays flowing upon the lens from P, are united at p, diftinct and
feparate from the rays coming from other parts of the object.

In like manner, every other phyfical point of the object ; fends forth
its cone of rays, which by the lens are brought to unite orderly at pqr ;
and being there reflected by the paper, the image of the whole object
is diilinct and vifible, like a picture drawn upon canvas ; but much more
lively and perfect, than the befl finiihed drawings of the greateft
artiir.

If the objects are very remote, in proportion to the focal length of
the lens, we mail have the pictures of thofe that are in the fame neigh-
bourhood, pretty diilinct at the fame time, though they are at different
diitances from the lens ; becaufe in that cafe the focal diftances of the
refracted rays, differ infenfibly.

245. Schol. ï. If the paper be moved nearer towards the lens, as to л1,
'or farther from it, as to^ ; the picture will begin to be confufed ; becaufe
the rays proceeding from the next adjacent points of the objeds begin
to interfere and mix together, as the rays from the point a, will be mixed
with thofe from P, &c. The diftinctnefs of the picture, is entirely
owing to the feparation of the rays belonging to every point of the ob-
ject, upon their reception by the paper. And if the rays belonging to
any phyfical point of an object could be feparated from all others, the
image of that point would be diftinct upon the paper placed at any
diflance either before or behind the focus ; only it would be lefs bright,

becaufe
* Tlie piflure appears beft upon white, be- and copioufly, than bodies of other colours; arid

caufe white bodies rcfleft light more uniformly paper refleib Ught more uniformly than canvas.
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becaufe it would contain fewer rays, according to the greater diilance
of the paper from the focus.

If the paper be moved further and farther from the focus, the pic-
ture will become more and more indiitinct, and at length totally vaniih,
no one part being diftinguiihable from the reft ; becaufe now the rays,
even from remote parts, are mixed together. It is for a like caufe,
that the room muft be dark ; otherwife the foreign light mixing with
the pencils that form the picture upon the paper, weaken that picture,
till at laft as the light grows ftronger it becomes infenfible. A picture
will be perfectly formed, upon a paper placed in the focus of a lens,
in the open field ; but the paper being at leaft equally enlightened from
all other parts, and its uneven furface reflecting the light it receives all
manner of ways ; the picture formed by the lens is quite obliterated,
and nothing is feen but the paper itfelf.

246. Schol. 2. Why the image is inverted, is evident by a bare in-
fpection of the figure ; and it is manifeil alfo, that this inverlion is not
owing to the lens : For if the lens be removed, and the light be
admitted into the chamber, through a moderate hole of about an inch
or lefs in diameter, we ihall have on the oppofite wainfcot or wall, an
inverted (tho' a very imperfect) picture of the objects without, after
the fame manner as when the light came through the lens upon the
paper fcreen ; the feveral pencils in both cafes neceflarily croffing each
other, as well in the open hole, as at the lens. But without the lens, the
picture will be very faint, and alfo confufed : It is faint for want of
fufficient light ; there being now but very few rays for forming each
point of the image, and thefe being reflected by the wall or paper all
manner of ways, the feveral pencils that enter the eye are fo rare, or
contain fo few rays, as to be fcarce fenfible : And the picture is con-
fufed, becaufe the rays coining from the adjacent objects, interfere
and mingle together ; and the larger the hole, the greater will be this
confufion.

§. 4. Of the aberrations of rays, from the geometrical
focus s of lens's.

P R O P . XXXVII.

Having the angle of incidence upon any given lens, of a ray parallel
to the axis ; to ßnd the proper focus of the emergent ray,

It will be fufficient to trace the progrefs of the ray, through the
fphere, and the three convex lens's ; the method of tracing the ray
through the concave lens's, being much the fame. This admits of four

2 cafes :
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Fig. 98 to cafes : in each of which A.a is the axis of the lens ; DE is the incident
юг. ray parallel to the axis ; R A =RB the radius of the, fide AB ; and in

fig, loi, loa. ra=rb is the radius of the fide ab, and rbk is aftrait
line. QJs the geometrical focus of the firft furface AB, q the proper
focus of the ray after its firft refraction by that furface ; F the geome-
trical focus of the lens, and f the focus required. In each of thefe
cafes, the angle of incidence DBd (or its fupplement) = ARB, is
given.

Fig. 98. 247- CASE ï- О/ л fpbere.
ï. Say m : n :: Sine L. DBd (= Z. RB/6) : Sine t_RBè; then draw

»Laws of re-.BAa, which is the refracted ray within the fphere, and produce it to q ;
fraaion. through the point b, from the center R, draw the line Rbk. Now
ь r- I Eue the *- k^ == "R*B =CRB^ 2- 8аУ n \ m : \ "Sine £.kbq : Sine L. kbf;
c

l$' ' ' and draw bf. 3. To find the point f\ in the A Rbf will be given,
5' Ш' the radius R£, the Z. t>Rf (== 180° — BR^+ARB), and the L.

. R bf (= 1 80° — kbf), and confequently the z_/; whence R/d is eafily
found. E. I.

248. CASE 2. A plano-convex lens, -with its plane fide towards the
&' 99' incident ray.

In this cafe, the incident ray being perpendicular to the plane fide of
the lens, a it will pafs on diredlly to B unrefrafted ; and therefore the
Z.RBD=VB/£ is properly the angle of incidence. Wherefore, ï.
Say n : m :: "Sine z. í/B k : Sine L. dftf, and draw Ef. Then 2.. In the

RB/ will be given, the fide RB, and all the zs, "to find R f.

Fig. loo. 249- CASE 3. A plano-convex lens, with its convex fide towards the
incident ray,

ï. Say]m:» :: 'Sine Z. DBd (=bRBA) : SineZ-RBy. Through the
pointé (where the ray Bq cuts the fide ah) draw bk parallel to AR •
und produce DB to /л Then,

2. Say я: т :: aSine Z./% (=RB£—RBy) : Sine z. kbf; and
draw bf. To find the point /'. 3. In the right-ur.gled д Bbl> are given
the fide Bb (=Aa—Av) and the Z. bBb (=КВА—RBy); "to find
hb. 4. In the right-angled A baf\ will be given the lide/;o (=B-u—
bb\ and the Z. abf(=i)ot)—kbf); "to find af. %. R. I.

Fie ют 25°- CASE 4. When both Jides of the lens are fpberical.
102. ï. Make as before, m : n :: "Sine Z. DBí/(=RB/6) ; Sine L. RB^,

Or RB?.
2. In the A rRB, are given the fides rR, RB,and the Z.R(=:'DB</

or its fupplement)j to find the z,s RrB, RBr, and the fide rB.
2-
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3. In the Д r-B£, Will be given the fides rB, rb, and the Л rBl> (=

RB^=J=RBr):j "tofindthe A Br^ and alfo the L. rbE=bkbq.
Jiho • k vî

4. Say n : m :: a Sine L. £ : Sine/. Л-; and draw A/1

5. In the Д rbf, will be given the fide rb, the z. brf (=-BrR=p
BrB, or their fupplement) and the ~L. rbf\ A to find r/. í^JS. 7.

If a ray H G parallel to the axis, enters the concave fide of a menif- Fig. Ю2„
cus lens ; the point L where the emergent ray cuts the axis, and confe^
quently the aberration LM, from the geometrical focus M, may, as above,
be found thus :

ï. Let it be m : n :: Sine 2. rGH : Sine L rGfc ; and produce KG
through Z to g; then will G Z be the refracbd ray, within the lens.

2. In the Д R r G, are given the fides Rr, rG, and the L r \ to find
the As rRG, rGR, and the fide RG.

3. In the Д R G Z, will be given the fides RG, RZ, and the L.

RGZ (= 1 80° — KGr-f-rGR) ; to find the z_ ZRG, and alfo the
/L RZG=eZg.

4. Say n : m :: Sine L. eZg : Sine Л eZL ; and draw Z L.
5. In the A. RZL, are given the fide RZ,. and all the /is .(т;/», the

— ZRG-j-GRr, and the z. RZL=i8o°— <?ZL) ; to
find the fide RL. % E. I.

251. Schol ï. Having the foci F,/; the longitudinal aberration F/,
of a given ray DB, is therefore given : And to find the lateral aberra- I01"*
tion F G ; in the right-angled Л/FG, are given the fide /F, and the
i F/G=RA

252. Schol. 2. The point of incidence B, was taken at fomediftance
from the edge of the lens j becaufe a lens let in a frame or cell for ufe,
bas a part, towards the edge, always covered. This makes no alteration
as to the two firft cafes -, becaufe a whole fphere cannot be ufed, as a
bus : And in the fécond cafe, the incident ray undergoes no fefradtion
by the firft fide. But in the two laft cafes (fig. 100 to 102.) if the
point В be taken at the edge, that is, if AB -u Z be fuppofed the lens,

calculation will be ihorter. Thus,

CASE 3, ï. Say m : n :: Sine Z_ DBi/ : Sine RBy. Fig.
2. Make n \m :: Sine Z. hEq : Sine Z. bEf; and draw Ef.
3. In the right-angled Д B v f, are given the lide i; B, and theZ_/

to find-u/.'

К CASE
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CASE 4. ï. Say m : n :: Sine L. DB</(=RBó) : Sine Z.RB?.
2. In the Д rER, are given either the three fides, or two fides and

the Z. R j to find the z. RE r (whofe fupplement, fig. ioi. к /ER)
and the Z. RrE.

4. In the A rB/, will be given the fide rB, and all the z.s (viz. the
-, and the Z. rB/(=i8o—/Ef, ßg.ioi.} ta find r f. ^E. I.

253. Schol. 3. Suppofing the fines of incidence and refradlion from
glafs to air, to be as 3 to 2 ; the following table (if no miftake crept
into the calculation, which 'twas difficult to avoid) gives the aberrations
of the lens's therein fpecified, in fuch parts that the focal length of
each lens is ï oo, ooo nearly ; and the ieveral apertures that correfpond,
are alfo the fame nearly ; that is, making the focal length of each lens
Radius, the correfponding angles of incidence will be nearly the fame ;
or AB in each lens, and ab in the fphere, will be nearly of the fame
breadth.

F/fiT.93.
R F =100,000
t_a\ \b

° ï
3:0 +
i :зо-+
o : 45+
o : 2?-т

F/

697.6
173-93
44-33
11.31

FÎS- 99-
AF= 100,000

/ lARB
0 /

4 : о
2 : о
I j 0

о : 30

*У

548.63
135-z
34-1

8.1

FG

19.217
2.36
0.297
°-°35

Fig. loo.
RA=5o,ooo

Z.DB^

0 /

4:0
2 : о
ï : о
0:30

*'./

142.61
35-867

8.888
2.295

Fig< ioi .
R A= ry =100,000

Z.DB</

° /
2 : о
i : о
о : за
о : i5

F/

203.41
50-3.3
11.9.

3-°7

Nofe, In computing the aberrations of the two laft lens's, I neglected
their thickneíTes j that is, I fuppofed each ray to enter at the edge of
the lens.

254. Schol. 4. By the method ihewed in the preceding propofition,,
may be found the exaft quantity^of the aberration of parallel rays, from
the geometrical focus of any given lens, having a given aperture. E-
quations have been alfo formed for this purpofc ; but as the method
of raifing them is unavoidably, tedious, and their application very labo-
rious, on account of their involving a great many terms j and aberra-
tions from the figure, are but of iinall moment, in comparifon of the
aberrations on account of the different refrangibility of light ; as will
be feen in the next fection. I mall therefore omit inferting thefe equa-

tions/
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tions here ; but íhall take the liberty of borrowing from * M. Huygws,
(who, I think, was the firft that took the trouble of making the compu-
tation,) the proportions which the longitudinal aberrations of the extreme
ïays parallel to the axis, nearly bear to the thicknefíès of the following
glafs lens's ; the point where they enter, being fuppofed not very remote
from the vertex, and alfo in the edge of the lens j as the point B in
the lens ABi>Z, ßg. 99, to 102.

255' When the incident ray falls upon the plane fide of a plano-
convex glafs, F/=| Ai;, nearly. This has been already demonftrated
in Art. 138.

256, When the incident ray falls upon the convex-fide of a plano-
convex glafs, F/= -f £Ai;, nearly. And therefore the longitudinal ab-
erration of a plano-convex glafs, is near four times leis in this cafe than
Jn the former ; being as 44 to -f т> or as 7 to 27.

2 57- When the glais is a double convex, of equal convexities, F/*
sss-f-Av nearly f|. And therefore the aberration of this glafs to that of
£ plano-convex in its beft pofition, is as j. to £,. or as ю to 7.

258. A double convex glafs having the radius of the firft furface
Upon which the ray falls, to the radius of the fécond furfàce, as 2 105 ;

juft as good as the plano-convex in its beft pofition, it being in both

259. A double convex, having the radius of its firft furface, to that
of the fécond, as ï to 6, is the beft glafs of all ; and its aberration Ff
*=-rj;Av. But if the other fide of this glafs be expofed to the parallel
rays, F/will be = 'TV A v.

260. A plano-convex glafs, with its < , > fide, towards the in>

Cident parallel rays, has lefs aberration than any menifcus, with its
\ convex J
t concave ч *^е expofed to parallel rays. Whence it necefiarily follows,

that that menifcus is beft, which approaches neareft in ihape to a pla-
fto-convex lens.

261. The above proportions of F/"to A-u, will be alfo the fame in
cpncave glafles under like circumftances ; A-u being now taken at the
circumference of the lens. See Art. 137 & 199. I.

К 2 202.

Htygem't Dioptrics, Prop. XXVII. See furface, if there had been no aberration caufcd
r.SmWa Optics, Book II. Chap. 13. by the firft furface, would have been (by Art. c8.)
1 his may be proved from Art. 138, 61. = -A -A v nearly (becaufc Q_A is thrice R A ) ;

fur y. ' ' 38- «be aberration Qe of the firft by adding thefc together we have (Ji Ai»=)
rat- i? = 7 A^ J this then will caufe an aber- l Л <v for the aberration F/.

A n d b Т ? = ^ of 7 A* пеаг1У = v A v - I! So far reachcs the Table> '̂•/- 2

»У Art. 6i. the aberration F/ of the plane which the above numbers agree nearly.

ъ t дк
For by A,

- 2S3. with
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262. Schol. 5. Which ever fide of a lens is beft when expofed to pa-

rallel rays, that fide will be the woril when expofed to rays diverging
from a focus, near the principal focus of the lens : And vice verfa. This
is fufficiently manifeft of it felf.

P R O P . XXXVIII.

263. Having the focus of a ray, cither diverging or converging upon
a given point, of any given lens ; to ßnd the focus of the emergent ray.

It is needlefs to have figures on purpofe to illuftrate this propofition ;
but in thofe lail referred to, in the axis produced, we may fuppofe
fome point Y, to be the focus of the incident ray. The propofition
may be reduced into two cafes.

Fig. 98, CASE ï. When the incidence is upon a fpher.ical ßde.
100, loi, Let В be the point of incidence, and in the A YRB will be given
I02< the fides YR, RB, and the Z.R, to find the angle of incidence Y ; then

the reft of the procefs will be as in the preceding propofition.

p: CASE 2. When the incidence is upon the plane ßde of a plano-convex
e'99' lens,

Let the point of incidence be h ; and in the right-angled A Y ah, will
be given the two fides Y a, ah ; to find the Z. of incidence Y. 2. Find
the refracled Z_ at A, and fuppofe for inftance the point О to be the
focus of the ray refrafted at h ; to find the point O, in the right-
angled Д baO will be given the fide ab, and the Z. h ; to find aO.
Let В be the point where the ray emerges out of the lens : In the,
A RBO will be given the fides RB, RO, and the Z O j to find the Z.
R BO, whofe fupplement is the Z. ̂ BO j then faying « : m :: Sine Z.
^BO : Sine Z.^B/j we may draw the ray Bf. Laftly, in the A RB/
will be given, the- fide-RB, and all the Zis, to find R/!. ^ E. L

P R O P . XXXIX.

Fig- 99 to 2^4- ̂ n ег'егУ ^ens havi'ng different apertures, tie longitudinal aber-
102. rations. (F í] of the extreme rays parallel to the axis, are as the fquaresr

and their lateral aberrations (FG) as the cubes, of the diameters of thofe,.
apertures, nearly. Or^. the longitudinal Mid lateral aberrations of pa~
rallcl rays, incident at different dißances from the axis of any lens, are
refpeStively as the fquares and cubes of thefe dißances, nearly.

'140. I. This has been already demonstrated of " fingle furfaces, and confo-
quently alfo of plano-convex and concave lens's, with their plane fides
expofed to the incident rays. And from what has been ihewed in Art..
60, 136, it may be gathered, that in all lens's, the longitudinal aberra-

tions. *
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tions * are in fome confiant ratio to Av the thicknefs of the lens, at'
leaft nearly; and Av b is as the fquare of the breadth B Z nearly.ъ 36.1.
Therefore, &c.

Again, whilft the aperture B Z remains the fame, FG will be in the
fimple ratio of F/, that is as BZ1 ; but as the aperture B Z is increafed
or diminiíhed, F G at the fame time increafes or dimmiihes, not only
asF/, but moreover in the fimple ratio of the fine of AB ; that is in
the whole, as the cube of the fine of AB, or as the cube of the-
chord of BZ, nearly. ^ E. D.

265. Schol. ï. In different lens's, that have the fame apertures and'
focal lengths ; the lateral aberrations of parallel rays in each, are nearly
as the longitudinal ones : But in that lens which has the greateft aberra-
tion, the ratio of the lateral aberration to the longitudinal one, is the
greateft. Let OF, fig. 99. be =/F,/£. 100. then will F p in the for-
mer be = FG in the latter j -u B and «u F in each being fuppofed re-
fpeftively equal. Now,/^. 99. the ratio of GF to F/ is greater than,
the ratio of pF to FO, becaufe the Z. O is lefs than the Z_/ and the:
£. F in both As is common. Therefore, &c. ^ E. D.

266. Schol. 2. Now it is manifeil that no lens can gather all the rays,
into one point ; and that the focus's of all the rays, as they are more
and more remote from the axis, will lie orderly nearer and nearer to
the lens, than F, Neverthelefs it is manifeft alfo, that F or a point
very near to F, is the burning focus of the lens, or that place where the
rays are denfeíí of all.

Let the arches Ал, ab, be, cB, cC, on each fide of the axis AF, F;

intercepted between the parallel rays o, ï, 2, 3,4 at their emerfion out
of the plano-convex lens ВАС, be all equal; and let F be the geometri-
cal focus of the lens, and/ the focus of the extreme rays 4, 4. At
the point F, upon the axis AF,. raife on each fide the perpendiculars.
FG, FH. Divide F/into as many equal parts, as the fquare of the
number of equidiilant rays on each lide the axis, contains units; that is,
in this example divide F/ into 16 equal parts; and from the point F
towards/, lay off the fquares of the numbers 1,2, 3, &c. refpeftively ;
that is, let Fi be = i, F2 =4, РЗ =9, and F 4 or F/== 16 ;
and thro' the points ï> 2, 3, f draw the rays ai, a ï ; b 2, b 2, . c$, c\ ; -
Щ\ С/; and produce them till they meet the line GH; then will the.
fines FG, FH be divided at the points j, 2, 3, 4, as the cubes of thcfe
numbers, nearly ; that is F ï, Fa, Fj, F4, will be as the numbers ï, 8,
27, 64, nearly. Or if G H be firíl divided after this manner, rays drawn
to:the refpeilive points therein will divide F/as. above, nearly.

267.'.

* Sec the ТлЬ\е,.А:(. 253.
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267. Sebo/. 3. The rays refradled by the lens, will be fome of them

fpread all over a circle, whofe diameter is G H j and as they increafe in
denfity from G and H towards F, ad inßnitum ; and from F decreafe in
the fame manner, fo as at G and H the denfity becomes nothing ; at
the center F, they will be infinitely denfe ; and at the extremities G, H,
they will be infinitely rare, and therefore cannot there be fenfible. Let

Pig. 104. the line GH, fig. 104. be divided in the fame manner with GH, ßg.
107. And from the center F, defcribe the circles iFi, 2Fa, 3F?,
4p4- Now the light contained in thefmalleft circle, is equal to that
which is contained in the fpace between the peripheries of any two
adjacent circles ; and the light contained in the circle whofe diameter
is 2 F 2, is equal to all the reft : Whence it feems probable, that in a lens
having a large aperture, the diameter of the greateft circle of aberration
that is fenfible cannot much exceed 2Fz ; at leaft I think we ihall be
much within compafs if we afíume this diameter not lefs than ^ GH.

Fi", юз. 268. Schol. 4. The leaft circle, through which all the rays refradted
by any lens can pafs, has for its diameter a certain line gb, drawn
between the 'remoteft points g, b from f, where the extreme rays cut
any of the other rays on contrary fides of the axis. If the refradlion
be by a fingle furface, or by a plano-convex lens with its plane fide
expoíèd to parallel rays, the line gh will be = *^GH. Alfo the dia-
meter of the leaft circle, through which all the parallel rays, reflected

F'w <>A. ky a concave fpherical fpeculum, can pafs, will be =>)-iFG.

P R O P . X L .

269. If an incident ray that is not very oblique to the axis of any lens,
be conßdered as having its focus in the point where it interfeSls that axis ;
or as belonging to the oblique pencil, whofe axis is parallel to the f ai d r ay ;
the lateral aberrations of the emergent ray in both cafes, will be as the
dißances of its focus's from the lens, nearly.

Let Ff produced be the axis of the lens, Q_the focus of an incident
Fig.105» гау} either diverging as QB, or converging as MB, to the point B. Pa-

' rallel to QjB draw the axis Ob. Let q be the geometrical focus of emer-
gent rays, whofe focus of incidence is Q ; b the geometrical focus
of rays parallel to Ob; and let B_y produced be the emergent ray.
Upon the axis's Oq, Ob raife the perpendiculars qt, bs, till they meet
the emergent ray. I fay the lateral aberrations qt, bs are as the diftances
>from the lens Bq,Bb, or Oq>of, nearly ; that is, q t : b s :: O q : of; nearly.

In the As }$bs,1$qt; had the /Ls b and q, or s and t been equal, it would
have been exadly qt : b s :: Eq : B^. But in thefe As, the L. B being

very
* Newton's Optical Lcdures, page 184, 185. f Dr. Smith, ibid.

Dr. Smifi's Optics, Art. 339.
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very acute, and the £.s q,b being not very oblique; the inequality of
thefe z_s can create but a very fmall and imperceptible error in the
above proportion of B^ : Be :: qt : es. And the nearer В is to O, the
lefs will that error be ; alfo in that cafe, the nearer will By, Oy, and
B£, O/be to a ratio of equality. Therefore, &c. ^E. D.

270. Schol, ï. From what has been before ihewed about the aber-
rations of fmgle furfaces, it is manifeft that this propofition is univerfal
for them alfo ; and likewife for concave, as well as convex lens's. See
ßS- 43 to 48.

271. Coro/. When Og is greater than Ob or Of-, the ratio of at to
t>s, islefs than the ratio of Eg to B b. And when O q is leis than O/j
the ratio of q t toes, is greater than the ratio of Eg to B b.

272. Schol. 2. In a lens having a moderate aperture, the aberration
bs, is nearly equal to the aberration Jvt of a ray NB parallel to the
axis. For in the As Bès, Bfv, the z.s 6Bs,fBv are nearly equal ; and
fo are alfo the other correípondent /LS, and the fides B^, B/'are alfo near-
ly equal. Therefore, &c.

273. In order to avoid the aberrations, arifing from the fpherical
figures of lens's, feveral of the * writers of dioptrics, before Sir Ifaac
Newton publiihed his optical difcoveries, had beftowed much pains in,
inveitigating the figures of lens's, that would refract a direct pencil of
(homogeneal) rays, having a given focus, into a point, without any ab-
erration. But thefe authors, not regarding the oblique pencils, their
"j- theoretical /em's, if they really could have been made, would not have
anfvvered all purpofes better than thofe we now have ; and upon the
whole they would not have been fo good. For if an object of fome
breadth be placed in the given focus, the extremes of the object feen
through fuch a lens, would be far lefs diftinct than the middle part j
and this indiftindnefs would increafe very fail, as the object fubtended
a larger angle j and in common lens's, we do not fo much want to cor--
rect the aberrations of the direct pencils, as we do to correct thofe of
the oblique pencils. Again, if the focus of incident rays be changed;

that
> _ Monf. Htygcns in particular, fcems to hnvc of one piece of glafs, by cementing twa like con-

itowcd more pains upoaDiop'.rics, and to have c:ivo-convex glafies, with water between them.
feated that fcicnce in a more elegant manner, together -, the radii of the fides of each glafs
"an any author before him. But this truly great having a certain ratio to e.-ich other. A cun-
ton no fooner faw Sir IJaac A'eivtoSs diflcrfa- trivuncc fomewhät like this, had been alfo thought

ih £ • the difFcriIlt i-ef'rangibility of light, of by Dr. Hook, before Sir ]f,w AV-uYa«. ]Jut
anTl .VnSenuoufly cmbracd this new theory, as the aberrations ciufed by the figures of com-
r f л- а''1'° a'^ ^lrt'lcr thoughtü of improving mon lens's, are altogether mconlidcrable when

ratting telefcopes, which was his principal aim, compared to the ab« rations from the difterentre-
У correümg the figures of their ghifies. frangibility of l igh t ; this contrivance will not

Г öir IJaac fi'i'bvto,, l inth ihewed (Nmvtcn's anfwer the pain,, ;:s t«ir Ifaac lürafdf hath
Л"1С5- 8«<' F'»gHß edit, p me no.) ho'.v to m;.ku Hicwed.
» tetter km for all р.дгД?, than can be iswlc
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that" is, if an object be placed nigher to, or Farther from the lens, than
the focal diftance for which it was formed, there would be then none of
the pencils of light, that came from the object, free from aberrations
after refraction by the lens ; and a fpherical lens in this cafe alfo, would
do better than the other. So that upon the whole, fpherical furfaces,
or common lens's, as well for the reafons above affigned, and alfo be-
caufe they are the eafieil formed, may be reckoned preferable to any
other.

S E C T I O N V .

Of the aberrations caufed by the different refrangibility
of the rays of light»

Rays of light 274.1"T*ROM the common * phenomenon of a diftorted coloured
differently re- Д* image produced by a glafs triangular priihi, and from íèveral
dtfcfvered'by experiments devifed by himfelf; Sir Ifaac Newton hath clearly demon-
Sir J/aacNew ftrated, that the rays of light are not all equally refrangible : that is,
tm' rays of light impinging any refracting furface, at the fame degree of ob-

liquity from the perpendiculars .to that furface at the points of incidence,
will not be all equally bent or refracted towards or from the faid per-
pendiculars ; but fome will be more, and others lefs refracted, and that in
all poffible degrees between the limits of theleail and moil refrangible
rays.

Caufe of со- 275. The fame great author alfo difcovered, that the caufe why bo-
lou«, difco- dies appear of different colours, is their reflecting fome of the differently
vered alfo by c -Lï л ï ï ï л. r •« ithe fame au- refrangible rays, more copioully than others ; the molt refrangible rays
ihor.i producing violet^ and the leafl refrangible rays red colours. And fo

others through all the intermediate degrees of refrangibility, producing
all the varieties of different colours. And hence, the peculiar colours
of particular bodies, are owing to fome peculiar textures or properties
of thefe bodies, that difpofe them to reflect fuch rays of light, as are
fuited to produce the idea of fuch and fuch a colour.

276.

* The prifm was in many hands, and the phas- in which are many curious and furprizingdiicove-
• nomenon above well known, but not the caufe ries about lighr, which do not immediately con -
of it, before Sir Ifaac Nci'.-ton's time. There is cern us here. And of all Sir Jfeiac^s great per-
no meddling with the fubjcil of this fcilion, fonmnces, his Optics is juilly cflccmcd as one of
without borrowing from Sir Ifaac Ncwtw's Op- the chief. That Edition 1 refer to, is the Engli/1)
tics ; but I fhall be very brief in my extraits Ocbvo.

-from it, and refer the reader to the book it felf,
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276. The different refrangibility of light, is a great impediment to the

perfection of optical inftruments. But this difadvantage is infinitely out-
weighed, by the ineftimable benefits accruing from the diverfities of co-
lours ; thefe, by their variety, not only contribute greatly towards the
beauty of the material world, but alfo help us to diftinguim bodies
and things one from another. And it is almoft demonftrable, that if
all the rays of light had been perfectly alike in their properties, all the
bodies in the univerfe would have appeared of one colour.

277. After what manner the ideas of different colours are produced
in the mind, is a propofition as far above our reach, as how we have
the ideas of different fmells, taftes, &c. But it cannot be doubted, that
the impulfes of light upon the optic nerve, which excite the ideas of
different colours, muft be. themfelves different ; and this difference
muft arife from a difference in the conftitution of light itfelf. And as
thofe rays that are the leaft refrangible, undergo the leaft change by the
refraction of bodies ; it feems probable that their impetus fliould be
greater than that of rays which are more refrangible : And this greater
impetus of the leaft refrangible rays may proceed, ï. from the particles
of thefe rays being larger than thofe of the other rays; or, 2. theie
particles having a greater denfity, their magnitudes being the fame with
thofe of the reft ; or, 4. from their having a greater velocity ; • or laftly,
from thefe feveral caufes combined together.

278. Defin. Rays of light that are alike refrangible, are called fo-
mogeneal rays ; alfo Jïmple, andßmilar rays : And thofe rays which dif-
fer in their refrangibility, are called heterogénea!, compound^ or dißmilar
rays.

279. Phenom. If the fun's rays admitted into a dark chamber, through Fig. 107.
a fmall round hole О in the window-ihutter, be intercepted by a trian-
gular glafs prifm ВАС, and the prifm be turned * flowly round its axis
until the fun's image be thrown on the oppofite fide of the room ; iu-
ftead of a round image, there will be formed an oblong one FT, termi-
nated with two rectilinear and parallel fides, and two femi-circular ends.
The fides will be pretty well defined, but not the ends, the light there
decaying and vamíhing by degrees. The breadth of the oblong image,
anfwers to that of the fun's image at a like diftance from the hole,
when its rays are not refracted ; and its length being much greater,
ihews that the rays which go to T, are not fo much refracted as thole
"which go toP; and fo all the rays that fall from T towards P, have greater
degrees of refrangibility, as they are more remote from T. So the ob-

L long
* See this «dperiment, with all the minute cir- /op's Optics, p. z i, {sV. The Ihort account above

cumftances that are neceffary in order to make it is fufficient here, being only intended a* an intJO-
lucceed bell, dcfcribed at length in Sir I/aac New duition to what follows. «
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Fig. 108. long image P T iscompofed, as it were, of innumerable circles (p,q,ry

j, t, &c.) each anfwering to the fun's image, and whofe centers lie all in
a flrait line betwixt T and P. And hence it is, that the fides of P T
are rectilinear, and well defined, and the ends femi-circulaf and faint.

Fig. 107. 280. The fpectrumPT conflits, as the phrafe is, of all the colours
of the rainbow, all orderly ranged, as exprefled in the figure. The
dotted lines ihew the confines of the colours, all the fpace between them
oppofite to the name, being allotted to fuch a colour. But the colours
are not totally feparated in any one part, but contiguous, and running
into one another. For example, the fpace allotted to red, contains in-
numerable degrees of red ; the laft of the red being not diílinguiíhable
from the firil of the orange, &c.

281. The number of primary colours feems to be altogether arbi-
trary : Sir Ij'aac Newton was pleafed to diílinguiíh them into feven, viz.
violet, indigo, blue, green, yellow, orange, red, as expreiTed in die figure;
out of thcfe 'white and black, vulgarly called colours, are excluded :
Whitenefs anfing from a mixture of light of all-colours in equal pro-
portion ; and blackneis from a reflection of a very frnall quantity of a
mixture of rays of all forts. The fpace P T is divided (by the dotted
lines feparating the colours) as a mufical chord, agreeable to Sir Ifaac
Newton's method: See his Optics, page no. The circular fpaces at
the ends reprefent a little faint penumbra.

282. -f- Rays of the fame colour, have always the fame degree of re-
frangibility. And the colour exhibited by any ray feparated from the
reft, always continues invariably the fame ; however that ray may be re-
fracted or reflected, fo long as it is not blended with other coloured
rays : For inilance, a red ray always exhibits rednefs, and never any
other colour ; and a green ray always retains its greennefs, &c, Jn like
manner, all forts of rays mingled together, always exhibit whitenefs,
whether thefe rays are parallel, condenfed in a focus, diverging or
converging, fo long as they are not feparated afunder. But if any of
the coloured rays are wanting in the mixture, whitenefs will not be
produced ; and the colour will be different, according to which rays are
moil predominant. And hence, all the varieties ^ of colours of natural
bodies, proceed from the different proportions in which they reflect
fome, and abforb others of the different coloured rays of light. And
when moil of the rays are abforbed, and but few reflected, jj blacknefs.

is
f бее Newton's Optics, Book I. Part II. Alfo rent degrees of light. However black is not one

Book II. and Hi. of the prifmatic colours ; and perhaps it may pro-
|| There feems to be fomething in the confti- ceed from fome kind of mixture of fome pecu-

tution of black, befidea mere deficiency of light ; liarly coloured rays, when others are totally ab-
for bodies will retain their colours, in very diffe- forbed, or refleftcda different way.



SECT. V. O F Ö P T I C S . 75
is exhibited: So that colours are not in bodies, for they will appear
of any colour, if they be enlightened only with rays of fuch a peculiar
colour j but they are ideas excited by fome difference in the impulfes
upon our optics, of the differently refrangible rays *.

283. If the round hole in the window-ihutter enlightened only by the
clouds, be feen by rays refracted by a prifm, its image inftead of ap-
pearing round will be oblong, and coloured like the fun's image, as be-
fore defcribed. And universally, the light reflected ' from all natural
bodies, when refracted in the fame manner, will have like effects. Alfo
prifms made of water (by confining it between three glafs plains cemented
together,) or any other tranfparent medium hitherto known, will have
like effects ; only the length of the coloured image will differ, accord-
ing to the different degrees of the refrangibility of the prifm.

284. Let R S be any refracting furface, fuppofe of glafs, P O a per- Fig. 109.
pendicular thereto at the point B, and let the line DB make an oblique
angle with PB. If the folar rays be conceived to flow along DB, con-
tinually fucceffive to one another, fo that they may one after another
impinge on the point B, and there be refracted into -f- a denfe medium ;
or, if DB be fuppofed an indefinitely ilender pencil of parallel rays,
falling on the refracting furface at the points neareft to B ; theíè rays
after being refracted, inftead of keeping clofe, as it were, in one line,
as before, will diverge from one another into different lines B^, Bq,
•Br, Bs, Bty &c. and into innumerable others through the intermediate
fpaces, according as each ray is fuited to fuffer a greater or lefs refraction.
The rays Bfi that are refracted the moft produce purple colours, and
thofe B t refracted the leaft produce red colours, and all the intermediate
rays produce different colours |J.

285. Schol. If RS be a plane furface, and the medium be terminated
by another plane furface TV parallel to the former ; the rays after both
refractions will emerge in lines "parallel to the incident ray DB. « 67. I.

286. In like manner, if DB be fuppofed a very {lender pencil of parallel р;„ ,, 0)rays, incident upon any refracting furface or lens BA&, at points infinitely fo 7i4.
near to B; thefe rays after refraction will interfect the axis A F of the lens,
at different points F, f; that is, the moft refrangible rays will have their
focus aty; nearer to the lens; and the leaft refrangible rays, will have their

L 2 focus

* See 277. I. exceeding great, that no interruption between the
t The cafe is die fame when the incidence is different Torts can be perceived. And if they

'"'от a denfe into a rare medium, only the moil come together like threads, they are fo clofely
'«frangible rays will be farther! from the pcrpen- united and prodigious fine, that the fmalltft pcr-
aicu'ar. _ ceivable thread or pencil, or what we would call

Q If the different for» of coloured rays follow a ray of light, conliih of an indefinite number of
°ne another in the fame line, their velocity is fo different forts of coloured ray?.
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focus at A point F, more remote from the lens : and innumerable other
rays will interfect the axis in different points, all lying orderly between
F andyj according as thofe rays differ in degrees of refrangibility.

287. The fines of incidence and refraction of all forts of rays * are
in a confiant ratio j that is, whatever is the ratio betwixt thefe fines, at
any one degree of incidence of any particular ray, there will be the
fame ratio between them, at all other degrees of incidence of the fame
ray ; at leail, as exactly as can be diilinguiihed by experiments.

288. If the common fine of incidence from glafs to air is 50 *K the
fines of refraction of the leail and moil refrangible rays will be 77 and
78 refpectively. Whence in fmall refractions (that is, fuch that the
angles and their fines are nearly proportional) the refraction of the leail
refrangible rays, is to the refraction of the moil refrangible rays, as 27

я Fig. ï IQ. to 28 nearly } or a L. EBF : Z.EB/:: 27 :. 28, nearly. And the diffe-
rence of the refractions of the leail refrangible and moil refrangible raySj,
is about T'Ti or T*T °f ^е whole refraction, of the mean refrangible,
rays.

289. By dividing the difference between 77,..7.8,..the fines of the. leail'
and moil refrangible rays, in the fame manner as the.J-jbetfrum PT,
ßg. 107. is divided by the dotted lines j Sir Ifaac Newton \\ computes
the fines of refraction from glafs to Air, of the feveral forts of rays con-
tiguous to thefe dotted lines, to be 77, 77!, 77^-, 77^, 77!, 77» 77^,.
78 ; their common fine of incidence being 50 j that is, the fines of
incidences of all red-making rays out of glais into air, are to the fines
of their refractions from со to 77, and 50 to 77!. The common fine
of incidence being 50, the fines of refractions of the orange-making'
rays are from 77-^ to 77^ ; thofe of the yellow-making from 774. to 774.5
thofe of the green-making from 77-5- to 77^ ; of the blue from 774. to
77-i- ; of the indigo from 77 .̂ to 77.5. -, and thofe of the violet from 77^
to 78.

290. If the above numbers be made the fines of incidences from air
, to glafs, of the feveral forts of rays refpectively ; a the fine of refraction

• "'• ' of them all will be 50.

P R O P .

» Newton's Optics, p. 64 to 70. & p. 82. ' |) Ibid. p. ï u.
t Newton's Optics, p. 73.
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P R OP. XLI:

ZQT...Ifhëterogenealrays or rays of all forts arc incident upon ilv
fpherical fur f ace of a rare medium,,whether it be concave or convex*,
or upon the plane jide of a plano-convex lens, parallel to the axis and not
•f* very remote from it j

The focal dißance from the refracting furface or lens of t/x> leaß re-
frangible rays, will be

To the focal dißance of the moß refrangible rays ;

As the difference, between the-fines of: incidence and rcfrattion of the •
moß refrangible rays,.

To the difference between the /did fuies of the leaß refrangible ray т.

Let O.be the center of the fpherical refracting furface В A, OF a line Fig. ï ю.
perpendicular to that furface, and alfo to the. plane furface B-ui ; DB
al ine parallel-to the axis OF, .along which let the incident rays befup-
ppfed to.-flow ; F the focus of the leaft refrangible rays, and j the focus
of the rays that are moil refrangible. Let the greateft of the fines of
incidence. and refraction of the moft refrangible rays, be called M ; and
the greateft of - the, faid-fines of the leaft refrangible rays, be called
L • and the leaft of the fines of incidence and refraction of both forts'
of'rays call '.I. I fay AF : A/ :: M—I.: L—L.

For L—I : I :: 'OA : AF -, and M—I : I :: aOA : A/. Therefore * I25, &-.-
M,-I.:L—I;:: AF : A/. ^E. D. 127.1-

29.2. .Corol. ï. .M-L (M—I —L—1)^—1 ::/F (AF—A/)

293. Ccro/. 2. If the refraction be between glafs and air, it will be
AF: A/:: 28.: 27.

For M—I : L—I :: "78 — 50 : 77—50 :: (28 : 27) AF : А/. ъ а 8 8 ,
Whence alfo the longitudinal aberration /F==-5'TAF ==_.'-,- ду;

P R ' О Р.

• -See fir. 41, 4i. aberration from the ligure ivffciling the truth ol •
f This lunitation is ncceffiry, to prevent lhe the proportion.
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P R O P . XLII.

294. If hetercgeneal rays arc incident upon a fpherical fur face, 'whe-
ther convex or concave*, of a dcnfe medium, parallel to the axis and not
very remote from it ; or upon the plane ßde of a plano-concave lens 'with
like reßriSlions, it will be,

As the dißance of the focus of the leaß refrangible rays from the center
of the fpherical refracting furface,

Is to the dißance of the focus of the moß refrangible rays from the fat d
center ;

So is the difference between the ßnes of incidence and refraëîion of the
moß refrangible rays,

To the difference between the faid ßnes of the leaß refrangible rays.

Fi°- in That is, retaining the fame references as in the preceding propoiition,
°' ' OF:0/::M— I:L— I.

• 125 & For АО : OF ::aL— I : I- and АО : О/:: "M— I : I}

126. 1. Therefore OF : O/:: M—I : L— I. ^E. D.

295. Carol ï. The refracting mediums and the radii АО, ßg. no,
in. being the fame, the longitudinal aberrations f F of heterogénea!
rays in both cafes will be the fame.

b 126" & For AF and Kf, ßg. 1 10. are ь equal refpedively to OF and Of,
127. L ßg, in.

M
Fig. 1 1 1. 296- CoroL 2- OF : °/::T7 AF : A/' For'

« i a 6 .L M-I : M :: <AO : A/j
And АО : AF :: CL— I : L. Wherefore

M— I : L— I :: M x AF : L x A/. Therefore,

297. CoroL 3. Becaufe the ratio of AF to A/, is lefs than the ratio of
OF to Of-, the ratio of /F, to AF or Af,ßg- no. is greater than the
ratio of /F to AF or A/, ßg. in. And if the medium, ßg. i j ь is
glafs, it will be 28 : 27 :: 78 AF : 77 A/:: OF : Of-, or AF: A/ ::
( 2 8 x 7 7 : 2 7 x 7 8 ::) 2156 : 21063 whence /F is about ;=T'T A F.

P R O P .

* Sec fg. 39, 40.

3
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P R O P . XLIII.

298. If heterogeneal rays, are incident upon any lern ivbatßever,
whofe thicknefs is very fmall, parallel to the axis, and not very remote
from it ;

The focal dißance front the lens of the leaß refrangible rays,
Will be to the focal dißance of the moß refrangible rays ;
As the difference between the fines of incidence and refraSlion of the

moß refrangible rays,
To the difference between the faid ßnes of the leaß refrangible rays.
Let the focal diftance after refraction, of the parallel rays that are the

leail refrangible, be called F ; and of thofe that are moft refrangible, be
cal led/'j and let L,M,I fignify the fame as in the two preceding pro-
politions.

I fay F :f :: M—I : L—I, very nearly.

CASE ï. Let P and p be the foci after refraction, of the leail and pig.
moft refrangible rays, whofe incidences were on the plane fide of a plano-
convex lens ; then it will be accurately,

M~I : L—I :: 'AP : A/. ^E. D. "291. L
CASE 2. When the incidences of the parallel rays are upon the con-

vex fide of a plano-convex lens. Let F and f be the foci after refrac-
tion, of the leaft and moft refrangible rays refpectively ; and let s, be
one of the focal centers of the lens j then will jF=: ЬАР, and jr/=b ь 21g. ï.
A/>. Wherefore, as above,

M—I : L—I :: sF : sf. ^E. £>.
CASE 3. When both fides of the lens are fpherical. Retaining the'famc p.

references as above j let moreover the radius of the flatteft fide (A) be t °f
called R ; and the radius of the other fide (a} call r ; alfo let the thick-

AÖ of the lens be called t ; and let s be that focal center of the lens
belongs to the refracted rays.

L i R ,•
L-I —и™ _j_ _TR/ . JF .. c

L R ^ L r . : , . L t ± - l t L R d = L r ' " l 220. I.

M—J *'vt , IRt ш f

^~ûl ,- ~r M f -t- l , ' M R •+- M »• ' SJ'

If t be confidcred as infinitely fmall, the quantities multiplied by it
be fo alfo, and therefore may be neglefted ; then multiplying the

antecedents
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antecedents by Rdtrr, and by L and M, and dividing by IR, we ihall

r

 :Л M-I : L-I :: >F : sf. ^E. D.

299. Corel. In every lens, whofe thicknefs is very fmall, it will :bc

d т M— L : ̂  — I :: d/F : Jlr ; nearly. And therefore in a glafs lens, the
^j z > ' JL/ J/

longitudinal aberration fPs=sT

l

rs F =т'7- {/> nearly.

300. Scbol. ï. A plano-convex lens with its convex fide expofed 'to
°' n2' parallel heterogenealxays.;. the thicker is the lens, the lefs will be the

aberration /F : but the difference on account of the thicknefs is very
inconfiderable. Let s be the focal center of the lens for the leail refran-
gible rays, and f the focal center for the. moil refrangible rays. Now
as the thicknefs of the lens increafes, the points s, t fcparate ; v t being

e ï always lefs -than vs-, for it will be M : I :: *v A : ™f. But s¥, ff aref

< J 75> &• ^invariable quantities ; and therefore as the point t recedes from s, the
г 1 8- *' focus/ approaches nearer .to F ; that is, /F will be fo much diminiihed,

as st is increafed.
The variation of fF on account of the different thickneiTes of lens's

having both their fides fpherical, is alfo very inconfiderable.

301. Schol. 2. In computing the aberration above mentioned, the -in-
cident rays were fuppofedto be the neareft of all to the axisj and in
that cafe, all lens's whatfoever whofe thickneiTes are very fmall, are
equally good. But when the incident rays are remote from the axis,
there will 'be an aberration by the figure ; and that aberration will in-
creafe the aberration of heterogeneal rays. Therefore that lens is beft
which has leaft aberration of homogeneal rays.

302. Schol. 3 . What has been above demonftrated of convex lenfes,
is alfo true of concave ones.

p :R o p.
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P R O P . XLIV.

303. In the fame lens, the longitudinal aberration F f of parallel bete- Fig. \ ю,
rogeneal rays is invariable : And the lateral aberration F G increafes or to 114.
decreafes in the ßmplc ratio of the aperture of the lens ; and is to the fe mi-
aperture of the lens, as F f to f v.

Let fall the perpendicular B v.
1. F/ is invariable, becaufe it has always the* fame ratio to the in- • 291,294,

variable quantities AF or A/. & 298. I.
2. The right-angled As fvB, /FG are fimilar, and therefore,

FG : vu :: /F :fv. Therefore, &c. % E. D.
304. Coro!, ï. In any gla.fs lene whpfe thicknefs is very fm.all, FÇ ===

TrVuB, nearly.
For M — L : L — I :: b/F : (ft or)/*; :: FG : v B :: i : 27. b 299. I.
305. Corol. 2. In the fame lens, the angle of aberration of parallel

heterogeneal rays, is as the aperture of the Jens nearly, For that anele
is as FG nearly ; and FG is to v B in the conua.nt ratio

P II О P. XLV,
306. In different lenfcs that art. .alike figured^ their greatcß angles of

aberrations will l>e equal t if their linear apertures be as thcirfo.cal lengthy
and the focus of incident rays be a/Jo at like dißances from the larifes.

ï. Let DB, d b be flender pencils of heterogeneal rays рдгаИс! tPFig. и 6,
the axes AF, a/ of the lenfcs A, a ; and let AB, ab be the femi- 117.
apertures of the faid lenfes. And negledling the aberrations from the
figures of the lenfes, let F,/ and K, k be the focus's of the leaft and
•moft refrangible rays refpedively. Now if it be, AB \ a l > \ \ AF :
a j :: AK : a k-, the A1 FA В, fab, und K A B, k ab wil l be • finai- «6.VI.£«-.
lar; and therefore the £-" F B 1C, fbk will be equal. ^E.D.

%. Let rt ty and s, v be the proper focus's of thp leaft and moft re-
frangible rays refpectively. Now if the lenfcs are alike figured, the
aberrations Fr, //, and K í, k v will be in the b fame given ratio to ь бо ,,,^
their thicknefles. And when the apertures of the lenfes are as their & 264. I.
focal lengths, their thicknefles are allo in the fame propprtjon j there-
fore AB : ab :: Fr :// :: KJ : /i v-, and confeqyèijtly the Д'Ат-В,
at b, and AíB, avb being fimilar» the ^-VBj, iòv are equal,-

307. Scbd. ï. If rays of all forts arc fuppofed to flow along the
lines Í;B, fb or лВ, tb\ the leaft refrangible rays will emerge along
the lines BO, bd parallel to the axis; a-nd the moil refrangible rays

M ' will



82 A T R E A T I S E BOOK I.
will emerge along the lines BE, be, fo as to make the angles of ab-
errations D BE, d be, equal to the angles FBK, fbk, or r ES, t b v,
refpeftively ; and confequently the faid angles DB E, d b e, will be equal
one to the other.

308. Schol. 2. In different lenfes having the fame apertures, if thefe
apertures are but moderate, fo that the aberrations from the figures of
the lenfes may be neglefted ; the greateil angles of aberrations of he-
terogeneal rays by thefe différent lenfes, will be nearly in the inverfe
ratio of their focal lengths.

Fig. 114, For AB : radius :: Af: co-fang. ^-A/B :: А К : co-t. <^-AKB.
u6. And in the different figures, the со-tangents of the ^-"AFB will be

as AF in each ; and thefe are to each other, as A/, AK. But the tan-
gents of fmall angles are nearly as thofe angles ; and therefore

Z-FB/: ^-FBK :: AK : A/ nearly. .^ £. D.
309. Scbol. 3. In different lenfes having moderate apertures j the

angles of aberration FBG »re nearly, as the femi-aperturcs AB diredly,
and focal lengths AF'inverfely. For thefe angles may be confidered
as being as their chords direclly, and as FB inverfely ; and thefe chords
may be reckoned as FG, and FB as FA. But in the fame lens, FG
is always as AB. Therefore, &c. ^ E. D.

310. Carol. The angles of aberrations by all lenfes that are alike
figured, and having the focus's of the incident and emergent rays alike
fituated ; will be -the fume, if the apertures of the lenfes be as their
focal lengths.

P R O P . XLVI.
Fig. ï IQ, 311. The diameter of the leafl circle, through -which all the hctero-
to 114. genealrays willpafs, is a line g h, drawn between the points of inter-feflion

of the moß and leaß refrangible rap, proceeding from the oppoßte fides
of the lens : And g h : FG :: B h : BF.

The firft part of the propofition is evident by bare infpection of the
figures: and it is alfo manifeit, that g h is parallel to GH; whence it

• 4.VÏ.EUC. follows, g h : FG : : a B h : BF. ^ E. D.

312. Cord. i . g b : ¥ G :: ï£±±£ : i;F :: vf : ü£b* ncarly.

Alfo g h : B v :: /F : •p/+'pF.> nearly. Hence, when the verfed fine

,Av is very fmall, in comparifon of the focal diftance from a fpherical
refraating furface or lens, it will be nearly ;

"292, & 313- 'Corel. 2. g-b- .Bv :: (/F : ?±±^:: k) M — L : M + L~2-I.
299- J- And therefore if the refracting furface or lens, is glafs ; it will be,

Bb :: ï : 55 (:: 78 — 77 : 78 -+• 77 — 100).
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314« Sc/jol. The diameter of the leaft circle that can receive all the

rays of any two colours, is after the fame manner determinable from
the proportion of their fines. Thus all the orange and yellow will be
contained in a circle whofe diameter is about the -*\гъ part of the aper-
ture of a glafs lens, when that aperture is but fmall in proportion to
the focal length ; the fines of the outermoft orange and yellow, being
to the common fine of incidence asc 77 r and 77! to 50 j and putting « 289. I.
L, M and I for thefe fines, it will be,

M—L : M-t-L—2! :: 1856—1851 : 3707—2400 :: ï : 261.

P R O P . XLVII.
315. The rays contained in the circle of aberration ivhofe diameter is

gh, are not uniformly fpread over that circle-, but are denfer at the
center than in any other part, and from thence towards the circumference
they grow continually rarer. And the dcnßty of the light in any point
of this circle, is directly as the dißance of that point from the circumfe-
rence, and reciprocally as its dißance from the center, nearly.

For, fuppofing the heterogeneal rays that are refraded at the points Ffg. т to,
B, b in the periphery of the lens, to be fpread uniformly over the to 114.
phyfical l ine g h ; the rays tranfmitted through every other point in
that periphery, wi l l be alfo fpread uniformly over lines all equal to£/&,
and interfering one another at the center с ; fo that the whole light Fig. 115.
tranfmitted as above, w i l l be fpread over a circle whofe diameter is gh.
And upon the above fnppofition, the denfity of the l ight in any point
of this circle, w i l l be rec iprocal ly as the diihnce from the center ; that
is, the denf i ty in any point a, wil l be to the denfity in any point b, as
c b to ca.

If the lens or medium be fuppofed to be d iv ided into an indefinite
number of fmal l concentric rings, all equal in breadth ; the quantity
of l ight t r a n f m i t t e d through each ring, wi l l be r.S'the rings themfelvts,
that is, as their diameters ; and this light will be fpread over circles of
Aberrations, whofe diameters • are alfo as thofe of the respective rings. ' 303. Í.
Now in едсЬ. circle of aberration confidered apart from the reft, the
denfity ot the light will be reciprocally as the diftances from the cen-
ter ; and the whole q u a n t i t y of l i g h t in each circle being as its di.une-
ter ; the denfit ies in e^ch circle at equal diftances from the common
center are equal. For, in the circle h g c ;

ilfiij'.ty in a : den/>'ty in h :: c b : ca; and in the circle b de,
denßtv in h : tíV///;'/y in n :: с a : cb. Wherefore,
den/'ty in b : denßty in h :: с h : cb. Inftcad of the denfities in /'

and h, let us f u h f t i t u t e the i r ratio's, and it will be in the circle \K/c \

M 2 deii/ity
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denfity to a : e

c

b

h \\ ch, :

c a. Whence it is manifeft that the denfity at a

in each circle is the fame. And therefore the whole denfity in any point
of the circle of aberration, i's directly as the diilance of that point from
the periphery, and reciprocally as its diilance from the center, nearly j
that is, the denfity of the light in any point a or b, is as -- Or ^, nearly.
уЛ "Л Т-ч ^Д f O *

316. Carol, ï. Let the femi-diameter c b be bifecled in ;; ; and the
denfity of the light iti any point b : will be to its denfity in n :: bb : be.

For by the preceding,
denfity in b : denfity in n :: —, : (—j i :: h b : c b.

317. Corel, a. Hence the light at the center is infinitely denfe, and
at the circumference infinitely rare, in comparifon of the light at the
point n.

318. Schol. ï. The quantity of light in the greateft circle hgc : ts
'tb;the quantity of light in any leiTer circle bdc :: he1 : he1—hb1.

Let the ring h bag be divided into any number of indefinitely fmall
concentric rings, all equal in breadth j and let the radii of thefe rings

ъ 21 к. I. be со, cf, cq> cr, &c. Now the denfity of the light in each ring ь

will be as ~j p, —, --, Sec. and the rings are as co,cp, cq,c r, &c.

Wherefore multiplying each ring by its refpedtive denfity, we ihall have
the quantity of light in each, as ho, hp, hq, hr, &c. and the ium of
all thefe is ^=^bbY.\hb-=-\bb i . If the whole circle be divided in
like manner into thefe fmall rings, t i l l we come to the center j the
fum of the light in them all, will be as h c x i h c = í- h c3. And there-
fore, the quantity of light in the circle hgc : is to the quanti ty in the
circle b de :: i b сг : \ Ь ? — Ъ h b* :: h c* : h c1 — b b\ ^E. D.

319. Schol. 2. Sir I/aac Newton * obferves, that the yellow and orange
being the moil luminous of the prifmatic colours, affecT: the fenfe more
ilrongly than all the reil together ; and next to thefe in ilrength are
the red and green. The blue compared to thefe is a faint and weak
colour j and the indico and violet are ftill darker and fainter ; fo that
thefe, compared to the ftronger colours, are little to be regarded.
Whence, and from the greater denfity of the rays of light near the
center of a circle of aberrations, Sir IJ'aac infers, that the fenfible image
of a lucid point in the focus of a glafs lens having but a fmall aper-
ture, is not much broader than -rí-з- of the diameter of that aperture.

320. Scbol. 3. The images of objects are therefore to be placed or
reckoned, not in the focus of the mean refrangible rays, which are in

the
* Ne-wtons Optics, p. 85, 86.

2
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the confine of green and blue j but in the focus of thofe rays which are
in the middle of the orange and yellow. The fines of incidence and
refraction of thefe rays between glafs and air, are as 17 and 11 : .And
from thefe proportions therefore, the focal lengths of gkffes for qptical
ufes, are to be computed -f-.

P R O P . XLVIII.

321. In any km retaining the fame aperture, und negkëiing thé-
aberration from its ßgure :

The longitudinal aberration of hetcrogeneal rays, diverging from, or
converging to, a given focus in the axis of the lens,

Is to the longitudinal aberration of parallel heterogeneal rays by tfo
faid lens ;

As the diftance between the focus of incidence, and the focus of the
moji or leajl refrangible rays after refraction by the lens,

L to the dißance between the focus of incidence, and the principal focus
of the leaft or moft refrangible rays.

Let Y be the focus of the incident heterogeneal rays ; Q, q the focus's Fig. 1 1 8,
of the leaft and moft refrangible rays, after refraction by the lens .O ; and to I 23-
F,f the principal focus's of thefe rays refpedlively.

I fay Q? ; F/:: Y? : YF :: YQj Y/.
For YF : YO :: ЬУО : YQ; and Y/: YO :: k YO : Yq ; wherefore h

 227. L
YF : Y/ :: Y? : YQj and therefore,

: F/ (Y/c*YF> . ^ £. D.

322. Carol, ï. YF : Y/:: Fq :/Qj: Y? : YQ^

323. Corol. 2. OQ : Од :: Y/x OF : YF x O/.

For, YO: O Q : : C Y F ; O F ; '227.!.
And 0? : YO :: 'O/: Y/. Therefore, G?c. %£. D.

324. Corol. 3. Q? :\F/::X4I2-: 2£±J£

Let the point which bifects F/ be called a, and that which bifecls
Q q be called b ; and then it will be, Qy : F/ :: Y/£ : Ya. .And becaufe
F/ is an invariable quantity, Q q increafes or diminiilies as ^.

.325. Corol. 4. If the lens is glafs, it will be,
Q£: T VO/: : d Yy:YF: :YQ:Y/ , L

Alfo, 27YF : 28Y/:: *Oq : OQ.
P R O P .

f Ktivten's Optics, p. 86.
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PR О Р. XLIX.
326. In any lens retaining the fame aperture, and negk&ing the

aberration from its figure :
The lateral aberration of heterogcneal rays, diverging from, or con-

verging to, a given focus in the axis of that /ens,
Is to the lateral aberration of parallel heterogeneal rays by the faid lens ;
As the rectangle undür the longitudinal aberration of the rays belonging

to that focus, and the dijlancefrom the lens of the principal focus of the
moß refrangible rays,

To the reffanglc under the longitudinal aberration of parallel heteroge-
neal rays, and the dijiance from the lens of the focus of the moß refran-
gible rays.

Fig. u8, Let OB be the femi-aperture of the lens O, Q S the lateral ab-
J19- erration for that aperture of heterogeneal rays, whofe focus of inci-

dence is Y ; and FG the lateral aberration of parallel heterogeneal rays
fop the fame aperture ;

I fay, QS : FG :: Q?xO/:F/xOy.
For the ri;iht-angled triangles /FG, /OB ; and ̂ QS, ̂ OB being

iimilar ; it v v i i i !к,
F/ : Of:: FG : OB ; and ?O : ?Q :: OB : QS. Wherefore
QS : FG :: Q? x O/: F/x O q. ^ Jg. D.

The fame wi l l be alfo true in the four fucceeding cafes or figures,
if the refpeotive lines B F, B/G, FG, ByS, Q S be drawn, changing
lhe places of Q, q in fig. 120, 122.

327. Schol. ï. In any lens and with any aperture; Q S = OB x 5f.

Fig. 118, 328. Schcl. 2. In different lenfes, fimilarly formed, having their aper-
i ig. turcs as their focal lengths, and forming equal images Q/> behind them

of a given objecl: YP ; the lateral aberration QS will be as the focal
lengths of the lenfes. For in that cafe the angles of aberrations QBS
in each are equal, and in each O Q is as OB or OF.

329. Carol. Hence, if a given objecl: is to have its image upon a
fcrcen magnified in a given ratio ; the deeper is the lens, the more
diftindt will be the image. For in this cafe, the diftinctnefs of the
image is chiefly affecled by the aberration QJ>. And if the diíbmce
O Q of the fcreen is fixed ; the dillindlnefs of the image will not be
fenfibly different by ufing lenfes of different focal lengths, if it be -but
fufficiently bright ; provided always that the figures of the lenfes be
fimiJar, and their apertures as their focal lengths.

P R O P .
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P R O P . L .
330. The circle of aberrations caufed by the ffhericalnefs of theßgure

of an optic leni having a moderate aperture^ compared 'with the circle of
aberrations caufed by the unequal refrangibility of the rays of light, is
very inconßderable.

For a companion betwixt thefe two forts of aberrations, let us take Fig. 99.
a plano-convex glafs with its plane fide expofed to parallel rays ; this
lens being the worft for homogeneal rays of any in the table, Art. 253.
Let F be the principal focus of the lens, F/> the lateral aberration of
homogeneal rays, for the femi-aperture Bi; j and F G the lateral aber-
ration of heterogeneal rays for the fame aperture. And putting m, n
for the greater and leflêr of the fines of incidence and refraction, it will be,

For in any plano-convex lens having a fmall aperture with its plane
fide to the parallel incident rays, it will be OF = * -u A x -^- — nearly. • 136. L

m — л X"

And vA = ь ̂  nearly. Alfo F/ : O F :: c В -и : v О = A F nearly. b ï s.VI. E.

F = d-^-RA. Therefore F
175- I.

-тгп x—. And РО=«тгВч;. Therefore, äff. 'su. I
2KA* пл J J

The diameter of the leaft circle that will contain all the heteroge-
neal rays is = fFG nearly j and the diameter of that leaft circle which '311. L
will contain all the homogeneal rays is = BiF/>. If we compare thefe* 268. I.
lefier circles of aberrations together, their refpectivc diameters will be,

as -j^Biv to -irr»x~~' And by thefe numbers, the diameters of
the refpective circles of aberrations for any given aperture of a plano-
convex glafs, may be eafily found.

If we take i-FG in the table, Art. 253. for the diameter of the leaft
circle of aberrations of homogeneal rays j this will be for the feveral
apertures there fpecified, beginning with the largeft and fo downwards,
the -1̂ 3-, TV> TT-r> T-inr of the diameters of the leaft circles of the aberra-
tions of heterogeneal rays, for thefe refpective apertures, nearly. But
in many cafes, the fmalleft even of thefe apertures is much too large.;
and the aberration from the figure decreafing as h the cubes of the aper- h 264.1..
tures, and that from the heterogenity of the rays only in the1 fimple ratio-1 303. I.
of the apertures ; the fractions expreifing the ratio's of thefe refpective
aberrations, will become much fmaller as the apertures are leflèned.

M
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If the diameter of the leaft circle of aberration of heterogeneal rays,

that may affeft the fenfe, be admitted to be fo fmall as the т-hr part of
-the aperture of a lens ; Sir Iftiac Newton * computes that in a loo foot
telefcope with a proper aperture, this aberration would be at leaft 1200
times the aberration caufed by the fphericalnefs of the figure of the
objedt- glafs,

•f- It is farther obfervable, that the rules deduced from experience, for
l imit ing the apertures and charges of telefcopes, agree exaftly with the
theory of the different refrangibility of the rays of light, without at all
regarding the figures of the objedr-gbffes. Therefore, &c. %. E. D.

331. Schol. ï . The leaft circle of aberration from the imperfect figure
of a plano-convex glafs, with its convex fide expofed to parallel rays,
is equal to the leail circle of aberration of heterogeneal rays, if the figure
of the lens was perfect, when the aperture of the lens is half its focal

Fig. 99. length, nearly. That is, iF/ = FG nearly, when vB = 4 AF.

.,56.I, ForOF = 4«A = ^J- nearly} andF/» = B-̂ .

But -uO = A F nearly ; and therefore t F/> = TV xxjïi-

NowFG=-iivB, and when я;В = |АР, \ Fp = T

7

T x -V v B =

-Vß. Therefore, off. ^E. D.
2/7

332. Scbol. 2. The aberrations of coloured rays, being fo very con-
fiderable in proportion to the aberrations arifing from the fpherical
figures of lenfes ; there is no fenfib'le advantage to be expeiled from
ienfes of other figures ; nor yet from a medium of different refractive
power from glafs, unlefs that medium mould be more homogeneal than
glafs. For different refrangibility being a property of light itfelf, the
aberrations proceeding from thence mull alike take place, whatever be
the medium it is refradled by j unlefs a medium fhould be found that
would tranfmit only the brighteft of the prifmatic colours. And all the
confequence of having a medium of greater or lefs refradlive power than
glafs, would be ; that for the fame focal lengths, lenfes made of fuch
a medium would be more or leis flat, than thofe we have at prefent ||.

* Newtuu'a Optics, p. 84, 89. . f Ibicl- P 89- . . I' Kofe> Tn the annexed
flate, the aberrations F/, O.«, are each four times too large in proportion to the focal diihmccs
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Of Vl S I О N.

*W~ •«- AV IN G now gone through the general * theory of reflection
• И and refraction of light, we are in the next place to enquire
• • into the theory of vifion. This enquiry in itfelf is not only

•*• •*• curious'and entertaining, but without it there is no accounting
for feveral optical phenomena ; and it is alfo very neceflary that it ihould
precede the particular theories of optical inftruments, if we would
nghtly underftand their effects in extending, as they do, fo prodigiouily,
the natural boundaries of vifion. I have therefore beftowed a diftindt
book upon this head, the two firft fedtions whereof are upon vifion
m general ; in which I have endeavoured to digeft and fet in the beft
light I could, what I have been able to gather upon the fubjecl: ; the
two remaining fedtions are for explaining the phenomena of vifion by
the reflection of poliihed fpeculums, and refradtion of a fingle lens.

S E C T I O N I .

Of the eye, and manner of vifion.

§. ï. A brief defcription of the eye.
*• '""¥"4 H E eye confiíls of feveral coats, or teguments, which form a ball

Д. perfectly globular, excepting on the fore part, which is a little
Htore protuberant than the reft. Within this ball are included three

different
This theory has no neceflhiy connexion with thence as juftly, as if he had fecn the coloured

"ion, and may be perfectly underftodd by a blind fpe&rum formed by a prifm. ]îut there is no
an : And although a perfon who does not re- underftanding the theory of vifion, without л

j- ember to have feen objefts, cannot have the competent fkill in that of light ; othcrwifc it
^ me ideas about colours that others hare ; yet would have been perhaps more natural, to have

djff

may Peijeftly comprehend the theory of the made the defcription of the eye, bV. the en-
Cerent refrangibility of light, and argue from trance into the fucnce of optics.

N
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fornca.

different forts of liquids, or foft traníparent fubílances, called humours.
Fig. ï. /The figure reprefents a feftion of the eye through the middle, by an

, horizontal plane, or a plane paifing through both eyes ; and for the
I fake of reprefenting the parts more diftincHy, the diameter of the figure
\is about twice the diameter of the human eye *.

Scicrotka and - 2- The outefmoft coat, reprefented by the fpace contained between
the two outermoil circles BFB, is calltdfclerottca. Adjoining to the fcle-
rotica at the points B,B is a more globular coat, reprefented by the fpace
/between the two circles BAB, called cornea, Thefe two coats make
together one firm cafe of a proper form, for containing the reft of the
coats and humours. The cornea is tranfparent (like horn, whence it

j has its name) for the admiffion of light into the eye.

Choroeides 3- The next coat under the fclerotica, reprefented by the two inner-
and Tunica moil circles BFB, is a membrane of lefs firmnefs, called choroeides.

.This membrane is by M. Ruyfcht and fince by other anatomifts, divided
into two j the outermoft of which retains its old name, and the inner-
moft is called -\tunica ruyfchiana. Both thefe coats are often confider-

! ed as one, under the old name ehoroeides ; the back part of which in
the human eye is of a rufty dark colour, occafioned by a black mucus
(wherewith it is covered jj.

4. Adjoining to the choroeides at BB, is % a flat membrane called
by moft authors the uvea, and by fome the iris-, but generally
by the iris is meant only the fore and circular coloured part of

ь the
* It is not_to be expefted, that the account we firft they may fecm to be. For if rifion is ow-

ing, as I think it is now univerfally acknowledged,
to the impulfe of l ight upon the retina (or to its
Lnpulk upon the choroudes, as fome have ima-
gined) there does not ftcin to bo клу ntccfùiy
connection betwixt vifion, ai.d the colours of
either the choroeides or retina ; unlcfj il lie fuyi-
pofed, thai nccordiiig to their colours, the1/ ;:re
more fenfible of t)>e inipulfcs of t lie rays of'liVht
of thefe colours, than of any other • But fudi "П
hypothecs feems very precarious. Perhaps the
eyes of fome animals tranfmit more of fome
kiud of the coloured rays, than of others ; and
that this may be thc caufe of the diverfities of
colours above obicrvcd : And admitt ing thii, it
wil l appear very ргоЬлЫс, that liiefe difFi-rcnt
cimftitutions oi the eyes of d'iR-rcnt animals, we
intended for the purpofe above ;iiligned.

J This membrane was formerly fuppofed to be
fpherical, and of much the fame curvitv with

are to give, (hould be altogether perfeit. For as
it is impoffible to examine the internal parts of
thee>e, whilft it is in its natural and vivjd ihitc ;
fo is it difficult after the eye is taken out of its
locket, to prcfcrvc the figures of its feveral parts
entire : and this is an excufe for fome difagrce-
menis we find among anatomißs. However,
the accounts we have, arc fufficiently accurate for
our purpole.

f This coat is defcribed as leaving the choroeides
at B,B, andas p.iifmg behind the proccíílis ciliares,
and round the edge and back part of the cryilalline
humour.

|| Anatomiib obferve, that in brutes of prey
the middle part of this membrane is perfc-itly
white 5 arid in brutes that feed on grafs, the fame
port is of a bright green. The whiienefs in the
one ie fuppofed to enable them to difcover their
prey better in the night ; and the greennefs in the
other, is alfo fuppolcd to be a help to them to, , , . , , . . . thc choroeides ; but Monf. Petit, a fki l ful anato-
linü their food: whilft men have the advantage milt at Paris in the Mem. fa ГЛсас!. Royale for
of the dark colour fuffocatir.g the rays, to prevent the Year 1728, fiiews thxt in the iiuni.m eye,
an indifl.inihiefs of vifion by their reflection back, the uvca h (lit. In delineating the eye, I have
But thefe Hypothefcs !or explaining the Ufes of followed this gcnileman's ir.c; lures, as he feems
thc different colours of thc choroeides in thc eyes to have taken more than ordinary pains in th*
of different .-mimais, are not fo fatb.'aclory as at examination of its fljuclurc.
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the laid membrane. This membrane is opaque, and of different co-
lours in different eyes, as grey, black, hazel, &c. and being feated be-
hind the cornea, its colour is ieen through it; whence the eye is accor-
dingly denominated grey or black, 6cc. The uvca arifes from a circular
ridge or protuberance running all along the infide of the cornea, at its
juncture with the fclerotica atBB.

c. In the uvea, a little nearer the nofe than the middle, is -f-a round ̂ T11-
hole a a, for the admiflion of light into the eye, called the pupil.
|| The pupil may be enlarged or contracted for the admitting of more
or lefs light, as the circumihmces of viiion require : for which purpofe
the uvea is furniihcd with ftrait mufcular fibres, proceeding from its
circumference towards the center, and terminated in the orbicular limb
of the pupil j which limb is alfo fuppofed to be mufcular **, that fo by
the contraction and dilatation of thefe ftrait and annular fibres, like the
clofing and opening of a purfe, the pupil may be dilated and con-
tracted.

6. At the back part of each eye, a little nearer to the nofe than
the middle, there enters a nerve as V, called the optic nerve £. °Ptic "ervc-

7. The fibres of the optic nerve, after their entrance into the eye Retina,
at V, fpread themfelves like a fine web or net over the choroeides or
Ruyfchiana ; and fo form a very thin membrane, called Tunica Retina^
reprefented in the figure by the etched circle B FB. The retina is reckoned
to extend all round as far as В В ; and is of a *darkiili colour, occa-
fioned by its immerlion in the a black mucus adhering to the tunica 3 3. II.
ruyfchiana. But the optic nerve is white like the brain, from whence
it is propagated.

N 2 8.

j f Anatomißs obfcrve, that in animals which are but the exiftcnce of this ring is rather inferred
\ the prey both of birds and bcafts, the pupil is from the reafon of the thing, than proved from
! round as in man, which fits them to fee every way experiments, dlb'ml thinks, that the cryllalline
( alike. But in large anim.ils which feed on grafs, by prcfling againil the uvea, changes its figure ami
' the pupil is oblong horizontally, which fuits them widens the pupil.
! for feeing a large circular fp:ice upon the earth. J The fclerotica and the choroeides enter the
\ And in animals of the cat-kind,which climb trees, orbit of the eye along with the optic nerve : the
J the pupil is oblong the contrary w;iy, which fits origin of the fclerotica is the dura mater, a thick
. them bell for looking both upwards and down- tough membrane lying immediately under the
[ wards : And it is farther remarkable, that cats in ßttll ; and the choroeulcb is derived from the tin
I tue dark have their pup.Is prodigious large.which matn; which is a fine thin membrane adhering
I enables them to fee their prey with a very littlelight. clofcly to die bruin. Through the middle of the

!| The latitude of coatrnftion and dilatation optic nerve, there inns a pretty confpicuous ;ir-
°f the pupil is pretty confiderable ; and it is very tery, which goes Ürait through tlw vitreous lui-

/ Admirable, that while the pupil changes its mag mour, and fpread* itfelf upon the membrane t lui t
\1тцЦс it prefcrvcs its figure. covers the b.ick-fidc of the cryllalline.

** It is fuppofed neceffiiry that the uvea ihould * This membrane is faiJ to be quite black in
b(; furniihed with thefe two forts of fibres. Ana- infants ; not fo black at the iige of twenty ; of.ï
^iiiith are agreed as to the lirait ones ; and it is greyilh colour about the thirtieth year ; ';;iid in
flowed that there is a mufcular ring round the very old age almoll white.
l)llpil, into which the ftrait fibres are infcrted :



92
Cryíhlline
humour.

Procédas Ci-
liares.

Aqueous and
vitreous hu-
mours.

A T R E A T I S E BOOK II.
8. Within the cavity of the eye, a littJe behind the pupil, is a tranf-

parent fubftance ЕЕ, for the moft part of about the conliftency of hard
jelly, which-it nearly refembles ; but from the middle outwardly, it grows
gradually fofter. This is called the cryßalline humour -, it is contained
in a thin membraneous and tranfparent capfula -f-. The figure of the
cryftalline refembles that of a double convex lens of unequal con-
vexities, the flatteft fide being that next the pupil. The circular edge
E E is flattifh, or as it were rounded off, as reprefented in the figure.
The cryftalline till about twenty or thirty years of age is faid to be co-
lourlefs ; after which time it begins to be flightly tinged with yellow,
which increafes with age, till about eighty it is as yellow as amber.

9. The cryftalline is fufpended within the eye by a mufcle. B&-&B
called |j ProceJJ'us Ciliares, and by fome authors || ligamentum ciliare.
This mufcle is a little convex towards, and much weaker than, the
uvea, and árifes behind it at В В where the fclerotica and cornea
join together ; at bb it enters the capfula, and thence fpreads over
a great part of its anterior furface. The anterior furface of the pro-
ceflus ciliares is befmeared with a black unfluous matter, as is alfa
the back fide of the uvea : this black is, with good reafon, fuppofed
to be for preventing the reflection back of any of the rays of light, that
may happen to reach fo far.

ID. The cryftalline humour with the proceflus ciliares divide the
cavity of the eye into two unequal portions ; in the firft and fmalleft
of which BAB èCè, is contained a tranfparent fluid like water, called
thence the aqueous humour. The hinder and larger part of the conca-
vity of the eye В^ШВР is filled with a tranfparent fubftance called
the vitreous humour : This humour is not fo hard as thé cryftalline, or
fo fluid as the aqueous *. Again, the cavity containing the aqueous

humour,
f Trnt part of the capfula which inverts the || Both thcfe names are ufed for the fsme thing

hinder furiicc of the cryftiilline humour, adheres by different authors, even of good repute. Mr.
to the msmbr.mc inclofing the vitreous humour,
yet fo as to be fepar.itcd from it without cutting ;
bjt ;iil a!o:ig the liirib or edge E li of lhe cryíhl- ;

line, thefe two membranes adhere fo clofely lo- and denfcr than any of the coins] Ligamentttm

Sharp, in his treatife of forgery, p. 169, chufes
the firrt, and calls the circular ridg-j where all the
с ::its unite at Bß (which he defciibes as wliiti(h,

gether, ;is not to Ьг parted without the knife.
The cryltalline has no vifible communication
with its capfula, and confequently with no part
of the body ; for as foon as the capfula is opened,
the humour within flips clean out : whence it is
imagined by fome that the cryftalline has only a
vegetable kind of life ; it having, as above obfcrv-

Ciliare.
* The vitreous and aqueous humours, are each

contained in fo very thin and tranfparent films
or bags, as fcarce to be perceivable till they are
broke, and the liquid let out. The aqueous
humour is more fpirituous and vifcous than com-
mon water : and the vitreous appears fomewhat

ed, no vilible continuity with "the adjacent parts like to foft jelly i but is fuppofed neverthelefs to
by any fibre or blood-vefTels : but although no confift of a liquid like the other, contained in a
fuch fibres or fm ill veifeli have been yet diicover- great number of delicate veficlcs or cellules,
ed, there iecms to be but little room to doubt of which are cafily broke j for upon touching it
their c:xillence. M. Petit in he Mem. del*dead, always appears moill and waterifh. It is not
Riyah fru 1730 has given a Ы)1с of the dimcn- doubled, but that both thcfe humours are noa-
fioi-.s, &c. of the cryltulhnc humour in 26 human rifhed through proper veffuis communicating with
eyes. the adjacent parts.
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humour, is divided by the uvea into two unequal portions ; the firil and
largeft of which next the cornea is • called the anterior chamber -f and
the other next the cryilalline, is called the pojlcrior chamber.

11. It is, agreed, that the feveral.coats, and the furfaces of the diffe- Axis of the
rent humours of the eye, дге fo fituated as to have one ilrait line per- еУе>

pendicular.to them all.. This imaginary line ACDF is called the axis
of-the eye.. And the axes of both eyes produced, are called the optic Opticaxes.
axes.

12. Having now .defcribed thofo parts of the eye, that are more im-
mediately concerned in viíion -f- ; I mail next fubjoin a table of their
dimenfions, „ at. a medium,, from feveral obfervations of Monf. Petit.
The Frazc-A.meafures.are reduced to my hand to the Englijh, by the
learned Dr. Jurin, in his curious Efjay iipon dißinol and indijtinel vi/îon,
publiíhed at the end of Dr. Smith's Optics. In, the table the tenth of
the EiHgltßi. inch is made the unit j and tho' the parts are given to the
hundredth part of this unit,.:or the thoufandth of an inch j yet it is
not to be imagined,'that we have the dimeniions of the eye to that
exactnefs ; theie fmall fractions having their rife only by the reduction
of the French meafures (which I do not find given to lefs than -^ of a
line) .to the Engliß.

f For the fake of having a defcriptioivof the .
eye all together, I fliall borrow from the anato-
miib a brief account of fomc of the other parts.

The fclerotica is embraced on its out-fide with
fix mufcles, which fcive to roll the eye in
its orbit all the different ways> for the fake of
feeing objeils not dircflly before us without mov-
ing the head ; and to facilitate thcfc motions,
it is obfervcd that all the vacant places, between
the orbit and the fclerotica, are filled with a luofe
fat. Four of-thefe mufcles are lirait, and the
other two oblique ; of the ftrait mufcles two of.
them arc fituated vertically oppofitc to one ano-
ther ; and the other two horizontally. Each of
the fix, according to its fituatiou or office, has a
proper name.

In the upper and outer part of the orbit, is
fcatcd the lachrymalglantt, whofe ufe is to fur-
niih at all times water enough to keep the outer
furf;.ce of the eye moift, without which the cor-
nea would be lefs pellucid. And that this liquor
nuy be rightly difpofed of, we frequently clofe

the eye-lids, even when we arc not confciotis of
it. At the inner corner of the eye between the
eye-lids Hands a caruncle, whofc office feems to
be to keep th:it corner of the eye from being to-
tally clofed, that any tears or gummy matter
may flow from under the eye-lids when we flcep,
or in о the punfta lachrymalia, whidi are little
holes one in each eye-lid near this corner, for
carrying into the dutlus-adnafum any fupcrfluous
tears.

Uo:h the eye-lids are lined with a membrane,
which alfo folds fo much of the eye as is called-
the white. This membrane is named conjunSiva,
alfo adnata ; and bcfides other ufes it may have,
one very confidcrable is, to hinder any dull or
extraneous particles from getting behind the eye
into the orbit.

To give a more minute account of thefe, anil
fome other parts of the eye, which have yet been
here mentioned, is the proper province of auato-
niiils.
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13. A table of the * dimenfions of fome of .the parts of the human

eye, at a medium from feveral eyes.
Tenths.

The axis AF of the eye from out to out, is about g r
The radius of the outer furface of the cornea от с
The radius of the fclerotica — 4.5 j
And the diftance of its center from the cornea • 4.80
Thicknefs of the fclerotica '•— —'• 0.2 ç
.Whence the diameter of the eye from the outer furface of the?

cornea to the choroeides £ 9-25
Diftance between the outer furface, of the cornea and cryftalline 1.06
Radius of the anterior furface ECE of the cryftalline • ^ . o j
Thicknefs or axis CD of the cryftalline • ••- j .Sr
'Radius of the hmdermoft furface EDE of the cryftalline — 2.со
Breadth .or chord-ЕЕ of the cryftalline -170

:Let r be the center of the cornea, s the focal center of the cryftal-
207. I. line;..then we ihall have'Cj=" 1.05, Dj=ao.8 j and confequently

,А.г=2Л1, and jr =1.24
14. The diameter aa of the pupil, varies according to the degree of

/light the ,ey.e is expofed to ; -f it being bigger or leis, as the light is
fainter or brighter, that fo in all cafes the quantity of light entering the

•.eye, may be the better fuited for the purpofe of vifion. The pupil
.alfo contradts a little in the fame degree of light, when we look near at a
fmall objedt j but the limit of its aperture, in the eyes of adult perfons
is, I think, from about £ to ̂  or r'T of an inch.

15, Of f he refraStions of the different humours : It is very difficult,
ï think, to determine accurately the meafures of thefe refrailions • bnt
from fuch || experiments as could be made, it has been found, that the

refractive
* I found it neceflary to qualify fome of thefe ed by two glafs planes cemented together in a

numbers a little, that the parts of the eye might given angle ; and this feems to be the belt me-
,the more uniformly join ; fome incoherence in tliod of making it : or it might be made by pref-
•the meafures unavoidably arifir.g from fome dif- fing the humour into the ihapc of a lens between
.tortion at the time they were taken : however, two glafles properly figured. But the'difficulty
rupon the whole, their agreement is greater than lies, to know what changes thefe humours may
-could be expected. undergo after the animal is dead, and alfo after

f Of this any one may be fatisficd, by looking they are bruifed, and taken out of their proper
in a glafs whilft д lighted candle is moved trani- vehicles ,; and whether the humours of different
•verfely before him. At the approach of the can- animals refrail alike. Jf an eye be placed in a
-die the pupil will contrail, and enlarge as tlie fmall hole in the window-lhutter of a darkned
.candle is moved fideways. If inftead of the look- chamber, and the bottom of the fclerotica be
ing glafs be ufed a fmall concave fpeculum, the pared till it becomes tranfparent, the pidlures of
•change in the pupil will be mote fenfible, as the objefts that are on the .Dutfide will be 1'een on the
eye will be then magnified. The experiment bottom of the eye : and if while the eye is in this
.may be alfo made, without the candle, by turn- pofition, the cryftalline be couched or deprcifcd,
jng to and from a window. and a paper be held behind, the focus of the two

|| This experiment was made, by pr( fling the humours that remain may be found : and tlicncc
humours of an ox'seyeintoaJiollowpriiin, torn- knowing the figure of the coinea, the rcfratfivc

powers
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refractive powers of the aqueous and vitreous humours, are each of
them much the fame with that of common water ; and that of the
cryftalline is a little * greater : That is, the proportion between the
fines of incidence and refraction out of air into the cornea or -f- aqueous
humour, is as 4 to 3 ; out of the aqueous humour into the cryftalline,
as 13 to i z ; and' out of the cryftalline humour into the vitreous, as
12 to 13..

16. The cornea and the aqueous and vitreous humours being fup-
pofed to have the fame refractive power ; all three may be looked upon
as one denfe medium, whofe refractive furiiice is the cornea ; and die
cryftalline humour may be confidered as a convex lens, placed in a
given pofition within the faid medium ; whence the humours of the '
eye all together make a kind'of a compound lens, whofe effect in re-
fracting rays, having,a given focus of incidence, may be found as by
the. following

P R O P O S I T I O N I .

Having'tbe focus of incidence of rays upon the cornea of 'the eye', and
the refractive powers, radii, and poßtions of the cornea and of each fur-
face of the cryßalline humour ; to ßnd the focus 'of the rays, after their
laß refraïïion, by the poßerior furface of the cryßalline.

Let the refractive furfaces of the eye be as above fuppofed in Art. pig. 2,3.
13, and 15 j and let G F be the axis of the eye ; F the principal focus
of the cornea ; G the focus of rays parallel to die axis within the cry-
ftalline, after refraction by the furface С at their entrance into the aque-
ous humour ; and H the focus of rays coming parallel to die axis out
of the vitreous, upon the furface D of the cryftalline humour, after re-
fraction by that furface. Then we mall have

b . 2 . a n d

ij. CASE ï. Toßnd the focus of parallel rays, after all their refrac-
tions by the three refracting furfaces of the eye.

ï. Having found die focus F of parallel rays refracted by the cornea, Fig. a.
it will be,

2.
powers of the aqueous and vitreous humours diftinft vifion ; which is a proof that the cry-
taken together will be known ; and fuppoiing the ftaliine refraòls light more than the adjacent
refractive powers of thefe two to be the lame, humours.
that of the cryihlline may now be cafily found. •(- It is fuppofed that the refractions of the

* It is oblcrvul, that thofc who have been cornea and aqueous humour, are much the fame :
couched for a cat.uaft (which Ь a deprcflion of But if it wns otherwifc, no fenfible difference
the crylfolline humour to the bottom of the cyu) coalJ thence arife, bccaule the cornea is nearly
fcc obliged to ufc convex gl.iflb for obtaining of the fame thickncfs.

2
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. I. fi. PG:FCT-FC-3;3I:FJ ; (fee /^-.47. Book L ) that is,

52.06 (=±39.724-1 3.4— ï .06 or CG H-AF— AC): 12.34(13.4—1.06)
-•9.03:2.14.

3. 'To find the focus ;Y, after 'the 'laft 'refraction by' 'the .furface D--

•144. I. ' % Ш : HD — 2-5 :: "Ш - DY- See/a-- 4,5- Book I.

' -NowD* (==AF— AD— F^=i3.4— 2.91— 2.i4)=!83f -
andH/J (==HD-f--DJ=.3 2.5 + 8.35) =40,85.

Wherefore 4о.85:-зо:: 8.3 5:6.13=0 Y$ whence AY(=AD-hDY)
= 9.04.

b

1 8. CASE 2, Having the focus of rays diverging or con-verging upon
the cornea, to ßnd their focus after the laß refraSlion by the poßerior

_ furface of the cryßalline. - i.
'Let QJx: the focus of incident rays, and /the focus of rays coming

parallel to the axis out of the aqueous humour upon the cornea ; fay
ï- Of • QA :: fQA + 3.35 : QÖ. Let QA be 8' inches or 80 tenths ;

vthen 69.95 (=80— 10.05) : 8o - 83.35 : Q£-=95-325. See/^. 43.
.Book I. - .

=95.325— 80— 1.06) =14.265, and aG (=14.265 +
•39.72) =53.985.

2. Say aG : aC :: caC — 3.3 r : ab. (fee^. 47. Book I.) that is,
53.985 : 14.2.65 :: 10.955 : ab = 2.895— .

NowD£ (=Ca — CD — 0^=14.265 — 1.85 — 2. 895) = 9. 52
and Ш (=32.5 4- 9-52) =42.02.

3. To find the focus q after the laft refraclion at D, it will be,
Ш : HD— 2.5 :: ADè : D?, (fee^f. 45. Book I.) that is,
42.02:30:: 9.52: 6.797 ==D?. Q,E.I.

After the 'fame manner, by 142 to 144. 1. may be found the focus q
of the refracted rays, wherever the focus of incidence Q^js placed.
Videßg. 43 to 48, Book I.

19. Schol. ï. Let / be the bottom of the retina; then D/=a6.34,
I3' {т Yi=ho.2i, ̂ =co.45, and Yq=o.66- And hence if it be fuppofed
4' II that parallel rays, and rays diverging from a focus at the diftance of 8
* ' inches from the cornea, are equally fuited for diftincl viflon ; the retina

ihould bifed Y? ; and therefore the axis of the eye ihould be either a
little longer, or its refractive power a little greater, than what has been

above
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above fuppofed. However, if we argue from the places of Y, í and. ç,-
the meafures of tlie eye are pretty conliftent.

20. Schol. 2. By fuppofing/ a focus of incidence, we may, after'the
manner ihewed in the preceding Prep, find 'a focus Q, from whence"
rays diverging upon the eye would be united at the retina ; and accord^
ing to the numbers m Art. 13, 15,^(^==23.956 or 24 inches nearly.;
Whence, if our meafures of the eye could be depended upon, it might
reafonably enough be concluded, that 24 inches is the natural diftance
of diftinct vifion ; or that diftance at which the eye would fee an object
perfectly diftinct, without any ftraining or effort of any of its parts.
And if the axis of the eye be fuppofed a little longer, fo as the retina
may bifect Yq, thé faid diftance AQjwill be lefs than 24 inches. Bat
to affign that diftance from the meafures of the eye, would be a vain
attempt ; for a fmall error in thefe meafures, would produce a very
great one in the fituation of the point fought, Q^

21. ScboL 3. If it be fuppofed that the pictures of objects, wlien
fèen diftinctly, are formed upon the retina ; it is manifeft that a different
conformation of the eye is neceflâry, for obtaining diftinct vifion at
different diftances, either'as to the length of its axis, or as to the figure
or pofition of the cornea or cryftalline, But which way foever this dif-
ferent conformation is effected, as fmall a change in the eye as will fuf-
fice for procuring a diftinct vifion of objects, from a moderately fmall
diftance, to double that diftance y will affo fuffice for all diftances, from
that double diftance to infinity.

Let AQJ>e the axis of the eye, AB its femi-aperture j p the place 1к ,
of the neareft object, Qj. fécond object ; fo that-^>Q==^A or/»B, and
let k B be a ray parallel to the axis. Now becaufe B/> = /Q, the
Z./BQ== BQ/=^BQ i whence it is fufKciently manifeft, that if the
eye is fo adapted as to unite a ray />B with the axis, at the point where
the retina interiects it ; as great a change in the eye is requifite to bring
a ray QBj to unite with the axis and the retina, as will afterwards be ne-
ceflury to bring the ray ^B to an union with the axis of the eye and
retina.

22. Schol. 4. The focal center of the eye, (or that point O in its pjß 2 „
axis, at which an object, and its image upon the retina, form both the
feme angle) is nearly, where the hindermoft furface of the cryftalline
interfects the axis.

The focal center of the cornea alone, is its center r ; and the focal
center of the cryftalline alone is the points, fo that jD=ao.8, and a I2 тт
"••=;' ï .24. Whence it is fufficiently manifeft, that the focal center of the

О eye,
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eye, or of the cornea and cryilalline taken both 'together, rnuft be-
fomewhere betwixt s and r. Let y be the principal focus of rays com-
ing out of the aqueous humour upon the cornea, g the principal focus of
the cryftalline humour, and let the fpace s f be fo divided in O, that
J0 : Or :: sg : rf-, it is pretty evident that the point О thus found,, will
be the focal center of the eye, at leail nearly *; to find which we ihall

" l85- !• have /-/=13.4, ^=="17.56, and jr= 1.24; whence í О 5=0.7. But
j'D===o.8, and D/=6.34, and therefore O/=6.44, and AO==2.8i.

. 4. 23- Corol. ï. In every oblique pencil which enters the eye,, that ray
is to be efteemed the axis, which interfecls the axis of the eye in O,
as reprefented by the black lines in the annexed figure» And therefore
in an oblique pencil, the axis is not the middlemoft ray; and the
greater is the obliquity of the pencil, the more remote will its axis be.
from the middle ; and when the obliquity is very great, the axis will
be excluded from entering into the pupil.

24. Corel. 2. Haying the angle fubtended by any objedt at the eye,
by making O t radius, we ihall have the diameter of its image upon
the retina. Thus, a circle facing the eye, and fubtending an angle,
thereat of ï min. will have for its image a circular fpot upon the re-
tina, whofe diameter is about TjTo Part °f an inch-

§. 2. Of the manner of

The news -25. It is fuppofed, without any controverfy, that the nerves (which-
the organs of are diftributed all over the, body, and center in the brain) are the im-
спЫюп. mediate organs of fenfation.. And there feems no room. to. doubt, but

that our fenfations are immediately caufed. by impulfes from external
bodies, either by touching our bodies in, the grofs, or by fome fmall
material particles fome how propagated from them. Of the firft fort,
is the feníè of feeling,, fo called) and not unlike that, is alfo the fenfe
.of tufting^ the bodies we tafte. being in immediate contact with the pa-
late, tho' diflolved into fmaller particles, which either by their different
texture, figure or fizes, give us the ideas of different taftes. Smelling

, is caufed by the impulfes of fmall particles, or effluvia, propagated from
the odoriferous body : While the idea of found, or of hearing, is excited

by
* Authors differ very much about the fituation from where w« have placed it. The method of

of the focal center Oj fome placing it in the finding the focal center of two or more lenfc«, or
center of the eye, others in the vertex of the cor- refracting furfaces any how combined, will be
nea ; fome in the middle of the cryilalline, and fhewcd hereafter ; but f .>r our prcfent purpofe,
others in the middle of ibe pupil ; but for the the fummary explanation above is fufficient,
rt;ifo» above affigncd, the point 0 cannot be far
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by impulfes of the air (put into an .undulating motion, by a tremor or
•vibrating motion of the ibnorous body,) on the drum of the ear *,

26. And we can make no doubt, but that light propagated from '-'P,^ llie
vifible bodies, by ftriking upon the proper organ, is the mediate caule OTVifioiT''
of vifion.

Thus, for example, the pencils of light BPB, BQB_, BRB propa- Fig./j.
gated from the points P,Q,R of an object PQJl, are firil refracted by Light, how
the cornea, fo as to belong to the focus's a, èy c rcfpectively, at fome t

r^ra
c
i^d bj

•certain diftance behind the eye ; then by the anterior furface of the pifiureform-
cryftalline humour, they are again refracted towards tlie focus's /î>, /, k <& ."\кп the

nearer to the eye than before ; and laitly, in going out of the cryftal- lct"w'
Jine into the vitreous humour, they are refracted fo as to unite in the
points p,<?,r. In like manner, the pencils of rays coming to the cornea
from every phyfical point of the object PQR, are, by the different re-
fracting furiaces of the eye, brought orderly to unite upon the retina,
and there form as it were an image p q r, of the object j but in an
inverted pofition, the rays belonging to P uniting at f, off.

Thus, the cavity of the eye is a kind of -f Camera Obfcura j the cor-
nea and cryihlline making a fort of compound lens, whofe aperture
is limited by the breadth aa of the pupil.

27. Sir Ifaac Newton feems to think that fenfations are excited in the s\ri/aacNw
brain by a-vibrating motion of the nerves. Newton's Optics, 0^_12. л«'* thoughts
pag. 319. " Do not the rays of light in falling upon the bottom of the the mam"« of
eye excite vibrations in the tunica retina ? Which vibrations, being pro- vifion.
pagated along the folid fibres of the optic nerves into the brain, caufe
the fenfe of feeing. For becaufe denfe bodies conferve their heat a long
time, and the denfeft -bodies conferve their heat the longeft, the vibrations
of their parts are of a lafting nature, and therefore may be propagated
along folid fibres of uniform denfe matter to a great diilance, for conveying
into the brain the impreifions made upon all the organs of fenfe ||."

О г 28.
* How exquifitely fmall muft be the*ffluvia of fenfcs, there may be a great many of other forts

•bodies, and how delicate our nerves, to -be moved that are conftantly emitted : Magnetifm is one re-
•by fach tender imprcffions j and not only that, markable inftance ; and eleilricity is a wonderful
•but to be affefted differently by fuch an innu- phenomenon. The flaihes of lightning from
•wierable variety of them I How vaft are the va- rubbing a glafs tube in the dark ; the ipray of
riety of fmells, and what a long time will fome the fea againft the fides of a fliip under a frefli
odoriferous bodies, preferve'their odour.without a gale; the fliining of touchwood^ are inftanccs,
fenfiblc'diminution of their weight I What an im- among feveral others, that bodies may emit light
nienfe fpace an inch of tallow is capable of fil- without being in what we call a burning ftate.
ling | ior a lighted candle may be feen at the And how docs that light differ from that of fire,
«iftance of fome miles, and the motion of light except in degree ?
's in .a manner mitantaneous. What an infinite f For the theory of the Camera Obfcura, fee
variety of founds can we diilinguiih ; and how Art. 243, to 246. Book I.
furprifmg is the efteft of mufick ! Befides thefe || See alfo Q±i6. latter end.
*ffluvia's of bodies that immediately affedl our
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of colours, 28. In the next%Ery (13.) the fame great author propofes the fol-
how Гьу the lowing moil beautiful hypothefis, as a folution of the phenomena of
fcme author, colours. " Do not feveral forts of rays make vibrations of feveral big-

neiTes, which according to their bignefles excite fenfations of feveral
colours, much after the manner that the vibrations of the air, according
to their feveral bigneifes, excite fenfations of feveral founds ? And par-
ticularly, do not the moft refrangible rays excite the fhorteft vibrations
for making a fenfation of deep violet ; the leaft refrangible, the largeir,
for making a fenfation of deep red ; and the feveral intermediate forts
of rays, vibrations of feveral bigneiles, to make feniations of the feveral
intermediate colours ?"

Sir ifaac 29* In a manufcript of Sir Ifaac Newton's, a copy of which I was.
Newton'sop- favoured with by the curious and learned William Jones Efq; that great
fibkfeSSots author's opinion is, that the fenfations caufed by the impiufes of light
are communi- Up0n the retina, are communicated to the brain or fenforium, by the.
vfhî b° thce mediation of a fine aether : His words fee below *.
mediation of -o> jn order to form diftinft vifion, the irrufture of the eye itfelf
a fine aster, ^^ indicates, that a certain quantity of rays from every vifible point:
SHruftuiV<L of an objedt, are neceflary to be united at the fund of the eye ; and
Jy contrived6" that the points of union of the rays of the different pencils, muil be

diftincT: and feparate from one another, at leail that there ihould bei
but as little mixture of them as poffible. For the effecting of thefe
purpofes, the ftruélure of the eye is admirably contrived : All the ray»
coming from any vifible point of an objecl:, that can enter the pupilj,
are united clofely together upon the retina,, and thereby make a vaftly
greater impreffion, than a. imgle ray alome could do^. and for this end,
the retina is placed at a proper diftanee behind the. refracting furfaces.
In like manner, ea.ch pencil of rays is refracbd orderly into diftindl

.focus's»
* ' Lighf feldotn ftrikes. upon, the part? of grofs of water.;, becajife thofe pores are filled with

bodies, (as may be feen in its paflmg through 'water : and if it could, it would be too fubtile
them ;) its reflection and refradhon is made by to be imprifoncd by the dura matfr and ikuIJ,.
the diverfity of icthcrs ; and therefore ils cfféèi and might prifs for .ether. However, what need
upon the retinn can only be ttwmake this vibrate : of fuch fpints ? Much motion is ever loft by com -
\vhicb motion then mutt be cither carried in the munication, efpecially betwixt bodies of different
optic naves to the fenforium, or produce other conlhtutions. And therefore it can no way be
motions that are carried thither. Not the latter, conveyed to the fenforium fo entirely, as by the
for water is too grofs for fuch fubtile imprcffions; aether itfelf. Nay, granting me, but that there
and as for animal fpirits, tho' I tied a piece of are pipes filled with л. pure transparent liquor.
the optic nerve at one end, and warmed it in the pafling from the eye to the fenforium, and the.
middle, to fee if any airy fubihncc by that means vibrating motion of the atther will of neceflity
would difclofe itft-If in bubbles at the other end, run along thither. For nothing interrupts that
J could not fpy the Jeail bubble ; a little moiilure motion but reflecting furfaces ; and therefore alfo
only, and the marrow itfelf'fqucezed out. And that motion cannot Itray through the reflecting
indeed they that know how difficultly air enters furfaces of the pipe, but muß run along (like я
fmall pores of bodies, have reafon to fufpedl that found in a trunk) entire to the fenforium. And
;,.n : i i i y body, tho' mi.ch finer than air, can per- that vifion thus made-, is very conformable to the
v;ide and w i t h o u t violence (аь it ought todo) the fenfe of hearing,, which, is made by like vi«-
Ош11 pores of the brain and nerves, I Ihoujd fay billions.'
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focus's, that the whole object may at once be diftinctly fecn. If the fays
of light were not thus refracted, very few of them would llrike upon the
leaft fenfible point of the vilionary nerve, wherever that was placed, and
the rays from different objects, or from different parts of objects, would
ftrike on the fame place at once, which muft have created an indiilinct-
nefs equal to blindnefsr'

When the light is weak, or ftrong, the pupil is accordingly enlarged
or contracted, for the admiffion of more or fewer rays ; that the im-
preiTions upon the retina, in both cafes, may be the more fuitable.

The cryftalline humour being denier towards the'middle than elfe- я 8. II.
where ; it is reafonable to fuppofe, that this humour is not equally re-
fractive, the denfer, or middlemoil part, being more refractive than the
reft *. This different denfity, of the conftituent parts of the cryftalline,
is admirably contrived for correcting the aberration from its figure, as
well as that of the cornea -f-. The rays in each pencil that are more
and more remote from the axes, by pafling through a medium- gradually
diminiili'ing in denlity, from the middle towards the extremes, have
their focus's gradually lengthened, which corrects the aberrations of the
figure, that fo they may all unite nearer together. The concave figure
of the retina is alfo ferriceable in this cafe.

31. It is indifputably true, that objects are feen by means of the Why object*
impulfes of the rays of light, propagated from them upon the vilionary arc ^m cfetl-
nerve ; and we have the concurrent teftimony of all our fenfes, that
vifible objects, or fuch of which we have vifible ideas, do really exift
fomewherc, that is, at fome, maybe uncertain, diftance||, in the direction
of thofe rays, or of the principal ray in each pencil. And hence it

neceflarily
* It is conitantly obfervcd, that in mediums || It is almolt imnfccflary to advcrtifc the

ef the fame kind, but of different denfities ; that reader, that what is here meant, is light coming
which has the greater dcnfity, has the greater re- direcVly from the object to lhe fpecbtor, wi thout
fi-aftive power. being bent by reflection or refraclion. Images,

f This conjecture appears fo natural, that it as thofe in a looking-glafs, b'c. excite the fame
looks as if this important end be one main defign kind of ideas, and that by the fame laws of vilion,
of the cryftalline. For if we confidcr it as a mere as real objefts do ; and "it is very trut, that our
lens, for fhortening the focus's or' rays'refracled ideas thcmfelves have no fimilitudcs, or perhaps
by the cornea; that end might have been obtain- any neceiliry connexion, with material bodies,
ed by a much lefs apparatus, by only increasing And hence Iqrhewhat like an argument has been
a little the convexity of the cornea, and the den- advanced, to lhe w that a. material world does,
fity of the humour behind it : Perhaps it alfo not exilt, or at leail does not, as to any tiling we
helps to accommodate the eye fordiilincl vifion, know, necciliirily i'xift. But to wave mctaphy-
at different dilhnccs. In the eyes of fiflics the ficnl arguments, \\hich perhaps are more fervice-
cryftalline is globular, having in the middle n able for maintaining of feigned hypothefcs, than,
fimll nucleus or kernel, much harder than the ï rlt. for difcovcring t r u t h ; it is fufficiently manifdl
Thib figure euifcs a greater aberration than that that fomcthing docs really cxift, which is inactive,,
of a thinner lent, to correft which, the kernel in ponderou1, endued witli lome peculiar qualities,
the inidille is accordingly harder in proportion, which men have learned to modify various ways
than the middle of lhe cryf ta l l ine in the eyes for their convene icy. But if tilde nfmcd lo-
of other animals. A due confidcration of (he giciaiib will net ;tiknv us the icl l imonv -of our
ftructure of the eye, may lurni l l i ufcful hints fur icnfes, they will not, ' l is to be hoped', deprive
the improvement of optic.il inllrumcnts. us of our icligion u о ; anil does not ùiat i i i j jvotc.

the c.vilemx of a ii'.atniul v .u iM '
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.necefiàrily follows, that we ihould fee objects erect, and1 all tlieir parts
in their due order and fituation 5 that is, thofe parts that are to the
right and to the left, we perceive in thefe fituations. For though in-
verted images of objects are, as it were, formed at the bottom of the
.eye, yet it cannot be iuppofed that the eye, or the mind fees thefe
images, as fuch : For the eye fees no part of itfelf, and even external
objects muft be at a competent diftance from it, to become diftinctly
viable.

whatisufual- 32- The impreffions upon the retina, of the feveral pencils of light
jy meant by „propagated from an object, will be neceflàrily more or lefs diftinctly per-
on ttefetina! ceived, according as the imaginary image there formed by them, is more

or lefs perfect ; and fo for fhortnefs of expreffion, an image upon the
retina is often fpoke of, to denote the degree of diftinctnefs of a yiiible
.object ; and alfo to denote in general, the impreffions of the pencils of
.light upon the retina, when the, diftinctnefs of vifion is not particularly
confidered.

ideas accom- 33- As all our fenfations are forne how caufed by impreffions from
panyingdiffe--external bodies, fo particular fenfations never fail to excite in us the
acquíreÍTby"5 '^cas °^ Particu^ar bodies ; and thefe ideas, or fomething at leaft in the
.experience, compofition of them, we undoubtedly acquire by experience. How

•elfe could a particular found produce the compound idea of a bell, a
drum, a man, an acquaintance ? And language is a furprifmg inftance
of the great ilrength and quicknefs of our retentive faculties, in aflb-
ciating together a vaft variety of ideas, which before were learned and
itreafured up, as the proper fignifications of fuch particular words or
founds. In like manner, different fmells and tailes are accompanied with
ideas, which before had been treafured up in the memory. ' Our fenfations
themfelves are probably coeval with us, and perhaps they differ but
little all our lives, except in degree of quicknefs or perfection : It is
the ideas that accompany them, which are acquired ; and thefe for the
moil part are got fo early, that we forget our having ever learned, as
it may not improperly be catíed, to fee and to hear, &c. And yet fo
true it is, that we have as it were learned feeing and hearing, £?c. that
an adult perfon, who had been blind or deaf from his infancy, would
not be able immediately to make any great ufe of his new acquired
fenfe, till he had time and opportunities to make his proper obíèrvations,
as others had done in their childhood *. The theory of vifion, as little
as we know of it, is yet better underftood than that of either. of our
other fenfes. And it is very manifeft, that the fame object placed in a
.different light, in a different pofition with refpect to the optic axes, or
at a different diftance from the eye, will haye a different image upon the

retina j
* See РШ. Trsnf. N"402 ; and Tatfa; № 55.
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retina j and yet innumerable variety of thefe circumlbnce.4 will caufc
no difference in the vifible idea ; experience having taught us, that thefe.
different fenfations proceed from thole different circumftances, we in-
ftantly, and imperceptibly, form the fame idea of the object that we were
ufed to do.

34, There feems but little room to doubt, but that like feníàtions Like л-nij .
do always excite like ideas, although the caufes of thefe fimilar fenfa- ':°"s> '!'?'
tions may be different. The flaihes of lightning fomctimes perceivable cmfes, cxciu-
from a fudden blow upon the eye, or other part of the head, are probably like ide-ls-
owing to die fame kind of motions being excited in the optic nerve by
the blow, as by the impreflions of real lightening. After the fame man-
ner we may make fome probable conjectures, as to the- caufes of other
phenomena of the like fort. As the circle of colours, like thofe in the
leather of a peacock's tail, that appear upon prefling in the dark one
corner of the eye with the finger, are probably owing to the like motions
being excited at the bottom of the eye, by the preflure of the finger, as
at other times are excited there by light for caufing viiion *. And
thefe phenomena do fomewhat corroborate the hypothefis, of viiion
being caufed by fome motion excited in the optic nerve, by the impulfes
of light upon the bottom of the eye.

35. The ideas we have from the impreflions of light, do not inftant- vifible im-
^ vaniih, but remain for fome fmall time. This muft undoubtedly be prenions have

1.1 . > n . 11 Г Г . • _ ._ _ Г 11 . , • _ _ . fL 1 1°true, with refpedr. to all our fenfations ; for all motions muft be per-
formed in time, though imperceptible to us. The phenomenon of a
burning coal appearing like a ring of fire, when whirled nimbly about
in the circumferertce of a circle, feems to prove that vifible fenfations-
have a fenfible duration. For the impreflions of light from the coal
in every part of the circle, do probably remain entire on the eye, till
they are renewed by the arrival of the coal at the fame part again -r

otherwife, inftead of a ring of fire, we ihould fee the coal diftmftly in.
the fucceffive places, as the cafe is when it is moved but llowly. In
like manner, in going fuddenly out of a ftrong light into the dark, the
impreflions of the light are perceptible for fome time ; and the uneafi-
nefs we feel at fuch times, ihews that a fudden change, even from light to
darknefs, ie hurtful to the eyes : The fame kind of uneafmefs is likewife
felt, in going fuddenly out of a dark room into a ftrong light. Thefe
phenomena do alfo ihew, that the eye requires fome time to adapt itfelf
to different degrees of light. . Thefe and fome other phenomena, -f- Sir
Ifaac Newton brings to corroborate his hypothefis, that the motions ex- And hit abou1.
cited by the impreflions of light upon the retina, are of a vibrating na- er"t "*

tu re
Op:ics, Qicr. 16. •(. Ibid.
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ture ï and moreover, he deduces from them, that motions once excited at
the retina, continue there about a fécond of time before they ceafe.

§.3. Of apparent motion.
Moüonhow 36. In like manner, as the different fituations of feveral bodies, or
perceived. Q£ ̂  fevera} parts of the fame body, whilil at reft, are perceived by

the impulfes of the light proceeding from them upon correfpondent
parts of the retina ; fo alfo are the motions of bodies, perceived by the
fucceflive' progrefs of thcfe impulfes over different parts of the retina.

Fie 6. Thus, if an objecl moves from P along the line PQ, its image upon
the retina will alfo move from p along the line p q.

A fpe&itor in 37. The fame phenomenon, as above,will happen, if while the objedl
motion, fees p js afreft, the eye be carried parallel to PQjhe contrary way ; for the
«ft °move the imageof the objedt P w-ilf in both cafes be moved alike along the line/^.
contrary way. And in the two cafes, if the velocity of P and the eye be the fame,

the apparent velocity of P will be the fame alfo *.
This accounts why a paiTenger carried in a coach or boat, fees, or

imagines he fees, the adjacent trees or buildings move,; juft at the fame
rate, as a perfon at the place he looks at would fee his vehicle move.
And this deception, if it maybe fo called, will be the ftrongefj as he
is the lefs fenfible of his own motion, and the quicker it is -, fpr then
he has the lefs incitement, and the lefs time, to inform his judgement of
the true cauíè-f-.

38. Carol. An objeft moving along a line PK, will appear at reft, to
Fig. D. fpeftator moving with the fame velocity along, the,line QG, parallel
ipefta°™'anda to PK. And if the motion of the objeft, is quicker or flower than that
anobjcftboth of the fpeétator, it will have an apparent motion, which will be direct

or retrograde accordingly. If the two motions are contrarily, the appa-
rent motion of the objedt wfll be fo much the greater, in proportion to
the real motion of the fpeclator. To paiTengers in a boat on a broad
river, the phenomena here explained do frequently occur ; and they arc
perhaps more agreeable to theory, becaufe we are lefs ufed to them, than
to objedls at reft.

P R O P .
* Hence, if the earth be fuppofed to move tion, and having time fufficient to refleft in the

found its axis from weft to «aft, while the hca- intervals t>f thefe apparent changes, thofe bodies
•venly bodies are at reft, they will appear to us, appear ncverthelefs to keep in their places. Bat
to move the contrary way from eaft to weft ; if he runs or rides fwiftly, he cannot help fancy-
there being nothing in this cafe to indicate to us ing the bodies he looks at, to move towards him.
our own motion. And therefore no argument The deception is ftill flronger, when one fits at
drawn from the apparent diurnal motions of the cafe. In coming up the river on board a fliip,
ftars and planets, can be of any fupport to either I could not help fancying that the veflels a-head
the Ptolenaie or Pythagorean Syßenis. came at a good rate to meet us, and being in

•(- Thus a perfon walking"xjr riding flowly, fome dread of their running foul upon us ; tho'
tho' he perceives the change of fituation of ad- their want of fails, was an indication to und«-
iacent bodies, yet being fenfible of his own шо- ceive me. ï

in motion.
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39. The fame degree of velocity appears greateß, when í he motion is Apparent ve-
in a line perpendicular to the optic axis ; and -when the motion is in other '°с'1У «n

directions, the apparent velocity will be, as the coßnes of the angles ^"joûfîoYh""
inclination to the faid perpendicular. optic axis.

Thus, if two bodies fet out at the fame time from P, the one mov- Fig. 6.
ing along the line P Q perpendicular to the optic axis Q^, and the other
along the line P S obliquely to it; and if their velocities be fuch, as to
pafs over the lines PQ, PS in the fame time, it is manifeft that their
apparent velocities will be the fame ; for the images of each, will pafe
over the fame fpace p q at the bottom of the eye, in the fame time.
Their real velocities in this cafe being as PQjp PS j it is manifeil that
when the velocities are equal, the apparent velocity of the body -which
moves in PQ^tee apparent velocity of the body moving in PS :: PS : PQ^:
Radius : Cofine of the £. QPS. Therefore, &c. 4L E- D-

40. And we can no otherwife perceive motion directly towards or Motion in the
from the eye, than by the change of the apparent magnitude or bright-
nefs of the object : For in that cafe, the image of the moving body,
keeps its fituation upon the retina invariable.

P R O P . III.

41. If two or more objects at different dißances from the eye, move in
parallel lines nearly at right angles to the optic axis ; and if their velo-
cities are proportional to the faid dißances, their apparent velocities will
be all equal : And if their real velocities are equal, their apparent velo-
cities will be reciprocally as their dißances from the fpeolator *.

ï. Let an object move from Qj;o P, in the fame time that another
moves from G to H, and it is manifeil that their apparent velocities will
be equal ; for the fpace qp upon the retina, will be paflèd over in the
fame time, by the image of each ; and their real velocities are, as the lines
QP, GH ; but QP : GH :: QP : GO. ^ E. D. 2. Let the velocities
of the objects G and Q, be equal ; then will the object G arrive at K,
and its image dcfcribe the fpace qk upon the retina, in the fame time
that the image of the object Qjlefcribes the fpace qp ; and therefore
the apparent velocities of thcfe two objects are as qk and qp, or as
GK (=QP) and G H ; that is, the apparent velocity of the object G,
is to that of Q ; as Q.O to G O. ^ E. D.

P P R O P .

* It is here fuppofcd, that the fpeftator makes he does, the phenomena may difagree with the
no allowance lor the different dillar.cts ; when theory.
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Apparent ve- 42. 77л' apparent velocities^ of bodies moving in parallel lines at diffc-
ièíènt dtf-d:í rent dißances from the eye, are direflly as the real velocities, and reci-
tances. pr oc ally as the dißances ; that is, as the velocities divide d by the dißances.
Fig- 6. Let two bodies move from Q,G, in the parallel lines QP_, G H ; and

let the velocity of the objeét Q, be called V, and that of G,<y -,, and let
their apparent velocities be called A>rt. I fay, that

: :A :* : :VxGO: i ;xQp .

If the two ob'iefts be conceived to move in the fame line, fuppofe
GK, then whatever be their velocities, it will be V : v :: A : a -, and
fuppofmg the velocity of the objecT: Qjo be the fame in Q_P, as before

41. II. in GK, it will be A : A in GK :: a GO : QO ;
And A in GK : a :: V : v ; and compounding theíè,.

It will be А: л : : G O x V : QOx-u:: : . ^ . ^E. D.

Objeusatreft 43. Schol. ï. After the fame manner, as objedls in motion will have
m'.yhavedif- different apparent velocities, according to their different diftances from
remmoSons. a fpecbtor ; fo to a fpedtator in motion, objedls at reft will have diffe-

rent apparent velocities. Thus, a paflenger in a coach fees the trees in
the next hedge move fwiftly backwards, whilft thofe in the field beyond
move flower, and thofe beyond thcfe ftill flower ; and fo on, thofe
that are very remote being fcarce perceived to move at all. And if a
fpecbtor in motion keeps his eye fixed upon an objedt at fome diftance,
objects which are pretty near that,, will appear at reft, as in this cafe, their
images upon the retina will remain fixed ; whilft nearer objedls will feem
to go backwards, and more remote ones progreffively forwards, the fame
way with the fpe&ator.

Objeas at 44. Schol. 2. If two or more objedts, having the fame apparent vclo-
in<lmoauone,Cm city' move a11 tlie ^ате Way ' an abJeit at reft' by which they pafs,
and the con- may appear to move the contrary way, whilft the objeóts in motion may
uíSprífetor feem at reftl For no mouion amo«g thernfelves is perceivable, finca
is at reit their irmges upon the retina keep the fame diftances from each other ;

and if the fpecbtor infenfibly moves his eye, fo as to keep thefe images
in the fame place, the image of the object at reft will pafs fucceiTively
over them, after the fame manner as if that object had been in motion
the contrary way. The fame phenomenon may happen, if the fmglo
objecl: be in motion ejther the fame or contrary way ; only its apparent
motion will be quicker or flower, direct or retrograde, according to the-
different circumftanees. Thus, when the clouds move fucceifively over

the
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the moon, ílie feems to go with their velocity the contrary way, whether
that be eaftward or weilward.

45. Schol. 3. From the. preceding proportions, it appears how difH- j)c(rrc.csof
cult it is, to form a juft eftimation of the real velocities ofobjedts, from velocity i l i f f i -
the apparent ones ; iïnce we ought to know both the directions and ^.^j*c"
diftances of the moving objects, neither ef which in many cafes, can
be guefled at with any tolerable accuracy ; and tho' we had them both
given, the calculus is too perplexed to be made extempore. We are in
fome cafes, as above obferved, even liable to miftakc the way towards
which an object fteers.

46. Apparent motion, or the motion of the images of a moving ob- vifiblemo-
ïedt upon the retina, muft have a certain limited degree of velocity 1'9" .liniltej.

ï t 'Li ^.i_ ^ • i r j f -i j i • • within certainto become perceptible ; that is, the ipace delcnbed upon the retina m a degrees of:ip-
given time, muft be neither lefs than fome given fpace, nor greater than p.aietlt vclt)-
fome other determinate fpace. CIty'

47. If the motion of the fun's fhade, at the diftance of five feet from of the flow-
the gnomon that cafts it, be obferved at about a foot diftance from the el1 :wMcnt

fhade, when the fun changes his azimuth about ten degrees in an hour ;
the apparent motion of the ihade will be then as flow as can well be
perceived, and the fpace defcribed by it upon the floor, will be about
* io| Inches in an hour ; and the motion of the image of the ihade,
upon the retina of an eye looking at it at the diftance of r i Inches, will
be at the rate of about TV Inch in an hour, or .01 of an inch in a mi-
nute.

48. By the above fuppoiition, the fpace defcribed in an hour by an ob- The angular
jed having the floweft perceivable motion, and the diftance of the eye fPac5 deknb-
from the object, are nearly equal : And therefore the fpace defcribed in "те" b™™
a minute of time, by an object having fuch a degree of motion, fubtends objeti having
an angle at the eye of about one degree : Or the fpace defcribed in a min.
in a line perpendicular to the optic axis, by an object having the leaft tion.
perceivable motion, is about -^ of the diftance between the object: and
the fpeótator. Hence, we fee why the heavenly bodies are not perceived
to move ; the fpaces defcribed by them in a minute, not fubtending an
angle of above a ̂  degree, when their apparent motion is greateft.

49. It is difficult to aflîgn the greateft angular fpace, that can be de- ofthequick-
fcribed in a given time, by an object having the greateft perceptible mo- ertperceptible
tion ; and the difference may be very great, betwixt that degree of velo- mouon-
city with which fomething may be perceived to croîs the optic axis,

P 2 and
* The motion of the fbdc would not be per- tn.-itions of moving bodies with others nt re/I, a

с<маМс, it we did not attend to ii.x murks upon motion much i\\iher than that Ol" the lhadv will
tile Hour ; and when we cannot compare the ii- be imperceptible.
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and that, with which the fame object may be diftinctly feen, as it moves :
Of this latter fort, let that of a falling body at the diftance of 20 feet
from the fpectator, and in that part of its fall when its velocity is at the
rate of j 9 feet in a fécond, be the quickeft perceivable motion ; the mo-
tion of the image upon the retina at that inftant, will be at the rate of
about £r of an inch in a fécond ; and therefore upon this fuppofition,
the quickeft perceivable motion is to the floweft, as an hour is to a.
fécond of time, or as about 3600 to ï.

50. We do not here pretend to affign the precife limits of either the-
leaft or greateft perceivable velocity ; what has been obferved above, is
fufficient to ihew that they have their limits, and perhaps thefe limits
are not far from thofe above fuppofed ; and perhaps alfo, the ratio of
the greateft to the floweft of velocities upon the retina, that are diftinct-
ly perceivable, is not greater than about 2000 to ï. We have feen

48. II. »above, that a prodigious great velocity, fuch as is the diurnal motions
of the heavenly bodies, may be yet too flow to be perceived ; and the
flight of a ball out of a gun, is much too quick for an eye not far off.,

§ 4. Of vißon with loth eyes-.

What is faid below about the manner of communication between
both eyes, and of vifion (diftinguiihed by the inverted comma's) is*
taken verbatim from the manufcript of Sir Ifaac Newton's, refer'd to
in Art. 29.

Defcription j. j _ (( The tunica retina grows not from the fides of the optic nerve
nerve's°and " (as the other two * which rife one from the dura, the other-from the.
their juncbre «<• pia mater:] but it grows from the middle of the nerve, fticking to it all
bVsfr Ifaac " over 'k-6 extremity of its marrow. Which marrow, if the nerve be any1

Newton. " where cut crofs-wife betwixt the eye andtheunion of the nerves, appears
" full of fmall fpots or pimples, which are a little prominent, efpccially
" if the nerve be prefled, or warmed at a candle ; and thefe ihoot into.,
" the very eye, and may be feen within fide, where the retina grows to

p- " the nerve; and they alfo continue to^the very juncture EFGH.'
" But at the juncture they end on a fudden into .a more tender white pap,-
" like the anterior part of the brain : and fo the nerve continues after
" the juncture into the brain filled with a white tender pap, in which.
" can be feen no diftinction of parts as betwixt the faid juncture and
" the eye f."

52.
* Meaning the choroïdes and fclerotica. part of the eyes, are here added to the .figure
-f- The objcít P QJ< S, with the pencils of rays m the Manufcript.

fuppofed to flow from it, together with the fore,-
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52. " Now I conceive that every point in the retina of one eye, hath s;.r ff«"-

" its correfpondent point in the other * ; from which two very flender ph^onuf'
" pipes filled with a moil limpid liquor do, without either interruption the manner c f
" or any other unevenncfs or irregularity in their procels, go along the b^hVx"11

" optic nerves to the juncture EFGH, where they meet either be-
" twixt G,F orF,H, and there unite into one pipe as big as both of
" them } and fo continue in one, paflmg either betwixt I, L or M,K into
" the brain, where they are terminated perhaps at the next meeting of
" the nerves betwixt the cerebrum and cerebellum, in the fame order that
" their- extremities were fituated in the retina's. And fo there are a
" vail multitude of thefe flender pipes which flow from the brain, the
" one half through the right-fide nerve IL, till they come at the jimc-
" ture GF, where they are each divided into two branches, the one
" paffing by G and T to the right fide of the right-eye AB, the other
" half mooting through the fpace EF, and fo pafiing by X to the
" right-fide of the left eye a /3. And in like manner the other half
<£ mooting through the left-fide nerve MK, divide themfelves atFH,and
" their branches paiTmg by E V to the right eye, and by И Y to the left,
" compofe that half of the retina in both eyes, which is towards the
" left lide C D and ^f."

Our author proceeds, and draws the following conclufions.
53. " Hence it appears, ï. Why the two images of both eyes, make whyobjeíU

" but one image abed in the brain." dK""'
54. " 2. Why, when one eye is difbrted, objects appear double ; W] ,. „

" for if the image of any object be made upon A in the one eye, and appear double
" /3 in the other, that object mall have two images in the brain at a and when one eye
"• b.. Therefore the pictures of any object ought to be made upon the 1S llort

" correfponding points of the two retina's; if upon A in the right eye,
" then upon a. in the left ; if upon B, then alfo upon /3. And fo ihall
" the motions concur after they have pafifed the juncture GH, and
" make one image at a or b more vivid than one eye alone could
" do."

*• Anhypothefis foraewhat like this we h.ive Optics, ft is agreed, that the union of the optic
in Rabatilfs Phyficks^ Part I, chap. 31. Art. 20. nerves at EG FH is fo dofe, that their fubllances
that is, Mr. Ro/jatt/t fuppofes. vvitli our Author, iecm to be confounded : But notwithlhnding tliis
that the two optic nerves have their corrcfpou- fircming confufion, fomc nnniomic:il obfervations
dent fibres .which unite in the brain j and (о ас- render it at leall very probable, that the iubltance
counts why objedls feen with both eyes appear of each of the two nerves, continue dillmil with-
not double. But thcfe two authors differ in tiieir out bnng any ways mixed or united together,
anatomy of the optic nerves; Robaitlt continuing l-'itle Eiiinb. Mtd. Eff". Vol. 3. pag. 198. We
them feparate, without any union at EF, t i l l have other hypothe'ks by ottier authors ; nor io
the fympathetic fibres, as lie culls them, of each it a uondcr iliat men fliould differ in opinions,
nerve, ultimately meet in the brain in fo many where they, have fo l i t t l e light to guide them,
points. However, the reader cannot be difpleafed to have

f The fubftance of this elegant hypothecs, is Sir //Cf./,.- .AVn70«'s opinion upon this difficult -
contained in ^u. jj. annexed to our Author's fubjcci, in hin own words,.
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two

things cannot
appear in one
place.

55. " 3. Why, tho' one thing may appear in two places by dirrorting
eyes, yet two things cannot appear in one place. If the pic-

" ture of one thing full upon A, and of another upon a, they may both
" proceed to p, but no farther ; they cannot both be carried on the
" fame pipes pa into the brain ; that which is ftrongeft or moft helped
" by phantafy will there prevail, and blot out the other."

56. " 4. Why, if one of the branches of the nerve beyond the
" juncture, as at GF or FH, ihould be cut, that half of both eyes
" towards the wounded nerve would be blind, the other half remaining
" perfect*."

Sir Ifaac proceeds to account for the ftruclure of the optic nerves,
as in the note below •{-.

57-
the bones into which it is clofely adapted ; 'tis
not neceflary the faid membraneous fubftancc
ihould be continued any farther than EG :
therefore the tubuli there on a fadden uniheath
thc-mfelves, that thofe on the inner fide of the
nerves towards V E and X K may feverally crofs
'twixt E,F, and be united with their corrcfpon-
dents on the other fides YH and TG. Now
becaufe the inner tubuli muft firft crofs, before
they can concur with the outmoft tubuli of the
oppofite nerve ; hence it is, that the nerves grow
fofc fooner on the inner fide at E, than on the
outer fide at G and H."

" 8. Why the two nerves meet a fccond time
in the brain : bccaufc the two half images carried
along l L and M K may be united in one com~
pleat image, in the fenfory. Note, that the
nerves at their meeting, are round about disjoined
from the reft of the brain ; nor are they fo thick
there, as a little before their meeting. But by
their external figure, they fèem as if the capilla-
tnenta concentered like the radii of a hemilphere
to a point in the lower part of the juncture. And
'tis probable, that the vifive faculty is there : for
elfe why do the nerves iwell there to fo great a
bulk, as it were preparing for their laft office ?
Why do they run diredly crofs from either fide
the brain to meet there, if the defign was to have
the motions conveyed by the Ihorteft cut from the
eye to the fenforium, before they grew too weak.
If they were to proceed farcher, they might bave
gone .1 ihorrer cut, and in a Jefs channel. There
is indeed a marrow ihoots from under them to-
wards the cerebellum, to whicil they are united ;
but the greatcft part of their iubftance, if not all
of it, lies above this marrow, and alfo ihoots
crof> beyond it to [he center of the brain where
they meet. Lniijy, the fubihnce here is molt

pure,

í

* Such an experiment, if it could be made,
would very much corroborate the author's hypo-
thefis ; or, what would come to the fame thing,
if upon diflTeftion it be found, that a perfon who
faw only at the right or left fide of each eye, had
the nerve cut or otherw.'fe rendered incffeftual
beyond F H or G F; it would go a great way to-
wards proving a kind of coalefcencc, or union of
thé-fibres of the two optic nerves, fomewhere be-
tween that feftion and the eyes.

f 5. " WJiy the juncture is almoft as broad
again betwixt G and H, as between E and F ;
becaufe all the tubuli of both eyes pnfs be-
tween G and H, and but half of them betwixt
JiandF."

6. •" Why the nerve GIL F buts not direflly
upon the nerve X E H Y , but deviates a little
towards T V ; becaufe its tubuli are to pafs
only into that fide of the nerve E H X У to-
ward» EX. The like of F M КН."

у. " Why the marrow of the nerve T V E G
grows foft on a fudden, when it comes at the
juncture EF, and m >re fuddenly on that fide
towards G than towards E. And the like
of the nerve E X Y H : For it being neceflary
that tiie nerve T V E (ï fliouH be ftretclied
and bended iivc-ral ways by the motion of
.the eye ; therefore the tubul i are involved or
tvrought up within the fubllances of fevernl
tough fkins, which being folded up together,
compofe the marrow of the nerve pretty folid
and flexible, left the tubuli ihould be pre-
judiced by the fevcral motions of the nerve.
And thofe fmall pimples or prominencies which
appear in the nerve cut crofcwife, I conceive to
be made by the foldings of thofc: craflcr ikins.
Eut the nerve at the juncture E G F H , bdng
v,eJJ guarded from all violence and motion by
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57. Defin. Let ^AF^BF produced till they meet in F, be the axis Fig.;, 8,9.
of the right and left eyes А,В refpectively ; the angle AFB contained Optic angle,
between thefc two axes, is called the optic angle. And a plain PlOîuXgiè™1

'touching the point F, fo as to be perpendicular to the plain of AFB, and
alio make equal angles with the axes AF, BF, is called the Horoptcr.
The angle P-uR, fig. 7. or FOR,ßg. 4. contained between two lines
P-U, RTJ, or PO, R O drawn from the extremities of an object to the fo-
cal center of the eye, is called the injual angle of that objeft ; the vifual
angle then is that,, which any object, however lituated/fubtends at either
eye of the fpectator.

58. So far as obfervation can reach, it is univerfîilly confirmed, that Anothercnufe
when we look attentively upon any object, the axes of both eyes aligned why
are directed towards it, or towards that part of it which we more parti- ц^ииЫ^111

cularly look at ; and we are fo habituated to turn both our eyes towards
the fame place, that if one eye be ihut, its motion will follow that of
the other : As in the figure, the axes of both eyes are directed to the p-
object F, where they both meet and concur. This concurrence of the
optic axes, is the reaibn affigned by fome, why an objeft feen with both
eyes appears fingle j it being impoflible for us to conceive two objects
exifting in the fame place, at the fame time. To this it may be an-
fwered, that the eyes fee not the concurrence of tliefe imaginary axes ;
and tho' we can make fome eftimation of diftances by fight, yet it is
fcarce allowable that each eye can determine the diftance of an object
F fo precifely, as the cafe before us requires. Whatever be the caule of
it, we are allured of the fait, that when both eyes look at the fame
object, the mind fees that object fingle. And it is very certain, that in
at leaíí abundance of cafes, the viiive faculty is aiMed by a kind of rea-
foning, drawn from former experience, tho' perhaps unattended to at
the time we ufe it. And whether the phenomenon before us, is owins;.
to experience, or to fome fympathetic correfpondence in the parts of.
the eye, is a very difficult query. But whatever kind of realbns are
admitted, to Ihew why the point F appears not double, may be alfo
eafily enough admitted, to mew why the lateral points P, R appear
Hkewife fingle.

59-
Pure, the fituation in the midftof the brain, con- This elegant account is an inltancc of the great
"ituting the upper part of that fmall paflagc illicit)- ami penetration of its author, and very
'twjxt all the ventricles, where all fupcrfluoiis hu-, much ilrungthens his hypothecs. Our author
moiirs have the greatclt advantage tu (lide :iw:iy, proceeds пел t to give his opinion, of the manner;
that they may not incumber that precious or- that the iinprcfiiuns of light upon the retina, arc
Сш." communicated or carried to the brain,, as in-

Kote*, Лг!.. щ.
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when objeas ^9. When the axes of both eyes aredirected to fome determinate.point
appear dou- p.^ ^ object G within the optic angle, fig. 8, or its oppofite, fig. 9, will

appear double ; that is, inftead of being feen at G, it will appear fome-
°> 9- where in the lines rG, sG ; as at m and ;/, either farther or nearer

than its true place G, according as G is nearer or farther than the ho-
ropter PR. And if either eye A or В be ihut, while the other is
kept open, the object m or n will accordingly vaniih, and fo alter-
nately. Whatever hypothefis be admitted, for folving the pheno-
menon of the iingle appearance of an objecl: F, to which both the eyes
are directed, the finie will alfo ferve to lolve that of the double ap-
pearance of G. The images r,s of the objecl: G, are now made on con-
trary fides of the optic axes Aa, B<£ ; and this does not ordinarily happen,
but when there are really two objects, asm and«, on a different fide of the
markF. Thus, \nßg. 8, the image r being to the right of the axis
Arf, the mind judges the objecl: to be to the left of that axis, as in the
like cafe of ordinary vifion ; and for the fame reafon^ the left eye fees
the object to the right of its axis. The fame argument is alfo appli-
cable to the cafe ofßg. 9 ; and generally, as near as can 'be eftimated,
the apparent diftances of m and n from F, in both cafes, are meafured
'by the vifual angles FAG, FBG ; or the apparent diftance mn, is as the
fum of thefe angles, or as the fum of the arches ar, sb. A double ap-
pearance may alfo happen, when G is in one of the optic axes, or even
without them both : In the one cafe, that eye in whofe axis G is, will
have but one image; and in the other, both the images r,s will "be to
the fame fide of the axes Aa, B$, but the arches ar, sb, will be unequal;
and the apparent diftance mn will be as the difference of the vifual
angles, .or of the arches ar, sl>.

'Ч^ 60. The double appearance of an object, does perhaps as frequently
feeing one happen, as we fee an object before us that we do not look at, or before
double a dif- we have directed our eyes properly towards it. But we are in no dan-
ferent fenfa- c . ~ . . \ - г £ с г л г г * i i

.tion. ger of miltakmg one object for two, for the fenfations we have when
we fee two objects, and fee one double, are very different : In the one
cafe, there are two images as p, r, fig. 7. formed upon each retina ; in the
other, there is but one image in eacli eye, and thefe images being on parts
of the retina's which do not correfpond, may be the caufe of that pain-
ful fenlation we generally have, when we fee an object double.' The two
falfe objects are always indiftinct, have a kind of a tremulous motion,
•approach nearer together, retreat back, or advance forwards, as the
caie is ; and at length, as foon as the eyes have conformed themfclves
properly for feeing the real objecl dillinctly, the tv/o falfe objects vaniih
..or coalefcc into one, at that determined place where the real object is.

61.
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61. Two iirnilar objects, not far afunder, if they happen to be one Twoobjeíis
in each optic axis, may alfo appear as one object ; and that for a like
caufe, that one object may appear double. But this phenomenon fel-
dom happens ; and when it does, the miftake is foon found, as in the
cafe of an object feen double ; and the eyes prcicntly adapt themfelves,
to the proper diftance of the two objects.

62. When the eyes are directed to a determinate mark, asF, we Why
generally regard only thofe objects that are pretty near to F, or to the do not oftt-n

plane of the boropter PR, and not thofe that are remote from that plane, bP
c
puir

And hence it is, that double appearances of objects do not more fre-
quently happen.

63. An object that is a little out of the plane PR, may yet appear An obje£t
fingle : But the object will not be fo diftinct, as after the eyes have pro- may appear
perly conformed themfelves to it ; and till then, it will alfo ihift its ^ufo'/thc
place by winking either eye, and looking at it with both ; but alter- horopter.
wards, it will remain fixed to either eye alone, or to both open.

64. By an infpection of the figures, it is manifeft enough, that a pj„ g Q

larger fegment of a round object can be feen with both eyes open, than WiTv an aim
with one eye alone : And the reafon is likewife manifeft, why when we n\ua be taken
would bring a third object into a ftrait line with two given ones, as in ^ onc eyc

levelling, ßoottng, &c. we muft take our aim, or look by two of them
with one eye only ; and to prevent miftakes, it is beft to mut the other
eye, as people in fuch cafes generally do.

65. Perfons that fquint have not the axes of both eyes directed to Of fquinting.
the fame object, and yet they fee objects fingle. Squinting may pro-
ceed from feveral caufes : one may be, that the correfpondent fibres in
the two retina's are differently fituated, which makes it neceflàry to
turn the eyes different ways, that the images of objects may be re-
ceived upon the correfponding fibres in both : And this alfo accounts,
why perfons having fuch eyes, fee objects fingle. It is fuppofed, and
that with great probability, that there is a fmall part in the retina of each
eye,which is more fenfible than the reíl j and that we naturally turn our
eyes fo, that the impreflions of the light may be received upon this moil
fenfible part : Thofe who have this part awry, or to one fide of the
optic axes in one or both eyes, necefliirily fquint ; and yet fuch Perfons
fee objects Iingle like other men, either becaufe they have learnt by
experience, that fuch is the natural direction of their eyes for looking
at the fume object ; or becaufe correfpondent fibres of the optic nerves,
proceed to thole moft fenfible parts in both eyes. It is manifeft, that

from either of thefe two caufes, is neceifary, and incurable.
Q Sometimes
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Sometimes a cold in the head, a lownefs of fpirits, or long poreing

with the eyes, will caufe people to fquint, that never do at other times..
This is a fail I am well Satisfied of; and the caufc of it probably is,.
a kind of forenefs or tendernefs of the retina, which make the impref-
fions of light offenfive, or hurtful ; to avoid which, the perfon fo.
troubled turns his eyes about different ways, without being able to fix.
them attentively to any one object ; that is, he avoids as much as he can
feeing at all, and then he fees but very obfcurely. This cJiitemper
vaniihes with the caufe, and may be remedied generally by ufing green
fpectacles with flat glafles, or fome other contrivance, to leflen the light
coming to the eyes. This forenefs may be a fíxt diitemper in one eye
only, and then the perfon troubled with it, turns this eye awry, not for
the fake of feeing better with it, but to avoid feeing with it at all.
People may acquire a habit of fquinting, efpecially children, when there-
is no defect in either of their eyes, by ufing themfelves to look at par-
ticular objects with one eye only, till by degrees they acquire the habit
of always turning obliquely the other eye. The beil method of cure in
this cafe, is for them to look at forne object ftedfaffly with the diilorted
eye,while the other is ihut, then try to look at it with both eyes : And fa
repeat thefe trials, till they can look with both eyes aí objects in different
pofitions. Fowlers can take their aim better with, one eye, than the o-
ther ; and but few people can fee equally well through a telefcope with
one eye as they can with the other : If they look with the eye they have
not been accustomed to, they are obliged to ihut the other, before they
can fee at all. This is entirely owing to practice, as one hand becomes,
more expert or dextrous than the other»

66. Monfieur I1 Abbe Marriote is the author of a curious experiment,
by which he diicovered, that there is a certain fpace at the bottom of
each eye, where the optic nerves enter, which is infeniible of ligh*v
The experiment is to be made in this manner : Upon an obfcure wall,
at about the height of the eye, fatten two round pieces of white paper ;
or if the wall is of a bright colour, let the papers be dark ; the papers
may be a foot or two, more or lefs afunder : Then placing your felf
before one of the papers, Haut the correfpondent eye, that is, if you
(land before the left-hand paper, ihut the left eye, and looking at this
paper fteadily with the right eye ; if the other paper is viiible, move
flowly to or from the paper you look at, and at a certain itation the
other paper will totally difappear, tho' objects,, that are more remote
from, the axis of the eye, are vifible at the fame time. Thus, if the
left eye be ihut, the obferver muft place himfelf fo as to bring the left
object F into the axis л A of his right eye ; then moving to and fro in
the line AF, at a certain ftation the object P will difappear, that is, when,
its image falls upon the optic nerve />.

l ' The
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The paper looked at ihould be fmall, that the eye may be the more

fteadily fixed upon it j the other may be two or three or more inches
diameter, according as the papers are leis or more afunder. Or the
experiment may be made with only one paper, and from any ftation,
by turning the axis of the open eye gradually towards the nofe. In
this manner, I have loft a fegment of a fteeple, whilft I could lee the
top and bottom of it.

This experiment, which fucceeds univerfally, proves undoubtedly that
there is a certain fpace in the eye, which is infenfible of the impreflions
of light j and this infenfible fpace being fituated about the places where
the optic nerves enter, it is very probable that it is fituated at thofe very
places ; or, that the optic nerves, or fome part of the middle of them,
at their entrance into the eyes, are infenfible.

67. In order to form an eftimate of the fituation, and magnitude, Situation and
of the infenfible fpot in the eye, Mr. Short (well known for the magnitude of
excellent performance of his reflecting Telefcopes) and myfelf, made ^«'"dòttr-1

the following experiment, thus : Having fixed upon a light wainfcot, mined.
at a proper height, ä dark-blue circular paper of three inches diame-
ter, and another paper of the fame colour of about \ inch diameter,
to the right fide of the firft, at the diftance of 30 inches, reckoning
from theii centers : At a medium of feveral obfervations, which agreed
pretty near together, looking with the left eye on the fmall paper, the
other being íhut, Mr. Short continued to lofe fight of the large paper,
from the diftance of 7 feet 8 inches, to the diilance of 11 feet 2 inches,
from the wainfcot j and I loft fight of the fame paper, from the diftance
of 9 feet 4 inches, to the diftance of 11 feet 2 inches. The fame
papers being placed 18 inches afunder, Mr. Short loft the biggeft paper,
from the diftance of 4 feet о inches, to 6 feet 5 inches: And being placed
74. inch afunder, he loft the biggeft at the diftance of 2 feet 3 inches j
but by the leaft motion from this place, recovered part of it again. A
paper of 4 inches diameter, was loft by Mr. Short at the diftance of
3 feet from the wainfcot, and recovered again at the leaft motion of
the head from this place ; the diftance between the centers of the pa-
pers being 10 inches. The paper being placed one diameter higher or
lower, was fecn at all diftances, which íhews that the infenfible fpot
in the eye is round.

Taking a medium of the feveral obfervations ; the L. avp contained Fig. 10.
between the optic axis, and a line pafling through the focal center of
the eye, to the center of the infenfible fpot, is in Mr. Short's eye about
*5т ^CS' and in mine about 13^ dcg. The greateft fpace that can be
bft by Mr. Short, fubtcnds an angle of about 6 deg. or the diameter of
the greateft circle that can be loft by him, is fomewhat greater than

the
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the -rV part of its diftance from his eye. The greateft angle I can lofe
does not exceed 4 deg. If we fuppofe the diftance -vf m each eye to
be 6| tenths ; the diameter of the infenfible -f- hole will be, in Mr.
Sbort's eye about 0.68 tenths, and in mine about 0.45 tenths..

68. In looking with one eye, at a large object of an uniform со»
not ordinarily lour and furfacc, we are not fenfible of this defect, or of the lofs of one
feniibicofthis part. The reafon may be, becaufe objects near the place where the dc-
defeft m our ^ ^ y|fion happens, being remote from the optic axes, are but ob-

fcurely feen ; and fo, a particular part is not miffed, till it becomes a
remarkable object, by its being, as it were, detached from the veil by a.
diftinct figure and a different colour : Nor in viewing objects of uniform
furfaces and of like colours, do we ufualiy attend to their parts, but
take the whole figure in the lump. To thefe reafons may be added,.
that we feldom fix our eyes long to one point, but we nimbly, and in-
fenfibly, turn them towards different parts.

VA 6o. It is manifeft, that an object cannot be loft to both eyes, at the
omncHbcloft fame time ; for when the image of an object falls upon the optic nerve
to bo-ii eyes jn one eyC) ft wjij f a\\ at fome diftance from it, in the other. Sceßg. j..
a'°ncc' 70. An object feen with both eyes appears a little brighter,, or more
JïffiiSê luminous, than it does when feen with one eye alone ; as will be evi-
brighterwhen с|£П1) by looking alternately with both eyes, and with one only : And
£th«£ the difference of brightnefs will be ftill more manifeft, if at the fame
than with time that a part of a flat object, of an uniform colour, is feen with both,

eyes, the light from the adjacent part is excluded from one of them ;
which may be done by applying a book to one fide of the head, and.
fo as it may reach a little forwarder than the face. But although the
difference of brightnefs, in the two cafes, is very perceptible, yet is it
not very confiderable ; nor is it eafy to determine it accurately. Dr..
'Jurin || has given a pretty method of making this experiment, thus :..
In a room illuminated only with two candles, placed at about the
ihme height, and kept burning as near as may be with equal brightnefs,
fix a flip of white paper flat againft the wainfcot, at about the fame
height with the flume of the candles, as they ftand upon the tables :
Having placed one of the candles at a determinate diftance from the
paper, as a yard; place the other at a greater diftance, as fuppofe two
yards, and a little fide-ways of the firft ; then place a book, or fome
fcreen, fo before this hindermoft candle,, as to prevent its light from

•falling
f M. Mamute, from rhe bignefs of this hole, being the organs of all our other fcnfition:, .

thinks that vifion is performed in the choroïdes, makes againft him. But after all, this cjudlion
and not in the retina ; and gives feveral inge- fcems too difficult, to be determined with cer-
nious arguments to fupport his hypothecs : Sut tairity.
herein he has had but few followers, and the ar- || Dr. Smith's Optic?, Remarks p. 108..
gumcnt drawn from the observation of the nerves

оде.
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foiling upon one half of the paper. In this cafe the light of the firft
candle being reckoned ï, the light of the fécond candle,which is at twice
the diilance from the paper, will be only i ; and therefore the light
upon that half of the paper which is illuminated by both candles, is
to the light of the other half illuminated by one alone, as 5 to 4.
Things being thus difpofed, apply a book to one fide of the head, fo
as to hide that half of the paper, which is illuminated by both candles,
from one eye ; and looking at the paper, if both halves of it appear
equally luminous ; the degree of brightnefs of an object fee n with both
eyes, and with one eye alone, will be as 5 to 4. But if, as will be the
cafe to moil people, the half illuminated by both candles appears
brighter, than the other half of the paper ; remove the fécond candle
ЛШ farther and farther, till by repeating the experiment, the fcreen.
being placed before the fécond candle, and to one of your temples, as
before directed, the two halves of the paper appear equally luminous ;
Then compute as before ; as if the fécond candle is diilant three yards,,
and the firil one yard, the light of the brighteft half of the paper will
be to the light of the other, as i^. to ï, .or as ю to 9 j and that will
be the proportion of the brightnefs of an object fecn with both eyes, to
its brightnefs when feen only with one.

' 71. The ingenious author above quoted, found that an object feen.
with both his eyes, appeared brighter than when feen with one eye alone,.
by about a thirteenth part. By this experiment I find, that my eyes
are not both equally good, for the difference will be greater or lefs as
I exclude the light from one or t'other eye. But at a medium, I e,uefs
the difference above to be about J_ or -'-, it being very difficult to
make the experiment to great exacfnefs.

72. In vifion with both eyes, and with one eye alone, the apparent Objefb ap-
magnitudes of ohjefts are, as near as can be perceived, the fame in Ee:ir.°S ,-
both cafes. Of the truth of this any one may eafily fatisfy himfelf, to both "ye*,
either by looking alternately at the fame object with both eyes, and aild to one

with one only ; or clapping a book to his temple, as in the preceding '
experiment, and looking at two or three parallel lines, placed fo before
him as to be cquidiilant from both his eyes ; if the lines appear (trait
throughout, it is a proof that the fpace between them, appears of equal
breadth to both eyes, and to one alone.

73. It may be wonder'd, that there ihould be fo little difference be- Advantage of
twixt vifion with both eyes, and with one only. Perhaps we beilow a both e>'cs-
greater attention in one cafe, than what fuftices in the other ; and
that this may be the reafon, of the fo little difference in the apparent
brightnefs :. And the idea of the diilance of the object, being previoufly

fixed
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fixed in the mind, looking at it with one eye, or with both, does not,
it feems, alter this idea ; which may be the reafon, of the apparent mag-
nitude being the fame in both caies. Theíè are only conjectures ;
however, the faól is rather advantageous to us, than otherwife ; that
if one eye be hurt or loft, the other may, as it were, perform the office
of both, with very little dhadvantage.

p. , , f 74. Deßn. That conical fpace indefinitely extended before us, and
vifion. fpreading fo wide, as to include all objecis as can be feen at one

view, or without turning the eyes, is called the Field of vifion.

Its extent. 75- ï* '1S not eafy to afcertain the precife limits of the field of vifion,
or the greateft angle that can be feen at one view. When we look
attentively at a fmall diftance before us, we have an imperfedt glimpfe
of objects for almoil the ipace of half a inhere, or at leaft for above
60 degrees each way from the optic axes. But towards the extremity of
this fpace, objecïs are feen but very imperfeclly ; and they are gradually
diffindler, the nearer they are to the point we look at. About this
point there is fome fmall fpace, that feems at the fame time equally
diilincT: ; but to afcertain exactly the quantity of this fpace is difficult,
becaufe the indiftinftnefs round it, is fo very gradual : And this diffi-
culty is increafed by that of keeping our eyes fixed for any time, on the
fame objed: ; we are apt to move them nimbly, even when we are not
confcious of fo doing, over the circumjacent objefts, and the impref-

a 2r u fions upon the retina8, having fome duration, we thence imagine the
field of diftimit vifion to be much larger than it is. But, I think,
the diameter of this field does not fubtend an angle of above five de-
grees at moft ; whence the diameter of a diftinft image upon the re-
tina, is lefs than .06 of an inch. A fmall objeft, as a ftar feen by
twilight, is loil by a fmall motion of the eye from it ; and if we look
attentively upon a letter in the middle of a word, confifting of capitals
of a middling fize, the adjacent letters on either fide will be fome-
what indiftincT:. Thefe are proofs that the field of diftinft vifion is
very fmall, and probably it does not exceed one degree, or two degrees
at the mofí. The limitation of this field may be owing to the retina's
being more fenfible near the optic axes ; or, becaufe the points of union
of the rays of the oblique pencils fall fliort of the retina ; or both
thefe caufes may confpire together.

76. To me there is no fenfible difference in the bignefs of the field of
. diftindt vifion, when I look with either eye alone, and when I look
with both together ; only the field is a little brighter in one cafe than
in the other.

S E C T I O N
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S E C T I O N I I .

Of the minimum vifibile ; diflinEî and indtßinci
vifion j of long and foort-Jighted eyes, and
offpeciac/es ; of apparent diflances^ and
nitudes.

§. г . Of the extent or limits of

77- /\ S in a dark chamber, a very ilender beam of light is percep- Luminous
/~\^ tible, fo in all cafes, when the medium about us is very. °'̂ fts bY

dark, objects are perceivable by fmall quantities of light ; and the "'s ''
darker is the medium, or the freer the eye is from extraneous light, the
lefs light fufKces for vifion. Thus, in a dark night, the feeble light of
a candle is perceptible at a great diilance; and the fixed Лаге, though
they have no fenfible diameters, are yet very vifible ; and the darker the
night, the more of them are feen : The eye being now free from other
impreflions, the mind perceives, and attends to, thefe delicate ones of
thofe very Ilender pencils. But even in this cafe, a certain quantity of
light is requifite for vifion, without which objects cannot be difcerned..
The impreifions of light from the Satellites of Jupiter and Saturn^ are
too feeble to be perceived without the affiftance of telefcopes, although
then thefe Satellites have fenfible diameters ; and a fmall flame will not
vifible beyond a certain limited diftance.

78. At the approach of day, and as the twilight increafes, die eye Stars, why in-
begins to be enlightened by the reflection of the atmofphere, and then vifible by day-
gradually more and more j fo the ftars grow fainter, and difappear by 's u<

degrees ; firft the fmaller ones, and fo on. As the day advanccss the
moon herfelf lofes of lier luftre, and at length her light is overpowered
by that reflected from the clouds, and ihe is no longer feen. Thus,
Weaker imprefilons upon the retina, are obliterated and rendered infen-
fible, by thofe that are much ftronger ; and this is an eafy explication
of the above phasnomena, and of others of the like kind. Very fmall
particles are feen floating in a beam of light let in to a darkned room ^
but as foon as the room is enlightened, thefe particles diiappear. A
man in a darkiih room eafily fees thofe that are in broad day-light,
but cannot be feen by them ; the light reflected out from the room,
corhpared to the open day-light, being infenfible.

79-
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Objeíisdir- 79. The light of the ambient medium, conftantly intrudes into the
tinguifhed by eye а|ОПрг with the pencils of light proceeding from bodies, having
their diverii- J ' о _ r o i . . . ~ ° ' о
tics of colour fenfible magnitudes ; but luch bodies, if they are not too rar off, are
andfpitndour. neverthelefs very perceptible, as well by their different colour and fplen-

dour, or by the different degrees and fort of light reflected by them ;
.and alfo by their intercepting the light of the ambient medium. A
ihade becomes an object, or objects are perceivable by their want of
light, as a hole in a board, or a dark fpot on a light body, are per-
ceived by the unenlightened chafm in the eye, within the illuminated
.field ; and the figure and magnitude of the hole or fpot, are diftinguiihed
by thofe of the faid chafm. ' So a fteeple afar off is diftinguimed by
its covering a part of the ílcy, ofíuch afigure and apparent magnitude.

Opacity of 80. It is manifeft from many obfervations, that there are heteroge-
the anno- neous particles conftantly floating in the atmofphere, and that thefe by
[аыГог in- thc'ir opacity and inflexibility, make a kind of veil that obfcures the
diftinftnefs vifion of remote objects: And the more the medium, is loaded with
r"d 'f rímote ̂ е^е Particles> anc^ t*16 mofe remote an objedl is from the fpectator,
objefts! the more indiftinct and obfcure it will be, and the lefs will be the lati-

tude of viiion, or that diftance beyond which no objects can be per-
ceived^ Every one knows that objects at a given diftance, are more
diftinct, and others are vifible at a greater diftance, in clear than in
foggy weather. And early in a clear morning, when the air is pretty
free from vapours, and not much enlightened, a hill or head-land is
vifible at a great diftance, but as the day advances, the land becomes
more obfcure ; and fo by degrees, by the greater opacity of the long tract
of vapour between, and the greater light reflected by it to the eye, the
object becomes lefs and lefs perceptible, and at length totally dif-
.appears.

Another caufe 81. Another caufe of the invifibility of objeds, and to remove which
Stratofvi-C °Ptical mftruments are more properly adapted, is their fmallnefs
fion. in proportion to their diftarices. For, excepting in the cafes of lu-

minous objecto feen in the dark, an image upon the retina, to become
perceptible, muft not be lefs than fome determinate magnitude. To
prove this, we do not want for inftanccs : A houfe may be feen at a
iconfiderable diftance ; but we muft approach nearer, before the win-
dows are difcernible ; and nearer ftill, to difccrn the bricks and tiles.
At a certain diftance, I fee a white paper ftuck to the wall ; coming
nearer, I perceive it is printed ; at a nearer appproach, I can read the large
letters ; and at length the finalleft letters urc legible.

Tbc mini- 82. The quantity of the minimum "uífibile, or the angle fubtended by
^g ]caft yjfij-jjg object, cannot very prccifely be afcertaincd ; but in order
to form fome eftimate thereof, I made the following experiment. .A

parallelogram

mum
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parallelogram one inch long and half an inch broad, drawn upon clean
white paper, I divided into little fquares, whofe fides were each — of an
inch; then blackedeveryotheríquare,very black,withink. Thischeqtier'd
paper being ftuck to the wainlcot, I retreated a good diftance from it,
and then advancing flowly, J began to difcern fome imperfect fpecks
of. black and white, at the diftance of 25 feet; and therefore from this
place, the fides of each fquare fubtended an angle of ï 9'' nearly.
But the fquares were not defined and perfect, tilH came within 7 feet of
the paper ; and therefore I could not .fee them diftinc>ly, till they each
formed angles of 4' c". I placed by the firil another white paper j which
was divided into fquares of the fame dimenfions, as above ; and the al-
ternate fquares, inftead of being very black, were only tinged lightly
with Indian ink : The different colours of the fquares upon this paper,
were .not perceivable at a greater diftance than 16 feet ; but at the dif-
tance of 7 feet, they were as well defined, as in the former paper.

Upon the fame paper, was drawn a black fquare by it felf ; a white
(fquare within a black circle ; a fquare, and a circbj with Indian ink ;
c :̂h the т'<г inch as before : Alfo a black ring'and parallelogram, each of
the fame breadth as above.

The white fquare within the black fieldj and the black fquare., were
each perceivable as fome white and black fpeck, at the diftance of 40
feet ; but were not well defined, till I came within 7 or 8 feet. The
fquare ihaded with Indian ink, and the white one within the circle
ihaded with that ink, could not be perceived at a nearer diftance than
25 feet; but were well defined at the fame diftance with the reft.
The black ring and parallelogram, could be perceived at a greater
diftance than I had room to retreat, which was 51 feet : But a paral-
lelogram of the fame breadth, lightly ihaded with Indian ink, became
invifible at the diftance of 40 feet. The papers were placed in an ad-
vantageous light, and the experiments fucceeded, much the fame, to
other fpectators.

83. Hence it appears, that a fimple object, as the white or black Af impleob-
fquare upon the oppofite colour, can be feen under a lefs angle than jef t i sper-
.•L L f l *• j i • ,->_ ,1 i i 11 ï • ccivablcunderthe parts of a compound object, as the chequered paper; and that this a\c& angie,
leaft angle, in moft cafes cannot be lefs than 40" ; and at a medium, Лап the pans
I think, it is not lefs than 2 minutes. But by the above experiment, it °f

ou* j°™c_
appears that feveral contiguous objects, are fcarce difcernible one from an-
other, unlefs they each fubtend angles that are not lefs than about 4 mi-
nutes. The difficulty of keeping the eye perfectly fteady, may be one
•caufe why a fimple object can 'be difcerned under a lefs angle, than the
parte of a greater one ; and it is very natural to fuppofe, that the fewer
•objects we contemplate, and the more they differ in colour, the eafier

R we
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we can diftinguiih their feveral impreffions upon the retina. But there
is no afcertaining exactly, the leaft angle under which an object can be
feen ; for the fame object íhall be vifible at a lefs or greater diiiance, as
the circumftance of light is different.

84. Some have imagined, that the impreiïîons of vifiblc objects, are
received upon villi of the optic nerve, ilanding erect upon the retina,
like the pile upon cloth or velvet ; and that the minimum vißbile is de-
termined by the angles fubtended by .thefe w'///, at the focal center of
the eye. There is no difficulty, in fuppofing the retina to be covered
with fenfible vi//i, having infenfible pores between them : But from
the above argument, it would feem, that the minimum mjibile ihould be
the fame in all cafes, which is contrary to experience. But, however
the retina is conffituted, it is manifeir. that the caufe of the non-vifi-
bility of objects, is the want of fufficieht light in the pencils proceed-
ing from them ; and that more or lefs light is requifite for vifion, ac-
cording as the eye is more .or lefs illuminated.

Alongflender 85. Upon a white paper, I drew black lines or parallelograms of diffe-
objeft.isviß- rent lengths, and each t\. inch broad j and the paper was parted to the
fnfaiíer angle, wamfcot, fo that fome of the lines were vertical, and fome horizontal. The
than a fquare ]Onger lines were vifible at the diiiance of jo feet : A line -^ inch long was

6 ju^ perceptible, at the diiiance of 45 feet ; and one of half that length,.,
was vifible at no greater diftance than about 20 feet. I was not fure
of any difference, in the appearance of the vertical and horizontal lines,
of the fame length ; but was inclined to think, that the vertical lines,
were the diffincteft. Two parallel black lines, with a white line be-
tween them, each the ^ inch broad, did not appear feparate at a greater
diftance than 20 fett. In like manner, a piece of fine thread or wire
is vifible at fuch a diftance, that a globülous object of the fame diameter
is totally invifible.

A flender object, as a phyfical line, may be confidered as confining
of feveral fquares joined together; and though one of thefe fquares, or
a parallelogram confifting of two or more of them, may be too fmall
to be feen ; yet the pencils of light coming from each of them, being
contiguous and ilriking at the fame time upon the retina, are capable
by their united flrength to awaken the vifive faculty, and fo to render
vifible the object from whence they came ; juft as in mechanics, the
united force of many agents will have its effect, when the effort of a
few can avail nothing. And from what experiments I have made, I
am inclined to think, that the areas of thç leaíl vifible objects are pretty
much the fame> though they differ in figure, all other circuraftances

being
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Ъе'ищ the fame alfo ; that is, the area of the leaft vifiblc line, whofe
length does not extend without the field of diftinér, vifion, is nearly
equal to the area of the leaft viiible fquare or circle ; and indeed this
fcems natural enough to be imagined. The phenomenon of the two
black lines, with the white line between them, is analogous to that of
the chequered table before explained.

86. $cbol. The ihadows of fmall bodies, as hairs, wires, threads, or
fcratches in poliihed glafs, &c. placed in a beam of the fun's light,
will be much broader than they ought to be, if the rays of light paffed
by thefe bodies in right lines : And a beam of light, let through a fmall
£it not above the тра-^of an inch broad, will be fplit into two, fo as
to have a dark fpace or ihadow in the middle. The caufe of both
thefe phenomena is, undoubtedly, an inflection of light out of-its rectili-
neal courfe, at or near the fides of bodies, in its paflage by them *.
Sir Ifaac Newton hath alfo ihewed, that light which differs in refrangi-
bility, differs likewife in flexibility.

It has been obferved, that fmall wires or threads, placed on or before
white paper, or fufpended in the air in certain fituations with refpec'l
to the light, will be vifible wider very fmall angles, as only 2 or 3
féconds : But щ thefe cafes, is not the light in pafling by the fides of
the wire, inflected fo as to painjt upon the retina, the images of thefe
fideß much wider afunder, than according to the angle which the wire
fubtends at the eye ? And fo an image is formed in the eye, equal to
that of a minimum vtßbile in other cafes ; or an image that fubtcnds, at
the focal center of the eye, an angle not lefs than a minute : and if fo,
thenjn the prefent enquiry, thefe extraordinary inftances are not to be
regarded.

87. A fmall object in motion is eafier difcerned, than if at reft ; and A fman Ot>.
may be vifible in the one cafe, though it would not be fo in the other, jeft.tbe eaßer
A fmall ftar by day or twilight, that cannot be eafily feen through a Sn7n

d
mo.

telefcope directed to it, will be the fooner perceived, if the telefcope tion.
be a little fhaked or moved ; but after it is once difcovered, it will
continue very perceptible.

The reafon of this phenomenon, feems to be much the Tame, with
that of the vifibility of a long (lender object. The image of the ftar
upon the retina, although too feeble to be perceived, while the eye is
at reft, and the point where it falls is not yet difcovered; yet by its
gradual motion over different parts, and the impreiîion upon each hav-
ing 'fome duration j thefe feveral impreflions being all joined together, « 35. II.
before the firft is obliterated, they form a kind of a linear image,

R 2 which
* Sec Nnvtw's Optic?, Book III. Part I.
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which being once perceived, we quickly difcover the Лаг ; and having
now found its true place, we afterwards keep fight of it with cafe.
In like manner, a fmall hair ihaked by the air, is vifible at a greater
diftance, than the hair at reft could be feen. .

Extraordinary 88. There are great differences to be obferved, in the degrees of quick-.
ГтеТу«!* ne^s> or fenfibility.of the eyes of different people ; fomehaving them more

acute, and others lefs fenfible than common. We have heard of per-
fons feeing a fatellite of "Jupiter\ without the aid of glafîès, which to
many feems incredible. But when we confider, how much the various
circumftances of light affect vifion, and how much farther our vifion is
extended at fome fevourable opportunities,, than. it. is at other times >
the extraordinary accounts above, may the eaiier gain belief.

Neareftdif- 89. If an objedt be held too clofe to the eye, it becomes indiftincT;
tance ofdif- and the more fo, theclofer it is held, notwithftanding its apparent mag-
tmft vifion. jjj^jjjg ig thereby increafed ; and a very flender object will become to-

tally invifible. To the generality of eyes, the neareft diftance of dif-
tindt vifion is about 7 or 8 inches : At this diftance, they commonly
read a fmall print, and examine all forts of minute objects; as the di-
vifions upon a plotting fcale, the finenefs of the threads of linnen, &c.
It is true that fome eyes can fee fmall objects beft, at the diftance of
fix, four; or even three inches ; and fome again, at no lefs diftance than
twelve, fifteen, or twenty inches : But thefe are uncommon cafes,' and
do not affect our. prefent enquiry.

Smaikft vifi- 90. Hence, and from Art.%^ a globular, obj'ecl that is leis than
bk objca. ^_ inch in diameter, is-, to the generality of eyes, totally invifible : And

excepting-in few cafes, an object cannot be feen that is lefs than Tig.
inch in diameter y an objedt of that breadth fubtending an angle of i
min. at the diftance of 8 inches from the eye. But an object, placed.
on a field differing infenfibly from it in colour, is not perceivable under
a lefs angle than about 4 min. and in fuch circumftance the- fmalleft
vifible object, is not lefs than about ^^ inch in diameter.. At a medium,
the breadth of the leaft globular object that is difoernible by the naked
eye,, is perhaps about the Т4-„- of an inch.

91. Thus, we fee naked'vifion is limited within certain boundaries
and that by various caufes. Remote objects become invifible, as houfcs,
trees, cattle, &c. becaufe of their finallncfs, in proportion to their dif-
tances; and others, tho' they fubtend angles fufficiently big, as mour.-.
tains, &c. are vifible or invifible by turns, as the circumftances of light
vary. Very minute objects, again are never vifible to the raked eye,
becaufe we cannot approach them fufliçiently near, to incrcafe their
magnitudes..
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§ . 2 * Of dißinEl and indißinEl vifion;

92. Deßn. An objecl: is faid to be bright or clear, when the eye re- objefts when
ceives from it a fufficient number of rays ; and obfeure or dark, when bright and
it receives too few, or when the light is faint and weak. And an ob- °£a^Jh-.-
jedl is faid to be dijlinff, or fcen diftmcHy, when its out-lines appear diilinft.'
clear and well defined ; and the figures, fizes, and colours, of its feveral
parts, if not too fmall, are plainly diftinguiihable, fo as they may be
eafily compared one with another. It has been already obferved, that
in order to obtain .diftinft vifion, it is requifite that the object be fuf-
ficiently bright, or have a diftinguiihable colour ; and that the feveral
pencils on their falling on the retina, mould be ieparate, and not mixed
one.with another : And when this is-not the cafe, the out-lines of the
objeft, and likewife its parts, will appear faint, hazy, and ill-defined;
and this is called indißtnfl, or 'confufed vifion.- Juft аз in the common
camera obfcura, the pictures of the objects without, will be more or lefs
diftinct, as the objects are more or lefs illuminated ; and as the paper-
fcreen is nearer to, or farther from the focus's of the refpeitive pen-
cils : So in a dufltim light, the letters of a book will be confufed and
not legible ; and in a clear light they will be alfo'confufed, if the book
be held too near the eyes. -

93. From the above general obfervations, it appears, that'in order Chief «qui-
to have diftinft viiion, the. following ace the chief, requiiite& : fites for dif-

i. The objects ПюиЫ be fufficiently illuminated : And all other things tihft vilion-
being the fame, the nearer is an objedt, and the brighter is its colour, the
more light the eye receives from it ; and this is one caufe, why near
objeâs, are feen more diílinétly, than thofe that are .remote.

2.-The geometrical images of objects, fliould either fall upon the
retina,.oi: very near it : And theíe images ihould be furficiently large,
otherwife the parts of the object camiot .be diftindly perceived; and
this is another caufe of the indiftinclnefs of remote objeets. .

3. ,A good conftitution of the eye is a requifite, without which the
others^will have lefs eftea: ; the more tranfparent are the cornea> and the
humours of the eye, the more light will be tranfmitted upon the re-
t'na, and the more lively will the impreflions there be ; and the more
í- nder and found is the retina, and alib the.whole optic nerve from
t'.enceto the brain, the more -dirtincl will the impreflions of light
iTom objcdts be perceived.

Wlien all the above requifitcs confpire together, vilion is the .rnoft
diílindl ; and it will be the lefs fo, as one or move of thelc is lets-
perfect,.

04/
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94- I'"1 a given eye, and a given difpofition of that eye, an image

upon the retina will be moil perfeil, when the objedl is at fome deter-
minate diilance from the eye ; and it is at about that cliitance there-
fore, that objects, if they are not too fmall or obfcure, will be feen
moil diitindtly : An object at a lefTer, or a much greater diilance than
this, will have its image accordingly either behind, or before the retina ;
and in both cafes, if the diilances of the images from the retina be
confiderable, vifion will be indiilindl. See ßg. 12, 13, 14. in which q
is fuppofed the focus of rays, diverging from a point Q, after their re-
fraction by the humours of the eye.

95. The chief requifites for diilindl vifion, have been already a confider-
ed : But 'm order thereto, it is not necciTary that the images of objects,
or the points of union of the rays in the feveral pencils, be precifely

the retina. UpOn the retina ; there being fome ûnall latitude both before and be-
a 3° & 93- hind the retina, within which, wherever the images are formed, vifion

will be equally diilinct ; and this latitude will be greater or lefs, ac-
cording as the vifual angles fubtended by the refpedlive objects, are
greater or lefs. Let a printed page, in which there are letters of three
or four different fizes, be placed at fuch a diilance, that every fort of
.print may, without any ilraining or effort of the eye, appear perfectly
diilindl : In this cafe it may reafonably be prefumed, that the images
of the feveral letters do fall upon the retina : If the printed leaf be
brought gradually nigher and nigher, the fmalleil print will firil begin
to be confufed, whilil all the larger fort are yet as diilindl as before ;
and by advancing nearer, the fmalleil print will be more confufed, the
next fize above that will be a little confuièd, whilil the larger print is
ilill as legible as at firil ; and fo through feveral degrees, till at length the
whole is in confufion. The experiment may be made the contrary way,
by ufmg a pair of fpectacles of a proper convexity : Thus, firil place
the paper at fuch a diilance, that all the feveral forts of print, may
appear, as diilinct as poffible ; then moving the paper farther and farther,
the fmaller prints will, as before, one after another, according to the
feveral iîzes, become confufed, whilil the larger ilill preferve their dif-
tindlnefs. By the two forts of experiments, it is manifeil, that we may
have diilindl vifion when the focus's of the pencils are at fome diilance,
either beyond or before the retina ; and alfo that the larger the objedl,
the greater will be the latitude the image has to move from the re-
tina, before we can be fenfible of any indiilindlnefs *.

96.
* It has been thought by others, that a pre- obfervations, which, fccm to be dccifive, and to

cife union of the refpcflive rnys upon the re- fct this affair above all doubt, is Dt.Jurin, in the
tina, is not nectffiry to Uift inft vifion ; but, I E/ay already quoted,
thiní:, the firft .".uthor that publHhcd the above
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96. Let BAC be an object, whofe image after refraction by the hu- Fig. 11.

mours of the eye, is bac : Now if the image bac coincides with the
retina, the object В AC muft needs appear as diftinct as it is poflible;
and fo muft alfo all objects that are at the fame diilance, if they are
fufficiently bright ; the image of every phyfical point, being alfo a
phyfical point upon the retina. But if J g or hk be the retina, that
is, if the diftance of the object and the confutation of the eye be
fuch, that the image falls beyond the retina, as when objects are too
near ; or before the retina, as when the rays have not a fufHcient
divergency ; in either cafe, the rays of each pencil will occupy а
circular fpace upon the retina. This circle may be called the circle circle of r.b-
of aberration ; and all other circumftances being alike, the íàid circle en-aiion.
will be greater or lefs, according to die greater or leflcr diflances from
the retina, of the focus's of the refracted rays

97. From Art. 95, it is manifeft, that a circle of aberration caufes no Crcatcft ch
perceptible difference in the diftinctnefs of vifion, while that circle is tioi°tiiaUm-
not greater than fome determinate magnitude ; but as foon as it exceeds Fd« not the
that magnitude, we begin to perceive an indiftinctnefs, which increafes ^'^ ncls °
as the circle of aberration increafes, and at length the object is loft in
confufion. The greateft circle of aberration, that caufes no percep-
tible indiftinctnefs, is alfo greater or lefs, according to the greater or
lefs magnitude of the vifible object : It is difficult perhaps, to affign the
diameter of the faid circle ; but it feems very probable, that vifion con-
tinues diftinct for all fuch diftances, or fo long, as the circles of aber-
t-ations of the leaft vifible objects, or the pencils of light from them,
do not touch one another upon the retina ; and that indiftinflnefs be-
gins, when the faid circles begin to interfere. By the leaft vifible ob-
ject here, is meant the leaft object we regard at the time, and not the
leaft object that we are capable of perceiving. To a perfon that reads,
the thicknefs of a letter is properly then his minimum in/ibile ; and fo long
usthe pencils of light from the lèverai letters are not mixed upon the re-
tina, fo long lie reads with cafe, and the letters appear diftinct. The
larger are the leaft vifible objects, the larger will be the circles of aberra-
tion before they touch ; and hence it is, that a larger print is legible at a
nearer diftance, than a fmaller.

Let the vifual angle of the leaft vifible part of an object, be equal pjo-, u
to the angle A E C, and let b a c be the retina : Now, upon the above
fuppofition, the object will continue diftinct at all inch diftances, as its
image will fall between h k and f g ; for between h k and/^ the pencils
of light proceeding from the points A, C do not touch one another.
If the focus's of the pencils are farther from the retina than hkw fg,.
the object will be indiftinct, and the indiftmctnefs will be the greater,

according
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•according to the greater diftance from the retina -of the faid focus's,
Jf the leaft vifual angle be much Icfs, as the cafe generally is, than the
.angle A EC, as the ! or the i, afr. of AEC ; then will the limited dif-
•tance of a diftindt image, be accordingly the ~ or.the i, &c. of the dif-
tance between h k and fg.

08. Hence we have the,reafon, why a fmgle objecl: íhall be vifible at
г-fuch a diftance, that the parts of another objedt, each as big as the fingle

Yhcn objedt, ihall be in confuiîon^ as th£ cafe, of the fingle fquare, and che-
quer'd table, Art. 82.

99. Perhaps the humours .of the eye cannot, in any cafe, perfectly
unite, into a point, all the rays in one pencil ; but that there will al-
ways be fome aberration from the focus, as in the cafe of glafs lenfes. :
'If this be the cafe, it may be a reafon why the minimum vifibile is limited
to a particular angle ; and there will be no need of fuppofing the retina
to be covered with iiilli of a certain fize, ;but the -whole furface of it
may be equally fenfible.

юс. But whatever it is,that limits the minimum vißbik, itfeems very
7Sina"*1" probable, as has been before obferved, that in all cafes vifion will be
within a cer- diftindt, fo long as the circles of aberrations upon the retina, are not
tain limit.. greater than the geometrical image of .the minimum vißbik : And it is

.alfo very probable, that in all fuch cafes, vifion is equally diftindt ; for
within the above limits, the pencils of light from the leaft vifible parts
of the objedt, are feparate one from another ; and the quantities of light
received upon the retina, are alfo the fame. The principal, and may
be the only, perceptible .difference here will be, that the nearer the
geometrical image is to the retina, the fmaller will be the minimum
vifibile, or the angle fubtended by the leaft vilible objedl.

.1.01. It isdifficuk to afcertain precifely, die natural diftance of dif-
Naturaidif- tjnft v|flon . or that diftance, at which the eye when in a ftate of reft,
fiitice of он- • ' n . . _.' f. r • • / - • , f t
miei vifion. without any ftrammg or eftort ot any of its parts, is luited to fee ob-

jects diftindtly. If we fuppofe this diftance to be that, at which we
"uiually read a fair large print; this to the generality of eyes will be
about 15 or 16 inches : And lefs than that, I think, it cannot be ; for
we are rather more concerned, with objedts that are bigger than the
letters of a book, than we are with thofe that are leis ; and when we
view objedls nearer, it is on account of their fmallneiy, that they may
fubtend larger angles : Nor is it probable, that the faid diftance is many
.feet ; for we chufe to view objects pretty near, excepting when they
are v cry large, as buildings, &c, and then we retreat to л greater dif-
tance, for the fake of comprehending more of them at one view. I
am inc'ined to think that to moft eyes, the natural diftance of diftindt
vifion is about 2 cr 3 feet.

By
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By the preceding "articles, it appears, that the fame conformation of »95/0100.

the eye, will fuit for diftindt vilion at different diftances, within fome cer- П.
tain limits j excepting perhaps only in that cafe, when the object we
look at is a minimum wßbile.

102. None can be ignorant, that when fcveral objects are at different TJie cy(.
diftances before us, they will not all appear equally diftinct, at the fame changes its
time. But, left It ЛюиЫ be fufpedled, that the indiftindtnefs in this ̂ XÍT'
cafe, may be owing to the impreffions not being made upon correfpon- different dif-
dent fibrils of the two retina's ; let us make a trial with one eye alone, t;mccs-
while the other is íhiit : Thus, place two fmall objects, as two pins, one
behind the other ; and let the one be at about a foot, and the other at
about fix foot diftance from the eye : Either of theie objects that we
look at, will appear diftinct j but the other, at the fame time, although
it be in the axis of the eye, will be confufed. And this, I think, is an
undeniable proof, that the fame conformation of the eye is not fuited for
diftinct vifion at all diftances ; and alfo that the eye fome how changes
its conformation, fo as it may be the better fuited for vifion at different
diftances. In like manner as above, if the eye looks attentively upon the
little-fcratches, or particles of duft upon a window-glais, the objects
without doors will be indiftinct ; and when we look at the external ob-
jects, the opaque particles upon the glafs, which before were diftindt,
will now be confufed. It frequently happens, that when we ürft look
at an object, it will appear very confufed, which confufion will vaniih by
degrees, and prefently the object will become quite diftinct : And {low
can this phenomenon be better explained, than by fuppofmg that at firft,
the eye was not properly adapted for vifion at fuch a particular diftance,
and that afterwards, a fuitable change wae wrought in it accordingly/

jo?. In like manner, if after poreing fome time on a book, we fudden-
ly look at objects farther off, they will at firft appear confufed, and be-
come diftincter by degrees : The like indiftindtnefs happens, when from
looking at remote objects, we fuddenly look at one that is near. This
phenomenon will happen, when both objects are in the fame room, and
have the fame degree of light j and what elfe can this be owing to,
uut that the eye changes its conformation for vifion at thefe different
diftances, and takes fome fmall time fo to do ? It cannot be altogether
x>wing, to the laft impreffions on the eye being yet not quite obliterated ;
otherwise the fame confufion would be obferyable, upon ihifting the
•eye from one page of a book to the other, which does not happen, at
leaft in the fame degree. Thefe phenomena are ftronger, when they
happen without our thinking of them ; for when we make the experi-
ment on purpofe, and the mind is already prepared for what is to hap-
pen, it has time in part to fruftrate our defign ; thefe things being a little

S painful



13o A T R E A T I S E BOOK II.
painful to us. The fame obfervation is juft, with refpedt to fome other
experiments of this kind.

It may be owing, at leaft partly, to the fame caufe, that when we fud-
denly fee an objedt which we did not before look at, we fometimes have
a * painful fenfation; and we immediately ihut our eyes, till we have
time, as it were, to prepare them for feeing at fuch a diftance. It is pro-
bable, we may have thefe fenfations when we do not attend to them -f

and that they ferve as monitors to inftrudt the mind, that the eyes are
not properly fuited for vifion at fuch a diftance.

104. Before we proceed any farther, it may not be amiis to take no-
tice of the- following experiment, and the inferences that have been

Fig. i2, drawn from it. Let r,s, be two fmall holes made in a card, fo near to
*3> *4- each other, that when the card is held clofe to the eye, the light com-

ing through both holes may enter the pupil ; and let QJpe any fmall
objedl, whofe focus or image, after refradtion by the humours of the eye,
is q j the two flender pencils Qr, QJ, which enter the eye through the
holes in the card, being both united at q ; if y falls upon the retina, as
inßg. 12, the objedt will appear tingle, and in its true place j the only
difference caufed by the interpofition of the card in this cafe, is, that
the objedt is fainter for want of the light contained in the fpace between
Qr and QJ. But if q falls either beyond or before the retina, in both
cafes, the objedl feen through the two holes in the card, will appear
double : Thus,

Fig. 13,14. The fmall pencil of rays Qr, being refracted to a, and the pencil
QJ, to b ; the objedl inftead of being feen at Q, is feen in the two places
Д, В ; on different fides, and a little wide, of the true place Q^ For the
impreffions at a,o, being received on the fame parts of the retina, on
which would be formed the images of two objedts, iituated in the direc-
tions a A, t>B, and feen by diilindt vifion without the interpofition of the
card ; the mind has the fame perception, as it would have, if two ob-
jedts were really placed in thefe directions ; and therefore the objedl
Qjippears double. The phantafms A,B, are fimilar to the objedt Q, and
nlfo pretty diilindt ; becaufe the rays contained in the flender pencils Qr,
QJ, are united fufficiently clofe at a,b ; only they appear faint for want
of light.

That the caufe above affigned, for the double appearance of the ob-
jedt, is the true one, is farther evinced from hence ; If when the objedt
is very near, as m fig. 13, the right hole J be covered, the left objedt В
will vaniíh ; and if the left hole r be flopped, the objedt A on thq right
hand, will vunifli : And if, in fig. 14, where the objedt is fuppofed to be

at
* Tin's fort of pninfulnefs in the eyes, does ns when we fuddenly go out of a light room into

:ilio lumc'iimci proceed from a different .caufe ; the dark, or out ofdarknc/i into altrong light.



SECT. II. OF O P TI CS. 131
at a confiderable dirbmcefrorn the eye, either of the holes ror í be flop-
ped, the object A or В on the fame fide, will accordingly vanifli. And
hence it is manifeft, that the focus q in the firft cafe, is beyond the re-
tina ; and in the latter, before it ; that is, the rays in the one cafe
diverge too much, and in the other too little, for the humours of the
eye to unite them all upon the retina. If three holes be made in the
card, within the compafs before limited, then the object will be fc-en in
three places.

105. SchoL ï. If the lens of a camera obfcura, be covered with an
opaque paper, having in it two holes or flits at a little diftance from each
•other ; and a white paper be held behind for receiving the fun's image,
or that of any bright object, without doors ; by moving this paper along
the axis, we may have all the phenomena of the preceding experiment.
When the paper is in the proper focus, there will be only one image
of the object ; the pencils of light transmitted through each hole, unit-
ing in this cafe, upon the paper : But as foon as the paper is moved
from the focus, the pencils through the different holes will begin to fe-
parate, and the image will begin to widen ; and prefently it will be fplit
into two, which will be the wider afunder, according as the paper
is more remote from the focus. When the paper is before the
focus, the images will be on the fame fide of the axis, with the re-
fpective holes j and on the contrary fide, when the paper is beyond the
focus. The fame experiment may be made, by covering the lens
only with patches.

106. If the above lens be covered only with one large patch, and a pa-
per be held in the focus, the images of fmall objects without, will be free
from any fpeck; but if the paper be without the focus, each image will
have a dark ibot in it. In like manner, if a fmall opaque object be held
near the eye, before which is placed many candles, at the diibmce of i o or
20 yards j if the eye looks attentively on the fmall object, it will be feen
multiplied, according to the number of candles ; that is, it will be feen
like a dark fpot in each candle. The reafon of which is, becaufe in
this cafe the eye having conformed itfelf, as much as it could, to the
near object, the geometrical images of the candles are before the retina ;
and fo the rays from each candle, fpreading themfelves into wide fpaces
upon the retina, the ihade of the opaque object falls within them, and
caufes the dark fpots above noted. But when the eye looks at the
candles, no fpots will be feen in them, and the opaque body will not
be multiplied : For the light which pafles by the opaque body, being
now united into the proper focus's upon the retina, there is no other im-
perfection in the images of the candles, excepting their being lefs bright,

82 on
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on account of the lois of the intercepted light j and the fmall opaque
body itfelf, feems tranfparent.

107. Scbol. 2. The fmallér is, the object, and the wider the holes in
the card are afunder, fo that they are not wider than the breadth of
the pupil j the lefs ought to be the diilance between thofe two places,
at which the object begins to appear double, from a too great and too
little divergency of the rays. A needle held vertically, or a black line
drawn upon white paper, makes a better object than a point of the fame
diameter, becaufe they are eafier feen ; alfo two parallel flits in the card,
will do better than the holes, becaufe they admit more light to paß
through them. A flit made in the fide of a dark lanthorn, having a
lighted candle in it, is a proper remote object. In making the experi-
ment, care muft be taken, that the object is feen through both holes or
flitSi which may be known by moving the card a little fide-ways.

But after all the care that can be taken, in making this experiment,.
it will be frequently attended with inconfiftencies ; and an object will ap-
pear fingle or double, as it were cafually : Sometimes it will be double
at all diftances ; fometimes it will be fingle for all diftances beyond a
certain one j. and frequently an object will appear double at fuch a dif-
tance, that with an open eye we might be fure of having diftinct
vifion.

104. II. 1 08. From the a experiment with the card, M. de la Hire concludes,
that no change is made in the eye for vifion at different diftances, ex.r
cepting only as to the fizeofthe pupil : But herein, I think, this author
has had no followers. Dr. Jurin *obferves, that if M. àe la Hire's ogir
nion was juft, the minimum vifibile would, in moil cafes, be much
greater than what we find it by experience. And Dr. Porterfield4-t

who has wrote very largely about the above experiment with the card,
ihews, that when the fmall object appears double, at a proper diftance
for diftinct vifion, it is becaufe the eye is not properly fuited for diftinct
viiion at that diftance ; which he proves by mewing, that if in fuch a
cafe we look at the object with the other eye„ it will appear double on
account of its being out of the plane of the horopter. And this 'in-
genious author gives good reafons to íhew, why we are fo liable to mif-
take the diftance of an object, feen through the two pin-holes in the
card : But neverthelefs he proceeds afterwards to aflign, from this expe-
riment, the leaft and greateft diftance of diftinct vifion.

109- The above experiment, I think, is very little to be depended
not conclu- upon, cither for proving that the eye does,, or does not, change its con-
five, for fet- formation,
tbng the limit»
of djftinft vi- * Eiby upon diftînft viftoB, j>. 136. f See Edtnlurgb Medical E/Tays, Vol. Ш;
fion,íífc.. and I.V.
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formation, for vifion at different diftances ; or, for áííigning the limited
diilances of diftinct vifion. For in this cafe, the (lender pencils of rays,
tranfmitted through the pin-holes, are united fo clofe upon the retina,
that no perceptible difference is obfervable in the diftinctnefs of the
object, by changing the conformation of the eye j and foreign rays,
which otherwife, by mixing with thefe pencils, might have created an
indiftindlnefs, are here excluded : And fo in the prefent cafe, we have
no incitement to change that conformation, which the eye happens to
have, when the card is placed before it ; for why iliould we alter our
eyes, unlefs it be for feeing more diftindlly ? If it be faid that the
double appearance of the object, is it felf in fome cafes, an indication
that the eye is not adapted to the proper diftance ; yet this being an
uncommon phenomenon, and not attended with fuch a fenfation as we
have, when an object is either too near or too remote -r we are at a lofs
What motion we iliould give our eye, and alfo where to (top. What
paiTes in our eye, with refpect to viiion at different diftances, is rathec
involuntary, than dependent on our will} the eye adapts itfelf by a kind
of habit, unknown to us, fo that we may fee an object the moil dif-
tinctly. And this accounts for the inconfiftencies of the experiment ;.
and alfo. ihews, that the conclusions drawn from it muft be weak and
precarious. An objedt much too near for diftinct viiion, feen through
the two pin-holes, always appears double j but for the reafons above
affigned, I think, the experiment is not conelufive for mewing even the
leaft diftance of diftinct viiion, and much lefs for mewing the greateft ;..
for in this latter cafe, the card being near the eye, may be a prejudice
that deters us from exerting our utmoft, as we ordinarily do, when we
look at remote objects.

But, without regarding the experiment with the card, we may reft the
argument for proving that the eye changes its conformation, for viiion
at different diftances, upon what has been already offer'd, in Art»
102, 103.

ï io. Authors are divided in their opinions, concerning that change of the change
which is made in the conformation of the eye, in order to obtain dif- of conforma-,
tinct vifion at different diftances : Some, thinking it to be a change in £°£ m ' e

the length of the eye ; others, a change in the figure or poiition of the
cryftalline humour ; others, that it is a change in the cornea. Thefe o-
pinions.by being fplit, make no lefs than fix different ones ; according
as the eye when in a ftate of reft, and inaction, is fuppofed to be ac-
commodated for diftinct vifion, at the leaft or greateft diftance, it is capa-
ble of. The authors of each opinion have their objections to the reft,
and perhaps the truth may lie in a mean betwixt them all. Dr. Jurin*

(uppofcs
* Eifoy upon diftinft and indiflinil.vifion, p. 136, to 144..
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fuppofes, that the change which is made in the eye, for obtaining diftinct
vifion at different diftances, is in the figure of the cornea ; and this learn-
ed author, fupports his opinion by very ingenious arguments. And as
the rays of light fuffer a greater refraction at the cornea, than they do
afterwards ; it is manifeft, without entering into particulars, that a lei's
change, as to quantity, in the radius of the cornea, will effect the bufi-
nefs, than will fuffice in any other part of the eye. But if it be true,
as fome authors affirm, that perfons who have been couched for cata-
racts, are obliged to have convex-glafles of different focus's, in order
to have .diftinct vifíon at different diftances ; it feems neceffarily to
follow, that the cryftalline humour is fome how concerned, in chang-
ing the conformation of the eye : And the manner that this hu-
mour is fufpended in the eye, feems to intimate as if it might be
fubfervient for fuch a purpofe. Perhaps, the cornea and the cryftal-
line, if not fome other parts of the eye befides, may contribute their
ihares together : And that in order to obtain diftinct vifion at a
nearer diftance, at the fame time, as the cornea is rendred more convex ;
the axis of the eye may be a little lengthened j the cryftalline may be
rendred a little more convex, and alfo brought a little forwarder j all
which changes confpire to the fame end : And the contrary, for obtain-
ing vifíon at a greater diftance. But this matter feems to be too far
out of our reach, to be decided with certainty.

ofindiítinft i ï ï. An object that .is far without the limits of diftinct vifíon, will
vifion. not onjy be confufed, but alfo its figure, unlefs it be circular, will appear

ioo broad in proportion to its length.
jFigi ,£.. JLet ABC be an object, fo near the eye, that its geometrical image is

.at pqr, beyond the retina. Now the light contained in the pencils pro-
ceeding from the phyfical points A, B,C, isfpread upon the retina, over
the circular fpaces a,byc, refpectively j which circular ipaces, anfwer in
bignefs to the images of circles A, B, C, feen by diftinct vifion ; as ap-
pears by the dotted lines drawn, through the focal center of the eye.
And as the rays from every phyfical point of the object, are, in like
•manner, fpread over circular fpaces upon the retina, thefe circles run
into one another ; and fo the object, inftead of appearing lineal, is con-
fufed, and as broad as the circles A,B,C, as reprefented in ßg. 16.

Circle of ab- 112. Deßn. The leaft circle upon the retina, into which all the rays
«rration. coming from a phyfical point of an object feen by indiftinct vifion,

can be collected, we ihall call the circle of aberration ; as the circle a,
or b, or c, fig. 15.

P R O P .
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P R O P , V .

113. A circular objeõí, feen by rays diverging either too much or too
little for dißincJ vißon, haï alfo a circular image upon the retina ; and the
diameter of this image', exceeds the diameter of the true image > by the dia-
tncter of the circle of aberration.
^ Let the circle R ABC be the true image, or that circle formed upon Fig.i7,iS.
the retina, by the axes of all the pencils that come from the object ;
and let the circles of aberrations be each equal to the circle r abc, whofc
center r is here in the periphery of the circle R ABC; and let RDEF be
a circle, whofe periphery touches the outermoft part of the periphery
of the circle r abc. I fay, that the whole image upon the retina is the
circle RDEF.

For, the axes of all the pencils of light coming from the periphery of
the objeä, do 'fall in the periphery ABC ; and the circles of aberrations »Hypoth..
of thefe pencils, are "each equal to r a be. Therefore, Ufa. ^ JS. £>.

P R O P . VI .

г 14. In the middle of the image of a circular obje£t,feen by indißinSl
vtßon ; there is a circular fpace,. •whofe diameter is the difference of the
diameters of the trite image and of the circle of aberration, which is all
over equally enlightened; and from the circumference of this equally en-
lightened circle,, the light continually diminißes towards the periphery of
the image, fo as at that periphery to be infinitely rare.

Retaining the fame references as in the preceding Prop, let RGHlpig.i" 18.
be a circle touching the circle of aberration rabc, in that point c,
which is neareft to the center R -, let the radius of the true image
RABC be called R, and the radius of raie, call r ; then it is manifeft
that the radius of RG H Ira R cor. I fay, that the circle RGHI is
all over equally enlightened, and that without this circle, the light is
continually diminimed from GHI to DEF.

ï. Let R be greater than r, and in the line rR, take £i=rs=cr. Fig. 17.
Now, if the lines Vf, se, be alike divided from r to c, and from s to c,
and thefe divifions be fuppofed the centers of circles of aberrations,
whofe radii are each equal to r ; it is manifeft then, that an indefinite
fmall fedlor Re, will receive as much light, from the circle of aberration
whofe center is next to r, as it will be deprived of, by the extenfion be-
yond с of the circle whofe center is next to s : And fo the correfpon-
dent circles will all the way countervail each other, till their centers,
unite in f ; ib that the point-f lofcs none of its light, and rJl the points

from
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from с to s, are equally enlightened : And this is true, of all the inde-
finitely fmall feftors, whofe center is R. Thofe circles of aberrations
whofe centers are not more remote from R, than s, are all included with-
in the circle RGHI ; and by the preceding argument, it is manifeft,
that the light is equally dehfe in every point of the faid circle. But
as no circle of aberration can have any return, for fo much of its light as
falls without ABC, the light without GHI muft continually decreafe,
till at the periphery DBF it is infinitely rare ; the faid periphery, re-
ceiving only one ray from each of the outermoft circles of aberration.

2. When R is lefs than r. It is manifeft that every point in the cir-
cle RGHI, is equally enlightned; for the whole of that circle, falls
•within «very one of the circles of aberrations : And by the fame argu-
ment as above, it appears that the denfity of the light continually dimi-
niihes, from the periphery GHI to DEF, Therefore, &G. ^E. D.

115. Schol. ï. When R is greater than r, as inßg. 17. the circle
•RGHI receives the fame quantity of light, as it would if there was no
aberration : This is manifeft from the preceding. When the. circle of
aberration as CKRL, is. equal to the true image, only the center ofthat
image has its full ihare of light ; and in all other places the light dc-
creafes in denfity, according to the diftance from the center. But when
R is Jefs than r, as in flg. 18. no part of the image has its full quantity
of light: For fmce every pencil, whofe axis falls within G H I, diffufes
its light into a circle as large as rabc, and the points where thefe axes fall,
receive light only from pencils whofe axes fall within the circle R ABC;
it follows^ that the circle GHI difperfes more light than it receives, and
that in proportion of r * to R ' ; and by the preceding, the light in every
point without that circle, is diminimed ftill more.

116. Schol. 2. The image at the circumference DEF will be imper-
» 114. II. 'Crible, becauíe there the light is • infinitely rare : And to a given circle

.of aberration.; the more luminous the object is, the image will be fen*-

.fible, fo much the nearer to the circumference DEF.
For the denfity of the light decreafes in equal proportion from GHI

to DEF, whatever be the quantity of light in the whole image a
; and

.therefore the more luminous the object is, the more fenfible muft the

.image be, at any given diftance from the edge DEF; and it will be

.equally fenfible, fo much the nearer to that edge.
117. Schol. 3. The three preceding articles, may be alfo applied to

objects of other figures, as paralleilograms *, &.c. The principal diffe-
rence in the phenomena of circular and .oblong objects, is, that the falfe

> 11 j. II. images of the latter, will be b broader in proportion to their lengths, than
their

* Tliis Subjefl has been confidered.very minutcly-by Dr. Juria, in the Efaybefote quoted.
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their true images, and alfo blunt at the corners. But the phenomena
above feldom happen, excepting when we look at objects that are toe
near, or through lens's at objects that are out of the proper focus ; and
when the aberration is confiderable, the confufion is generally fo great,
that the appearance, at leaft in many cafes, will not anfwer to the theory;
and it would be needlefs, here, to purfue this fpeculation any farther.

ï 18. A fmall bright object, by clofmg the eye-lids a little, will have A fmaii bright
two fimilar images incroaching one upon another ; and the clofer the °ь^а- ЬУ,
eye-lids are brought together, the more detached will be the images, or e °Л1%' ы--
the farther afunder will be their centers : Both the images will be dif- comesdoubic.
tinct, but one will be brighter than the other ; and that part, which
is common to both, will be brighter than either. Thus, let A be a
round hole in the window-mutter of a dark room ; if this hole is Fig. 19.
not too big, upon clofing a little the eye-lids, there will appear another
hole, as B j and fometimes there will be three images, one above,
and the other below the true image, as in fig. 20. The true image
A will be brighter than В ; and the part ab, as receiving light from
'both images, will accordingly be brighter than the reft of A.
There will be the fame appearance, if one eye be totally fliut j and
therefore, it cannot be owing to the object being out of the plane pf the
horopter, and befides the images are here always in a vertical fituation ;
.nor can it be owing to indiftinctnefs of vifion, becaufe in that cafe, in-
ilcad of two images, "we fliould only have one broad and confufed »113. Ц.
image.

119. If the eye-lids be pretty much clofed, the two falfe images a- Beams of
bove defcribed will vaniih ; and they will be fucceeded by luminous ̂  Booting
beams, as ABC, ADE, ßg. 21, projecting towards the eye; juft after romcm cs"
the fame manner with thofe beams, that, in a like difpofition of the
eyes, appear to ihoot from the flame of a candle. If the head be in-
clined upwards or downwards, the upper or lower beam will accor-
dingly vanifh j and fo, by a like inclination of the head, will alfa vaniih
the refpective falfe images in the precedin

j20. The phenomena of the &Це images, and the beams, muftun- Caufe of the
doubtedly be both owing to a like caufe ; and that caufe, muft be fome above Phcn0v

inflection of the rays at the edges of the eyeJids. If a ruler be held mena'
againil the face below the eye, and then moved upwards, the upper-
moil beam or image will firft vaniih ; and if the ruler be placed a-
bove the eye, and moved downwards, it will be the lowermoil beam
that will vaniih : And this ihews, that the rays which caufe the ap-
pearance of the upper and lower Ьеадо, arc inflected refpeitively at the
lower and upper eye-lid. M. Robault fuppofes, that the rays are re-

T flecbd



A T R E A T I S E BOOK IT.
fleeted at the edges of the eye-lids, as by a fpeculum ; but the pheno-
menon of the ruler juft mentioned, invalidates this hypothefis. M. de-
la. Hire thinks, that the water which ferves to moiften the eye, is fy
fqueezed by the preflure of the eye-lids, as to form between them a
concave furfaee ; and by this furface, the rays which fall on the lower
lid, are refracted downwards ; and thofe falling on the upper, are re-
fracted towards the upper part of the retina : And fo by tue greater re-
fraction of the rays, as they fall nearer to the edges of the eye-lids, the:
beams of light appear extended to a greater diftance from the object.

Fig. 2i. Thus, one of the outermoft rays, in the pencil of light proceeding from
A, 'is refracted by the concave water adhering to the eye-lid G, fo,.
that after its refraction by the cornea and cryltalline humour, it falls up-
on the retina at the point e ; and fome of the other rays that are nearer
the axis, after all the refractions, fall at the point d, between с and a..
In like manner, the extreme ray which comes to the eye-lid H, is, by
the concave furfaee of the water adhering to it^ fo refracted as to fall.
upon the retina at с ; and the reft of the rays, from this laft ray to the
axis, ftrike orderly upon the retina from с to a ; as if they proceeded
from fome luminous beam of light ABC. And fo the rays which fall
betwixt a and e, feem to have proceeded from another luminous beam
A DE.

121. Schol. ï. From the above folution, it feems neceflary it mould
follow, that the beams of light mould appear coloured, as in the cafe of
vifion through a prifm : But this not being the cafe, it may feem more
likely that the rays inftead of being refracted, are inflected at the eye-
lids, as in Art. 86 * ; the upper eye-lid, inflecting the rays upwards,
and the lower lid inflecting them downwards upon the retina, fo as to
caufe the appearance of the luminous beams, for the reafons afïigned ia
the preceding Art. Perhaps both the above caufes may confpire to-
gether, as each of them is equally fuited for difperimg the rays over
the fame parts of the retina : But by either of them, it feems difficult to
account for the falfe images in Art. n8. The middlemoft and true,
image, is undoubtedly caufed by rays that freely enter into the eye, as
ufual ; and the rays that caufe the falfe image, muft be fome how' re-
gularly or equally inflected. If this is done by refraction, it muft be
by a thin wedge of water, whofe thickeft fide adheres to the eye-lid ;.
and this refracting but little, the falfe image is not fenfibly diftorted, nor
moved far out of its true place.

The phenomenon above confidered, does not happen, but when the
object is much brighter than the medium round it ; which ihews, that
the inflected rays are but thinly fpread upon the retina, and that per-

haps
* Sec Newton's Optics, p. 300,
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haps may be one reafon, why the falfe images do not appear coloured.
The rays which enter the pupil laterally, or at the fides, meet with no
obftrudiion from the eye-lids ; and this is the reafon why, the falfe
-images, and the luminous beams, appear always one above, and the
ether below, the object.

122. Schol. 2. Two phyfical points, or fmall objects, feen by indiftinct Fig. 19.
vifion,will have two large circular images, as A,B; and if they «ire Ib near
as to have a part ab common to both, that part will be more luminous
than either A or B, and the whole will form a kind of an oblong image.
Butin this cafe, thefe images are confufed, ill defined, and very unlike
the phenomenon above explained.

P R O P . VII.

123. All other things being the fame: The indißmcJncß of (in objett
ivhofe geometrical image falls either behind or before the retina, will l>r,
as the area of a circle of aberration ; or, as the area of the If aß circle upon
the retina, into which all the rays of a fmgle pencil can be collected,

Let R AB C be the geometrical image, or that fpace upon the retina Fig. 17,18.
which contains the axes of all the pencils of light coming from the ob-
jedt, and let the circles of aberrations be each equal to r abc : I fay the
indiftindtnefs of the object, will be as the area of r a be.

For every fenfible point upon the retina, within the fpace R ABC,
will be a center of a circle of aberration, and will at once be affedted
by a mixture of the rays of as many different pencils, as there are fenfi-
ble points within that circle : But the indiftindtnefs is neceflarily, as
the number of pencils which at once affect the iame point of the re-
tina, and that number is as the area of a circle of aberration. There-
fore, ©V ^E.D.

P R O P . VIII.

124. All other things being the fame : The indißinSlnefs of an objeeJ
having its geometrical image at a given dißance from the retina^ will be
as the area of the pupil,

Let д be the focus of a pencil of rays, after refraction by the eye ; p;f

now the fituation of the point q being invariable, it is manifeft that the
circle of aberration />, will be as the circle whofe diameter is s f, that is
as the area of the pupil. The fame demonftration takes place, if the
focus q be before the retina ; and in both cafes, it is fuppofed that the
-pencils of light at their entrance into the eye, are each at leaft as broad
as'the pupil. But the indiftindtnefs, is" as the area of the circle b. * 123. II.
Therefore, 8V. ^JB.JD.

T 2 12-
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125. Schl, ï. If we had a power at will of contracting- the pupil,

an indiiliniftnefs of vifion might be thereby leflened : But this is not
the cafe ; the motions of our eyes are rather fubfequent to particular
fenfations, than fubjedl to- pur direction ; and a greater degree of light
is a much more powerful caufe of contracting the pupil, than an indif-
tinótnefs of vifion. The eye looking at a ftar will have its pupil much
wider, than when it looks at an objeft at a moderate diftance by'day-
light. And a book may be read at a nigher diftance by a ftrong light,
than it can by a faint light} the ftrength of the light contracting the
pupil into, a fmaller fize, than the fenfation of indiftmcbefs alone could
do. It is eaiy to make a kind of artificial pupil, of what fize we pleale ;
but this will not help us much, as is ihewed in the following.

Ägh a 120> Schoi- 2- If we looic through a pin-hole, made in a card or thin
pin-Ые. plate,, held clofe to the eye, an objeót will appear diftinit at a fome-
Fig. 22. w^at le^s diftance than it will to an °Pen pupil. Thus, if AQjs the

leaft diftance at which the eye with an open pupil, can fee a fmall
objedt asQ, diftinctiy •> if the eye approaches nigher to the object, as to
B, and no more light be admitted through the hole a, than what be-
fore entered the pupil at A, the objeit will be ftill pretty diftinit • be-
caufe the outermoft rays in the pencil, have now no greater degree of
divergency than they had before. In like manner, if the hole in the
card be leflened, in proportion to the diftance, the eye may approach ftill
higher to the object, as to С : However, there is a limit as to this ap-
proach, otherwife we ihould have a ready way of making a kind of
microfcope -, and although it feems, as if the eye received the fame,
rays of light from the objecl, at the different diftances; yet theobjecl:
does not appear equally bright, and diftinâ:, at thofe feveral diftances.
It is to be obferved, that an image upon the retina is more or lefs vivid,,
according to the quantity of light received from the leaft vifible part of
an objedl, and not according to the quantity received from the whole
objeft ; And the diameter of the minimum -vifibile is increafed, as the
diftance from the object is leflened. And therefore in the cafe above
if the hole be leflened in proportion to the diftance, the objeot as it is
approached nigher will be darker and darker, and fo by degrees grow
indiftinû for want of light ; and if the hole be bigger than in the above
proportion, there will be an indiftinatnefs from a too great divergency
of the rays : And in both cafes, the indiftindmefs may be increafed, by

»86. II. "an inflection of fome of the rays at the edge of the hole; and the
fmaller the hole, the greater proportion will thefe infledted rays bear
to thofe that are freely tranfmitted to the eye. So that the above ex-

periment,,
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périment, though it may help a little in fome tuíês, yet is it of much
lefs ufe than fome have imagined *.

127. Schol. 3. In all that 'has been Gid about an indiftinct image
upon the retina, no regard has been had to any aberrations of the hu-
mours of the eye ; for although it is very probable that there may be
fuch aberrations, yet it is impoffiblc to difcover them by any experi-
ment ; we cannot fee what paiTes in the eye, and light after it is once
entered there, can be traced no farther.

128. Before we conclude this head, we mould make fome enquiry
about the extent of diftinct vifion, fo far as diftinctnefs is dependent on
the different diftances of objects, or the degrees of divergencies of the rays
of light proceeding from them. It is agreed that, to the generality of
eyes, the neareft diftance of diftinct vifion is b about 7 or 8 inches. b 89. II.
But the greateft diftance of diftinct vifion to a common eye, is perhaps
not fo eafily fettled : Dr. Porterfield determines this greateft diftance for
his eye, to be 27 inches -, and this conclufion he draws from the experi-
ment, Art. 104. But that experiment is c too precarious to be relied on: c 109. I
And I fee no room to doubt of our being able to fee objects diftinctly,
if they are fufficiently large, at a much greater diftance than two or
three feet. A large print at the diftance of five or ten feet, is, I tiling,
every whit as legible, as a print that is five or ten times finaller, at the
diftance of one foot. And cannot a perfon, having common eyes, fee
a large object, as the front of a houfe, &c. as diftinctly at the diftance
of 20 or 30 feet, as if that object was nigher to him ?

I am inclined to think, that a common eye can adapt itfelf fo, as
to have diftinct vifion at tjie greateft diftance, or with parallel rays ; or
that in fuch a cafe, the geometrical image is not fo remote from the
retina, as to caufe any indiftinctnefs upon that account. For,

ï. It is natural to fuppofe, that the eye can alter its figure as much,
from that conformation it naturally has when in a ft.ite of reft and in-
action, one way, as it can another j or, that the eye can change its con-
formation as much for vifion with rays diverging lefs, as it can for rays
diverging more, than that degree of divergency which is proper for
vifion when the eye is in its natural ftate of reft. Upon this fuppo-
fition, and admitting the natural diftance of diftinct vifion is not lefs
than 16 inches; it will follow, that the image of an object at an infi-
nite diftance will be as near the retina,. aas the image of an object at » 2i. II.
no greater diftance from the eye, than about 8 inches ; and fo in both
cafes, the images will be equally diftinct.

2*
» A flender objedt, as a needle, placed be- hole ; but in this, слГе, it Is not the needle, but

tween the eye and и fmall hole in a c.ird held its fludow on the e t h e r fide, that is feen, and
pretty near, wil l appear inverted ; as will be im- that is the uiuie. of tiic inverted appearance,
uifeit, by moving the needle ílowly ovej úu:
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2. WitJiout regarding what is the natural diftance of diftinct villon,

lot us fuppoie ID feet and 8 inches to be the greateft and leaft diftance,
at which a common eye can fee an object diftinctly, with eafe, and
without much ftraining of its parts. Now if 2 tenths be fuppofed the
breadth of the pupil, no greater change in the eye will be requifite for
procuring diftinct villon from i o feet to an infinite diftance, than is ne-

Г>. 22. ceflkry from 8 inches to 7! inches. Let AB be the femi-aperture of
the pupil = ï tenth, AC the axis of the eye produced, EB a ray paral-
lel thereto, DB the axis of a pencil whofe focus is 10 foot from the
eye, and let AC = 8 inches. The Z. EBD is = 2' 52", and by mak-
ing the L. CBF = Z. EBD, AF will be j\ inches. It cannot be
doubted, but that we can fee an object diftinctly at the diftance of ю
feet j and it is as certain, that we can have diftinct vifion, at leaft half
an inch nearer than that diftance, at which we commonly look atfmall '
objects.

3. But if it be doubted, whether we can change the conformation of
our eyes, as much for procuring diftinct vifion farther, as we can for
procuring it nigher : Let a perfon having common eyes, after looking
attentively at a remote object, as the moon, look at the fame object
through a concave lens, having what focal length he may think bcft ;
and I believe by this trial, he will be convinced that a parallelifm of
the rays of light, is not an impediment to diftinct vifion, and that there-
fore the indiftinctnefs of remote objects is to be referred to fome other
caufe. By looking through a convex lens having a long focus, it will
appear, that a common eye may even have diftinct vifion with rays a
little converging.

Caufe of in- jao. Schol. ï. The chief caufes of the indiftinctnefs of remote ob-
?emoSnob-°f Jeits> ] take to be thofe "already affigned : And it maybe farther ob-
jefis. ferved, that we ufually diftinguiih near objects, by certain marks, as
*8o,8i,& t*16 figures» fizes and colours, of fome eminent parts; and when thefe

д'з. II. marks, by reafon of their fmallnefs, are loft } the object, by wearing a
quite different face from what it uied to have at a nearer view, becomes
neceflarily indiftinct. For in this cafe, we not only lofe fight of our
principal marks, but alfo the out-line becomes blunt, faint, and imper-
fect, as the exterior parts of the object are not diítinguiíhable one from
another ; and fo there being nothing vifiblc, but the grofîcr parts, the
whole appears confufed, and ill defined. The features of a man, the
buttons on his coat, &c. are not vifible beyond a certain diftance :
And at a greater diftance, his head and ihoulders will fcern contiguous,
and no marks will be left, whereby he may be diflinguimed from the
iKimp of a tree.

130.
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130. Schol. 2. Let AB be the femi-diameter of the pupil, MC pro- Fig. 2 j.

d need the axis of the eye, EB a my parallel thereto, eCg an i n d e f i n i t e
line perpendicular to AC; and let the conformation cf the eve b'cfuoh,
as to lee moil diftindlly at the diilance AC, or lot b be the geometrical
image of the point С : Now, if innumerable pencils of rays, be fup-
pofed to enter the eye, from innumerable focus's taken in the axis AC,
from С onwards to infinity ; the diameter of the Icaft circle upon the
retina, which will contain all the rays that enter the pupil, will be equal
to that of the geometrical image of a circular objeft, whofe femi-dia-
metcr is the line CE.

In the line eg, take CG=CE, and let я be the geometrical focus of
a pencil of rays flowing from E : Now it is manifeft, that a ray coming
parallel to the axis, from an infinite diibmce, through the point E,
will thenceforward be carried to the eye, along with the ray EB, and
that both thefe rays will fall upon the retina, at the fame point a ; ba
being the geometrical image of CE : And all the rays, whofe focus's are
any where in the axis beyond C, will fall fomewhere within the circle
whole diameter is GE ; and confequently will fall upon the retina,
within the image of that circle. Therefore, Gfc. ^ E. D.

131. Carol. Let B G be a line cutting the axis AC in II : Now the
focus of a pencil of light diverging from H, will fall at a point jv, about
as much beyond the retina, as the focus x of parallel rays, is before the
retina j and all the pencils of light, whofe focus's are any where in the
axis betwixt G and H, will be contained upon the retina, within the
circle whofe femi-diameter is ba ; for thefe rays produced backwards,
will fall within the circle whofe diameter is GE.

And univerfally, if С be fuppofed that point in the axis, whofe geo-
metrical image falls upon the retina ; and innumerable pencils of rays be
fuppofed to enter the pupil, fome whereof arc converging and others
diverging, to or from, certain focus's in the axis of the eye : Produce
backwards that ray, as IB, which converges the moft, and that ray as
/jB which diverges the moft, till they meet with the perpendiculars to
the axis Ce, Cg, in e and g ; and the longeft of thefe two perpendicu-
lars C? or Cg, will be the femidiameter of that circle, whofe image is
the leaft circle upon the retina, which can comprehend all the rays that
enter the pupil.

§•3-
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Of loag-
iightednefs.

Fig. 24.

Of fhort-
fightedneu.

Fig. 25.

§.3. Of long and floort-ßghted eyes, and of fpeElacles.

132. If the cornea and cryftalline, or either of them, be too flat, a
pencil of light coming from an object at an ordinary diftance, will have
its focus at fome pointy, beyond the retina; and therefore vifion will
be indiftinct, as in the cafe of an object too near for a common eye.
This defect commonly comes on with old age, and is thought to be
occafioned by a ihrinking of the humours, which flattens the cornea,
and the coats of the cryftalline : And hence, thefe kind of eyes are cal-
led by authors, prœfiytœ, vifus fern/is ; alfo long-ßghted, becaufe they
cannot fee near objects diftinctly. See alfojïg. 13.

133. Long-fighted people, in reading, place the book at a greater dif-
tance than ordinary, as two or three feet ; that being their neareil dif-
tance of diftinct viilon : They alfo commonly write a large hand, and
always chufe a book with a large print ; for being obliged to read at a
great diftance, fmall letters will not fubtend angles fufficiently large, and
upon that account will be confufed, as to a common eye, at a like dif-
tance. The long-fighted alfo require more light for reading a given
print, than others do for reading the fame print ; for they receive lefs
light than others, in proportion as the object or book is held at a greater
diftance.

134. When the cornea and cryftalline are fo convex, that the images
of objects, at an ordinary diftance, fall before the retina, as at y ; the
pictures upon the retina, and vifion cauíèd thereby, will be confufed :
Perfons having fuch eyes, can fee no objects diftinctly, but fuch as are
very near; and hence they are calledßwrt-ßghted; alfo purblind, and
Myopes *. See ßg. 14.

135. Short-fighted people, commonly chufe a fmall print, and write
a fmall hand ; for to them, the letters are magnified by tneir nearneis fo
as to appear as big as thofe of a middling nze do to a common eye •
and the letters being fmall, they have the advantage of feeing more of
them at one view, it has been remarked, that Myopes do not ufually
look at the perfon they converfc with ; for as they cannot obferve his
looks, and the motions of his eyes and features, they are attentive to
his words only.

136.
* There are other caufes that limit the extent oiden, require more light for vifion, than ordi-

of vifion: As, when the pupil is more than or- nary; and therefore they cannot íée fo far as
dinary fmall, the humours turbid, or lefs tranfpa- other people, although their eyes be of proper
rent than common j the retina fomewhat callous figures, for uniting the rays from remoteobjefts
or infcniiblc : People labouring under thefe dif- upon the retina.

I
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136. Thofe who are íhort-fighted, can fee fmallcr obieíts, and alfo Someadvan-

f i i r n • ï • n ' ï i r i- i i ï J , faces of uwrt-
fee clearly a fmall given objeíl with lefs light, than other people can : flghtcdnrfs.
For by viewing them nearer, they increafe their vifible magnitudes,
and alfo receive more light from a given object, in proportion to that
nearnefs. And hence it is, that Myopes can read by moonfhine or twi-
light, when a common eye is not able to diftinguifh one letter from
another : They alfo can fee fome what farther off, by a ftrong light,
than they can by a weak light ; for the ilrength of the light contrails
the pupil, and that leflens the indiftinctnefs.

137. Schol. If to a given eye, the neareft diftance of diftincl: vifion
be four inches ; as great a change of configuration will be requifite to
fuch an eye, for procuring diftinft vifion from four inches to eight
inches diftancea; as will fuffice a common eye for obtaining diftindt « 2 1 . II.
vifion at all diftances, from 8 inches to infinity.

There are Ibme people that are íhorter-ííghted than as above fup-
pofed : It is no wonder then, that fuch cannot fee a fmall object
at arm's length from them, or to avoid a ftone at which they are juft
going to ftumble.

138. It is a common obfervation, that the eyes grow flatter with The eye
age j and hence it is, that people who were purblind in their youth, 8r.°*vs fl;ltter

fee better as they grow in years, and continue to read without fpecbcles w" "£"
to the very laft. On the other hand, the long-fighted eye grows worfe
and worfe ; and at length its refractive coats may become fo flat, as not
to be able to colledt even parallel rays upon the retina. And hence all
objefts will neceflarily be confufed ; thofe that are fmall, as the letters
of a book, &c. will be altogether imperceptible ; and at length by a
ftill greater decay of the humours of the eye, the benefit of naked vi-
iion will be in a manner totally loft.

It cannot be doubted, but that the parts of the eye, like the reft of
the body, grow ftiffer with years, and lefs pliable ; and hence aged
perfons, have lefs latitude of diftincl: vifion, than when they were
younger. Alfo it is probable» that the optic nerve grows lefs íènfible
with years ; and this may be another caufc of the decay of fight in
old age.

139. It has been obfcrved, that people who are frequently ufed to Shortrmd

look at remote objefts, as country-men, travellers, failors, and the like, long figlued-
arc generally long-fighted; and fo want fpeftacles the fooneft : On the "^Д be

other hand, the greateft number of ihort-fighted perfons, arc found '"
among ftudents and mechanics, who are daily convcrfant with fmall
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and near objefts. The eye, itfeerns, in both, cafes endeavouring to keep
that configuration, to which it is moil accuftomed.

Sometimes j^o. Sometimes both long and fhort-fightednefs, come on fuddenly
dents. yaCCI ky accidents, or illnefs : Colds efpecially have been productive of both

thefe effeéls ; and there have been inftances of aged perföns, who had
ufed fpeftacles many years, having by an accidental cold become ib
ihort-fighted, as never to want them again.

Somepcrfons 141- There arc many inibmces of people who feem to be both long:
both long and and ihort-fighted ; that is, they can lee near objects, and feemingly
ihort-fightcd. ali-0 remote objcfts, diffinétly; but thofe that are at intermediate

diftances, appear confufcd : This cafe will admit of an eafy folution, if
it be fuppofed, that fuch people have one eye fhort-fightedj, and the
other long-iighted, and that they fee only with that eye, which is fuited
for diilinä. vifion at the near or remote diftance *.

Vfbn of re- 142. But when we confider what are the "chief caufes of the in«
mote objefls. (Jiftjnftnefs of remote objects to a common eye; it will feem probable,
fighteTpeo- diat with, refpeit to vifion of diftant objects, the ihort-fighted are not
pie. under fuch great diiàdvantages, as at firft might be imagined. The
»129 . II. planets and all the brighter ftars, are as vifible to the moft ihort-fighted,

as they are to any other ; and probably their appearances are much a-
like to all forts of eyes. And the greater quicknefs of fome in difcern-
ing the fmaller ftars>may perhapsbe more owing to a better conftitution
of the retina, &c. than to any advantage in the figure of the eye. But
becaufe of the aberrations upon the retina, a fliort-fighted perfon can-
uot diftinguiih beyond a certain. fmall diftance, fuch fmall parts of an
object, as another can : Thus, he cannot diftinguifli, the features of a
face a-crofs the room ; and as objects in general are diftinguiihed by
their vifible parts, fo with refpect to vifion at moderate diftances, the
difadvantages of the ihort-fighted are very great and manifeft. But
although fuch a perfon cannot diftinguiih parts, unlefs they be very
large, or very near him ; yet he can perceive a,n object in the grofs,
if it be not too fmall, at a confiderable diftance : He can perceive a man
at the diftance of feveral pace's, though perhaps he muft advance with-
in one of him, before he can call him by his name. A large tree he
can diftinguifli yet farther ; and from his experience in like cafes, the
large oblcure objeci: which he perceives at a great diftance off, he con-

cludes
* Some have imagined, that we never fee but this is not univerfally die cafe, I think, is very

with one eye at a time : If ihis be the caie, it plain, from the following observation, -u/z. If,.
may be wondered why in looking we always whilft looking at any objeft, either eye be co-
tijrn the axes of both eyes towards the objeót. vered ever fo nimbly, we continue ftill to fee
I: ii, very lilrcly, tint fome people either fee al- the objcft, without any the leait intermediate
together with une eye only, or fee better with flop ; which feems difficult to be accounted for,.
one eye th;m they ciu with the other : But that if the now iwked eye hud before been idlu.
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eludes to be a houfe, to the great furprize, perhaps, of his acquaintance
4vho knows his cafe. And hence, without fuppofing one eye to
•be fhort and the other long-fighted, we may folve that feeming para-
dox ; why a perfon who is fo purblind as not to be able to fee a imall
object at arm's length from him, is yet, in many cafes, not apparently
under any fuch great difadvantages, with refpect to vifion of remote
objects.

143. An eye, that has no other defect but that of being long or ihort- Long
fighted, may be helped by a lens of a proper figure, fo as to be able to ^f
fee diftinctly at any given diftance. As, if Ay, ßg. 24. be the neareft med'ied
diftance of diftinct vifion to a long-fighted eye ; Ay, ßg. 25. the re- Fig.24,25.
•moteft diftance of diftinct vifion to a ihort-fighted eye ; and A Q be
that diftance, at which each refpective eye wants to fee an object dif-
tinctly. Let О be a lens of fuch a figure, that rays diverging from Q_
will after refraction, diverge from q ; an object Q^feen through fuch a
•lens will appear diftinct. For in both cafes, "the rays, by the refraction • H)Toth.
of the lens, are made to enter the eye with iiich a degree of divergency
as is proper for diftinct vifion : The want of plumpnefs in the long-
fighted eye,'being fupplied bytheconvex lens, and the too great plump-
nefs of the myopical eye is corrected by the concave lens.

144.. Defin. Two glaiTes, having fuch figures as are requifite for pro- Offpedhdes.
curing diftinct vifion at given diftances, and fixed in a proper frame
for holding them before each eye, are called fpeSlades.

145. Convex lenfes magnify, and concave ones diminiih, the objects Their Hefigll

that are feen througli them ; but thefe are accidental properties : The ^d ufefd-
-end or defign of fpectacles, being neither to magnify or diminiih ob- ncfs*
jects ; but to alter the difpofition of the rays at their entrance into the
„eye, as may be moft fuitable for procuring diftinct vifion. And this
is an end of fuch vaft importante, that the aged is thereby'placed, in a
•manner, upon a level with the young j and enabled to read a common
print, when by his naked fight he can hardly diftinguiih one letter from
another. By the help of glafles, the purblind, whole fphere of diftinct
vifion fcarce extends the length of his arm, has his fight extended to the
greateft diftances : And it is owing to the fome help, that many of the
arts have been brought to that great perfection they now are in.

146. The long-lighted eye receives greater _ benefit from a convex i\-,rßyt;cai
lens, than the ihort-fightcd docs from one that is concave. For an ob- ('УС ,-Jccives
.jcct feen through a convex lens, is not only magnified ; but alfo the eye b^S'''
receives a larger pencil of light from each vifible point, becaufe the rays tiwn the- '
enter it lefs diverging. On the other hand, a concave lens not only
diminiihes objects, but alfo renders them darker ; for the rays coming

U 2 to
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to the eye more diverging, the pupil cannot receive- fo many of them,
as otherwife it would : And hence it is, thatMyopes cannot fee remote
objects, imlefs they be very large and bright, fo. well through a con-
cave lens, as the theory of the images being upon the retina, may feem
to promife. For the principal impediments to diilincl: vifion of remote

a 129. II. objeets, "being their want of light and magnitude} both thefe wants
are, by the concave lens, ilill increafcd.

The pro- 147- Thofe fpedbclcs are die moil proper, whofeglafles are theleail
pereft fpec- convex, or leáfl concave, of any that will anfwer the purpofe. For
ta the leail convex will accuflom the long-fighted eye, to that conforma-»

tion which is proper for feeing objccb as near as it can ; and fo may
prevent the eye from growing more long-lighted. In like manner,
the leaft concave glafs accuiloms the fhort-fighted eye, for vifion, at as
great a diilance as it can. Having fixed upon the proper focal length
of the glafles, it is fcarce needful to add, that the next thing is to chufe
thofe that mew objects the cleareil ; and this is beil determined by a
cpmparifon of feveral together. There are divers methods of fixing
fpedtacles to the head ; but it feems to me, that thofe which have
fprings for embracing the temples, are the moil convenient.

of reading- 148. A reading gleiß is a broad lens, fixed in a frame, having a con-
giaifo. vcnicnt handle to hold it by : The theory of fuch glaflfes is fcarce diffe-

rent from that of fpedacles, excepting what arifes on account of the one
being commonly held about midway between the eyes and the object
But for all purpofes, fpecbcles are undoubtedly the moil convenient j
not only bscaufe the fpace between the face and the objedr. is left open
and free, and alfo each hand is at liberty ; both which are advantages
in writing, and ilill more in working : but alfo they are infenfibly mo-
ved, by the natural motion of the head, without any kind of trouble.
Speilacles alfo fhew objects clearer, and diilinfter, than a broad lens ; be-
Cciufe their glafles are thinner, and placed exadlly before each eye.

LJhi" fp<c- 149. It is a common received opinion, that looking through glafles
.;:<k^i,otde- ]b detrimental to the eyes: But, I think, this opinion is fo far from be-
i ; , p , L n t . L -ng true^ that to о̂1-с w^0 want themj fpeclacles having glaffes *of pro-

"í 47- ^- figures, may contribute to preferve the eyes longer, as they take a-
way the ncceffity of ftraining them too much. However, ipectacles
ihould not be ufed but in fucli cafes, that diilinil vifion cannot be had
without them. Without this caution, the eyes may become long or
ihort-lighted, fooncr than otherwife they would ; and to prevent this in-
conveniency, the beil remedy is frequently to look with the naked eye
at objecls at all fuch different diflances, as we can fee tolerably diíliníl ;
and alfo to look fometimes through glafles of different figures.

P R O P .
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PR О Р. IX.

1 50. Tofttit a given eye with proper fpcffaclcs : Or, ioßnJ a km that
will enable a given eye, to fee dijlinSlly at a given dijiancc.

Let Oq be the leaft diftance of diftindt vifion to u long-fighted -eye, Fig. 24,25.
and the greatüft to a ihort-fighted eye ; and let OQ^be that dillancc,
at which each eye would fee diftindtly.

j. To find a convex lens for the long-fightcd eye j .fay, p-
: QP :: QO : QF ; an J place F from Qjto wards q. °'

2. To find a concave lens, for the ihort-fighted eye ; fay, Fio.
D>qO :: qO : qF j and place F from q towards

And in both cafes, OF will be the focal length of the lens required.
For rays diverging from Q, will after refradlion "diverge from q. "227 . I,
Therefore, &c. ^E.D.

151. Schol. ï. In the above cafes, OQ is the neareft diilance of dif-
tindl vifion through the convex lens, and the remoteft through the
concave. For Qjmd q h moving both the fame way, and q being the k 220. I.
neareft point of diftindl nuked vifion in the one cafe, and the remoteft
in the other : If Qj?e brought nearer the convex lens, the refradled
rays will diverge too much ; and if QJpe moved farther from the con-
cave lens, the refradted rays will diverge too little ; and fo in both cafes
vifion will be confufed.

But, u\e prœjbytical eye can fee an objedl diftindt, at a fomewhat
greater diftancc than Q; and even as far as F, or beyond F, if it can fee
diftindtly with parallel or converging rays. In like manner, the fliort-
fighted eye will be able to fee diftinftly, at a fomewhat nearer diftancc
than OQ; according to the power it has of changing its configuration.

152. SchoL 2. If a long-fighted perfon wants to fee at no nearer di- Fig. 24.
ftance than half Oq-, a convex lens whofe focal length is Oq will be the
propereft : for then Q<? being equal to QO, the point F will fall upon
q. If the above diftance be greater than half Oy, OF will be greater
than Oq.

1 53. SchoL 3. Ifj as before, Oy be the greateft diftance at which a pia. 2-,
iliort-lighted perfon can, with his naked eye, fee an objedl diftindlly ;
then a concave lens whofe focal length is Oq, will enable him to fee
objedts diftindlly at the greateft diftance. For luch a lens will refradl
parallel rays fo as to diverge from q.

154-
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154- Schol. 4. A íliort-fighted perfon may eafily determine by expe-

riment, the fartheft diilance at which he can fee diftinftly ; and fo, by
the preceding theory, he may fuit himfelf with a lens for any given
purpofe. But it is not fo eafy for a long-fighted perfon to find his
neareft point of diftinct vifion ; for to him the fmallnefs of objects is
a caufe of indiftinctnefs, that neceffitates him to approach them nearer,

Fie 24. l^an according to the theory of aberrations : And therefore he'll be apt
to imagine the point q to be nigher than it really is j and fo the focal
length OF, will be greater than that which is beft fuited for his purpofe.
In this cafe therefore, it is beft to lay afide theory, and to chufe the

* 147. II. glafles by trials only, remembring the cautions * before given.

P R O P . X.

i f f . Having the neareß dißance of dißinft vißon to each of two give n
eyes : Toßnd a lens which Jhall put one eye in the fame fituation with
the other, in refpeSi of feeing objeéJs at given dißances ; the power of
changing the configuration in each icing fuppofed equal, and negleSiing
alfo -the confideration of the lofs of light, and other imperfections of the
lens.

Fig.24,25. Let O^ and OQjefpeftively, be the neateft diftance of diftinct vifion
to the eye A, and to any other given eye ; and let it be required to
change the condition of the eye A, into that of the other morter or
longer-fighted given eye. By the preceding Prop, find the focal
length OF, of a convex or concave lens, according as the given eye is
ihorter or longer fighted than the eye A ; and becaufe rays diverging
from Q, will after refraction -by fuch a lens diverge from q ; the point
O^js alfo now the neareft point of diftinct vifion to the eye A : Whence
A hath now the fame degree of ihort or long-fightednefs, with the o-
ther given eye without a lens. Therefore, &-c. ^E. I.

Thus, if O q is 8 inches, OQJn the one cafe 4 inches, and in the o-
ther 20 inches ; the focal length of the convex lens that will caufe the
given ihort-fightednefB, will be $ inches ; and the concave lens that will
caufe the given long-fightednefs will have its focal length 13.5. inches.
But though the cafes of the two eyes above, with refpect to the aberra-
tions upon their retina's, will be die fame ; yet the lofs of light and
other imperfections of the lens, which cannot be here accounted for,
.willjnake a very great difference.

P R O P .
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156. Having the limits of dißinft naked vißon, to a givm- eve-; fo
ßnd the limit i of dißinel -viflon through a given, lens, to the fame tyc.

Let Ay and Ar, be the greateft and leaft diftance of diftinct viiion, Fig. г 5^2 6.
to the eye A ; and let OP be the focal length of die lens O, placed clofe
to the eye. To find QR the limited diftance of diftinct vifion through
the faid lensr; fay,

1. qF : qO :: qO : qQ ;
2. r F : rO :: rO : rR. And placing Q, R, the fame way from

q,r, that F lies from O; that is, if the lens is concave, place Q,R,
farther from it, if it be convex place them nearer to it, than the
given points q, r ; and OQ, OR, will be refpeftively the greateft
and leaft diftance of diftinct viiion, through the given lens Oi For rays
diverging from Q,R, will after refraction by the lens, a diverge upon the « 228. f.
eye, as from the focus's q,r, refpectively -, and therefore the fpace QR
is the limited diftance of diftinct vifion. ^ E. L

157. Sebo/, i. Take O/= OF : Now if the eye A can fee diíHnâ- Fig. 26.
ly, with parallel rays ; it will be able to fee diftinftly through the lens
O, as far as У : And if it can fee diftinctly with rays converging, as to
a point j, beyond Fj fay-rF: sO :: sO : sS ; and.RS will now be the
limit of diftinct vifion through the given lens О : For rays diverging
from S, will after refraction by the lens,b converge towards s. The nearer b 227. I.
í is to F, the greater will be OS j and if s be in F, an object that" is at
an infinite diftance, will appear diftinct through the faid lens.

158. Schol. z. If the neareft point r of diftinct vifion to a Ihort- I<V. 25.
fighted eye, bifects the line О «7, the greateft extent of diftinct vifion ;
a concave lens whofe focal length is O^ will enable that eye to fee dif-
tinctly at all diftances, from q onwards to infinity.

For parallel rays, will after refraction by the lens, diverge from q ;
and becaufe rF (rq] =rO, the point R will fall in q.

And if when O y : O r : : 2 : i , O F b e greater than O q ; then OR will
be lefs than О jr.

159. SchoL 3. To the fame eye, the extent of diftinct viiion Qjl, Fig.25,26,
through a given concave lens, is greater than through a convex lens of
equal focal length.

In fig. 25. fuppofe a point У taken beyond the eye iri the axis О у
produced, fo that O/=OF; then in both//j. it will be,

?F: O F : : ' O F : / Q j » 227. ï.
' r F : OF :: ' OF : /R ; and therefore ?F : rF :: /R : /Q . and

?F : qr (rF со ?F) ::/R : QR (/Qjo/R).
Whence
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Whence it is fufficiently manifeft, that QR,./^. 25. muft be greater than

1 60. Scbol. 4. In all that has been obferved in the preceding propo-
fitions about vifion through lenfes, the places of the geometrical images
were fuppofed to coincide with the retina ; but as a precife union of

* 95, 97.11. the rays upon the retina is a not neceiTary for diftindt vifion ; fo the ex-
tent of diftindl vifion through lenfes, will be fomewhat greater than ac-
cording to the preceding theory.

§. 4. Of apparent places and magnitudes of objeSîs.

Apparent dif- i6i. Deßn. Diftance and magnitude, are relative terms; that is,
íínenitudc *"uck a diftance, and fuch a magnitude is great or fmall, according to
what. ' the relation which each bears to that ftandard meafure, to which it is

compared. Apparent dißance is that vifible extenfion tliat feems to lie
betwixt us and the objedt, compared to fome ftandard meafure ; and as
it appears in the fitnple adt of vifion, abftradted from the judgment
we might otherwife make from pranotions of the real diitance. The
apparent diftance of the moon, for inftance, is the length of an ima-
ginary line that would reach from that place where the moon feems
to be, to the fpedtator : This apparent extent is certainly riot many
hundred yards, though we know the moon is many thoufands of miles
off: And the apparent diftances properly fo called of remote land-ob-
jedts, are alfo much lefs than at firft might be imagined. In like man-
ner, apparent magnitude of an objedt, is its vifible fize or extenfion
compared to fome real meafure. Thus, the diameter of the moon
feems to be about a foot.

In vifionavi- 162. It is very certain, that every vifible objedt appears in a determi-
fiblenPf!onea"d nate Place> and as Caving a determinate magnitude as well as figure :
way" joined" So ^hat the ideas of locality and extenfion, are inseparable from that
together. of vifibility ; and thefe ideas are fo intimately connected together that

a miftake in our e/Hmate of the one, never fails to create a miftake in our
eftimate of the other. The greater, for inftance, is the apparent diftance
of an objedt fubtending a given angle, the greater alfo will be its appa-
rent magnitude : For, of two objedts fubtending equal angles at the eye,
we know, as it were intuitively, that the remoteft objedt isthelareeft- and
we inftantly, and imperceptibly to ourfelves, form an idea accordingly.

Apparent dif- 163. It has been rightly obferved, that diftance, of itfelf and imme-
Tf deïnitf diately' is imperceptible ; for it being only л mathematical line dire.dtcd

.thing/ endwife tothe eye, it can have no image upon the retina; or, if we
confider it as a phyfical line, its image on the retina will be only a.

point,



SECT. II. OF O P T I C S .
point, which point will be invariably the fame for all diihnces. But it
is not diftance in the abftract, but the diftance of objects that we are
to confider ; and it is very certain, that all objects have their vifible
or apparent diftance, which we can compare grofsly to fome known
and ilated meafure. The faid vifible diftance, during the ail of vifion,
either remains fixed and unalterable in the mind ; or, if it feems to en-
large or contract, it will feem at the fame time to have more or fewer
parts of certain ftated lengths. So that vifible or apparent diftance is
an idea of a definite thing ; however inadequate it may be in fome
cafes, to the real diftance.

164. It is yet very certain, that the ideas of vifible diftances and vi- ideas Of di-
fible magnitudes, are not innate, but the refult of experience. As fuch ftauce.andi

a particular fenfation had formerly been obferved, to be caufed by an "q^dby
object having fuch a particular diftance, magnitude, colour, brightnefs, experience.
&c. fo when the like cafe happens again, we form an idea accordingly.
Vifible magnitude depends upon the vifible diftance and the vifual angle,
both together : But vifible diftance feems to be independent of both the
other two ; and as therefore it feems necefïàry, that in vifion the idea
•of vifible diftance ihould be formed previous to that of magnitude ; it
is very likely that the fact is fo, though thefe two ideas croud fo clofe-
ly together, that it is impoiîible to diftinguiih which of the two wasfirft
produced. There is yet another reafon, why we ihould confider. di-
ftance firft ; and that is, that we may adapt our eyes properly for diftinct
vifion. But, as above obferved, thefe things are too quick and tranfient,
to be perceived by us.

The different appearances of objects, furniih us with feveral means
whereby to form our ideas of their diftances ; and we undoubtedly
make ufe of all the helps that occur at the fame time : But it is con-
venient to confider them apart j and I ihall begin with thofe that re-
fult from the motions we give our eyes, in order to fee as diftinctly
as we are able.

165. SchoL But before we proceed any farther, let it be obferved here,
once for all, that when we fpeak of an optic angle, fovus of a pencil of
rays, or vifual ancle. ï. It is not meant, that we fee the point of con-
currence of the two optic axes, thefe axes being nothing but imaginary
lines : But neverthelefs, as on the account of different diftances, we give
our eyes different inclinations ; fo by experience, we learn from the
fenfations accompanying thofe motions of our eyes, to judge of fuch
diftances as are not very great in proportion to the diftance between
tbe. two pupils : And as the above inclinations are always analogous to
to the optic angle> fo we exprefs them by that angle. 2. In like manner,

X the
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the eye does not fee a pencil of rays j but whilil the breadth of the
pupil, bears a fenfible proportion to the diftance of the focus from
whence the rays diverge to the eye, we have peculiar fenfations, which
from the experience we have had, inform us pretty nearly of the place
of that focus. 3, So when we fpeak of a vifual ang le, it is not meant
that the eye meafures that angle, as with an inftrument : But the mag-
nitude of an image upon the retina, being always proportional to that
of the vifual angle of the object ; fo the difference of fenfations
accompanying different degrees of the one, enable us to judge of diffe-
rent degrees of the other. Thus, we fee that lines and angles in optics,.
are not only ufeful for communicating our ideas to one another, but they
are alfo not without their foundation in nature.

I. The change of conformation in the eyet is one of the means
ive are enabled to judge of fmall dißanccs*

1 66. In viewing objects at fuch fmall and different diftances, that the
breadth of the pupil bears a fenfible proportion thereto, or objects that
are within about arm's length of us ', at every fenfible change of
diftance, the eye muft alfo change its conformation for procuring di-
ftindt vifion. As if the eye is adapted for feting diftinctly at 8 inches
diftance; it muft gradually change its figure, to bring upon the retina.
the images of objects that are more remote. And thus, if we were ac-
cuftomed to look attentively at objects, with one eye only ; it is very
likely, that the changes made in the eye upon thefe occafions, would
be fenfible enough, after repeated trials, to enable us to judge pretty
accurately of the different degrees of fmall diftances. But for want of
experience, a perfon at firft making the trial, will be fubject to fome
fmall miftakes ; as has been obferved, if a perfon, having the ufe of
both eyes, attempts to thread a needle with one eye ihut. However,.
it does not follow from that experiment, that a perfon in fuch a fitua-
tion cannot diftinguiih the place of a near object within an inch or
two ; and after a little practice, I think, that with one eye only, we
can fcarce ever miftake ~ or at moil £ inch, in the fituation of a near
object.

Latitude 1 67. The above method of eftimating diftances, will not-íèrve us be-
within which yOncj a certain fmall extent, not greater perhaps than about 20 or 10
we can thus { , *,.л

 ь f. ? r , • r • , а

judge of di- inches : For if beyond that diftance, a line be fuppofed infinitely ex-
itances. tended, and in this line feveral points be confidered as the focus's of

pencils of rays proceeding to the pupil i the difference of the degrees
of divergency of the extreme rays in thcfe pencils, will be infenfible,.
and bear no proportion to the different diftances of their focus's. And

• 1 29. II. befides in thefe cafes, there are other caufes "that affect vifion, much more
than
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than the different inclinations of the rays. Hence it is, that when the di-
ftance of an image, feen through a lens with one eye only, is greater
than about a foot or a foot and a half from the lens, we are io liable
•to err in our judgment ofthat diftance.

168. Stool. As an object that is approached too nigh * will appear »89. H-
•confufed, and the nearer it is approached, the greater will be the con-
fufion : So in thefe cafes, by the different degrees of confufednefs, we
may make an eftimate of the different nearneifes. Remote objects
may alfo have the fame apparent confufednefs, though from other
quite different caufes : But, I think, we can fcarce ever miftake a re-
mote object to be within a finger's length of us ; and efpecially if we
ufe both our eyes, fuch a miftake will be next to impoffible.

II. Inclination of the optic axes, ts another more certain means of di-
ßinguiß.nng degrees of fmall dißances.

169. In viewing an object attentively with both eyes, we always di-
rect the axis of each towards it ; and the nearer is the object, or the
point of concurrence of the two axes, the more, confequently, they will
be inclined to each other ; and the more remote the object is, the lefs
will be the faid inclination : The fenfations accompanying the different
degrees, of thefe inclinations of our eyes, together with thofe of their dif-
ferent conformations for feeing diftinctly j feem to be fufficient of them-
felves, excluiive of other aid, to enable us to judge of frnall diftances,
not exceeding a certain extent, pretty accurately.

It is very certain, that difference of brightnefs and fliades of objects,
are circumftances, which in many cafes affect our ideas of diftance. But
notwithstanding the painter's art, if one approaches within a certain
diftance of his picture, he will perceive very plainly, that the whole
lurlàce is fmooth and flat. In the painted hall at Greenwich, for inftance,
the pilafters viewed at fome yards diftance, appear fluted ; but by ap-
proaching them nigher, at a certain diftance, their furfaces appear
fmooth : Therefore one can perceive л fmall difference in the di-
ftances of objects placed within this extent $ and what is here to help
him, but the fenfations he has from the different motions of his eyes ?
To one that will make it, this experiment will enable him to determine
that extent, within which he can judge to a given accuracy of different

•diftances, by the above helps only. But th . following experiment will
be more tleciiive.

Behind a fcreen, place upright two or three objects a little fideways
of one another, and at little different diftances from an horizontal flit
made in the fcreen. The objects may be cylindrical fticks of different

X 2 thicknefs,
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thicknefs, and colours j and let them be fo difpofed, as their fizes, &c.
may be moft likely to deceive the fpedtator behind the fcreen, in his
notion of their diilances. The ilit in the fcreen fhould be fo big, as to
caufe no manner of obftruction to the light coming from the objects to
the fpectator ; and it ihould be alfo fo limited, as to exclude all objects
from between it and thofe defigned for the experiment ; that is, nei-
ther the floor, or any covering above, or any objects to the right or left
of the above-mentioned, ihould be vifible. Things being thus difpofed,
and repeating the experiment feveral times, by changing the places of
the objects, without the privity of the fpedtator beyond the fcreen ;
you may determine pretty accurately, within what degrees he will be
able thus to judge of different diftances. An experiment to this pur-
pofe, may be eafily made with a fmall looking-glafs, inftead of the above
fcreen.

The above 170. Schol. The fudden and exact eftimates, we make of the diftances
farther con- of images behind a fpeculum, is a farther proof of what has been
атома/ ' e above advanced : For thefe images are generally attended with fome
places of circumftances, that rather tend to miflead than to help us, in our efti-
images. mations of their diftances. .An image in a plain fpeculum, is always

darker than the object, and this might induce us to think it farther
than it really is ; but neverthelefs, if it is not far, we never miftake its
diftance, although it be detached from others, according to the condi-
tions of the preceding experiment. The images of objects placed at

••in. I. fome diftance before a convex fpeculum, "are always very much di-
miniihed ; and fo they appear to a fpedtator : But notwithstanding this
diminution, if he is not above two yards from them, he will judge of
their diftances from the fpeculum very accurately; or he will fee them
as near as can be eftimated, in thofe very places from whence the rays
diverge. Let a plane fpeculum be placed clofe to the convex one ; and
the different diftances of the images of the fame objects in each, will be
very remarkable ; nor will it, from a near ftation, be poffible to fancy
them fo remote from the convex fpeculum, as they are from the plane
one.

If I advance within 4 or 5 feet of an image, projected before a con-
cave fpeculum, I can define its place very prccifcly ; and the image it-
felf, though much fmalltr than the object, will appear very perfect,
and continue ftill at the fame place, as I advance nigher : But on my»
retreating farther back than my firft ftation, I begin to be Icfs certain
of its place ; and the miftake lies, in fuppofing it farther from me, than
it really is : My faculty of diftinguiihing diftance in this cafe, not being
fufficient to overcome the prejudice arifing from the greater faintnefs»
and other imperfections of the image.

171.
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171. From the preceding obfervations, I think, it is very manifeft Limits within

that with both our eyes we can diftinguim, pretty accurately, the places „Ja^iy"
of objeots that are not above five or iix foot diftance from us. And of our eyes,
indeed if. feems very neceffiry, that we ihould have fomethine within we c'T/ih'
л / • ï / • i r r i 1 1 . matcuiitances
our ielves, or fome means that never rorlake us, whereby we might to a tolerable
Unerringly judge .of diftances fo very near us : Otherwife we might be exailnefs-
frequently in danger of our lives, without perceiving it ; as well as fub-
jecl to perpetual miftakes, concerning objects fo near as within the reach
of our arm.

But as the .diftance becomes greater than i~ or 2 yards, we begin to
t>e lefs certain in our eftimations of it ; and beyond 3 or 4 yards, the
means hitherto confidered, fee m to be of little or no help for afcertain-
iflg the places of objects. For beyond that extent, the differences of the
optic angles on die account of different diftances, are fo very final!, as to
become in a manner infenfible.

III. The length of the ground-plane > or the number of intervening par t s
perceived in it, is another mean> by which we perceive dißance.

172. When the floor or ground on which we ftand, is uniformly
extended before us ; in a line produced direcUy from us on this plane,
We can diftinguiih that fuch fucceiïïve parts, as form fenfible angles at
the eye, are fucceiïïve or one behind the other ; and the greater number
of vifible parts the line contains, the greater confequently is the vifible
extent of the whole. Let AB be the height of the eye above the ftrait line Fig. 27.
AC: Now if the vifual angles EBD, DBC are each of them about
г min. the parts ED, DC will appear as two contiguous points, each
being' a minimum vifibile : But if the faid angles are each íènfibly greater » 83. II.
than 2 min. then three objecb placed at E, D, C, may be diftinguiihed
as being iituated one behind the other.

173. An extent of ground lying before us, is itfelf properly an objeft, Ideaofvifibie
'he vifible length or magnitude of which, is the vifible diftance of an diftance, how
objedt placed at the farther end of it: The fame obfervation is alfo juft, "
^ith refpeft to the fide of a ftrait wall, or hedge, £fr. In this cafe
therefore diftance is properly vifible, fince the intervening chain that
^eafures it, is itfelf vifible : And it feems very probable, that from the
experience we have had in meafuring fuch a vifible extent of floor or
ground lying before us, by walking it over or othcrwife, it is that we
firft have the idea of diftance. This idea is fo fixed, that all objecb
have their vifible diitancc, although nothing is perceived to intervene
°etwixt them and the fight. A near objfrt diredly lacing us, is per-
ceived to be within or without arm's length of us, or within die length

of
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of a ruler, containing a certain number of parts of a ftated length :
This judgment being made by the preceding methods of eftimating dif-
tance. A crow flying in the air has its vifible diftance, how widely fo-
ever this may differ from the real diftance ; that is, in all cafes, the vi-
fible diftance feems to be a line having a definite length.

Vifible di J74- We have the ideas.of vifible diftances fo early, that we remem-
ttance a ftxcd bcr nothing of our having been ever without them : And thefe ideas are
idea, ала fo firmiy fettled in our infancy, that our future experience does not
femC

e to all afterwards fenfibly alter them. Since I learned that the moon is many
people. thoufand miles off, her apparent diftance is to me, not a whit greater

than it was before ; nor did that new-acquired knowledge caufe any
alteration in her vifible magnitude. The vifible magnitude of the iky,
and vifible diftances in general of given objects, I imagine are much the
fame to all common eyes ; although for want of practice in meafuring,
and their being apt to confound the idea of vifible diftance with pre-
conceived notions of the real diftance, people will differ in their efti-
mate as to the number of real feet or yards, &c. contained in fuch a vi-
lible extent. Thus, if a given vifible extent be conceived as being di-
vided into a few number of equal parts, which may be called degrees ;
I take it, that moft people will judge much alike of the places of the
dividing points, and that perhaps nearly as well in proportion, as they
would judge of the places of points, that divide a ruler into a like num-
ber of equal parts : And if this be the cafe, it ihews that vifible di-
ftance is much the fame to different people, how widely foever they
may differ in their notions of the real diftance.

Vifion a fa- '75* Scbol. It feems undoubtedly true, that all our ideas are acquired,
cuity, and in- But it feems as true, that feeing is learnt fo perfectly in our infancy,
*&bS&L l^at but little addition is made to u afterwards : Or, that vifible ideas,
led feeling, properly fo called, or the appearances of objecls during the aa of vi-

iion, are much the fame that they always have been *, fo far back as
our memory reaches. Vifion therefore cannot, with any propriety, be
reckoned an art, as fome would feem to make it j fince the appearances
of objects are the fame to the illiterate and the men of fcience ; and alfo
continue always much the fame, unlefs it may be in fome few uncom-
mon cafes, which had not earlier occurred to us. The judgments we
form concerning objedts are fubjeot to great variations, according to the

greater
* Ic feems as if our own ftature is a kind of this affefts not what is above fuggcfted 5 for the

fcale, to which we compare the magnitudes of proportions of apparent magnitudes of different
objecb : For it is certain, that ,in our infancy, objects, arc notfubjeft to thefe variations : How-
the fame things look bigger than they do after- ever, it feeins lo create a doubt, n;.t eafy to be
wards ; and diminiih as we grow up, feemingly cleared, whether the fiime tilings do not appear
in proportion as we have eril.irged our icaliî ; laiger to fmsll-fizcd people than they do to o-
and that having done growing, things have much thcrs : Jîut this queltion ajFech not the prcfent
the fame apparent magnitudes ever after. But argument.



SECT. H. OF O P TI CS. 159
greater advances we make in knowledge : But it is not theíè rational
ideas that are here confidered. Vifion then is a faculty, which conveys
an image to the mind, analogous to that upon the retina ; nor does it
feern to be always founded upon praenotions from tangible ideas, or no-
tions arifing from feeling. How elfe could diftorted images, as thefe
Ь cylindrical fpeculums; objects feen in microfcopes; diagrams drawn
upon paper, the like of which we had never felt with our fingers ; how
elfe, I fay, could thefe, and a thoufand other objects that are not tan-
gible, ' be fo like in their appearances to different people ? Thefe in-
ftances feem to mew, that a perfon who never had had the ufe of his
hands, would have the fame vifible ideas with another ; fo far does it
feem from being true, that vifible ideas have that near connexion or
dépendance upon tangible ideas, which fome have imagined. And in-
deed, are not the ideas proceeding from each of our fenfes, indepen-
dent one. of the other ; however one idea may bring to memory, .
another idea peculiar to a different fenfe ?

176. If an indefinite line, extended from the foot of a fpeitator di- There is a
rectly before him, be divided into equal parts, as yards, &c. the viftul ce!"ta!n

angles fubtended by thefe parts continually diminiih, as the faid parts
are at a greater diftance. Yet there is a certain extent, within which, foncé is ade-

to thcvifible diftance differs not fenfibly from real diftance : That is, if a line
of the faid extent be divided into a fmall number of equal parts, the
vifible or feeming length of the remoteft part, will not be much lefs
than that of the neareiL This extent, in moil cafes, I do not take to
be much lefs or much more, than about ten yards ; and if a line ofthat
length, drawn upon an even floor, be divided into i o equal parts, di-
ftinguiihed by little ftones or bits of paper, and a fpectator ftands at one
end of the line j the firft yard or part, will not appear much bigger
than the remoteft j although it is very certain, that to a perfon of a
cpmmon ftuture, ftanding upright at the end of an horizontal line, the
two firft yards of it fubtcnd a larger angle, than the reft of the line
^ould, if it was infinitely extended. \

.• 177. An indefinite line being extended obliquely before the eye, and The
divided into equal parts, as above; the vifible extent/of thofe parts that J« wc.can
are beyond the limit above-confidered, continually diminiih, and that g^"8«,"-
&fter and frifter the more remote they are ; fo us beyond a certain limit, 'fonces in
a11 objects have the fame vifible diftance from the eye, how great fo-
ever the differences may be of their real diftunces. There are lèverai
caufes which, as they occur, tend to lengthen or fliorti-n the apparent
extent, of the fame real extent. But in order to nuke J orne eítimate
°* the ntarnefs, that we c,m diilinguilh durées of di itèrent diftances ; let
Us iup£ofe this ncurnds at л malium, tu be as the lengths of the leaft

viable
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vifible parts, taken at given .diftances in an horizontal line uniformly

Fia. 27, extended before a fpecbtor of a given ftature. Let AC bethat indefi-
nite horizontal line, А В the height of the eye, fuppofe 54- foot ; and
fuppofe the minimum •vißbik^ or the angle fubtended by the leaft vifi-
ble part, to be 2 minutes. Now, if the Z_ E B e = 2 min. and the di-
ftance AE be io, 20, or 50 yards ; the leaft vifible part E e will be ac-
cordingly about i y inch, 44-inches, or 29 inches j and therefore in
the refpeilive cafes, thefe lengths are the leaft differences of real di-
ilances, that can be perceived by the eye. If the z.GBC= г min. and
A G be fuppofed 100 yards, the leaft vifible part G C will be near io
foot; andfo beyond 100 yards, the vifible falls very ihortof the real
diftance. If A G be-^ or ^ of a mile, G C will be accordingly 71
yards, or 347 yards j which laft number is above j-i- furlong. And
therefore two objedts, whereof one is at 4- a mile, and the other at
% mile diftance from a fpectator, will feem very near together. When
AG is .1 mile, the L_ AGB =H B G is lefs than 15' ; and when AG is
£ mile, the faid z. is only about 7': So that if the line A G be infinitely
extended, all beyond G in the one cafe, would not contain above 8 vi-
fible points j- and in the other, it would not contain 4 vifible points.
If the part AG be fuppofed 3151 yards, which is about i£ mile, all
the line beyond G, if it be infinitely extended, will fubtend an L. at
В =2, and therefore will be a minimum vißbile.

Viftble extent 178. Schol. ï, If in a plane pafling through AB, a given line DF be
of a given feen verv obliquely by an eye at B; the vifual angle DBF, will be as
line, as the « n ï ï • ï Xi ï 11- т-\ т-< i • \ ,
height of the AB, the height of the eye above the line D F produced to A, nearly,
^f- DrawF^ parallel to AB: Now the triangles DF£, DAB being fi-
-Fig. 27. miiar> and their bafes DF, DA being invariable ; the ratio of F b to

AB will be alfo invariable : But the L. DBF will be as F<£, nearly.
Therefore, &c. ^E.D.

vifible dif- jyçê Schol. 2. It is manifeft from obfervations, as well as from the
for^ariousf> reafonof the thing, that a given extent appears longer,, according as it

.jsaufes. contains a greater number of vifible parts: And hence two remote
and equal diftances may appear very unequal, according to the diffe-
rent circumftances of the intervening parts, and as the fpecbtor is dif-
ferently elevated. Thus, by the preceding, a given part of an extended
plane contains a greater number of vifible parts, and therefore the
whole made of the collective parts, appears longer, according to the
greater elevation of the eye : But without regarding the differences upon
this account, let the fpecbtor have a given ftation, or ftand upon even
ground, and there will be many circumftances, which may vary the
apparent or vifible diftances. Thus, a hedge having in it feveral grown
.trees, generally looks longer tharTa dipt hedge, or the íàme extent of

ground
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ground in the open field j becaufc the feveral parts of the uneven hedge
are .more remarkable and perceptible, than the like fpaces upon the
even furface of the ground. For the fame reafon, a row of houfes,
columns, or trees regularly planted, appear longer than a plain wall of
the fame extent : For, here we have not only more vifible and remark-
able parts in the one cafe, but our prs-knowledge of the feveral inter-
vening objects being equidiftant, tends to protract the apparent length
of the whole chain ftill longer. A river at firft, looks not fo broad, as

•after we have had a fide-view of the bridge acrois it : And indeed, a gi-
ven extent of water, does not appear fo long as the fame extent of land ;
it being more difficult to diftinguifli parts in the furface of the one, than
it is in the furface of the other. In like manner, a village feen from an
eminence, appears fa'rther, as a greater number of fields, &c. are per-
ceived to intervene : For the hedges being remarkable objects, and the
precife breadths of the feveral fields unknown ; their greater number af-
fects the idea of vifible diftance. And univerfally, a greater number of
intervening objects, all other circumftances being the fame, render the
whole apparent diftance always greater j but not greater in proportion
to that number.

- 180. Again, when part of the intervening chain is invifible, or ob- A lofs of part
fcurely feen ; the apparent diftances of objects that are beyond that part, of *e inte.r-
wi}l be accordingly lefs. Thus, a certain extent of rough uneven ground, иНле"т£
appears ihorter than the fame extent of plain ground j the prominent fible diftance.
parts hiding the cavities behind them, the whole apparent diftance is
|b much the lefs, by the lofs of thofe invifible parts. For the fame
réafon, the brow of an hill, feen over the top of another, frequently
looks nearer, than it does after the vale between prefents itfelf to view.
And the banks of a river at fome diftance, will feem contiguous, if none
of the furface of the river is vifible. Thefe obfervations regard only
the apparent diftances of objects that are beyond a certain limit >, a for. I7I ц
there is a limit, within which the apparent diftance will not be fenfibly
affected, by the interpofition of a vifible chain.

181. An afcent, as at AT or DT, feen from B, contains more vifible АП afcending
parts than an equal extent, AC or DC, upon a level j fuppofing each to plane appears
;fce alike even and fmooth furfaces. For the afcending plane being lefs !°XPi!m™of
oblique to the eye at B, than the horizontal plane AC; each fucceflive the fame ex-
part of the one, fubtends greater vifual angles, than the correfpondingtent-
parts of the other. And hence, an afcent appears longer, than the fame Fi§- 27-
extent of level ground j and efpecially, an afcent D T at a confiderable
•Pittance from the eye, appears much longer than the fame extent of
level DC, at a like diftance. And, within a certain limit, the greater

У is
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is the acclivity, or the /iCDT, the greater will D T appear. For the
fame reafon, a defcending plane appears fliorter, than an horizontal
plane of the fame extent. However, the apparent lengths of thofe, cor-
refponding parts, will not be exactly in the ratio's of the vifual angles j
for we generally make fome allowances, though feldom or never enough,
on account of the different inclinations of thofe planes with refpecl: ta
the horizon.

Before we proceed any farther on the fubjeel of apparent diftance,,
it will not be amifs to make a few obfervations on the appearances of
planes in given pofitions.

Anhorizontal 182. An horizontal plane AC feems to afcend, for fome diftance off,
plane feems from ^ fpeftator. For the vifual rays cut a perpendicular, El, to the
to afcend. , . r , ... ,J, . , c r i i •

horizon, in points that are higher and higher, or nearer to the horizon-
Fig. 27. tal line BH, according as they belong to points in the line AC, that

are more remote from A ; and the images of the more and more re-
mote parts, having the like fituations upon the retina, as the images of
objects having greater and greater elevations, we form an idea of a gra-
dual afcent accordingly. And becaufe the greater is AJB, or the higher

« j •?<?. II. is the point B, the a greater will be the.vifual angles formed by the fuc-
ccffîve parts of AC ; fo alfo, the greater will be the apparent afcent of
AC. The apparent afcent of the fea, to a perfon ftanding on the ihpre
is in fome cafes fo remarkable, that one might expeit to fee it come
rolling towards him, and overflow its banks.

Phenomena 183. It is for a like reafon as the above, that a deling, as ML, ap-
of|hf

e.cieli
f
n8 pears to defcend gradually towards the horizontal line B H } and that

íonggaíi°ry,a &^ег tnan ^e °̂°г afcends, in proportion as В M is greater than В A,
&<• In like manner the fides of a long room, or two parallel rows of trees,

as AC, ML, íèem to a fpe£lator ftanding between them, to converge
towards the farther end : and that fide which is fartheft, will feem to
converge the moft. : ,

But as the vifual angles EBF, FBD, ©V. fubtended by the equal
parts EF, FD, &c. continually diminiih, the more remote thofe parts
-are from AB ; fo the two parallel lines ML, AC, feem lefs and lefs
inclined to the line BH, the farther they are extended ; and inftead of
appearing ftrait lines tending towards a certain remote point, they feem
more like the legs of two hyperbola's converging towards the line
BH. And hence, a long horizontal floor or plane, and the cieling
over it, feem convex towards the eye j, or to afcend and defcend re-
fpeíHvely lefs and lefs, the farther they are extended.
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184. Again, a tall upright pillar, or the wall of a high building, as Wh/anup

AC, will feem to lean forward to an eye at B, towards the vertical line S,b» i
BH. But this phenomenon may be partly owing to another caufe : forward.
The centers of the images of objects, that we directly look at, are always
jn the axis of the eye, or upon the fame point of the retina ; and we
judge of the fituations of objects in oblique directions, according to the
Situations of their images, with refpect to that fixed point in the eye.
In looking upwards, after inclining our heads all we can, we are apt
to imagine that we have brought the axes of our eyes to point towards
the zenith; but this not being the cafe, our eyes looking forwards
roany degrees from it ; whatever is in the zenith, feems to be as many
degrees behind us. And this accounts for the miftakes, that people ge-
nerally are apt to be under^ concerning the altitudes of ftars having very
high elevations.

IV. Different degrees of apparent dißances are fuggefled, by the diffe-
rent appearances of known objeStst or by the known magnitudes of their
baß vifible parts.

185. As objects become more and more remote, we continually lofe
fight of parts that are in themfelves ftill bigger and bigger } and thefe
lofles perpetually vary the countenances of objects, fo as, within a cer-
tain limit, to afford us means of diftinguiihing different degrees of dif-
tances. Thus, when I am at the neareft diftance of diftinct vifion
from a given object, its imalleft vifible parts, and the little wholes made
up of thefe, are then moft diftinct of all : But, as I retreat farther back,
the fmaller parts Become firft indiftinct, then vanifh j afterwards thefe
are fucceeded by others that are larger, which after the fame manner
dwindle away, and become abforbed in greater ones. And as thus I am
continually lofing fight of more and more parts, till at length they are
all abforbed in one confufed and ill-defined whole j fo from the experi-
ence I have had in like cafes, thofe different appearances of the object,
which may be called different degrees of diftinctnefs, fuggeft to me the
fefpective degrees of real diftances. • ' '

186. Scholl ï. Obfervations of the above kind, are the moft univer-
&1 means we have, and in fome cafes the fureft, for difcovering degrees
°f real diftances : And the judgments we form of the real diftances of
remote objects, feem in fome meafure to affect the idea of vifible or
Apparent diftance, properly fo called. It is very probable, that general-
ly, the greateft apparent diftance is not many fcore yards } yet we can-
ttot help fimcying, that a building, none of whofe parts are difcernible,
appears much farther than another, whofe windows and doors are vi-

Y г fible,
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fiblej and this other likewife appears farther than, a houfe, having viiible
parts which are known to be ftill fmaller j as the bricks in the wall,
tiles on the roof, &c. In like manner, the different appearances of
trees, animals, &c. as they are means which fuggeft different degrees
of real diftance ; fo they alfo caufe fome difference in the apparent
diftances.

187. Schol. 2. The occurrence of objects of unufual magnitudes, and
detached as it were from others, by their remarkable heights, ÖV. fome-
times miilead us in our judgment of diftances ; the greater magnitude
fuggefting the nearer diftance. Thus, of two unequal fteeples or towers,
wide of one another, but at about the fame diftance from a fpectator
who is a ftranger in the country, the larger tower may appear neareftj
and in confequence of this miftake, houfes or cattle that are near the
larger, will appear fmaller than others of the fame fize, near the other
tower. In like manner, whenever we fee a remarkable object afar off,
whofe real magnitude is much greater than common, or than we ima-
gine it to be ; we are apt from thence to imagine it nigher than it really
is. But theie are particular cafes, which feldom happen j and when
they do, we are rarely left without fome other helps, whereby thefe
miibkes might be corrected.

V. All other things being the fame, different colours and degrees of
brlghtncß of obje£lsy caufe a difference of apparent diflances.

188. As objects become more and more remote, the light proceed-
<-o, -> 1.1. big from their leaft vifible parts "is continually diminiihed by the hete-

rogeneity of the intervening medium ï fo they appear gradually, more
faint, languid, and obfcure : Alfo their colours not only lofe of their,
luftre, but likewife degenerate from their native hue, and participate
more of the blueiih colour of the iky, as the rays have paffed through
a greater body of air, or as the images upon the retina are tinged with
a greater proportion of iky-lighf. Thefe different appearances are of
help to us in judging of degrees of real diftances, of known objects;
and fo they affect the ideas of apparent diftances -, thofe objects that are
brighteft, and whofe colours are moil vivid, appearing neareft.

189. Schol. ï. By the above method of eftimating diftances, we are
alfo fubjected to frequent miftakes j fmce objects at a given diftance
will appear farther, the darker and more obfcure they are : And alfo,
the fame objects, and at the fame diftances, will feem nearer or farther,
as the weather is more or lefs ferene. Thus, in foggy weather, all ob-
jects feem farther than ordinary : The diminution of light in that cafe,
anfwering to that on account of greater diftance, we are mif-led accor-

dingly.
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A wefterly landfcape in a clear morning, with the fun upon

feems; nearer than it does, when the fun is higher up, or more
erly L That afpeél of the fun being the moil advantageous for il-

luminating the objedts, they appear brighter, and therefore nearer,
*,o which may be added, that the air being lefs illuminated in the
Corning, than when the fun is higher up, is another caufe that favours
the phenomenon. The difpoiitions of the clouds, alio afFcft. the appa-
rent brightnefs of objefts ; fo that the different cafes that may affeci
the apparency of the diftances of remote objeets, are innumerable. And
the miftakes we fall into, on account of different circumftances of bright-
nefs, are undeniable proofs, that the degrees of brightnefs of objects,
have their ihare in forming our ideas of remote diftances.

190. Schol. 2. From the feveral preceding obfervations, it appears,
that after joining together all the helps we can have, our eftimations of
diftances, beyond a certain limit, are grofs and uncertain ; and this
limit alfo varies in different circumftances. And the more certain
öftimates we always make of near diftances, feems, as has been before
obferved, to prove that in thefe cafes, the ideas are principally formed:

from the motion of our eyes j otherwife the different colours and bright-
nefs of objects, and alfo the magnitudes of fuch as we had not feen be-
fore, would lead us into perpetual miftakes : And the leaft viable parts
of unknown objedts, can furniih nothing to conjecture from.

loi. Schol. 7. As the apparent iituation, in refpeft of the optic axis, Thefituations
of a broad objedl, or of a row of feveral objedls, is according to the ^ííymS"
apparent diftances of the extremes from the eye j fo by miftaking the took, and
neareft extreme or objedt to be the remoteft, which may frequently wll>'-
happen, we alfo miftake the fituation, with refpecl: to right and left,
of the fide next'towards us j and the more is the real obliquity, the
more liable we are to commit thefe miftakes. Let А,В,С,О, be a row-Fig- 2*.
of lamps, trees, columns, the arches of a bridge, &c. Now if a fpec-
tator at O, happens to imagine the neareft objeft A, to be the remoteft,
as at a ; he will confequently imagine all the reft to be at b, c, d, in a
h'ne extended on his right hand, contrary to the fituation of the line
A.D, which here is to his left -f- : And fo whilft he is under the above
roiftake, if he fees a body moving from A towards D, it will appear to
him to take a quite different courfe, as from a towards </. The pofi-
tion of the line a d will be variable, according to the imaginary pro-
portion of Oa toOd. For the vifual angles AOB, BOC, COD w i l l ,
be the fame, wherever in the lines О A, OB, ОС, OD, the points л, A,
f> d} be taken.

192.
t The lenrned and worthy prefidcnt of the Royal Socitty, M A R T I N FOLK is Kfq; is the an-

"lor of the гЬо'/с Iblution.



A T R E A T I S E BOOK II.
192. When the object is but of fmall extent, in proportion to its

diftance from the fpecbtor, it is fo much the more difficult to deter-
mine its true pofition. And hence, beyond a certain diftance, we are-
very liable to miPtake the pofition of a weather-cock, the fly or fails of
a windmill, &c. and confequently to miftake the courfe of their circular

Fie 20 motion. Thus, if a fpecbtor at O, fituated nearly in the plane of the fails,
AE, CF, imagines the neareft end A, of the fail AE, to be the remoteft ;
and the real motion of the fails be according to the order of the letters
AB С DE : Now when A is got to B, it will feem in D, as if it had
moved from E to D j and fo the fail feems to go round according to
the order of the letters EDCBA, contrary to the true courfe of its mo-
tion. This deception is fo ftrong, that it is frequently an even wager,
that one miftakes the true courfe of the above circular motion. We
are alfo liable to the fame miftakes, and that for the fame caufe, as to
the circular courfe of a branch or hoop of lighted candles, turned round
at fome diftance.

Created ap- 193« Before we difm.ifs this fubject, it will not be amifs to make
parent di- an enquiry concerning the limit or extent at a medium, of the greateft
{fence'teYof apparent diftance. It is very certain, that no objeâs appear farther
tWhorizon. than the vifible horizon ; and alfo, that the horizon itfelf appears far-

theft, when the whole intermediate trad: of Jand is vifible. But as that
« 179,180, vifible extent will be different, "according to the height of the fpedtator;
181. II. * the evennefs or roughnefs of the ground j " as the ground lies either level,

afcending, or defcending : Let us fuppofe a fpediator of a common
ftature, to ftand in the midft of an indefinite horizontal plane, and the

ь 1-77. Ц. vifible diftance of the horizon will be ь lefs than two miles j fuppofing
the leaft vifible angle to be 2 min. and in the prefent cafe, we may ra-
ther fuppofe that angle to be more inftead of lefs. But as the ap-
pearance of the diftance, upon which the above calculus is founded, is
itfelf contracted} the apparent diftance of the horizon muft be ftill lef-
fen'd j and, from "what has been already obferved, it cannot fenfibly ex-

27. ceed a quarter of a mile. Let AC be an indefinite horizontal plane,
AB the height of the eye 5 i foot, the leaft vifible angle =2', AG
loo yards, CG i yard; and fuppofe G C appears from В, equal to a
foot, at a near diftance : Now the L. AGB = GBH is only 63' j and
therefore upon the preient fuppofition, the greateft diftance beyond G,
would be vifibly not above 31^ feet. If we begin our calculation from
a lefler diftance, the whole apparent diftance will be ftill lefs, fo as to
fall far ihort of 100 yards, and even fo as not to exceed half that length.

II. This at firft fight, will feem furprifing to moil people ; and, asc before
obferved, it is not unlikely, but that a pre-conceived notion of a greater
diftance, may in fome meafure affecT: the idea of apparent diftance.

But
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But to throw afide all doubt that might arife, from the fuppofition of
the fpedtator's height, the extended plane, or the leaft vifible an°le be-
ing too great or too fmall; let us make a calculus from the apparent
magnitude of an object, feen in the horizon. Suppofe the moon, for
inftance, when near the horizon, appears a yard in diameter, or equal
to a round table juft at hand, whole diameter is a yard : The yifual
angle fubtended by the moon is about | degree ; and therefore the ap-
parent diftance of the moon is the radius of a circle, whole circumfe-
rence is twice 360 .yards. For it is maniieft, that twice 360 apparent
moons, or yards, would go round tjje periphery of a circle of the above
magnitude. Upon the above fuppofition, the apparent diíhnce of the
moon will be about 115,yards. In like manner, by having the vifual
angle, and apparent diftance of any object, we may find its vifible or
apparent diftance. But as the moon feldom looks near fo big, as above
fuppofed, I am apt to imagine upon the whole, .that the greateft appa-
rent diftance, is generally much lefs than an hundred * yards j and fome-
times not above fifty : But in fome cafes, it may probably amount to a
quarter, or may be half a mile ; as when we ftand upon an eminence,
viewing a large vale or a gradual afcent, on which are a great number
of objects, whofe different diftances are very perceptible..

194. Scbol. One main purpofe of vifion being to difcover, as near Our eftima-
QS may be, the true places of objects ; we do not reft fatisfied with *'.°ш of real

mere apparent diftance, but from thence, and from fuch other helps ' a"ces'
as occur, we always make fome judgment of the real diftances ofter-
reftrial objects. And hence it is, that moft people are apt to think
the fimple apparent diftance of a remote object, to be much more ex-
tenfive than it really is. It is very certain that the apparent diftances
of two fteeples, one at a furlong, and the other at i o miles diftance, are
much the fame, if no objects are perceived to intervene betwixt them j
and yet we are feldom without helps, by which we can diftinguifh that
one is much more remote than the other. The principal aids for efti-
mating real diftances, are thofe which have been already coniidered j
and for very remote diftances, the " two laft are of moft ufê. By thefe • 185,188,.
helps, thofe who have had frequent experience, as country-men and II.
people who often travel, will be able to guefs at the real diftance of a
remote object, within, may be, ^ or ^ of the whole diftance ; from.
the obfervations they often had made, that certain objects, at fuch and
fuch diftances, have fuch and fuch appearances. Thus, feamen will
not err many leagues, in their eftimations of die diftance of an object

ten,
* It is fcarce neceflary, I think, to obfervc, tent of a ruler of that length, when it is pretty

mat by a yard here is meant, the apparent ex- near us.
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ten leagues off-, and as the object becomes nigher, they will be more
exact in proportion.

Of apparent Magnitudes.

when the яр- 1 95. When objects are fo near us, that their apparent diftances are
parent and as tneir rca] diftances ; their apparent magnitudes are alfo as their real

aiike,n<the magnitudes. This, I think, is univerfally true, excepting a difference
' with refpect.to t wo objects, which in fome cafes proceeds from a diffe-

reli maeni" fcnce of colour and brightnefs, Thus, a man at a yard from me, or at
tudes. fix yards from me, appears in both»cafes of the fame magnitude. And

the ideas we form of the magnitudes of different objects placed in the
fame room, are always pretty accurate.

Apparent di- 196. Again, the apparent diftances of objects, having nearly the fame
fheTnuTtíe c°l°ur and brightnefs, being the fame ; their apparent magnitudes will
apparent' be as the vifual angles. Thus, tjie apparent diftance O A, of two ob-

nitudes j^g ДВ, AC being the fame ; their apparent magnitudes will be as the
angi«V1" vifual angles A OB, А ОС. That is, in this cafe,- the two objects being

really at the fame diílance from the eye, their apparent magnitudes are
3°- as their real magnitudes. In like manner, if the diftances O A, O D are

fo great as to appear equal, the apparent magnitudes of the two equal
objects AC, DE, will be as the vifual angles fubtended by them, or as
AC and AB. But if, as in the preceding, the objects AC, DE are fo
near, that their apparent diftances, are as the real ones O A, OD; then
will their apparent magnitudes be as the real ones, or as AC and DE.

Greater 197. Schol. The apparent diftance of an object being fixed in the
fi^efls*6 mm^> the degree of brightnefs affects a little the idea of apparent mag-
greater mag- nitude j the greater brightnefs, for inftance, fuggefting -a greater mag-
nitude. nitude. Thus, if two pieces of paper, of the fame figure and bignels,!

one whereof is white and the other black, be ftuck to a wainfcot of a
different colour from either ; the white paper will feem to be bigger
than the black. As the eye receives more light from an object of a given
brightnefs, the bigger it is ; fo on the other hand, its receiving more light
from a brighter object, feems to be the caufe of that object's appearing
bigger. The phenomena above, are not very fenfible, but when two ad-
jacent, objects of oppofite colours, are compared together.

Apparent jc8. It is very difficult to afcertain precifely, how far, or in what
ÍheEcòmde' 1П proportion, apparent diftance affects the idea of apparent magnitude :
pound ratio But it feems probable, that the latter is always either exactly or very
°fí^ndap пеаг1У> as l^e vi^ual anS^e multiplied by the apparent diftance. If that
paraudi-4 be ̂ е cafe, and the apparent diftance was always as the true diftance,
ftanc*. then the apparent magnitude would be always as the true magnitude ;

or
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or the fame objecl: would always appear of the fame magnitude, at all
diftances ; as the cafe really is, within a few yards of us, or fo far as
apparent diftance is adequate to the real. But objects placed beyond a
certain diftance, generally appear lefs, the more remote they are : For
two parallel rows of trees, &c. feem to converge towards the farther
.end. But it is certain, that the diminution of apparent magnitudes, is
no ways proportionable to that of the vifual angles, or to the increafe
of real diftance : A pane of glafs appears nothing nigh fo big, as the
front of a houfe, or ftreet, feen through it : And it is certain alfo, that
in moft cafes the apparent diftances of remote objects, fall fo much the
ihorter in proportion of the real diftances, as the objects are more re-
mote, which ferves to account for the decreafe that is obfervable in
the apparent magnitudes. So that upon the whole, it feems likely, that
apparent magnitudes are either exa£ll)\ or very nearly, in the compound
ratio of the vifual angles and apparent dißances.

199. Scbol. ï. We are as frequently deceived in our notions of mag-
nitude, as we are in thofe of diftance ; and thefe deceptions are far-
ther confirmations of the preceding theory. A fly flopping before an
unattentive fpedtator, will fometimes excite the idea of a crow flying
afar off-, but as foon as the miftake in the diftance is found, the large
•object or the crow, will dwindle into the little fly ; and one may even
.perceive the diftance and magnitude, as it were, contracting both at
the fame time. In like manner have I miftook a crow, for a fly hop-
•ping betwixt me and the window.

200. Schol. 2. It is obfervable, that in foggy weather, and in the why objcib
duik, objects generally appear farther than they commonly do : So, appear larger
for the reafons above affigned, in thefe cafes they alfo appear propor-
tionably larger ; and fometimes they appear of a very extraordinary fize,
according to the greater miftake in the diftance. A fmall heap of
ftones, has been miftook for the ruins of a large building, &c. And it
has been obferved, that a chamber appears lefs, when its walls are
whitened ; and that fields and mountains appear lefs, when covered
•with fnow : The reafons of which muft be, the white walls and fields
.appearing fo much nearer.

201. Schol. 3. In forming our ideas of magnitudes, it is not enough
that we know, either from former experience of our own, or from
the teftimony of perfons on whom we can entirely rely, how far fuch
or fuch an object is from us : But we form our idea, or calculus, if it
may be fo called, of the apparent diftance, as it were extempore ; from
fuch circumftances as then prefent themfelves to the fight, and by which
we ufually judge of diftances when we are left to our felves. And

Z hence
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hence it is, that we are not able to correct fome mi/lakes, as to appa-
rent magnitudes. An horizontal walk, terminated by two parallel
fides, will not appear fo narrow at the farther end, as a walk upon a
defcent of the fame length and breadth : And the parallel fides of
an afcending walk, will yet appear to converge lefs ; and in fome
cafes, it may appear as wide at the farther end, as it does at bottom,
and even wider. An inftance of this latter fort, I have frequently be-
fore me : The parallel fides of a fett of fteps facing my window, and
going up to a mount on the Tower wall, feem manifestly wider at tap
than they do at bottom. All the above different appearances, arife un-
doubtedly from the miftaken judgments we make of diihmces ; and

a 1 8 1 II. *^е mi&akes alfo proceed from the reafons that have been a before af-
iigned.

Apparent di- 2Q2, SchoL 4. The diminution of apparent magnitudes,, is fo very
pendentmof~ ^ma^> 'm comparifon of the greater increafe of diibmce ; that in the ge-
the vifual ncral, it fcems that the vifual angles fubtended by objects, have little
angles. QJ. no д1аге in direcling our judgments of their diftances. And indeed,

if the cafe was other wife, it would be almoft irnpoflible for us ever to
guefs aright,, either as to diftance or magnitude.. For inftance, if we
did not judge of diftance independently of the vifual angle, how could
we know a child from a grown perfon j. or even a pin from a may-
pole : For the largeft object, by being removed to a greater diftance,
may fubtend a leis angle than any affignable one.

203. As objects generally "appear nigher, when the intervening
chain is not perceived j fo in thefe cafes, w« have a reafon why they

pear fmaller ihould alfo h appear proportionably fmaller : As the cafe is, when we
ihanordinary. JQQ^ £rom below at objects on the top of a fteeple j or from above, at

180. II. objects at the bottom. In looking upwards or downwards, the oblique
II. and unufual view we have of objects, adds ftill to our deception} as

from above, we look on the crowns of hats ; tops of houfea, coaches;
backs of cattle, &c. But after frequent experience' in thefe cafes, things
do not look fo furprifmgly {mall, as they did formerly.

A tree upon the ground, appears longer than it did ftanding ; and a
fteeple whkh is vifible all the way from the bottom upwards to the top,
does yet not appear fo high, as it really is> or not ib. Jong, as the fame
extent upon level ground. This phenomenon feems to be entirely
owing, to our want of experience, in meafuring heights ; and its being
fuch, accounts why even a globe on the fpire of a fteeple, appears mucb
fmaller, than a globe of the fame diameter on the ground, and at the
fame diftance from a fpectator. \Vhen we are deprived of that help>
which a view of the whole extent of the fteeple affords, us, as in Jook-
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ing down, Gfc. it is a reafon why objects íhould appear ftill fmaller,
as I believe, all other circumftances being alike, they always do.

204. Scbol. To prevent miftakes, let it be here again obferved, that,
according to Uie'acßn. by dißance in this §, was every where meant,» 161. II,
the extent of an imaginary line joining the eye and the object ; and not
the diftance betwixt two objects, unlefs it was fo declared. Alfo, by
apparent magnitude of fin obje&y was meant its apparent diameter, breadth,
Or diftance betwixt two of its oppofite fides ; and therefore all that has
been faid upon that head, is directly applicable to the apparent diftance
between, two objects j and that, whether the line joining the two ob-
jects be at right angles to the optic axis, or obliquely to it : For the ap-
parent diftance betwixt two fides of an object, and betwixt two objects
or points in them, are cafes that are exactly coincident.

205. Our faculty of diftmguiihing degrees of diftances, is alfo of the Of the vifibie
laft importance to us, in diftinguiming things. For an object is not a °r W1™*
mere coloured extenfion, contained within a certain out-line ; but a fi- j ° °
gure/ wherein are comprehended, befides their colour and out-lines, the
particular figures, relievo's or fwellings, hollowings, &c. of every vi-
îible part, and member of the whole j or a figure, wherein is confidered
-the diftances, from an imaginary plane, of every vifibie point. Thus,
a globe placed before me does not appear a circle, but a convex furface,
fwelling all the way from its outward or vifibie verge, towards the ver-
tex or point neareft to me. The infide of an empty bowl, is vifibly a
ipherical concave : Iii a face, the nofe is feen projecting before the reft,
and the eyes are plainly funk lower than the forehead, &c.

We have other helps for diftinguifliing the prominences of fmall
parts, befides thofe by which we diftinguiih diftances in general j as
their degrees of light and ihades, and the profpect we have round them :
Botli thefe, I think, contribute their fliare to the vifibility of fuch fmall
objects as the pile upon cloth, &c. And by the parallax on account
of the diftance betwixt our eyes, we can diftinguiih befides the front,
part of the two fides of a near object, not thicker than the faid diftance i
and this gives a vifibie relievo to fuch objects, which lielps greatly
to raife or detach them from the plane, on which they lie : Thus, the
nofe on a face, is the more remarkably raifed, by our feeing each fide
of it at once. Thefe obfervationSj I fay, are of ufe to us in diftin-
guiihing the figures of frnall and near objects ; and when the breaks,
prominencies and projections are more confiderable, we do not want
them. The diftances betwixt the legs of a chair, are vifibie many
yards ofF; and the projection of a building is vifibie ftill further. But
as the diftance is increafed, different degrees of eminencies, cavities, &c.

Z z diíappciir
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difappear one after another ; fo that at length the corners, projections,
&c. of buildings become imperceptible ; and both fquare and round
towers, at great diftances, appear alike dark and flat furfaces, terminated
by blunt and obfcure lines. It is for the fame reafon, that the moon
appears a flat furface, and not globular ; the difference betwixt the di-
ftances of the limb and middle part from us, being much too fmall
to be perceived.

Things that we are daily converfant with, we furvey in different po-
iitions j and from this familiarity, a tranfient glance only oftentimes
fuffices, to give us an idea of even the back part which is not feen :
And we learn alfo to make allowances, on account of the different
views we have of things. A chair appears a chair, and feemingly much
the fame object, in various pofitions. And when we look attentively,
we have frequently great helps for difcovering the figures of objects, that
we are not acquainted with. Suppofe a perfon, who had never feen one
before, looks obliquely at a chair : The feat he fees is parallel to the
floor, and fupported in the front by two legs perpendicular to it j one
of the back rails he fees from top to bottom, and that it is joined to
one corner of the feat ; he likewife fees the whole upper part, and
underneath, a little of the foot of the other rail j and by confidering
the ufes and fimilarity of the vifible parts, he will go near to form a good
idea of the whole figure. The figure of that part of the cavity of a
bowl viewed obliquely, which is not feen, will be fuggeiled by the
convexity of the outer part. But there muil be always fomething vi-
fible to help us ; without this, prœnotions will not do : The moon ap-
pears alike flat to an ailronomer and to a ihepherd.

§. 5. Of the apparent dißances, magnitudes, and figures
of the cceleßial obje£ls.

of uc iky. 2°6- We feem to be inclofed by a kind of a vaulted roof, extending
every way round us, and within which all vifible objects feem to be
included : For all remote objects, detached from the earth, feem to float,
or as being placed in this concave furface, which we call the_/fy. We
are certain neverthelefs, that inilead of being confined within a concave
/hell of a fmall diameter, as the iky feems to be ; the medium round
us is tranfparent, to a difbmce far greater than even our imagination
can reach ; for fuch is the immenfity of the diilance of the fixed
ftars. We are certain alfo, that light is a mediate caufe of vifion ; and
therefore, that the above iky-like appearance muil be owing to
the inflection of light by the air, or by fome particles floating in it.

For,
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For, if light was not infleéted by the atmofphere, it is pretty mani-
feft, that the appearance which we call the iky, would vaniíh j and
in its room would fucceed a dark void be-fprinkled with ftars.
And as we are undoubtedly furrounded every way with an atmofphere,
ib we receive light from every part of it ; as indeed both are proved by
the phenomenon itfelf.

207. Every pencil of light that enters the eye, excites the idea of its
colour, and of a vifible point : But the particles of air themfelves, are fisure.
much too fmall to be feen ; and as we undoubtedly receive light, by the
reflection of airy particles at innumerable different diilances ; it remains
ftillto be accounted for, why the Iky ihould appear at a particular di-
ilance, or as having a definite magnitude and figure.

The air being tranfparent, the iky cannot appear nearer than the re-
moteft object in view ; nor do I fee any reafon why it ihould appear
farther, as nothing occurs here to the fight, whereby we ufually di-
ftinguiih one object to be more remote than another. The iky there-
fore feems to touch the remoteft land-object in view : And light being
reflected to us from all parts whatever, and that much in the fame
proportion as to fort and quantity j feems to be the reafon, why the fe-
rene iky íhould be a concave furface, of pretty much the fame colour.
And different parts of the atmofphere being at different times charged
with heterogeneous particles, fuited for inflecting different forts of light,
feems to be the reafon why we fee clouds, or parts in the iky of diffe-
rent colours. But to define the magnitude and figure of the iky, we
muft have recourfe to obfervations.

The apparent diilance of the vifible horizon a has been already con- а 1д,1 ц;
fidered : And by comparing the apparent diibmce between two given
itars, or the apparent diameter of the moon, at different altitudes,
we may pretty nearly determine the apparent figure of the iky. Or,
by gueffing at the places, whereabouts perpendiculars dropt from feveral
points in the iky, at different altitudes, would fall, and having the
angles of elevations of thefe points ; we may from thence alfo make an e-
ilimate, of both the apparent figure and apparent magnitude of the iky ;
due allowances being made betwixt the apparent and real diilances of
the places, where the perpendiculars are fuppofed to fall. . As if a cloud
40 degrees high, be fuppofed to hang over a place 50 yards off"; then
fuppoimg the apparent diftance of that place to be 40 yards, the appa-
rent diilance of the cloud will be about 52 yards ; or the hypothenufc
of a triangle, whole bafe is 40 yards, and angle at the baie 40 degrees.
And thus by finding the apparent diftances of feveral points, we ihall
have the apparent figure and magnitude of the whole iky.

The
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The two'forts of obfervations above, are to be confidered as being

but grofs ones ; for people will dinvr in their notions, both of thie ap-
parent magnitude of the moon, and alfo of the diftance of that point,
over which ihe feems fufpended: However, we may be certain from them»
that the figure of the iky is not, atleaft is not always a hemifphere ; but
rather a kind of fpheroidj the apparent diftance of the horizon being
generally much greater, than that ot the zenith. And this is very.agree-
able to the theory of the apparent diibuices of .terreftriaJ .objects.

•Variations in 2o8. To thofe who have very extenfive profpefts, the -vifiblc horizon
the vifibie appears fomewhat farther, and the furface of the iky appears fome-
mcffieureof w^at &utíer> ^an to thofe whofe profpecb are more confined. But
the iky, from thefe variations are not fo considerable, as might be expected from the
di?erentfit"'precedmg theory ; and that partly, becaufe the apparent diftances of
fpeoiator.' * objecîs fall fo very ihort of their real diftances. And alfo, becaufe

the iky is an object very familiar to us, and by our moving about, fre-
- quently feen under various circumftances, as to extenfivenefs of land-
profpeots ; we retain much the fame idea of its figure and magnitude,
.fo long as its colour and brightnefs -is the fame alfo.j even though a wall
Js before us, beyond whidh nothing is vifibie but the iky itfelf.

Difference of 20Ç. The different brightnefs of the iky, at different times, is area-
ferenity, a fan wny its apparent figure and magnitude are neither of them im-
rcncHndthe".mutable, but variable in different weather: A greater brightnefs, as in
apparent fi- other cafes, fuggefting a nearer diftance j as objects feen through a fog,
gTn'Tde f generally feem farther than ufual ; and nearer, when the air is clear and
.thejb/! e° the fun mines uponthem. The atmofphere is generally more loaded with

vapours, the lower down ; and fo the iky commonly appears duller that
way, than it does higher up : And this alfo is another reafon, why the
iky commonly appears fartheft towards the .horizon. The atmoiphere
is ahb fubjeit to greater changes, the ,lower down j and this accounts
-why the apparent diftances of the lower parts of the iky, ihould be
'fubjeft to greater ^variations,, than .thofe of the parts which are more
elevated.

Phenomenon ZI°- From the preceding, the -reafon is manifeft, why the moon
of thehori- when near the horizon,'generally appears bigger than when ihe is ele-

. vatej higher up ; .and alfo, why fometimes in the fame fituation, ihe
appears much bigger than ordinary. The fun alfo frequently appears
of an extraordinary bignefs, when near the horizon ; but the greatnefs
of his fplendour, -prevents our obferving fo particularly the fun's magni-
tude, as we do that of the moon. It is obfervable likewife, that the
'diftance betwixt two ftars, appears different according to their ele-
vations.

By
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By obferving whether the apparent diftance of two ftars, in the nei^h-
bourhood of the moon, keeps the fame proportion at different altitudes,
•with the apparent diameter of the moon at thefe altitudes j it may
be determined, whether a greater faintnefs of the moon, abftraftedly con-
fidered, or without regarding the iky, may of itfelf in fome meafure excite
the idea of a greater magnitude. But as the moon in an eclipfe, appears
no bigger than ihe ordinarily does at the fame altitude j it feems very pro- -
bible, that the variations in her apparent magnitude, at different eleva- -
tions, are moftly, if not wholly, to be imputed to -the apparent figure of
the iky.

211. Schol. As the apparent magnitudes of remote objefts, will be How the a-
different, according to the judgment every one forms of their apparent 11тпоше"
diftances ; (thus, one defcribes the moon as appearing about the big- apparent °
nefs of the orown of his hat ; another thinks ihe looks bigger, and fo magnitudes of
on j but none think her fo fmall as a pea, -though a pea at a fmall di- thcí>lanets'
ftance will fubtend a larger- angle, than the moon :) So, to prevent mif-
takes, .aftronomers exprefs the apparent magnitudes of the planets, by
their vifual angles,:.. as they find them by actual rneafuring with inftru-
ments ) and not by comparing them to common meafures, as inches,
feet, ÖV. Thus, .the moon's diameter is faid to be about half a degree ;
becaufe thereabouts is the vifual angle . fubtended by the moon, at the
diftance we are from her. . The apparent diameter of the fun, is about
the fame bignefs with that of the moon j -although in reality, the fun's
diameter is much bigger. than the diftance between the earth and moon.
The angles fubtended by the fixed ftars are altogether imperceptible, or
too fmall to be diftinguiihed ; although thefe bodies may, very likely, be
each as big as the fun ; fo the ftars are faid to have no fcnfible
diameters. .

212. The- ftars appearing of different magnitudes, is probably owing Why the
entirely to their different iplendor ; thofe ftars appearing bigger, as appear of dif-
they excel in .brightnefs. And indeed, as the fixed ftars have no défi- tuae"| magm"
nite figures, or fenfible diameters ; what is commonly expreiied by de-
grees of magnitudes, can be properly confidered as nothing elfe, than j

degrees of brightnefs. Withrefpedt to the naked eye, all the planets, .
excepting the fun and moon, may be alfo clailed among the fixed ftars ; -,
the appearances of them all being much alike. -

213. The enlightned part of the moon's diik, a few days from1 the phenom -of ;
change, feems to be a fegment of a larger circle, than the remaining new moon.
obfcure part, which is then alfo vifible j fo that the anf/r, .or Ahorns, Fig 31.
projeä: fenfibly farther from the center, than the limb of the fad ob-
fcure part, us rcprelented in the annexed figure. This phenomenon,
JT think, can be no ways eafier or .more naturally accounted -for, than

by.
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by fuppöfing the excefs of apparent magnitude of the enlightned .part,
to be owing to its greater brightnefs. For, here the apparent, as well
as the real diftance of both parts being the fame, both appearing con-
tiguous and in the iky j the greater quantity of light received from the
one part, excites the idea of a greater magnitude. I have looked at
the new moon through concave glaiîès of different figures j * but could
not perceive any fenfible difference, as to the proportions of the dia-
meters of the two afore-mentioned parts. And indeed it is difficult to
conceive, how the aberrations of the rays coming from the fame object,
could caufe fo remarkable a difference in the apparent magnitudes of
two contiguous parts.

ions of 214. The apparent figures of the ftars, is a phenomenon that preiTes
the ftars. hard upon the hypotheiis of aberrations and falfe images of remote ob-

jects : For by that hypothefis, the ftars and planets, and all bright ob-
jects fubtending infenfible angles, ought to have definite and circular
figures, gradually decreafing in luftre from the middle towards the cir-
cumference. But the ftars, and alfo lamps or candles, feen at a diftance
in the night, inftead of appearing whitiih circles, feem only indefinite
glares of light, mooting out, as it were fpontaneoufly, all round as from
a center into an indefinite .number of ilender and iharp-pointed fpokes,
or ЬгасЫа, of different lengths. The ftar-like appearances of fmall
ftones, bits of glafs, &c. feen at fome diftance in the fun-mine, as alfo
the radiations from the edges.of very bright objects, having fenfible mag-
nitudes, muft all probably be.owing to a like caufe.

The hypothefis for explaining the phenomenon of two beams moot-
ing from a candle, will not do here ; becaufe the beams are obferved
to moot round every way alike : Nor can-thefe phenomena be folved di-
rectly, by any of the foregoing principles. But it feems probable, that
they are owing to fomething in the conftitution of the eye itfelf j and
perhaps one of the following may be ,the caufe of them.

If it be fuppofed, that an impreffion made upon any point of the re-
tina, is, by fome vibrations of the fibres in tnat part, communicated
and as it were fpread further, like the undulation of water when а Лопе
is thrown into it ; but that, inftead of fpreading itfelf over one continued
circular furface, it branches out into a ftar-like image : And the light
of a ftar impinging but upon a fmall point in the retina, and there be-
ing.no impreffions made round that point, at the fame time, at leaft but
fuch as are very faint and languid, compared to the impulfe of the ftar's
light ; the undulating motion above fuppofed, has time to fpread itfelf
undifturbed, and fo to excite the fame idea, as would be caufed by the di-
rect impulfe of light upon thofe parts where the motion reaches,

* See 128. II, ' Or,
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г :Or,;if it,;be,fuppofed,' that* 'fpmfcjpf.the Jight., proceeding-from а
vifible point unto the pupil, inilead of beingcolleóted with the -reft into
a point onithe. retina, is, by an hetereogeneity in the humours of the
eye, irregularly fcattered round the center.intp a ftar-like image. Either
of. thefe hypothefes, will account for the above appearances, of fmall
bright objects ; and, alfo (hew why bright pbjeds having fenfible. mag-i
oitudes, feem to branch out fronMthe limb incp pyramidal^iV«/o,,whiQt
the whole fpace within is all over bright : But they are hypothefes
only, and here îoftered'as fuch,

"•v&ï$: Schol.4 ; The reafon, why none but bright objects have thefe Why the fla«
branches ihooting from them, feems to be, that the iky-lighV which twffighlf*by

intrudes into'the eye at the fame time, "over-powers'• fend > obliterate^
tíioíe feeble impreffions-which - are made1 by tfee fev/- rays^feutíéfed
from the true image: So that thefe impreflbns are nevei? fehftble; but
when the reft of the retina is very dark, in comparifon of the image
of the radiating object. After the fame manner may be accounted,
why the ftars do not fparkle or radiate fo much, in the twilight or
moon-ihiny night, as they do when the iky is leis luminous j and
as they fparkle lefs, they appear lefs, being more like points : Alfo,
why a ftaf near the moon, appears lefs than prdiriary. The flame of
a candle alfo from a remote diftance, will have lels apparent magni-
tude, as'the m'edhim between is more illuminated.' " : . ;

2j6. SchoL.z. When the fl^me of a caudle is at fuch a diftance^Why Venn»
as to be a 'tmnimujn "•vifibile. its pvramidical ' figure cannot then be «ever ЛРР«Г»

. , . , . it ï V n IM • ! - - r- • i: ihorned like
difcerned, and the candle has only a ftar-like appearance, for the the з>.
reaforis already aflighed. It is for the fame: caufe, that Venus never
appears horned to the naked eye: For "her wholeJ diameter not fub-
tentiing a fchfîble aïîglejbifns^impoffible tb "diítínguifli her; moon-like
figure5 arid the-Hvhol^diik being as'a jjoint, -Venus and all the reil of
the planets excepting the moon, have-ftar-like appearances. •;>)"• .

217. Thpfe who are accuftomed tp look throuel) long telefcopes,'Twinkimg of
find that the air is generally affeiled with a'kind 'of Tremor"or undula-the ftars-
ting motion, which is in différent degrefes' in1 diffefent weather. - This
tremor of the atmOfphere,' forhfe'have thought to' be.tho:caufe of the'
fcintillation or twinkling of the fixed ftars *. The ftars do not appear

as
* Another opinion concerning the fcintilla- propagate light'all manner of ways; it is pretty

tion of the ftars, as it has been often printed, manifcft, that an opaque body of a lefs brendth
ihould not be _ here pafied unobferved : <uix. than that of the pupil, cannot totally hide one of

But although the ftars are poiijte, yet íiiice they admitted..... .... , . • ^
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as if they were ihaken out of their places, but only as if they were
either nimbly covered and uncovered; or as if their light was im-
paired and renewed, by fits -t and to an attentive eye, the brighter ftare
either do not twinkle at all, or very feldom in comparifon of the lefler
ones. The tremor of the air therefore, if it has any eftect, does not feem
of itfelf fufficient to account for the phenomena : It is very likely that
fomething which pafles in the eye itfelf, may here have the principal
fliare. We are continually ihifting and doling our eyes, even when we
are not confcious of fo doing ; and a ftar being but a point, the fmalleft
motion of the eye is fufficient to make us lofe it, or very fmall opaque
particles floating in the vitreous humour pretty near the retina, are ca-
pable of preventing the ftars light from proceeding any farther. Per-
haps, without any ftoppage of the rays, the çxtream feeblenefs of their
impreffions, are not capable of keeping the vifive faculty conftantly
awake, but only as it were by fits. The/e are oflly conjecturée.

§.6. Of Vißon by images.

The particular phenomena of vifion, in given cafes, by reflected and
refracted light, are the chief fubjects of the two enfuing fectionej but
becaufe of their univerfality, it will not be amifs to clofe this with the
following few obfervations.

2 1 8. Vifion of real ofyje&s feen directly, or naked vifion, and vifion
by images, are both founded upon the fame principles : That is, the
like impreiïïons, or the fame kinds of images upon the retina, excite
like ideas in both cafes. Whence,

2 j 9. Objects feen by reflected or refracted rays, are feen in the
places of their laft images, if thcfc images are at moderate diftajtces *
before the eye ; the fcveral circurailanpes by which we forra tbe ideas
of the apparent diftances of objects feen by naked vißon, being here
alfo taken into the account. And univerully, every vifible point of
any object appear foraewhere ш the directions of the axes of the pencils
of rays proceeding £om them to the eye, after their Ы1 reflection or
refraction,

220. SchoJ. In vifion by images, we are generally deprived of many
circumibmces by which we ufuãlly judge of diftances ; and this makes

it

In naked vifion, the pencil« of light alwayg fall on the eye converging, and yet the
enter the pupil of the rye diverging, though in >в fome cafes, i; feen toílcrábly djiUnft ; but her«
many cafes their divergencies are lo fmall, that we regard only fxtch cafçs as are analogous w
they may be reckoned parallel : • But in vifion by thofe we meet with in naked vifion.
reflected or refrafted light, the rays fomctimes
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it difficult in moft cafes, to determine the place of an image, if it be
farther off than two or three yard« \ though we fee it with both eye« 5* 171. II.
and with one eye alone, we cannot determine diftanceь beyond a foot" 167. II.
or two. Thefe difficulties are again frequently increafed, by fome pe-
culiarities appertaining to the images, which we are not accuftomed to
obferve ; and for which therefore we are at a lofs how to make the
proper allowances. But when the diftance of the image is within the
above limits, we can determine its place, in moft cafes, 'pretty accurately ;
and, as in naked vifiori, the nearer we can determine the place from
whence the rays diverge to the eye, the more diftindl will the image
appear.

221. The apparent magnitudes of objects feen by reflection or re-
fraction, are, either accurately or very nearlyc, as the reftangfts under* ing and
íbe *ui/uál ang/ei -atid apparent dißantes,' of their la/I images: AHoziB. II.
in all caies, the apparent place, pofitiön and figure of an object feen
by reflected or refracted light, are as thofe of its kit image : For the
rays * diverging to the eye, when the image is before it, from a fuccef-
fion of phyfical points, after the fame manner as if they came directly
from a real object*, excite an idea ofthat image, or of an'object equald

 2 i8. II.
and fimilar to it.

222. Corol. ï. A given fpeculum or lens magnifies the moft or leaft, or
diminifhes the leaft or moft ; when the redlangle under the vifual angle
and apparent diftance of the image, is the greateft or leaft poffible.

223. Coral. 2. In vifion by images, we are liable to many decep-
tions, fome of which are entertaining as well as furprizing. For not
only the place of an image, but alio.very often its pofition, magni-
tude and even figure, fome one or all of thefc, iliall be quite different
from the original object.

224. If in the place of an image, formed by rays converging either
by reflection or refraction, be fubftituted a white plane, as a. iheet of
paper ; upon this white furface there will be formed a picture, exactly
equal and fimilar to the image *f*. And if the room be dark, fo that
the eye may be pretty free from extraneous light, this picture will be
vifible to a fpectator placed in alrnoft any fituation before it : For here
the rays are reflected from every point of the white body all manner
of ways, after the fame manner as they are reflected at the furface of
common objects. But if the white obftacle that flopped them be
taken away, the rays will proceed directly onwards; and therefore
the image cannot be feen .unlefs the eye be placed directly behind it :
And even then the vifible-field will, in moft cafes, be much narrower

A a a J than
* ТЪе cafes of vifion by parallel or convcrg- f See 244. I.

»ng rays, arc not confidcrcd here.
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than the picture; as the rays proceeding from parts of the image

';that -are iemote from the middle, do neceflarily efcape wide of the
•eye.

S E C T I O N III,

Of vtfion by light reflected from plane andfphe-
rical fpeculüms.

t Is HE abftract theories of images, formed both by the reflection
JL and refraction of plane and fpherical furfaces, having been al-

ready delivered in the firft book j in this and the next fection, what
we have chiefly to confider are the phenomena themfelves, of vifion
by fuch images.

§. ï. Of vifion by mirrors or flane fpeculums.

22$. Phenom. Objects feen by the reflection of plane fpeculums,
generally appear fo perfect and natural, that if the fpeculum itfelf is
not perceived,J one is liable to miftake the images for the real objects
of which they are types. A man appears alive, corporeal, and not a
mere furface; and any feries of objects placed before the fpeculum,
exhibit alike feries on the other fide, all appearing in their due places,

• 37 tp 49. agreeable to the "theory of images, and that of vifion in like cafes.
I. The principal difference obfervable here is, that the images appear fome-

what darker than the objects, on account of the lofs of light by re-
" 188. П. flection j and thija, .jwhen the images are remote, may ь affect their ap-

parent diftances ; ana mor^efpecially if, as the cafe often is, part of
e 180. II. fhe floor fuftaining the real objectsc is not ieen, or if the fpeculumd is
л i8i . II. not vertical. But when the images are near, we find, as in vifion'of

real objects, that the above caufes have no fenfible effect.
Fig. 32. . Let PQR. be an object, whofe image formed by the plane fpeculum

ST, is far. Now an eye placed before the fpeculum ST, fees every
point of the object PQR, by the very fame rays that originally diver-ged
from thofe points, without having undergone any other change, ex-*
cepting that they are bent at the fpeculum, as if they came directly
from the correfponding points in the image/ q r ; and therefore it is,
that the faid image appears equal, fimilar and of the fame colour with
the real object. Thus, an eye placed at A, B, C, D or E ; will ac-

2 . cordingly
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cordingly fee the radiating points P, R, by the pencils of rays whofé
axes are S#, $b; ia, 6b-, za, jb-, 3^, Ob; or ^a, Tby proceeding
direaiy as from the refpedtive points />, r. The rays that enter the
pupil fuppofe at C, from any point P, have the very fame divergencies
as if they came from a diftancea = Pa -h гС ' = Cp ; and fo the eye1 43. I.
receiving the fame imprefllons, as it would if the objedt P was placed
in p, we form an idea accordingly.

226. SchoL If in any fpeculum a perfon fees his own image, or that Apparent po-
of an object that is behind him: If the image appears eredt, it will^10110^ •
appear inverted as to right and le f t j and the reafon is, becaufe the fpeculums.
objedt and its image face each other, or look .contrary ways. The cafe
is not unlike when the objedt is between us and the fpeculum, though
we are apt to make it different, for want of confidering that with
refpedt to the image feen in the' fpeculum, it is the back of the object
that is now towards us ; and fo we now call that the "right fide of the
objedt, which we would call the left if we were on the other fide of
it. Thus, if a perfon fees the image pr of PR ; the image p appearsFig. 32.'
to the right wherever he ilands -, if he is behind the objedt, he will
reckon the point P alfo to the right ; but if he is between the objedt
and the fpeculum, he muft turn his back to the ipeculum to fee PR,
and then P is to his left. If PR is a printed page, the letters in" the
fpeculum 'will be equally inverted as to right and left, whether the
fpedtator be before or behind the paper. The phenomena are con-
trarily, when a perfon fees an inverted image, or one that is turned
upfide down ; that is, if the objedt is behind him, the image will feem
in its due fituation as to right and left; but in that relpedt it will
feem alfo inverted, if the object is between the fpectator and the
fpeculum. But we feldom attend to the pofitions of images as to right
and left, excepting in particular cafes,

The phenomena of yifion in plane fpeculums agree, in moft if not
in all cafes, with the theories of the images ; and what remains to be
added under this head, is to explain the phenomena when two or more
fpeculums are combined together, or when one is placed in an inclined
pofition,

P R O P . XII.

227. If two reflecting planes BC, DC, be placed at right angles /oFig. 33.
one another : A body A moving along the Une A B perpendicular to the
one fpeculum ^ and confequently parallel to the other, ivill have its images
a, b, move the contrary ways ; that is, while the body A is in motion,

the
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the image b goes onwards the fame toayt whilfl a mows dircclly. towards
A j and the motion of A, b and a, or* all exactly at the fame rate.

It is manifeft that the lines #B, be, defcribed by the images a, b,
are the images of the line AB in the refpective fpeculums BC, DC ;

, T therefore лВ = ' AB, and л £ is * perpendicular to BC i alfo 4P = • AD,
4 and be is parallel to DC. Therefore &c. ̂  E. D.

Fig. 34. 228. Schol. If the line AB be inclined to the fpeculums BC, CD;
the lines aB, b c defcribed by the images a, b, may be found by draw-
ing the perpendicular Aa to BC, and the perpendiculars Ab, he to
DC; then taking daz=dA, D£=DA, and Cc=.Ch: Or, the lines
aB, be, may be found by making the ^> à&d = ^- ABJ, and the

P R O P . XIII.

Fig. 35. 229. If a plane fpeculum, RS, be inclined to the horizon in an angle
of 4.5 deg. with its face downwards : An upright objeSl CD will have
its image c d in an horizontal poßtion j and the image ab, of an obi eft
AB lying horizontally, will be vertical.

• 40. 1. For each object and its image forming * equal angles with the fpecu-
* Hypoth. lum, and thofe which the objects form being each ь half a right angle j

the^'CRi-, BS£ are right angles. Therefore, &c. %, E. D.
230. Carol. If RS be a plane fpeculum, with its face upwards,

AB will be the image of an object ab- , and the image of an object cd,
will be CD. And fo a perfon ftanding upright before fuch a fpeculum,
will fee his image extended horizontally, as it were on the floor, with
his face upwards.

271. Schol. ï. A perfon looking in a plane fpeculum inclined to
the horizon in an angle of 45 deg. will fee himfelf, as it were, in a.
flying pofture : For he will feem fufpended horizontally in the air,
with his face downwards. And if the fpeculum is fufficiently long,
be will feem to fly downwards or upwards, as he walks towards or
from the fpeculum.

Fig- 35- 232. Scbol. z. If the fpeculum SR be inclined to the horizon in
any other angle than 45 deg. the images cd, b a, of the vertical and
horizontal objects CD, BA, will be accordingly inclined from the pofi-
tion they have now in the figure. And particularly, the objects CD,
AB retaining their vertical and horizontal pofition j if the^-RSB be
greater than 45 deg, the image c d will recline upward«, the point a
being higher than с ; and the image ab will recline backwards from
the fpeculum : And the contrary will happen, when the^ RSB is leie
than 45 deg.

* 313«



SECT. III. OF O P T I C S . 183
333. Schol. 3, Upon a flat and fmooth board FI, let there be made Fig. 36.

a grove or channel abc de, by means of thin ledges A, B, C, D, E
glewed to the board FIj and let the edges of the boards A, JB, C, &c.
that are next the channel, form the fame angles with the fides of the
rectangular board FI *. The board being thus prepared, and ledges
fixed to the fides of it, and another at a e ; if the end FG be a little
elevated, a marble or ivory ball placed at a, will roll with the fame
velocity, along the channel, till it gets to the bottom at e. Now ifA bal1 feem-
the board be placed at the bottom of a box, in which is a looking-^f^°s.

ro11 up"
glafs fo inclined that the board FI appears vertically, the end HI
appearing uppermQÍlj the ball will feem to roll upwards, till it gets to
the top at e.

This little deceipt is furprizing enough till the caufc is known, and
to prevent its being immediately detected, the box ihould be placed a
little above the eye, and the aperture in the front, and the fize of the
glafs ihould be fo limited, that, from a certain ftation, nothing ihall
he vifible but the image of the board FI. In the fide a e of the box»
and below the end e of the channel, may be a narrow board, whafe
end e may be lifted up for throwing the ball back again to a ; and then
it will begin its journey as before. The end e may be lifted up by a
firing guided by pullies to any particular place, and which might be
concealed from the fpeclators various ways. Note, there ihould be a
provifion made to prevent the ball from getting under the lifting
board ae.

If the fide FH of the board be placed to the front, the ball will feem
to go almpft diredtly up and down. Or, if HI be to the front, and
made the uppermoft fide, it will be furprizing enough to fee the ball
roll downwards from e, fo very gradually. The channel abcde may
be made in a ferpentine form ; but then the board muil have a greater
declivity, and the motion of the ball will not be fo uniform.

P R O P . XIV.

234. In any number of plane fpeculums, all tying in the fame plane,
f f can be íeenfrom the J ame place, only one image of the fame objeEt.
For in this cafe, there can be but • one image; and the objeft is feeiv' 37-^

by rays proceeding diredly to the eye, a*h from the image. There- " 41 • {•f
an»

fore &c. Sb Et £). 2 ' 9- 1U

335-
* The breadtlfof the channel a í «ie, njay of the boards againft which u, bean, be

be lefs than half the diameter of the ball j and pered or flpped considerably,
the ball will run upon a led declivity, if the edges
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235. Schol. If two fpeculums be inclined backwards, fo that per-

pendiculars to each, meet fomewhere beyond them ; it is manifeft that
rays diverging from any object cannot be reflected by both fpeculums
to an eye having any given pofition -, and therefore they can exhibit
only one image of the fame object. Seeßg. 34. where a may be fup-
pofed the object, e the eye, BC, CD the two fpeculums.

P R O P . XV.

Fig- 37. 236. If two plane fpeculums AB, AC, be joined together fo as to form
any ^- ВАС ; there will be a certain dißance AF, within which a fpec-
tator will fee his image in each fpeculum, at the fame time : And if to the f c
be joined two other fpeculums BD, CE, f arming £-* ABD, ACE j a fpec-
tator placed any where within a certain dißance HG, will fee his image
in each of the federal fpeculums. And univerfaljy, if ever fo many
plane fpeculums are joined together in an arch of a circle, not too wide
to be comprehended at one view ; a fmall object placed near the center of
that circle, will be multiplied as many times as there are reflecting planes.

Upon AB, AC, raife the perpendiculars BF, CF ; now an object
• 37.1. placed any where between F and A, will have its images in lines • pa-

rallel to FB, FC, till it arrives at A where both images will be united.
Again upon BD and CE, raife the perpendiculars DG, BH, and
EG, CH ; and by the fame way of reafoning as before, a fpectator
placed any where between G and H, will fee his image or part of it,
alfo in BD and CE. And univerfally, if О be the center of an arch
ED, any number of fpeculums joined together within this arch, will
each of them exhibit the image of an eye placed at or near O. There-
fore &c. ~~ ~~

237. Schol. As a fpectator walks from F towards A, his images in
fhc two fpeculums AB, AC continually approach nearer together j and
at a certain ftation he will fee two heads and but one body.

If the place of an object and of the eye be given, the phenomena
» 40 & 44. may be eafily ь deduced : As if H be the place of an object, its image
I. will be vifible in the fpeculums AB, AC, at all diftances; becaufe the

angle €>f incidence HBF or HCF, is not lefs than the angle HFJB or
HFC. And in the fpeculums BD, CE the image will be alfo vifible
to a confiderable diftance beyond H ; becaufe the angle of incidence
HDG is not much lefs than the angle HGD. For, it is manifeft that
when the angle of incidence, is equal to the angle formed by the per-
pendicular to the reflecting plane at the point of incidence and the. line

« ï I.I.&27. АО, the reflected ray isc parallel to АО.
ï. Euclid.

P R O P .
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P R O P . XVI.

238. 'The images of any feSlor SRT, contained between two reflecting р;„ ,,8)

planes RS, RT, inclined to one another in the given angle SRT, will
be all concentric j and the number of thefe images will be fucbt as will
exaffly compleat the whole circle.

The images of the feftor SRT, formed by the fpeculums RS, RT,
are " refpectively the fectors SRG, TRM : But it is manifeft that the » 40. 1.
rays forming the image SRG fall on the fpeculum RT, after the fame
manner as if SRG was a real object ; and fo the faid rays • form a
fécond image or fector MRL. In like manner the rays forming the
image TRM, do, by the reflection of RS, form the image GRH; and
the images MRL, GRH, form the fectors HRI, LRK, by the re-
flections of RS, RT refpectively : Again, by the reflection of the rays
forming either of the two laft images, at the refpective fpeculums, the
fector IRK will be exhibited ; and fo on' till the whole circle be com-
pleated. But it is manifeft, that none of the rays forming the image
IRK, or which exhibit the fpace IRK contained between the backs
of the reflecting planes SR, TR produced, can be again reflected or
form another image. Therefore &c. ̂  E. D.

239. Schol. ï. When the fector SRT is not an aliquot part of a
circle, the laft image, as IRK, will be lefs than SRT, if the two
laft perfedt images HRI, LRK do not incroach one upon another; but
when they do fo incroach, they will both frequently appear only as
one image, greater than SRT ; but the faid image can- never be twice
as great as SRT. For it js manifeft, that each fpeculum forms the fame
number of images of the fector SRT ; and therefore the remaining
feftor IRK, may be of any magnitude not fo great as the double of
the feitor SRT. Or, the two laft images may perfectly join, fo as to
leave no fpacc between them.

240. Scbol. 2. The images A, B, C, D, a, è, c, d of an object Q,
placed between two fpeculums RS, RT inclined to one another in any
angle SRT, will be all in the periphery of the circle whofe center is
R, and radius =:RQ: There will be one image, and no more, in
each image of the fector SRT} and the arches contained between the
images wijl be alternately = 2QS and=2QT. This is fufficiently
manifeft from the Prop, but it will not be .amifs to illuftrate it farther.
Upon the reflecting planes RS, RT, let fall alternately the perpendi-
culars QwA, Qua-, AoE,apb; ByC, ere-, CsD, and ctd: Then take

, and td=fc. Now A, B, C, D; a, è, c, d, are the images formed
B b by
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by rays diverging from Q upon the fpeculums RS, RT refpectively,

37-1. after one, two, three, four reflections. For A, 0 are" firft images of
the object Qj and the rays proceeding from thefe images, fall upon
the adverfe fpeculums fo as to form the fécond images B, b ; for the
fame reafon thefe again form the third images Ct-c- and laftly are formed
the images D, d. But in this example, becaufe the^- SRT is an ali-
qttol and alfo an even part of a circle, the two images D, d coincide,
and make but one image. Hence it is fufficiently manifeil, that ï. All
the images are in the periphery of the circle whofe center is R, and
radius is RQ.; 2. there is one image and no more, in every image of
the fpace SRT; 3. the arch A£=B<:=2QT j ^C=AB=2QS; Cd=

241. Carol. When the fector SRT is r, -r> т> т» -rV» -r-j» &c. of a circle >,
the number of images of the faid feitor, and of an object Q^ placed
between the two reflecting planes will be accordingly 2, 3, 4, 5, gf.
19, &c. But when the angle SRT becomes pretty acute, one or more
of the laft images will become invifible.

Fig- 39- 2.4.2. Schol. 3; If two plane ipfcculums SR, TR, be placed parallel
to one another ; there will be a fériés of images of the floor or fpacé
between them, indefinitely extended both ways ; there being no other
limitation of their number, than what is caufed oh account of the de-
ereafe of light, by the continual reflections : Alfo an object Qplaced
between the faid fpeculums will have a like feries of images, all iituated
in the indefinite line BQ3, perpendicular to the reflecting planes j and
the diftances between the faid images will be = aQT and= 2QS,.
alternately, all which is evident from the preceding SchoL A perfon
ftanding between two fuch fpeculums, will fee in that he fronts, the
images of both his fore and back part, repeated feveral times in a long
row j but continually fainter the farther off.

P R O P . XVII.

Fig. 40. 243. Having the angle of inclination SRT of two plane fpeculums^
RS, RT,, and the fituations of an objeSt Q, and of an eye O, placed be-
tween them\ to trace the whole progrefs of any ray diverging from Q,
which after any number of reßeStions comes to the point- O.

To prevent the confufion of too many lines, let us trace only thofe
rays which diverge from Qjipon RS.

ï. By drawing the perpendiculars QA, AB, BC, CD, upon the re-
fpective fpeculums, and by taking 0/A = /»Q., oB=t?A, yC=?B,

í 240. II. and jDsssíCí we »have the places of the images A, B, C, D.
2. Draw
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2. Draw a line from О to any given image (A, ;B, C, or D, &c.) ;

and from the point where this line interfects the fpeculum, draw a line
to the next preceding image -, and from the point where this line meets
the fpeculum, draw a line to the next preceding image, and fo on,
till you get to the object itfelf Q._, This ray traced backwards from Q,
will be that which exhibits the given image to the eye at O.

Thus, to find the ray that exhibits the image D; draw the Une
O/£D, and from the point of interfection k, to the next preceding
image C, drawn the line fciC ; then draw the lines /#B, t>gAt and laftly
#0^ I fay Q£, gb, hi, ik} Ю, is the ray that exhibits the image D to
the eye at O.

For the^-OaT = bR£D==cR<fcC ; and therefore the ray ik is re-bic.I.Eucl
fleeted from £ d t o O. Again the^./£/S = bC/K = CK*B; and thecC<>nft-and
£- г h R =ь BÂT = • Th A j alfo thé £- bgR =ь AgS =c S^Q^ There- d

4

fore the ray diverging from Qjo#, is reflected from g to /6, from h
to /, from / to £, and from k to O. 1 ,̂E. D.

In like manner the image C, is feen by the ray Qd, </<?, е/,/О j the
image В by the ray Q^, bct cO; and the image A, by the ray Qa, aO.

After the fame manner, we may trace the rays diverging from Qjupon
the fpeculum RT, till they reach the eye at O.

244. Schol. ï. It is worth obuerving, that the pencil of rays which
exhibits any image to the eye, is reflected orderly as from each of the
preceding images ; beginning with the firft image, and from no other
parts of the fpeculums : And fo the whole number of reflections, is
always equal to the whole number of images -, as the images А, В, С,
or D, are feen refpeftively by,rays having undergone ï, 2, 3, or 4
reflections.

245. ScboL 2. The diilance OD, of any image D, from the eye at
O, is equal to the whole ray proceeding from Q, till after all its re-
flections it arrives at O; that is OD==Q£+£Â-f.Ãz'_f-/£_f-£O.

It is manifcft that'Qí4-p-Ã = j6A= ^B, and r'Ã,-f-<&B=/Ci alio
iC-+-ik = kD. Therefore бес. ^JB,£>•

In like manner ОС = Q£4-'de -4- е/Ч-/О; OB = Q£_4- Дг.-f- cQ-,
and OA = ï

246. Schol. 3. The laft image,..as D,lTof,a ifmall object Q, will be
invifible, whenever the eye О is fo:.fltuated that.ljhe ftrait line OD paiTes
through the center R ; or fo as not, tp.tpuch ;either .of the fpeculuros
when they do not meet in R j and fo |д jhat cafe the next .preceding
image C, is to be reckoned the laft image. Wherefore in fuch cafes,
if the arch ST be •$-,,£, |, -J,^ or ^V, &c. of a circle -, the .number .of

B b 2 viüble
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vifible images of â fmall object Q_, will be accordingly j, 2, 3, 4, 8,
or 18, &c.

FJO-. go. 247. SchoL 4. In like manner as in Art. 243., may be traced the
rays exhibiting any image of an object Q_to an eye at O, placed be-
tween two parallel fpeculums SR, TR. Thus the image A, is feen by
the rays Qr, rO j the image B, by the rays Qs^st, Ю} the image a, by
Qv, -uO -, and £, by the -rays Qv, xy, ^O. But the images on one fide,
will be vifible to a much greater diilance, if the eye be placed behind
one of the fpeculums, looking through a hole in it, or over its edge,
at the other fpeculum.

Fig. AI. 24-8. SchoL 5. By placing two plane fpeculums AB, CD, at the end
of a box parallel to one another ; and looking over or by the edge of

» 24.2. И. one °'f 1^ет' l^e images of the bottom of the box will » appear con-
tinued to a considerable diilance. Or if two fpeculums AC, BD be
placed upright in a box, but inclined to one another -, the trapefium

* 238. II. CBb would be repeated on each fide, till the images met ; the images-
of the lines AB, CD being the,.chords of two «concentric circles, whofe
center is the point where AC, BD produced, would meet.

A ft:ew-box By joining the above four fpeculums together, as is exprefled in
сиЫтГ fpc" l^e %ure> the bottom of the box will be multiplied furprizingly ;

there being here no .other limitation to the number of images, but
what is owing to their continual lofs of light. The top of the box
may be covered with thin canvas, which will let fufficient light within,,
where may be placed fome toy, as two people playing cards, or foldiers
ftanding century, &c. If thefe be fet in mption, by wiers coming
from their feet through the'bottoni or fide of'the boxj it will afford
a fpectacle ilill more entertaining. Or, three plane fpeculums joined
together, will have a like effect : For the polygon formed by two of
the reflecting planes, will be repeated by the other, &c. The bottom
of the box may be covered with artificial mofa, fhiniog pebles, flowers,
trees, &c. but whatever they are,, the upright figures between the
fpeculums, ihould be ilender and not too many In number; other-
wife they will too much obítruíl the reflected rays from coming to.
the eye.

Fig. 42. 249. SchoL 6. If the fides of a little room,, whofé floor or bafe is
a polygon as exprefled in the figure, be all lined or covered with
looking-glafles j the room being enlightened-either through the top,
or by a luftre of candles fufpended in the middle j objects in the room
will be furprizingly multiplied, and that for the fame reafons as were
given in the preceding. The /hows lately exhibited, called luminous
amphitheatres are of this fort, The room íhould not be very large-;

foe
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for the fmaller it is, the oftner will the images be repeated before they
grow too faint to be perceived.

'1 he preceding propofitions are, I think, fufficient for explaining any
phenomena, that may arife from the combinations of plane fpeculums 5

and fome of thefe phenomena are fo very entertaining, that I believe
thofe who have a reliih for thefe forts of amufements, will not think
I have dwelt too long upon them. But before we clofe this head, it
will not be amifs to explain the theory of looking-glaflès, confidered
as they are mediums terminated by a refracting and a reflecting fide.

P R O P . XVIII.

250. Havtng the focus of incidence, of rays diverging upon a plant
looking- glaß, 'whofe thicknefs i i given ; to ß?id the focus of the emergent
rays, after their fccond reJraSlion at the fore ß de of the glafs.

Let CF be a plane looking-glafs whofe back, reflecting or quick- Fig.
filvered fide is EF, and thicknefs is AB ; and let QJbe the focus of
incident rays. Having through the point Q, drawn the indefinite line
NP perpendicular to the fides of the glafs j in this line take the point
G fuch that AQj AG :: n : * m ; a then will G be the focus of the rays « 50. 1.
after their refraction, at the firft furface of the glafs CD. 2. Take
BH = BG, and H b will be the focus of the rays after their reflection" 37. I
at the furface EF. 3. Find the point R, by faying m: n\: AH : ÁR -,
and a R will be the ïbcus required. That is,, an incident ray, as Q£_

. will be firft refracted into ab, fo as to belong to the focus G ; then at
b it will be reflected into be, proceeding from the focus H ; and lailly
at c, it will be refracted into ck, fo as to belong to the focus R.
З.Е./.

2 с ï. Schol. ï. Let Ar = AQj that is, let r be the focus of rays
reflected by the furface CD, before they enter the glafs : And it will

be Rr =— ABj that is, in a looking-glafs, Rr = T its thicknefs.

For AH = 'AG -f- 2 AB ; Ar (== AQ) = £AG ; a«d AR (=

£AG -j- ̂ AB ; whence Rr = ^AB = -i AB. ^ JE. D. < Conft

2572 Sc/jol. 2. Some of the rays diverging upon the looking-glafs ED,
may be feveral times reflected betwixt its lurfaces, before they totally
Emerge ; whilft fome'others of the pencil emerge each time at the fur-
face CD. The emergent rays will have different focufes s, t, v, &c.
all lying orderly one behind the other in the perpendicular BP ; and

the
* See Art. 35. 1.
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rthe Hiftances Rs, st, tv, 6cc. between the focus's s, f, v, will be each

Thus, of a (lender pencil of rays fuppofed to flow along the phyfical
•line QÖ, fome will be immediately reflected at a into ap, belonging to
the focus r•; but the greatest quantity will enter the glafs, along the
line ab, and being reflected at b, along be, will emerge into c k belong-
ing to the focus R. Again, fome of the rays proceeding along be,
will be reflected into c d, de, as if they proceeded directly from I, K
refpedlively ; and then fome of them will emerge along с I, proceeding
directly from s. In like manner, fome of the rays may be reflected
back at e into ef, then intofg, and at g, fome will be refracted into
gm.; whilft fome will be returned back along gh, hi, in, &c. the focus's
of the-reflected rays ef, fg,gh, hi, will be respectively L, M, N, P}

and of the refracted rays gm, in, will be f, v-, fo that GI, IL, LN, &c.
and HK, KM, MP, &c. are each = 2AB; and RJ, s f, iv, &c. are
-each = Rr.

By making the angles of incidence and reflection equal ; it is mani-
250.11. &ft that AI = d AH= d AG-b2ABj BK=dBI = dBH-r-2AB or

•=' BG -f- GI ; and therefore GI = 2 AB = КН. In like manner it is
proved that IL, KM, LN, MP, &c. are each = 2AB. Again As =

h -HK = 4AR H--2AB j and therefore Rj = -

2 < ï II. == e^r> ^n ^e manner it may be proved that s t = t v — Rr. There-
fore, &c.

Light conft- 253. That fome of the rays of light, are reflected feveral times be-
ьЬ tw^xt l^e Surfaces of a looking-glafs, and that fome of them are tranf-

7 mitted each time they come to the fore furface ; appears very plainly
from the flame of a candle feen obliquely in it, exhibiting a feries of
feveral images : In this cafe, all the images beyond R, will continually
decreafe in brightnefs, till at laft the rays become too faint to exhibit
a vifible image. The flame of a candle will exhibit more vifible images
than an opaque objecT:, becaufe of its great brightnefs : And the feveral
images are more diftinguimable, the more obliquely they are viewed ;
becaufe then the angles formed by the fpaces rR, RJ, &c. become fo
much the larger *. In other cafes, the images will partly cover one
the other j and the more fo, the larger is the objeft, or the thinner is
the glais. From the above phenomenon we have a proof, that light
iuffers a confiderable diminution in its paflage through glafs ; that is,

a
• It frequently happen» that a looking-glafs theory ; but thefe are owing to the irregularities

exhibits fereral images, at much greater diftances of the furfaces of the glafs.
one from another than according to the above
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a great part of the light which comes to the furface of glafs, is pre«
vented from going the way it ihould take, according to the theory of
refraelion.

254. Schol. 3. The diftance beyond the fore furface CD of a looking-
glafs, of the image of an objedl flicking clofe to that furface, is = 4. the
thicknefs of the glafs. For in this cafe, the points Q, A, r, do coin-
cide; and fo RA = Rr = 4AB. «251.11.

Hence we have a ready way of eftimating the thicknefs of a looking- HOW to cfti-
glafs, by obferving the diftance betwixt a wier or a flender objeit laid "jäte the
clofe to the glafs, and its image, when both are feen pretty nearly in joòking-gíaf*
the fame vifual line: For the thicknefs of the glafs in this cafe will be fetmaframc.
= т of that diftance, nearly ; and the faid diftance may be eftimated,
by comparing it with the diftance betwixt two parallel lines feen at
the fame time.

255. Schol. 4. In the annexed figure, Qf b c Q is the courfe that a ray Fig. 44;
would take in coming from Q t̂o an eye at О ; if a flender pencil of
rays impinging obliquely on the looking-glafs CF, had its foci after
refraftion at the furface CD in the points G, R, found as in the pre-
ceding figure. But becaufe of the * aberrations of refractions, at the » сб. I.
furface CD ; the ray Q£ will be refradted into ad, whofe focus is fome-
where in the line AG, • farther from Qj:han G. Again the ray ad will
be reflected into de, making u-\e^-Edb=bAed = ':Aag==bDef; яйа-ъ 2 а . .
laftly the ray at e will emerge into eo, whofe focus is x lying fome- c ц. I.
where between R and r ; and the greater is the obliquity of the inci-
dent ray, the greater will be the aberration R*-. For, when the point
of incidence a, is neareft of all to A, then A* = *AR : And it will d 50> ï.
always be Ал: ae:: e Ar: rx: For the-^A^being —Df/>, ^^^^>e°e2.VLE
= гО£А = вАлг; and fo ex is parallel to ar. Suppofe the line ag to f jo. and
be produced, till it meets the perpendicular AG produced in a pointy; 16. I.
then it will be_yA: AB :: eAa : -iae. But as the point a recedes from «Conftruft.
A, the ratio of yA to AB, is continually increafing; and therefore the
ratio of a e to Aa is conftantly decreafing ;. and fo the point x is con-
ftantly approaching nearer to r. But x can never coincide with r, till
Aa becomes infinite j for till then the ratio of Aa to ae, and confe-
quently of Ar to rx, will be finite. Therefore the point A- is always
betwixt R and r ; and as the point a is nearer to or farther from A, the
point x will be nearer to R or ?-. ^ E. D.

In like manner the diftances between the focus's R, s, t, v, 6cc.
which here correfpond to thofe in fig. 43, will, as a recedes from A,
be alfo leflened, fo as to be always about — rx. But the focus of a
pencil whofe axis is Qadeo, will be in the line игл:, nearer to e than A%

3 For
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For a ray diverging from Q upon a point of the fpeculum which is

56.1. nearer to A than a, will have its focus after cmerfion, a betwixt x and
R 3 and a ray falling on the other fide of a, w i l l emerge in a l ine
proceeding in a point я betwixt x and r ; and fo thefe two rays wil l
interfect the line ex, in a point-between x and <?. So that a line con-
л eating the feveral fucceffive images made by the reflections witHin the
glafs, or thofe correfponding to R, s, t, v, &c. wil l be inclined from
BR towards d, and alfo a l i t t l e curved. When the«^-AQtfis 60 deg.
rx will be ол!у about = 4AB.

'Someobferva- 256. All fpeculums fhould be exactly figured, and well poliihed :
iions whereby Tj je gOodnefs of figure of a plane fpeculum is eafily known, by ob-
rojudgeofthe . о . b t Г _ f • n • иг
goodnefsof ferv:ng if images, feen m all politions, efpecially in very oblique ones»
plane fpecu- ^d from a]i parts Of tne fpeculum, appear exactly equal and iimilar to
lums' the objects; that is, if the images, efpeciully of the remoteft objects

in the room, appear natural without having any part of them diilorted,
the fpeculum has a good figure : The ilrait edges of the rails of wain-
fcot, are good objects for this experiment. A plane muil be exceeding
bad, that will diftort a face looking into itj becaufe the rays being re-
turned almoft directly back to the eye, fmall aberrations cannot be fen-
fible : But let two perfons look at each other's image as obliquely as
they can, and they will fooner perceive if the figure of the fpeculum
is faulty.

It is deemed a very difficult thing to grind a true plane ; and the
difficulty of making a good looking-glafs is ftill greater, becaufe the
two fides ihould be exactly parallel, as well as flat. If the images of а
candle, feen very obliquely, as inßg. 44, and in different, obliquities
and from all parts of the glafs, do not always keep pretty nearly, at
equal diilances one from another, it is a proof that the fides of the
glafs are neither flat nor parallel. Another method, analogous to the
preceding, of trying the goodncfs of a looking-glafs, is thus : Stick a
pin or flender wier by the point, in the upright jaum of a window
frame, or in a bar of the faih, fo that the pin may be nearly horizontal
and in the plane of the window ; then hold the looking-glafs, and turn
it about fo, as to fee the images of the pin very obliquely, and from
all parts of the glafs : In this cafe, there will be feldom vifible but two
images, correfponding refpectively to R, r, ßg. 43, 443 and if thefe
images keep always exactly ilrait, parallel, and at regular diilances one
from another, according to the theory in the preceding, the glafs is
well figured j and the phenomena, if the glafs is good, will be alfo a
confirmation of that theory. The phenomena of the different diilances
of the images from each other, will be the more confpicuous, if two
pins be ftuck parallel to one another, and at a fmall diilance afunder :

3 ВУ
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By this method alfo, the correctnefs of figure of a metalline plane
fpeiculum, may be alfo examined. By making fuch trials, one mail
obfervc a prodigious difference in the goodnefs of lóoking-glaífes ; and
it is very rare to meet with a common glafs, as will bear the teft in all
its parts *.

In all fpeculums, cœtcris paribus, the better they are poliflied, the
brighter will be the images j that is, the 'more light the eye will re-
ceive from given objects : And this affords us a method of examining
the goodnefs. of fpeculums as to their polifh, whenever we have an op-
portunity of comparing feveral of the fame fort, and'in the fame light,
together. The darker is the colour of a- glafs fpeculum, it is generally
a fign of a higher polifh : For the glafs itlelf can b'e no otherwife feen,
than by the reflections of fcabrous particles, not lying even and fmooth
wif:h the reft of the furface. But different glaffes, though equally
well polifhed, will not always appear equally dark j yet generally the
rule above.takes place, and the darkeft is to be preferred.

§.2. Of vißon by the reflexion of fpherkal fpeculums.

P R O P . XIX.

257. To explain the phenomena of vifion by light reflcffed at a convex
fpeculum.

In a convex fpeculum, the images of objects are always feen erect,
a little convexed towards the eye, and diminifhed, yet pretty nigh' to
the fpeculum : And the greater is the convexity of the fpeculum, or
the fmaller is its radius, the nearer, the frnaller, and the more convex
will be the images of given objects.

Thefc phenomena agree exactly with the theories ofaimages, and" m to
ofbvifion. In the annexed figure, ВАС is a convex fpeculum, whofe I l 6 < I-
center is O; and the principal foci in the axes OP, OQ, OR, are E, F,* l69j|°
G; the curved line pqr, is the geometrical image of the ftrait object р[0

1- '
PQR ; and svt is the image of the object SVT. The lines fpreading °' 4-}<

from BA towards PR, reprefent rays that originally diverged from P,
and are now reflected from the focus/»; and the lines proceeding from
the part CA of the fpeculum, reprefent rays belonging to the phyfical
point R, and now diverging from thé focus r. In like manner, as
rays diverge upon the fpeculum from every phyfical point in the object

PQRî
*•! havcafmall looking-glafs by me, ground by examining it very critically, one may dif-

in ,1 peculiar manner by a ikilful hand, that cover that even this is not quite perfeft.
«iifwcrs much better than ordinary ; though

С с
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PQR ; fo after reflection, they diverge from every correfpondent point
in the image p q r. And as it is manifeil, that fome rays belonging to
p and r, will after reflexion from fome part or other of the fpeculum,
be mixed throughout the whole fpace BCKHj fo wherever the eye is
placed within that fpace, it will fee the whole image/» q r : Thus, if К а
be the breadth of the pupil ; an eye placed at К л, will fee the point r,
by the pencil of rays whofe bafe is K<z, and vertex is r ; and the point
p, by the pencil of rays Kpa. And as this is agreeable to the manner
of naked vifion, fo p q r appears as a real object, of the fame colour
with PQR ; becaufe it is feen by rays propagated from PR, without
having undergone any other change, than that of being made to di-
verge more, which is the caufe of the diminution and convexity of the
image.

If the fpeculum is a pretty large fegment, it will exhibit the images
of objects that are pretty wide afunder ; fo that part of the ceiling,
floor, and two fides of the room, may be feen at the fame time j the
whole making a kind of * picture, very agreeable in its effect : And

* 122.1. the nearer the eye is to the fpeculum, the c larger will be the field of
vifible images. If while the objects and fpeculum remain fixed, a
fpectator moves towards or from the fpeculum ; the apparent places
and magnitudes of the images, will remain invariable : But if an object
moves towards or from the fpeculum, its image will alfo appear to move
the contrary way; and as it approaches nigher or recedes farther, it
will accordingly appear more and more enlarged or diminimed. AH

* 169 and which is entirely agreeable'to the'theories of apparent diilances and
195. II. magnitudes of near objects i and a notable confirmation ofthat theory.

258. Schul, ï. If a convex fpeculum be placed againft a window
having an extenfive profpect, or facing the end of a iftreet ; the great
multiplicity of objects that are feen, one behind the other, and the
diminution of their images ; will, fometimes after poring into the fpe-
culum, make us fancy that thefe images are a great way off, and per-
haps farther than the objects are : But if we look more attentively,
this miftake will foon be corrected ; and the apparent places of the'
images, will not differ fenfibly from their real places, or thofe places
from whence the rays diverge to the eye.

259. Schol. 2. When the eye fees the image very obliquely, the
e 1O - j rays in that cafe diverging from focus's ' that are nearer to the fpeculum

ihznpqr; the place and figure of the apparent image will be different
from thofe of p q r : But the image will not be fenfibly the lefs diftinct $

becaufe
* The appearance here is a kind of mean be- and upon this account therefore, and alfo for

twixt that of the objefls themfelves, and that grouping the objefts, a convex ipeculum may
of a good piilurc of them on a flat furface ; be very ufeful to a Jandlkip painter.
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becaufe, though the rays that enter the eye have great aberrations from
the axes of the pencils, yet as they make but a (lender pencil, they
have but fmall aberrations from one another, and therefore caufe no
confufion.

Thus, to an eye at be, the apparent image of the object PQJl is Fig. 46.
stv, lying in a different pofition from the geometrical image/» q t; and
betwixt it and the ipeculum. And as the pencil of light coming to
the eye from P, falls more obliquely on the ipeculum, than that which
comes from R, fo s p is greater than vr-, and for a like caufe the cur-
vity of stv, is different from that of pqr ; and it will ffill vary ac-
cording to the different iituations of the eye and the object.

260. SchoJ. 3. As the rays diverge much more after reflection by a why images
convex fpeculum, than they did before j fo this is another reafon, be-^™^*1^'
fides that on account of the ufual lofs of light by reflection, why images very dark1*"
feen in fuch fpeculums, appear much darker than the objects. Thus, Fig. 46.
the eye at be, receives no more light from P, than what is contained
in the (lender pencil РЛ; the two extream rays of the pencil PÍ/, being
reflected refpedtively to b and c, the edge of the pupil. In like man-
ner, the two extream rays in Rg, are reflected refpedtively to b and c.
But the pencil R,^ is a little broader than РЛ, becaufe it falls lefs ob-
lique on the fpeculum -, and therefore the point v of the image, will
be a little brighter than the point s.

P R O P . X X .
To explain the phenomena of vi/ton in fpherical-concave fpeculunu.
This propofition admits of three cafes, according as the object is be-

tween the fpeculum and its principal focus ; between its center and
that focus; or farther off than the center. In the annexed figures, Fig.4*?,49,
ВАС is a concave fpeculum, whofe center is O, and principal foci are 50,51.
in the arch EFG: PQR is a rectilineal object, placed at right angles to
the axis AOQ, of the fpeculum} and pqr is its geometrical image.
The ftrait lines ifluing from the fpeculum, reprefent rays which diverged
upon it from the refpective points P, Q, R ; and which now diverge
from, or converge to, the refpective points p, q, r ; the aberrations of
the more remote rays not being here confidered. The rays ifluing
immediately from the object to the fpeculum, are not here reprefented.,
to prevent the confufion of too many lines.

261. CASE ï. Wlxn the objeft is between the fpeculum and its princi-
pal focus,

In this cafe, the images of objects arc always • erect, andbmagnified j .'l^'/?'
and the nearer is the object to the principal focus F, the greater wil l ь

 1г1 i
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be its image. If the object is a ftrait line or a plane, placed at right
angles to the principal axis АО, its geometrical image will be always

116. I. cconcave; and the nearer the point QJs to F, the greater will be the
concavity of the image p q r. In the figure, the rays diverging from
the part BA of the fpeculum, are the rays belonging to P ; and thofc
diverging from the part CA, arc thofe which came from R. If the
rays belonging to P and R, had been alfo drawn from the other halves
of the fpeculum, they would have interfered throughout the whole
fpace BCKH ; and therefore to an eye placed any where within that
fpace, the images of the points P, R, and confequently the images of
every other point of the object PQR, will be vifible. As if K.a be the
place and breadth of the pupil ; the eye will fee the image of the point
P, by the pencil of light a&AK -, and the image of the point R, by
the pencil adCK. In like manner, the eye will fee every point of the
image p q r} by pencils of rays, reflected from the fpeculum between
b and C.

Phenom* In the cafe above, the image always appears erect, and
larger than the object ; and, if while the object and fpeculum retain
the fame pofition, the eye moves a little either way in the axis АО ;
the apparent place, figure and magnitude of the vifible image, will
continue much the fame. Alfo, if the geometrical image is pretty near
the fpeculum, fo that the rays in th& pencils entring the eye, have fen-
fible divergencies ; the vifible image will appear pretty near in the fame
place, and of the fame figure and magnitude with the true image. But
when the geometrical image is remote from the fpeculum, its apparent
place will be in a manner indeterminate ; and variable according to
different circumftances of light, and particularly as the eyes happen to
have a different conformation for feeing at different diftances. But the
vifible image never appears very remote; and in fome cafes, it will
feem to approach the fpeculum, when the geometrical image rccedea
from it ; and fometimes it will appear ftationary, when the object is
in motion.

. Thus, let PR reprefent the length of the face of a perfon viewing
his own image in the fpeculum ВАС, from different ftations in the
axis AF. When PR is near to the fpeculum, its vifible image-on the
other fide will be pretty nearly in the fame place, and of the fame
figure and.magnitude with the geometrical image/» q r, as has been ob-
ferved above ; the rays in this cafe having a fenfible divergency, and
the geometric image p q r being not very concave. As PR recedes from
A, its image for a little while will alfo appear to recede from A, but
not fo fait as the geometric image/» q r, till at length the vifible image

л. will
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will 'become ftatibnaty ; or it may even feem to approach towards the
fpeculum, more efpeciälly if PR is an objefl: Whofe image is viewed
by a fpedtator plated hear the center O. For, as the objecl advances
towards F, the divergencies of the reflected rays become lefs and lefs
fenfible, whilft at the fame time the images of the ftnàller parts of thh
objecl, appear, pretty nearly, equally 'bright and diftind j alfó ás our
fpecbtor recedes from A, his image fills á larger part of tlie fpeculum ;

this part * being,a fegment, whofe breadth is the meafure of about half
the angle POR. So from all thefe confiderations, we fee why, as the
fpectator retreats from A towards F ; his apparent image at firft retreats
from the fpeculüni pretty quick ; then flower aiid flower ; at length
becomes ftationary ; and at laft may even feem to advance forwards -f-.
If the fpecbtor be at O, the vifual angle of an object PR will be con-
ftantly increafmg, as Qjetreats from A towards Fj that angle in this
cafe being always === ̂ -POR.

262. Again, When the apparent diilah'ce of the image is lefs than Apparent
the geometrical diftahce ; its apparent magnituded will be leis than the !Ka t̂

o

geometrical magnitude. Arid while the apparent diftance increafes bub Iqs. ц.
flowly, or remains the famej thé apparent magnitude will increase but
flowly, or it may remain for a little while invariable j for the vifua]
angle if decreafes, though flowly, whilft the Ipeclator ices his image
reflected frohv á! larger' part of tlie fpeculum ;' aha for this laiV caufe,
the apparent magnitude fcarce ever ièems to decreaie by retreating-from
the fpeculum.

For the above reafons, the image of a flat and blank furface, will
not appear fo concave as the geometrical image : For not being able to
determine the true diftances of the different parts of this image, we
fometirries falicy it to be pfet'ty near flat, like the obpft. But when
the geometrical image is riot very remote, our prejudice will be over-
come; and the image will appear more concave, as we view it more
attentively. In fome cafes, we have farther affiftance for judging more
accurately of the place of the image ; and then the phenomenon is ||
furprizing.

263:

* If P be the eye and PQr=QR ; the image are alfo dcnfer, than when we fee an objed at
of the point R will'be feen by a ray refleflcd the fame diftance by naked viiioji ; and the i ta*
from л point near to A, and that of F, by a ray petui's upon the retina being probably chiefly in
OP after reileftion. proportion to t,he quantities of light in each

•f-As the rays have bat a little wny in coining pencil, this may be yet another and more
from the objeft to the eye, and therefore as powerful caufe of the above phenomena,
many as come ftrike as vigoroufly upon it, as J Jf P.be. the eye, and rQ^=QR ; the vifu;ij
they ufually do when we fee near objefts ; this <of'the image will bc=:AP* = PAO+POAï
may be thought a caufe why the image fliould and the <AP/> is^leaft when QJs in F.
not appear very remote: The pencils of liftht || Sec Prop, XXI.
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Phenomena 263. Schol. ï. If a hollow cone be held with its bafe towards the
cone or fticic fpeculum, and at fuch a diflance that its vertex may be near the prin-
held in the cipal focus F ; its image will appear projected into a prodigious length,
fpecuuimhe according to the theory of the geometrical images of différent parts of

the cone. The reafon of which, is, our having in this cafe, a feries of
thefe images, lying orderly one behind the other, we are enabled
thereby to judge of the places from whence the rays diverge to the

* 172. II. eye, more truly; and the whole vifible length is protracted *, be-
caufe of its really containing a great number of vifible parts. It is
for the fame reafon, that if a flrait ruler or flick be held before a
concave fpeculum, fo as to lye pretty near in the axis, as AF, and
fo that the farthefl end from the fpeculum is pretty near to Fj the
image of this end, will appear much farther, than will the image
of the flick if it be held crofs-wife at the fame diftance from F. The
image of the flick will alfo appear conical ; the remoteil end of the
image appearing the biggefl, And for the fame reafon, the image of
the above cone, will be nearly cillindrical, or much more acute than
the cone itfelf. In like manner, and for the fame reafon ; the nofe, and
fide of a face, will be protra&ed much more, and the hollows funk
deeper, than in the proportion that the length and breadth of the face
are magnified.

Fig. 4«. 264. Schol, 2. The pencils of light coming to the eye from an ob-
" 105.1. ject PQR, placed before a concave fpeculum, diverge from "a greater

diftance than the geometrical image pqr, as from siv. The image
s t v will be alfo bigger, and have a different figure than p-q r -, and if
the eye is out of the principal axis, as in the annexed figure, the pofi-
tions oipqr and stv t will be alfo different. But the phenomena will
be as in Art, 261, and that for the reafons there affigned ; excepting
that when the eye fees the image obliquely, as from b c, its apparent
pofition will be nearly flmilar to the real pofition of s t v.

265. CASE 2. When the objeët is between the principal focus, and the
center of the fpeculum,

We have before brought a fpectator viewing his own image, as far
• гбь II. fr°m l^e fpeculum, as its principal focus j and for the reafons1 that

have been given, his image feçn from that focus will appear ercft,
magnified, and pretty near the fpeculum. As he retreats from hence

» Q7 j towards the center, the geometrical image of his faceb will be behind
" him, Advancing flill towards him, and at the centerb the image and

ob'jeû will both unite. During this retreat, the image appears ftill
credr, because the rays belonging to each vifjble point, do not jnterfedl
before they reach the eye : The image becomes lefs and Jefs diftinft,

4 end
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and at the fame time its vifual angle is increafing, fo that at the center
or rather before, the whole will be loft in confufion.

In this cafe, the picture is made before the retina ; and yet the in-
diftinctnefs is not like that of remote objects, but on the contrary, like
that of objects viewed too near. For the fmall parts of the object, in-
ftead of becoming inviiible, for want of fubtending angles fufficiently
large, do appear larger than common ; the increafe of magnitude being
maiiifeft, by the image filling a larger part of the ipeculum. But yet
in the prefent cafe, I think, the image never appears before the fpe-
culum, but rather as it were flicking to it : And that perhaps may be
owing to a prejudice arifing from our frequent looking into plane fpe-
culums, wliere the images are always on the other fide : Or, having
here no afliftance from the différent conformation of our eyes for vifion
at different diftances, we naturally look directly at the fpeculum, and
nothing being perceived betwixt us and it, we cannot fancy the image
nearer than the fpeculum we look at j nor can we fancy it much farther,
becaufe of the manifeft increafe of its apparent magnitude ^. So that
here, the apparent places of the image continue pretty near the fpeculum ;
and therefore its apparent magnitudes, are nearly as the vifual angles.

266. To illuftrate this cafe farther : Let an object PQR be fixed Fig. 49.
between the principal focus F and the center O, whilft the eye looks
for its image in the fpeculum, from different parts of the axis Ay. If
the pupil of the eye be be; the images of the points P, Q, R, will be
feen by the pencils of rays * b d Ac, èefc, ò&gc, whofe refpeétive
focus's are />, g, r : Now if the conftitution of the eye be fuch, that
the rays contained in the above pencils are brought to unite before they
reach the retina, the reprefentation of PR will be -f confufed ; as re-
mote objects appear to fhort-fighted perfons. But although the rays
come to the eye converging, which is a cafe that never happens in
naked vifion ; yet as they are orderly reflected according as they come
from different parts of the object, they convey an idea of that object,
though an indiitinct one, both as to its fhape and colour. And in the

prefent
% See Art. 261. 1Г. and its nott f. objedl that is behind him, the larger will be the
" Some have thought the confufion in the feftions made at the fpeculum of the feveral

prefent cafe, to be owing to the mixture of the pencils : But yet no indiftinftnefs arifes upon
pencils upon the fpeculum : But although the that account.
largenefs of the fpaces upon the fpeculum taken •(• The confufion occafioned by the conver-
црЪу the pencils entring the pupil, are propor- gencies of the rays, may be remedied by a con-
tionablc to the degree ofconvrrgencies of the ex- cave lens of n proper concavity ; and the nearer
trcam rays ; yet, from the obfervations lower the eye is to the image, the more concave the
down in the above paragraph, it is manifeft .lens muft be. If the eye be at o, the confufion
enough, that this is not the immediate caufe of will be irremediable by any lens held clofe to it;
'he irtdiftinclnefs. The pencils belonging to the but it may be remedied by a concave lens held •
adjacent vifible points of an objcft, are mixt at a proper diftance before the eye, which di-
upon a plane fpeculum ; and the nearer the eye ftancc muft be thc greater, Che lefs concave is
« to the fpeculum, looking at the image of an the lens.
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prefent cafe, an aged perfon might fee diftinct enough, and perhaps
diftincter too, than he. is ever able by his naked, fight : For whatever
be the difppfition o£ the rays coming from every vifible point of an
objedt, before they enter the eye, as diverging.or. converging ; vifion
will be fti.ll diftinct, if the feveral pencils are not, mixed upon the re-
tina ; and the apparent places and magnitudes will be according to fome
general laws of vifion in other cafes ; that is, as fome of the ordinary
helps'are wanting, others will preponderate.

As the eye recedes farther back from the fpeculum, the confufion
of the image necefíarily increafes : As when the pupil л1)» is at the
center O, it receives from the points P, Q, R, the pencils ВхуД, dxyg,
kxyC, whofe extream rays converge about twice as much as thofe of
the former pencils. And before the eye is got quite fo far as q, the
whole image will be loft in confufion. Again, all the way from A to
q, the image neceflfarily appears erect; and^alfo its vifual,angle is con-
ft,antly increafing.

Fig. 49- 267. Schol. ï. As the eye recedes from A towards q, the field of
vifion in the given fpeculum, of an indefinite object PR, is continu-
ally dim'miming ; fo that beyond K, none of the rays belonging to the
points P, R, can enter the pupil ; and at q, the faid field will be di-
mihimed to nothing. After the eye has pair, q, the field of vifion of
the indefinite object PR, will again begin to open, and the farther
back the eye is from y, the wider will be the iaid field. The caufe
of all which is manifeft,. from an inipedtion of the figure : Sec fil/o
121. I.

After the eye has paft q, the image will appear inverted, and for
fome time continue indiftinct, as in the cafe of objects viewed too near,
till the eye is got fo far, that the rays entring it have a proper diver-
gency for diftinct vifion. But as the image itfelf is fo much the rarer,
in proportion as it is magnified, and the pencils of light entring the
pupil continually decreafe in denfity, as the eye retreats farther back ;
fo beyond a certain diftance, it will be difficult to find the image, un-
lefs.it be that of a bright object, as a candle j and when it is found,
for the above reafons, the fpectator will be apt to fancy it farther from
him, than'it really is ; and conforming his eyes accordingly, this alfo
will caufe an indiftinctnefs.

268. SchoL 2. If the object be a ftrait flick or a plane at right angles
to the axis.of the fpeculum, .its image, to a fpectator at a proper di-
ftance behind it, inftéad of appearing concave, will be convex, and
(hat pretty much too. This phenomenon, as at firft fight it may feem
to involve fome difficulty, deferves to be farther explained.

Let,
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.Let, as before, pqr be the geometrical image of the object PQR, Fig. 50.

after reflection by the fpeculum B A C j and let be be the breadth and
place of the pupil. Now the extream rays dtc, gtb of the pencil be-
longing to Q, being not remote from the axis AQ£, will diverge to
the eye from a point /"that is very near to q. But the ncareft ray k s c * 105. I.
to the axis POD of the pencil belonging to P, that can enter the pupil,

'being very oblique to that axis, will interfeci it at a point J, a much
• nearer to the fpeculum t h a n / > j and the reft of the rays belonging to
; this pencil will interfecl the axis a little farther from p, than s ; the
extream ray Cyb interfecting the ray ksc in y. In like manner, the
neareft ray'/6i>£, to the axis ROH óf the pencil belonging to R, inter-
fedls that axis at the point v, and the extream ray B x c interfedls the
other extream ray bxvb, at the point л1. And fo the apparent image
is a convex curve ystvx, agreeable to the theory.

269. CASE 3. When the objeSl h farther from the fpeculum than
if s center.

In this cafe the : geometrical image is always " inverted, a little ь con- » 112. 1.
• eave if the object is a plane, and c between the center and principal focus b 1 16. 1.
of the fpeculum. The farther the objecl: is from the center, thed lefs c 97- I-
will be its image, and the 'farther from the faid center, or the nearer d i r l > *'
to the focus j and the converfe. If the object be .in the center, its image
will coincide with .it.

.Phenem. Let PR, reprefent a fpectator viewing his own image, at a pjg. clt

••confiderable diftance beyond the center О of the fpeculum : In this
cafe, his image will appear inverted, fmall, faint and indiftinft : It is
Faint, becaufe but few rays are contained in the pencils that enter the
pupil ; and this faintnefs, ''caufes the ap'parent diftance to be fo much c ,gg цг

the greater, fo that. the image generally appears beyond the fpeculum ;
and this miftake adds to the indiftindlnefs. As our fpeftator advances
.forward, his image will appear gradually larger and brighter, and alfo
to approach nearer to him -, but if he does not fée it betwixt him and

'the fpeculum, it will continue ftill indifl:inc~V.

270. In the cafe above, if the obferver holds out a flick with its end Phenom. of.t

towards the fpeculum, he will immediately perceive its image come
out to meet-him 3 the length of the 'image now aiTifting him to judge
more accurately of its diftance: The image of the ftick will appear
fhorter than the ftick itfelfj and if the objecVbe a cillinder or a ruler
with parallel fides, the image will appear taper; that end being fmallcft
which is held in the hand, or which appears fartheft off: Both which
phenomena, of the ihortening and tapering of the image, are exactly
agreeable to the theory of the geometrical image. If the ftick be

D d ftretched

j!";k
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ítretched onwards nearer to the fpecukm, its image frill jbe feen to
advance farther out ; and when'the end of the ftick is in O, its image
will be feen there alfo. If the fpectator advances farther.,, he will fee
the flick and its image pafs by one another. After this,,ftretching out
his arm without the ftick, he.'will fee its image corne out,-and.he may
grafp, as it were, his own fift : And if he now minds the image of
his face, he will fee it fufpended in the air, at the proper place,.be-
twixt him and the fpeculum..

when the in- 271. As foon as the image is feen in its true place, it will become
verted image a determinate and fixed object, whereas "before it ihifted its place as it

were cafually; and then, and not till then,, it will appear perfectly
diftindt;. and.lmall fpecks or pits in the ikin, though diminimed, wil l '
yet be well defined. This phenomenon is fo ftrong and lively,. that I
have known people ftartled at their own image,, the.firft time of their
obferving it.

After making a few trials, a perfon will find the true place of his
image pretty jeadily,, if he ia not too far off or too near it ; and it
will continue diftinit, as he moves to or fro, for-fome diftance. When
he has got within a few inches of it, the image will begin to be in-
diftinct ; and this indiftinctnefs will increafe, till he has got to the
center O, where the image will be loft in confufion. If he advances >
beyond the center,. he'll begin to have fume glimmering of an erect
image, which will grow diftincter as he advances forwarder; as has been
already explained.

272. If PQR be an object remaining fixed, while the eye is in
motion along the axis AOQ; the image will appear inverted ail the
while that the eye is behind pq r ; and when it is at fuch a diftance,
that the image appears at the place pqr, it then alfo appears diftindt.
If the eye is far behind the image, it will appear faint for want of'
fufficient light ; and if it bo too near if, it will be indiftinct becaufe of
the two great divergencies of the rays :. If the eye gets before the
image, it will appear erect and confufed, which confufion will leiTen
as the eye gets nearer the fpeculum, becaufe the convergences of the
rays will be lefTened. '

If the eye be fixed, while the object PQJR. moves towards the center.
of the fpeculum ; as the real magnitude of the image will be there-
by all the way increafing, fo alfo will its apparent magnitude. If the
eye is pretty near the center €>i- the above motion of the object will
caufe an m'diftinctnefs, which will increafe as the image approaches;
nearer the eye. If the'eye had been placed between the image and
the fpeculum, the indiftinctnefs of the image would have' leflened, ' as

8.. the.
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the object advanced nearer towards the center. And in both caies, the
contrary would happen, if the objeol retreated farther back.

273. Schél. ï. In the two kit caies, if thfe eye be out of the prin-
cipal- axiSi the figure and'pofition of the image formed by the pencils
entring the pupil, will be different from thofe of pqr ; as has been
beforea exemplified in other cafes. But as generally here, vifion isд 259 and
indiftinct, and the apparent image neceflarily differs in fome circum- 2<H. H-
ftances from that formed by the concourfe of the rays entring the pupil,
it would be needlefs te dwell upon this any farther.

When the eye is in the axis Q.y, at a fmall diftance behind / r ; the Fig. 51,
apparent image will be lefs concave than ,pqr-y and may be even convex j
becaufe the pencils entring the pupil from the extream parts, diverge
from focus's that areb nearer the fpeculum than the points />, r, as in ь 105.1.
Art. 268.

274. Schol. 2. When the eye is in or near the principal axis, and Fig-49,5o,
between the image p q r, of a plane object P'QR, and the fpeculum j 5*•
the image generally appears concave or hollow. In this cafe the object
is fomewhat lefs indiftinct about the middle, than towards the extreams j
becaufe the rays belonging to the middle of the object converge lefs
than the others, at their entrance into the pupil. And this feems to
be the reafon why the middle appears farther, or at a properer diftance
for diftinct vifion ; the greater mdiftinctnefs in this cafe^ fuggefting a
nearer diftance of the object, as when we approach one too nigh,
though the caufes are quite oppofite. See 265. II.

275. Scbol. 3. A fmall image q of an object Q, feen with both Fig. 52,
«yes in a concave fpeculum, will appear double, as at m and n ; if the
•optic axes л-uF, b vT are not directed to qt but to fome point F beyond
it. This phenomenon frequently happens, as we are apt to look to-
wards or beyond the fpeculum, for the image ; and the a caufe of it is, ' 59. П.
the points r, s, where the vifual rays Qwyu r, Qw q'v s meet the retina,
falling on different fides of the points a, b in the optic axes. In like
manner, if pqr, fig. 49, be the image of an upright and flender ob-
ject, as a wier, &c. ,this image to a ipectator beyond it, will alfo fre-
quently appear double, and that for the fame caufe.

Again, when the image q is behind the fpectator* there will appear a Fig. 53.
•double image, if the fpeculum be broad enough, to throw rays diverging
upon it from Q, into both eyes. For in this caie alfo, the points /-, j,
where the vifual rays B'ur, Cvs, meet the retina as they are tending
towards g, are on different fides of the'optic axes j and therefore vifion is
double : The cafe here is the fame, as when the object fcen, is farther

the point we look at ; which is the reverfe of the preceding.
D d г 276.
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Fig.51,45- 276. SchoL 4. The inverted image of a perfon ftanding a little way

behind it, appears to him equally bright and diftinot, with his image-
in a convex fpeculum of the fame radius with the concave one, and
when he is at fuch a diftance that his image is of the fame fize ia
each. For, it is manifeft that the deniities. and divergencies of the rays
in the feveral correfponding pencils, at their entrance into the eye, are».
the ill me in both caies.

1 have been the more particular in endeavouring to * illuftrate the-,
phenomena of vifion in fpherical . fpeculums, not only becaufe feveraL/
of thefe phenomena are curious, and entertaining, ,but becaufe they.alfo
greatly illuflrate and confirm the theory of vifion in general. In the,
concave fpeculum, we have a quick tranfition, by a fmall motion of
the object, through all the cafes that can happen, , as to- the different
degrees of the divergencies and convergencies of the rays at 'their en^
trance into the eye : And the feveral phenomena do all concur .to prove,
that our vifible Ideas are always conformable to certain general laws,-
notwithftanding any prejudices we may have in oppofition to them;.
fo far are we from being left to the uncertain guidance of mere fancy.
The opportunity we have of viewing the images here with both eyes j(
is an advantage we feldom have when we look through' lenfes ; .and fo.
the phenomena are generally more ftriking, confiant and regular in the.:
former, than they are in the parallel cafes in the latter. Before we,
difmifs this fubject, it will hot be. amifs to fubjoin the following ob-.
fervations.

Fie £4.. 277' ^ne image °f an objeft P R, placed in the principal focus of a
concave fpeculum, will appear under the fame vifual 'angle to an eye.
D, wherever in the axis the point D is taken. For, neglecting the

» g e l aberrations, the vifual rays/>D, rD, "will be always parallel to the re-
fpeftive axes OPB,ORC ; and fo the ̂ -8/>Dr will be always = ^POR'
fubtended by the object from the center. But the apparent magnitude
of the image will be greater or lefs, as it appears farther or nearer. .

,,. Alfo, if the eye be placed at the principal focus F of the fpeculum •
*°' 55> the vifual angle fubtended by the image of an object PQR, will be

invariably the fame, wherever in the axes the object be placed. For
the rays PB, R C will be reflected to F, wherever in the indefinite lines
BP,CR the points P,R be taken; and fo the vifual angle will be al-
ways = BFC. In this cafe the image will appear always erect; but
its diilinctnefs, apparent place and magnitude, will be variable, according
to the different places of PQR.

%> In all cafes, the objeõí and its geometrical image, form each the
an£le at the vertex of the fpeculum -, that is, the ̂ - PA R= •<£-/> A r-

8 At
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At the points Q, q, draw perpendiculars to the axis Qp, till they

meet the axes or lines PO/>, R Of, produced if need be ; and, to avoid
having new references, let thefe points of interfedions be called refpec-
tively P, jo; R,r. Now it will be, Qp : yO" :: QP : q f ; but becaufe '^VlEae.
QF: AF(=OF)bi: OF : Fyj.i twill alfo be AQ(QF-+AF) : OF:: "94-1.
Ay (A.F"-+Fy) : Fy.. But OF: Fyc':: QO : yO j and therefore •« [94]- I-
QÒ : yO'::-AQ: Ay :: QP : qp But becaufe the ̂  PQA'=d/»fA> " Conftr.
the^-QAP=c$rA/). After the fame manner is proved that the^'QAR'« 5.VLEuc.
:=^Ar ; and -therefore the whole ^~ PAR =/> Ar. ^E.Di

2.79. CoroL. Hence the,4-^A> is always increafirig, whilitthe object'
is approaching nearer towards the fpeculum j and in a convex fpecu-
lum, the magnitude of, the image js alfo. increafuig, whilft the object
is advancing forwards. When the object'is between, a concave fpecu-
lum and its .principal focus, the image is leaft of all when the objed is
clofe to the fpeculum } and the.magnitude of the image, continually,
ihcreafes; as- the objed advances, towards the,focus ; after this,, the in-
verted image will conftàntly decreafe, as it approaches nigher to that
principal focus, or as the. objeft retreats farther from that focus, But
the apparent magnitude of the image, will not be always as its true,
magnitude j becaufe the apparent diitance is always finite, and fre-
quently much lefs than the true diftànce. It may be obferved farther,
that the image in a convex fpeculum is always between the fpeculum
and its principal focus :. But in a concave fpeculum,. the difiance be-
twixt it and-its principal focus, is the only part of the axis, produced
both .ways to infinity, that the image is excluded from..

280. In all cafes, if the eye be in or near the principal axis, and the,
breadth of the pupil be neglected, the vifual angle of the apparent
image, is-equal to that angle which the real image fubtends at the
center of the .pupil; When the geometrical. image is before the eye
it affects us then as if it was a real object, and any miftake we may be
under as to its true didance, caufes no difference iii the vifual angle. Figv 49.
When the image is behind the eye j fuppofe the point b or x to be,
the center-of. the pupil ; then is, the vifual angle d b A, or "Qxk, formed
by the rays reflected towards, d and r, equal to the ^-pbr or pxr.
But in this cafe, if the breadth of.the pupil be confidered, the.above angle
will be fomewhat greater, and that becaufe the rays enter it converging.
Thus, if be be the breadth of the pupil, the vifual angle of the whole
image will be dog—p or, formed by the interfedions of the rays db t l
g c tending towards />,>. And fmce, when the image is behind the,
eye, the 'apparent diftance remains much the fame, the apparent mag- » 26'e. II.'.
Ritude.will increafe as the eye recedes from the fpeculum towards y..

281;.
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281. The limits of the diminiihing powers of convex fpeculums,

and of the magnifying powers of concave fpeculums, are reciprocally
Fig-45,47. as their focal lengths. For if two equal objects PR, be placed each

.at the greateil diftances before two convex fpeculums, or in the focus's
of two concave fpeculums ; the image pr in the one cafe, will be di-
rectly as OFj and in the other, it will be reciprocally as OF. This
is manifeft, becaufe OQjs fuppofed to be infinite in the one cafe, and
O q in the other; whence p r in the one cafe is as OF ; and/>r in the
other is as the ^-pOr. But yet thefe powers, as to their effects, are
contained within bounds not very çxtenfive.

An object feen in a convex fpeculum, unlefs it be the fun or moon,
muft be at a finite diftance, and the more convex is the fpeculum, the
nearer the object muft be to it, to be fufficiently diftinct. If the di-
ftances of the .objects from the focus's of two convex Spéculums, be
refpectively as their focal lengths ; the diftances of the objeft and its

Fig. 45. image from the center of each, will be alfo in the fame proportion j
thatTis, QF: OF :: OQ: Oq-, and OO^: Og:: OJ> : q.p. And there-
fore in this cafe, the diminiihing powers of the two fpeculums are equal.

An object in a concave fpeculum appears diftincteft, when it is at
fuch a diftance from the focus, that the geometrical image is at a mo-
derate diftance off, not exceeding a foot or two from the fpeculum $
and generally the more concave is the fpeculum, the nearer the image,
.cœteris paribus, will appear to it. And if the apparent diftances of
the images feen in two fpeculums, be reciprocally as their vifual angles;
the apparent magnitudes of the images, will be as the objects. That
.is, if the objects before each fpeculum be equal, their images will ap-
pear alfo equal.

282. Hence it :is, that one does not ufüally perceive any great dif-
ference in the bignefs of his face, when feen in two fpeculums of dif-
ferent concavities. And the effects of concave fpeculums in * magnify-
ing a large object, as a face, are not fo great as at firft fight one might

Fig. 47- imagine. The image generally appears biggeft when the fpectator is
near the principal focus, and then the vifual angle of the image is about
double of what it would have been, if the fpeculum had been plane,
the fpectator ftanding at equal diftances from each fpeculum.: And ad-
mitting the image appears three times the focal length of the fpeculum
beyond it ; the whole apparent breadth of the face, will be four times
greater than in a common looking-glafs. But the image feldom ap-
pears fo far, and therefore is feldom magnified fo much, as four times
jn breadth. But the apparent magnitude of the whole face, being as

the.

* Their effeib in magnifying fmall objefts, will be confidcrcd in the next book.
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the fquare of that of its breadth, is the caufe of our furprize j the
whole face being really magnified nine times, when it appears only three
times broader than ufual.

P R O P . XXI.
.283. To explain the рЬегготепа of pictures feen In concave fpeculumf.

Pbenow. If a picture drawn according to the ilrict rules of perfpec-
tive, and wherein are reprefented objects having different real diilances,-
be placed before a concave fpcculum, a little nearer to it than its prin-
cipal focus; the image of the picture will appear extremely natural,,
the whole fcene appearing very like, the real one from whence it was
taken : For not only the objects are greatly magnified, fo as to approach
nearer to the natural fize, but they have alfo different apparent diftancesj
infomuch that a view of the infide of a church, appears very like areal
church : And landikip pictures, &c. appear very like as the real ob-
jects would do, to a fpedtator at the place from whence the view was
taken. Thefe curious and very entertaining phenomena, may, I think,
be accounted for in the following manner.

In the annexed figure, the curve-/» q r is the geometrical image of Fig.. 56.
the ílrait object P QR ; or it is that curve in which are contained the
foci of all the pencils of light that diverged from PR, and whofe axes
pafs through the center О of the fpeculum ВАС, after their reflec-
tion by that fpeculum. Now the geometrical image of a circle facing
the fpeculum, and whofe center is at Q, and diameter is PR; will
be a hollow figure, formed by the rotation of the curve pqr round
the axis Oj; If this hollow figure be fuppofed a real thing, whofe
infide furface is varioully diftinguiihed into parts by different colours,
and a picture of it be drawn in perfpective upon the circle PR, the
point of fight being at О : A fpectator placed at O, would be affected
much alike by the rays coming to him from the picture, after reflec-
tion by the ipeculum, as he would by rays coming to him directly from,
the hollow figure, the fpeculum and the picture being removed ; for
the hollow, figure, and the geometrical image of the picture upon the -
circle, are, in this cafe, both coincident.

Again, the geometrical image of a rectangular parallelogram AB,.
%• 57> plated where PQR is fig. 56, will be alfo a hollow figure ;,
but more like a pyramid with four fides, than to the figure defcribed
by the rotation of the curve f q r. For the geometrical images of each.
of the fides of the parallelogram, lye all in planes paffing through the
center of the fpcculum, and thefe fides rcfpectively : Thefe images, it
is true, will be curvilincal ; but thefe carves lying in the planes above

mentioned»,
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mentioned, the ftrait lines joining their extreams, will be the fides of
a parallelogram, like unto the original. And in like manner, a leflèr pa-
rallelogram ab within the former, will have the images of its fides like
thofe of the former, but at a greater diilance. And fo likewife the
fides of the feveral parallelograms' с a, ej\ &c. will have their images
in a feries one behind the other.; the middlemoil being fartheft of all :
So that the geometrical image of the whole figure, does fomewhat re-
femble the frußum of a hollow pyramid .with four fides, and which
becaufe of the greater apparent diitance of the fmaller or middle parts,
appears nearly like a hollow prifm, a fedtion whereof is p sir.

Now if ps or r.t be the length, and st or/r the breadth of the in-
fide of a church, a perfpedtive view of which from O, is drawn upon
the plane PR ; the geometrical image in this cafe will not be very un-
like the church itfelf. -For the picture upon the.plane P.R, is a.figure
properly confirming of feveral parallelograms, diminifhing towards the
middle, after the manner of thofe above defcribed ; and if the picture
is not too.large in proportion to the fize of the fpeculum, the curvi-
ties above noted of the fides of the feveral included parallelograms,
will not be very confiderable, and thefe are ftill lefiened in the appear-
ance, by the vifible concurrence of the images of certain lines, inclining
to one another in the picture. .But as mort of the pencils of light en-
tring the eye,, diverge from points that are at great diftances, their dif-
ferent divergencies are not alone fufficient for determining the true
places of their foci: And the apparent image of a blank furface placed
at PR, will not appear near fo concave as the geometrical image. We
mufl therefore have recourfe befides to fome other cauíês.; and indeed
we have here many concurring together.

1 he contiguous parts of the picture of the floor, for inftance, efpe-
cially if.it be chccquered or otherwife diílinguiíhed, form a long feries
of vifible images contiguous likewife to one another: The images of
the remoter parts appear alfo at the fame time fainter, and fmaller;;
they appear fainter, becaufe they are drawn fo in the picture, which
faintneis contributes much to enlarge the apparent diftance.; and they
appear fmaller, becaufe the pidtures of the remoter parts of the real
floor, diminiih fafter in proportion, than the apparent diftances of the
images of thefe pictures increafe : So that from all thefe caufes con-
fpiring together, the eye receives much the fame impreflîon as if it
looked at a real floor.; and fo in both cafes the appearance is much
the fame j a long extended furface, a little diminiihed in breadth, and
that gradually, towards the farther end. In like manner, the walls
appear erect and extended on each fide, and lhe roof above facing
the pavement ; and all gradually inclining, after the fame manner as a

large
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large room appears to the naked fight when viewed from one end.
BefideB the above helps, the window-lights in the fides, the ihades of
upright objects thrown on the pavement, &c. in the pidlure, do alfo
contribute their ihare ; and all thefe confpiring together, do fuffici-
ently out-weigh the imperfections of the geometrical image of the
whole : So that inilead of a diilorted picture, we fee in a manner a real
church ; the great magnitude of the whole, its vifible concavity, and
proportionable lengths and diftances of the parts, contributing very
powerfully to excite in us that idea.

In like manner, landikip pictures, different views of buildings, &c.
lare alfo furprizingly improved by the concave fpeculum ; moil or all
of the caufes above affigned, confpiring together to make the images
appear natural, as in naked vifion. Thefe phenomena appear rather
more perfect to both eyes, than to one alone ; and the appearance will
be the fame, to one who does not know what the picture on the cloth
or paper reprefents j both which * ihew that the faid phenomena are
not founded upon mere prejudices, but upon the general laws of vifion
in like cafes.

284. Thofe pictures appear to the beil advantage in a concave fpe- The. piftures
culum, which iland moilly in need of improvements j that is, thofe |j^ r

r
e
e
c^?

which reprefent objects having confiderable differences of apparent di- improvements,
fiances, from the point whence the view was taken : For the geome- j?x a conca
trical images of different parts of the picture, will be really at different fccu um'
diftances. Alfo moil pictures in general that are drawn lefs than the
life, as landikips and all forts of views of remote objects, are generally
improved by the fpeculum becaufe they are magnified. But portraits,
and piaures of objects that lye nearly in a plane at right angles to the

optic

* I have known a young child, who had accurately kept, may convey as good an idea of
rever fcen any thing like what was rcprcfented, the fcene rcprcfented, as if we were carried
Ihew great marks of joy and furpri/e, upon look- to the very foot from whence the artift took
ing at the image of a print in a concave fpecu- his view. How ufeful and entertaining are
lum. And ifit could be faid with propriety good prints when thu« improved ? And what
that nature is any where improved upon, I think, ftrong initances have we here, of the cxccl-
this is the place : For, if the print or pifture is lencies and deft-fts of painting, both at tlic
finely done, the opportunity we have of viewing fame time : How lively and natural is the imago
its image without extraneous light, intruding at of a good pifture drawn in pcrfpcftive ; and
the fame rime into the eye, is 'an advantage we how faint is the refemblance, or how little there
cannot have when we look at remote objcfts, is of likencfs, in the pifture itfclf. But though
and has a very pleafant efteft. For the eye be- pifttires for this purpofc, fliould be drawn ac-
ing left tired, fees the parts fo much the dillinc- cording to the ftrift rules of pcrfpeftive ; it does
ter, and examines them more at Icifure j and I not follow from hence, that thofe rules are to
xlo not know but that in fome cafes, the image be clofely kept in pictures that are to be viewed
cf~a fine pifture» wherein perfpedlive 1ms been only by the naked fight.

E e
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optic axes, receive no great improvement by fuch fpeculums. The
glafs fpeculums commonly fold in the ihops, are fegments of fpheres
of proper fizes enough .for this purpofe ; but the pictures to be viewed
in them, ihould not be fo broad as they are ; and they generally appear
beft, when they are not much above half that breadth : .For when the
picture is pretty wide, the images of the extream parts generally ap^
pear too near, and fomewhat diftorted ; which is perfectly agreeable to
theory. And hence, a given pidlure generally appears beft, the larger
is the fpeculum, or the longer is its fbcal length. The pidure, as it
ilands in its place,, ihould alfo be flat} otherwife it is manifeil that its
image cannot appear natural. Objects that are intended to ftand up-
right, as perfons talking, etc. ihould not be drawn in a part of the
picture that is intended to appear level, as in the mid ft of the pavement
of a church, 6cc. For in this cafe, as the geometrical image will be
in a,manner thrown flat upon the floor ;. fo the apparent image, inftead
of being creel, will have an uncouth pofture, and generally be prc-
trafted into an unnatural length. To. avoid thefe inconveniences, all
erect figures or objects ihould be placed near the fides in the picture•.•
and then the defects of the geometrical images are the eafier overcome'
by the other aids that are prefent. Thefe few hints may fuffice as to
this head.

-Thepropntft 2^5' Tne ptâure ßiould'be placed nigher to or farther from the prin-
on of a cipal focus, according as the image ihould appear more or leis concave.

That is, if the objects rcprefented, have confiderable differences of ap-
' parent diftances from the point of fight j the image in the fpeculum
will appear moil natural, when the picture is placed a * little within
the principal focus, as in^g-. 56. If the picture be moved much nearer
to the fpeculum, the apparent image will be flatter or lefs concave, and
fmaller, which is exactly agreeable to theory. And fo, as the differ-
ence of the apparent diftances of the neareft.and remoteft objefts, is
greater or lefs ; by moving the piilure nearer to or farther from the
principal focus of the fpeculum, we iliall obtain that pofition wherein
it will exhibit the- moft natural image.

Again, the image is beft,, and appears beft, when that point in the
picïure which reprefents the remoteft part of the exhibited fcene, is in
or near the principal axis of the fpeculum, and the eye is placed be.-
hind a hole made round the faid point. But as fuch a hole would

damage

* If the piuure be placed in the focus or that before the piilure has got half-way bctwectt
v/ithout it, the image to a common eye, will the focus and the center, the parts are generally
not be fo diftinft, and the indiftinftnefs will in- loft in confufion.
«teafe, as the pifture is moved farther out j íb.
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damage the pidlure ; if the horizontal line is near the bottom of it,
.place the pidture higher againil the upper part of the fpeculum, fo that
the image may be feen underneath it. In this cafe, if the fpeculum is
vertical, the ground plane will appear afcending ; the reafon of which
is manifeft from an infpedlion of ßg. 56. To - remedy this inconveni-
ence, let the fpeculum be inclined a little backwards, and alfo the pic-
ture, but not quite fo much j for the pidlure ought always to be nearly
at right angles to the axis pafiing through the principal-point in it.
But after all, if the breadth and depth of the pidlure be refpedlively
above - and•- of the breadth of the fpeculum, fome part of the image,
in moft cafes, will appear unnatural : For inftance, the geometrical
image of the roof of a church, in a pidlure placed and viewed as above,
will be ihorter than that of the pavement -, and fo will ulfo the apparent
image. If the pidlure be placed lower, and the image viewed over it,
the phenomena will be the reverfe, but not fo natural as before.

In all cafes, the horizontal line in the pidlure, ihould have an hori-
zontal fitnation ; and when the faid line is near the top, it will be beft
-to place the pidlure againft the lower part of the fpeculum, and look
over it ; and fo incline the fpeculum and pidlure a little forwards, for
•the reafons above given. Again, when the pidlure reprefents an oblique
view, as of a long range of buildings, &c. it ihould be then placed fi
little fideways, and a little obliquely, and alfo its image viewed on that
fide next the middle of the fpeculum. From thefe hints, it will be eaiy
by trials to find the propereft pofitions of the pidlures, in the feveral
•cafes that offer. And it is alfo to be obferved, that the pidlure ihould
be no more enlightened, than what is juft neceffary : For the faintnefs
of the image, contributes alfo its ihare, to enlarge its apparent diftance.

286. A proper apparatus for fupporting the fpeculum, and the pidlures, A box for
in their due pofition, will be very advantageous ; as the image will re- j.lold)"8the

main fteady, and may be viewed at Icifure without trouble or fatigue the pidiur«.
to the fpedlator : This may be effedled by two different methods} both
which I ihall defcribe, regarding at die faîne time, as much as may be,
the principles explained in the preceding.

In the annexed figure DEGHIKLM, reprefents a vertical fedlion Fig. 58.
of a box through the middle, the fore part of which ML is open. The
glafs* fpeculum ВАС, whofe principal axis is AF, and focus F, is re-
prefented with its wooden frame, and placed in the narrow chamber
G HI К fitted for it; the top part of the fpace HK is left open for
admitting the fpeculum in and out, and is ihut clofe occafionally by the

E e 2 narrow

* Spéculums for this purpofe are commonly berfomc and expenfire. One'that I have is •
niade of glafs, as metal ones would be very cum- fcgmcnt of about 26 £ degree».
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narrow board HG. The board G K has a round Jhole a b cut in the
middle of it, of the bignefs of the fpeculum : This board ferves to
ilrengthen the box, otberwife the fpeculum might have been confined
by narrow flips of boards. For fupporting the prints or pictures ; on
each fide of the box is a dove-tail flider, carrying each a wooden bar,
as r s, which turn ftiffly upon a pin t going through each of the faid
fliders. If the prints are iluck on pafteboards, a flit in each of the
above bars will be fufficient to hold them. But as this method of ftif-
fening the prints is inconvenient; a, thin board whofe width does not
exceed half that of the fpeculum, and whofe ends flide in grooves made
in the bars r j, will anfwer better. The board ihould flide fo itiff as
to ftand at any height, and this will be eafily effected by a fpring fixed
at each end of it. The grooves ihould be alfo deep enough to hold the
board a little flanting ; that is, when one of the bars r s, is a little
forwarder than the other. The board may remain fixed while the
prints are ihifted ; and the prints may be kept flat to it by a narrow
frame turning upon hinges, or by fliding ledges binding their ends, &c..
The front Mb is çlpfed by a pair of folding doors, having at their
edges about the middle a deep notch, making a tranfverfe flit or open-
ing long and deep enough, for looking into the box with both eyes at.
once. This flit is, clofed occafionally by a fliding board j and which,
by means of the grooves on each door, ferves to failen them together.
In the top ED is a fquare hole, which is (but occaiîonally by the loofe
board e d. The pictures are enlightened through the flit or *j- opening
GE, which extends the whole width of the box, and may be made
wider or narrower by two fliders drawing to each fide, and with which
the flit may be ihut quite clofe. The prints may be put in and taken,
out, either through the front ML, or the top ED, or through the flit
GE, or through a flit made for the purpofe in one of the fides of the
box. If the print or picture has the point of fight near the bottom of
it, as is commonly the cafe, place it oppofite to the upper half of the
fpeculum ; then ^ incline the box backwards, till the image appears
vertical, which may be eafily done by placing a book under the front
L, giving the bottom an inclination, as li : This being done move the
fliders to or fro, and if needful incline the bars r s, till the image ap-
pears to the beft advantage. Jf the print requires to be placed at bottom,'

the
•t This opening may be clofed with thin can- three times as wide, the proper incliratfion may,

yas ; but this is needlefs unlefs it be fbr conceal- be given the fpeculum without tilting the box.
ing the print within, ai it .is eafy to proportion But this wouM be attended with more trouble»,
<he degree of light upon the print by a different befides enlarging the box, and alfo endangering
pofition of the box with refpeft to the window, the fpeculum, from its unncceHarily having mucU

J If the chamber HGIK be oudc about room (9 pfoy ш>
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the box muft be inclined the contrary way, Го that its bottom may have
the pofition L Л

The box above defcribed is defignedly contrived with a view to other
optical purpofes, as will be feen in the next feclion j and I think it
ferves each of thefe purpofes as conveniently, as if it was defigned for
one only. But by the above method it is troublefome to ihift the prints,
and to keep them flat; and alfo the image is inverted as to right and
left. Both thefe inconveniencies might at once be remedied, by a plane
fpeculum fo placed as to refledl the rays diverging upon it from a print
placed at the bottom of the box, upon the concave fpeculum j and fa
as to be reflected from thence again to the eye. But in this cafe fome
part of the image will be much diftarted, as the rays come to the con-
cave fpeculum very obliquely : This may in a great meafure be reme-
died in the following manner.

287, The out-lines, in the annexed figure, reprefent a vertical fee- Another mo-
tion of the* fame box, but at right angles to the former; that is, this SftheFÎe-
feftion is parallel to the front ML in fig. 58. The concave fpeculum cuium ami the
ВАС is placed near the top of the box, where it is fupported with its i'ldurcs-
face downwards, by the ledges g, b. The fpeculum is placed a little Fig. 59.
inclining, that the rays coming to it from a picture at a. l>t may be the
better reflected towards О ; the principal axis being AF, and focus F.
The fpeculum is alfo placed higher than is neceflary for a fingle print,
for the fake of receiving a book ; the print when furtheft from it,
being at about ab. r s is a plane fpeculum ; and a c. c r, r O ; b </,
ds^ s O, are the principal rays in the pencils diverging from the points,
a, t>, that come to the eye at O, after their reflection, by both fpecu-
lums. The fpeculum r s need not be above 2 inches long, and ï т inch
wide ; and its Ггагде or a little board for holding it, may turn upon a
iliff" hinge, one fide of which may flip into a groove in the fide of the
box j and the proper inclination of r s is foon found by trial : The
hole at О may be about 3 inches wide, and ï inch deep. The prints
are here enlightened through the front M L of the box, part of which
is fufficient for the purpofe, or the whole might be fcreened with thin-
canvas.

The ledges g} h, may have a vertical motion, which will ferve both,
for giving the due inclination to the fpeculum, and -for adjufting the

betwixt it and the print at bottom: Or, the print may be raifed

* The top part of the box is now ufolefs ; ftrves for both the above methods, but alfo for
and it might be reduced ftillfmaller by cutting the other optical purpofes; it fccmed needlefj щ
concave fpeculum into a parallelogramic form, alter it.
But as the box in the ihape it is now in, not only
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to the proper height by placing one or more books under it, the fpeculum
remaining fixed. The plane ipeculum might be placed near the oppofue
fide of the box to O j in that cafe, the picture muft be placed near the
fide Oj the plane fpeculum muft be wider, and the fpeculum BAG
muft have a contrary inclination : But I think the other method is pre-
ferable. If the fpeculum ВАС be more inclined, the print ab may
be brought nearer to" the middle of the box ; and the contrary.

Both the methods above defcribed of placing the fpeculum and the
prints, may be ufed very readily in the fame box ; but I think the laft
method of placing the prints at the bottom, is upon the whole the
moft convenient. Thofe who are fond of furprizing unílcilful fpeéta-
tors, might, by either method eafily conceal the whole contrivance, and
ihift the pictures unobferved *.

P R O P . XXII.

To fad the focal length of a fpherical fpeculum^ by experiment.

There are different méthode of folving this propofition, which are
as followeth.

By the chord 2ggt Let Q be the center, О A the principal axis, and F the prin-
«nd verfed ... - fir ï Vi л /-ч т /- ï /- ï • ïfine. cipal focus of the fpeculum ВАС. If the ipeculum is concave, lay
Fig. 60. the edge of a ftrait ruler B i; C over the middle of the fpeculum, and

meafure 'exactly the length of the chord BC, and of the verfed fine
A v '. But if the fpeculum is convex, the ruler muft be laid as at a b>
fo that the diílances a B, b C, betwixt its edge and the verge of the fpe-
culum, are equal. And in both cafes, it will be ;

<иА.( = Вл or C^): vB (=vC or-^/J) :: -и В : ^O-ьАО; to
which adding v A, the fourth part of that fum will be = AF the focal

length
* Dr. Crawtfarti/e-defcribcs a box far conceal- informed was'the firft here who nvde a box for

ing a concave fpeculum, in order to furprizc a the above purpofc, the hint of which, he told
fpeftator Handing at a proper di (lance, and look- me, he took from a fmall kind of ihow-box or
ing through a large hole in the front of it, by toy brought from llalland; and this was in the
exhibiting his inverted image fufpended near that year 1741. Soon after thefe things became
hole. Our box will alfo ferve for the fame pur- known to the printfcllers, and boxes were copied
pofe. But the doilor takes no notice <jf the from Mr. Clay's ; thefe were different, tlio' upon
phenomena of pictures feen in iuch fpeculume ; the fame principles from that above defcribed.
nor have I met with any account of thefe phe- Mr. Clay \ believe was alfo the firft who placed
nomena any where, which made me the more the fpecubm at top, as in fig. 59. But thefe
particular in endeavouring to explain them. By boxes were not calculated for ferving any other
the beft information I could procure, the pheno- purpofe than that one ; and large fpeculums be-
fnena;above-mentioned were not obferved here ing expenfive, thefe íhcw-boxes have of late been
till about the year 1730 ; and it might be about laid ande ; to give room for another fort with
6 or 7 years later before they were commonly a convex lens, which IhaJJ be defcribed in this
known. Mr. FELIX CLAY at Aldgutt, I am next feftion.
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length required'. But this method will not admit of great exaftnefs,
becaufe a fmall error ia the length of А-У, will produce a great one
i n A F .

289. Place the fpeculum fo that its principal axis may point very ВУ
near towards the center of the fun, or towards the moon when it ihines ä
bright : If the fpeculum is concave, find the burning point, or receive
the image upon a white piece of paper ; in either cafe, the diftance
between the focus fo found, and the vertex of the fpeculum is the focal
length required. Or, cover the fpeculum with a iheet of opaque paper,
in which make two or more holes, as A, D ; and by obferving where
the beams of light reflected from thefe holes unite, the focus may be
found rather more accurately, than when the whole fpeculum is ex-
pofed.

If the fpcculum is convex, it muil be either covered, as above, leav-
ing two holes as A, D; or leaving the fpeculum naked, ftick on it two
round opaque patches, A, D ; then holding a white paper as G H per-
pendicular to -the principal, axis of the fpeculum, obierve where the
iiiades of the patches A, D fall upon it, as at G, H ; meafure exaitly
the diftance AG, and the distances betwixt the centers of the fliades
G, H, and betwixt the centers of the patches A, D ;. and it will be,
GH — AD (=<>Н):. A D : : AG (=D c} : AF. For D e is here
parallel to FAG, and GH to DA, and fo the A' Dell, FAD are fi-
milar. In this cafe, it would be bell to defcribe circles atG, H before-
hand, whofe diameters and diftance betwixt their centers, ihall be in
fome given ratio to the diameters and diftance betwixt the centers of
A, D :. Suppofe this ratio to be as 2 to ï, then A G — AF ; if it be
as 3 to i j AG will = 2AF; forFG: FA:: GH: AD.

The focus of a concave ipeculum may be found with rather more
eafe and exaótnefs, by the following method : Becaufe here it will be
troublefome to hold the fpeculum in its due pofition, unlefs it be fur-
niihed with an apparatus for the purpofe j and the burning focus, or
place of the diftindt image of the fun or moon,, admits of fome latitude.

290. At the end of a long table, place the fpeculum in a vertical FW of a
pofition, or fo that its principal axis AOQjnay be nearly parallel to сХпЛоЬ
the table ; then place a candle towards the other end of the table, fo by the image:
that its flame Qjnay be oppofite to the vertex of the fpeculum. This oj'. »candle-
being done, take a clean piece of white paper,, and having fixed it at ^' l'
the end of a ftick, place this ftick in the focket of another candleilick,
fo that the paper may be fupported at about the fame height with the
«andlej then move the paper or the candle to and fro, till the image q

of
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of the candle appears moft díílincl upon the paper : If the candle and
the paper are not nearly in the principal axis A^Q, they muft be moved
a little, as occafion requires. And having meafured exactly the di-
ftances Ay> AQ> becaufe,

« 278. II. AQ^A?:: "O<2 : Oy(:: bOF: F?) :: *QF: OF j it will be,

'S4!1' AQ4"A?:A?::Q?(Qp-bU?):0?::AQ(QF4-OF):AF=OF.

And fo either q O or A F gives the focus required. The fame may be
found without calculation, by moving the candle till its image hangs
over it ; or by obferving where the end of a ílick and its image touch
one another ; in both cafes, the point of coincidence ,is the center of
thé fpeculurh.

Fig- 60. The focal length of a convex fpeculum may be alfo found by the
light of a candle, thus : The fpeculum, candle and paper being placed
upright, as in the preceding ; let the fpeculum be covered with paper,
having in it two round holes A, d\ and let the candle and one of the
upright fides of the paper, be nearly in the principal axis AQ, the
candle being placed hindmoft, fo that none of its diredt light falls on that
fide of the paper which faces the fpeculum. Then having found the
places of the white circles £, h, upon the paper, and having meafured
the diftances Ad, Ag,gh-, the point of interfedion q, of the lines g A,
h ä produced, may be found as in the preceding ; and calling the flame
of the candle Q, it will be in this cafe; AQ^- Aq : Aq\: Qy : Qq.

A moreexaft 291. If the grcateft nicety be required: The fpecuium being placed
method of jn a vertical oofition, as in the preceding;, find its principal axis, and
incline the fo- ,„ . л u- ï t_ j IL « itcal length of a alfo its center O, which may be done near enough by moving a candle
concave fpe- $щ its image coincides with it. Before a convex lens a of about one

"^ or two inches focal length, and to a proper frame for fupporting it, fix
' ll a thin opaque plate b with its edge upright, and a little fide^-Ways of

the axis of the lens, and alio at fuch a diftance that the faid edge ap-
pears diftinct through the lens. The edge of the plate being placed
near to the center O, and the axis of the lens nearly in the principal
axis of the fpeculum ; move the lens a little to or fro along this axis,
till the edge of the plate and its image from the fpeculum, are both feen
diftinftly through the lens, at the fame time, and alfo very near to one
another. Now the diilance betwixt the faid edge and the vertex of the
fpeculum, is exactly twice the focal length required. Note, during
this experiment, the fpeculum muft be in the dark j that is, it muft
be either fcreened in a corner of the room by a. tube or otherwlfe ; or
day-light muß be excluded from the room altogether. Iti this bft cafe,

ï the
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the plate muft be illuminated by a candle placed a little fide-ways be-
fore it, with a fcreen to prevent its light falling directly upon the fpe-
culum.

The plate above might be perforated near the edge into feveral holes
of different fizes ; fo that the holes and their images might be feen at
the fame time : Or the objects might be fmall wiers fixed to the frame
of the lens.

292. Schol. ï. A fpeculum free from fpecks, fiffures, &c. is cœteris.Goodnefs of
pari bus preferable to another not free from thefe blemiíhes : The good- Й^оТье
nefs of the poliih may be cilimated from the luilre of the fpeculuni, examined,
but with more certainty from the brightnefs of the images. But the
principal thing to be fought after is the goodnefs of the figure ; and
this may be judged of in the general, by the likenefs of the images.
But,the laft preceding method for finding the center; of a fpeculum,
affords alfo a pretty critical one for examining its figure; and that
by obferving the degree of diftinctnefs of the fmall holes in the thin
opaque plate, with the ruggednefles, and dufts, G?c. {licking to them,
compared with thefe objects feen directly through the lens ; both
being fo brought as to be feen at about the fame diftance from the
middle of the Tens. Let a fmall round hole in the thin plate be placed
near the center of the fpeculum, and place the candle in the axis behind
it: If the fection of the rays received upon a white paper, placed я
l i t t l e before or behind their focus, does not,appear circular, but oval,
fquariih, &c. it is a fign that the fpeculum has not the fame curvature
throughout its furface. If the light received upon the paper, when
placed before the focus, is brighter towards the circumference, and
darker about the middle, than when the paper is placed at the fame
diftance beyond ^tbe focus j it is a fign that the fpeculum is flatter about
the middle, than towards the circumference: And if the phenomena
be the- contrary, the fpeculum is flatteil towards the circumference.
Inftead of receiving the rays upon the paper, an eye-glafs might be
ufed, moving it a little to and fro along the axis, the perforated plate
and the candle remaining fixed.*, By fuch trials as thefe, which may
be а!Го a little varied, a perfota who has had experience will be able

•to judge pretty nearly what figure the fpeculum is of : And it will be
a farther help, if trials be made by different zones of the fpeculum,
the reit of it being covered. If tfie fpeculum is for a telefcope, it muft

be

* JabnJJaalef, Efq; who by his fuperior ikill is the author of the above method of examin-
and unwearied pains was lhe firil who brought ing the figure of a concave fpeculum.
»efleiïmg telefcojies to any degree of pcrfeíliôii,

F f
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be farther examined by the егТей, when joined with its proper appur-
tenances.

293. ~Sfhol. 2. If ît be required to find a point in the axis of the ipe-
culumi at which an object icing placed, its diameter ihall be to that
of its image in any given ratio, as that of a to Ъ ; a 'being always greater

Fig. 45. to t*130 ^> if tne fpeculum is convex. Make b : a :: AF : FQ^ and the
5,. ' point Qjyill -be that fought.
* 2 90. II. For FQj. A F : : • OQj O q : :ь a : b. Therefore, &c. ^ E. JD.
* и ь I. 294. Schol. 3. Both convex and concave glafs fpeculums, quick-fil-

vered on on'e fide^ will have double images, as has been ihewed of plane
looking-glaflcs -, and ihe places of each of thefe images may be found
by fome of the rules in the preceding book. But ás thefe glaffes are
ufüä% fo thin, that thefe double images are fcarce ever perceived, it
would be netdlefs to exemplify the manner of finding their places here.
However, without regarding the refledion Ъу the firil furface, it will
ndt Ъе amifs to conclude this feetion, with fome obfervations concern-
ing the; effeets of gtafs lenfes, when ufed as quick-filvcred fpeculums.

F e. €г. Let îne ;plariö-convex lens AB Ъе quick-fiîvered on the plane fide,
and parallel rays will have a focus ̂ before the lens. Let О be the cen-
ter of the fpherical fide AB: Now a ray DB parallel to the axis will

c j 25 j be-Vefraded towards/, fo that АО : A/ : :e m — n \ m ; and at Ъ the ray
will Ъе reflected towards q, fo that a .q '— af. Again, at r the ray will
be fefra'eted at its emerfion out of the glafs towards Q, fo that/y : Of: :

* 144.1. d A c : A(St_ If the thicknefs of the glafs lens be rtegledted, its focal
lengthen this cafe as a fpecahrm, will be to its focal length as a lens^
as ï to 2. But hecaufe'of the thicfcneis a A, the focal length AQ as a
ípedúlílm, will be íhóíter arid zzQ longer than in the above proportion.

It is manifeft, that if the convex fide of the-lens be qaick-filvered,
it will have ra real iocun, and nearer to it than the former.« Älfo
all double wwexIiM/Sf, qotck<itvéred on ekhcr flde-, will -have a focus
before them : And if'the fääii 'of 'the fides are eCaal, the focal ierigth
in that cafe will be = Í'the:focal Tengt'h of the -lens, nearly f.

b. plano concave ierts will 'have its focus behind it, 'which ever fide ie
quick-filvered ; arid óõnfequeritlyfo will likewife all -double'concaves, and
c'onca-uo-mertifeus'S, When the cbrícavè fi'de is quick-filvered. ^concave
meniftus, the radii' of whofe fides are ras 'm — n to my wheh -the rays aris

« 126. I. incident upon the concave fide, has no focus: This isc manifeft, be-
caufe an incident ray parallel to the axis, will be refracled perpendi-

cularly
f Suppofing the glafs lens, fig. 62. to have of thç ray refleiled at í will be=J A <i,(by

\\\c fuie ab of equal convexity wich AB, and the rule 94.1 ;) and the fodis'of the emergent
iifpleftipg the thicknefs, the center of this fide Vay will be =s {AQ, by 144 1.
win be in Q ; then the focal dirtance from A
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cularly to the reflecting fide. And when the faid proportion of the
radii of the fides is nearer to an equality, or more unequal, the lens
will accordingly have either a focus on the concave or convex fide.

But becauie of the great aberrations by the reflections and double
refractions, lenfes are very unfit for fpeculums, unlefs it be for illu-
minating objects, for which purpofes thofe that have their focus's be-
fore thern, may ahfwer indifferently well.

S E C T I O N I V ,

Of vif on through given medittnïS: òf pffittres
feen through convex lenfes ;, ané a defcription
of different forts o/'camera-obfcuraV.

§> r. Of vißon through medium's, t er imitated èj pia}ie fides ;
and fome farther obßrvaiiohs relating to f he refraéíion of
light.

P R O P , xxiii:
295. An obj.eft feen through a médium, terminated by plane and pa-

rallel fides, appears pretty nearly in the fame plane, and of the fame mag<-
nitude, and exaffly of the fame figure, as it would do to the naked eye in
the fame poßtion, the medium being removed,

For the geometrical image pqr, is • erect, equal, and parallel to the Fig. 63.
object PQR ; arid the rays here undergoing but fmall refractions, the ' 70.1.
proper foci of the pencils of light that enter the eye will be very nearly
i npg r . The image alfo is very near to the object; for the diftance
Qq between them is to the thicknefs of the medium, only, in the ratio
of m — n " to m. And although the pencils of light CO, DO, at their
entrance into the eye diverge, as if they came from the focus's/», r, and
confequently form a greater angle than if they proceeded diredtly from
P, R ; yet if the image appears in its true place, it will appearь equal b jp 5. ц.
to the object. Therefore, &-c. ^,E.D.

296. Scfol. ï. We feldom fee objects through mediums that are very
thick : The thicknefs, for inftance, of a coach-ghifs in the cafe1 before
us, being very inconfiderable. But an object, by being rendered more
obfcure by the: mediurri, may appear ' farther than otherWifc it would ;c iSS. II.

F f 2 and
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* 198. il. and in that cafe it will alfo appeard larger : So that the phenomena of

viiîon through fuch mediums vary, as the circumfhmces are different.
It may be farther obferved, that the nearer the object and the eye are to
the medium, the greater, cœteris paribus, will be the effect; becaufe
the diihnce Q^, between the object and its image, is invariable.

Vif ionofob- 297. SchoL 2. Objects placed in a denfc medium, whofe refracting
ÍMdilLi.dt'nfe íurface *s plane, appear erect, and nearer to that furface than their true

place ; but in moil cnfes, they appear fomewhat diftorted. We have
frequent opportunities of obferving thefe phenomena, by looking into
fmooth and clear water ; and the very near agreement of the pheno-

' 6г. to mena with the c theories of the images in the prefent cafe, is another
66. I. notable proof of the great ufe we make of the different conformations

of our eyes, and the inclinations of their axes, according to the diffe-
rent places from whence the rays diverge, in our eilimations of the faid
places, where thofe places are not very remote. For what elfe have we
here to direct us? The greater obfcurity of the objects, and our knowing
perhaps from experience that the water is deeper than it appears, are
caufes that here tend to deceive us ; and yet we find that they have l i t t le
or no effect:. The phenomena are alfo the fame to perfons who have no
ikill in optics.

P R O P . XXIV.

298. To explain the phenomena of vi/ion through a medium, whofe re-
fr doling fides are planes inclined to one another.

Phenom. An object feen through fuch a medium, appears in a new
direction, and generally in a di f ferent pofition, fomewhat indiftinct, di-
ftorted, and coloured ; and the greater is the refracting angle of the me-
dium, the greater wil l be thefe alterations.

Fi». 64. Let PQ be a rectilinear object, feen by the eye at O, through the tri^-
angular prifm RST. Now the geometrical image of the object is p q •
but becaufe of the great obliquities of the rays to the refracting fides of
the prifm, the apparent image w i l l not be pq; and here, in order to
define the apparent image, it wi l l be neceflhry to find the proper foci of
the extream rays, at leaft, in each pencil. The dotted lines reprefent

' See 57.1. the a method of finding the proper foci of the rays Q c, Q e, after their
refractions at each fide of the prifm ; thofe rays being fuppofed homo-
geneal, and their fines of incidence and refraction as the numbers 3, ï.
Thus g, h, are the proper foci of the rays cd, c f; and m, n, the proper
focus's of the rays <Ю,/О ; and fo upon the above fuppofition, the pqint
Д, where the rays dm t fn interfect, would be the place of the vifible

image
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image of the point Q^ In like manner was alfo found the point a, the
place of the vifible image of P. But as the pencils of light confift of
heterogeneal rays, which impinge the fides of the prifm very obli-
quely ; they wil l be here feparated, efpecially at their emerfion out of
it, into their different kinds : The image will therefore neceiTarily ap-
pear ь coloured ; it wil l be indiilinct, becaufe the rays in the feveral pen- ь 28а. I.
cils have different foci, as they differ in refrangibility, and have different
inclinations to the refracting furfaces. The rays entering the eye being
produced backwards, will form a kind of a compound image, which
wil l be diflïmiliar to the object, and which may alfo appear in a different
place and pofition from ab; and becaufe of the indiftinctnefs, the ap-
parent place and pofition may be different at different times of looking,
the eye, pril'm, and the object retaining their former places and pofi-
tions. Therefore, Gfc. £>.£.£>.

299. Schol. In like manner, if a medium has feveral plane fides HK, Of multiply.
E, D, A, B, C, inclined to one another, fo as to form the triangular mg s'afl«.
prifmsBFK, CHK, DGH, EKH, and the light proceeding from a fmall Fig. 65.
object Q, be tranfmitted through each of the faid prifms to the eye, as
at O; an image will be feen through each prifm, and fo there will be
as many vifible images in the whole, as there are prifms, together with
one more feen through the fides A, HK, if thefe are parallel. And
hence a glafs having plane fides cut in this manner, is called a MULTI-
PLYING-GLASS.

The image a feen through the parallel fides A, HK, will be diftinct,
equal, and fimilar to the-object Q, and alfo pretty near it, the diibmce
betwixt their centers being = 4 thicknefs of the glafs AHK. The
images feen through the common fide HK, and each of the fides B, C,
D, E, will be refpectively A, c, d, e. And thefe will be all of them fome-
what indiilinct, diftorted and coloured ; and the more fo, the more re-
mote they arc from the middle image a, becaufe the prifms through
which they are feen have larger refracting angles.

The diftance OQJjeing given, the greater is OA, the lefs will be the
angles QP/;, Юс, &с. but the more indiilinct and coloured will be the
extream images ; thefe images appearing beft, when the incident and
emergent rays form equal angles with the refpective refracting fides :
And that wi l l happen, if the flat fide be towards O, when the glafs is
much nearer to О than to Q^ When О A is given, the greater is AQ,
the greater alfo wil l be the angles QO b, QjO c, &c. and the more re-
mote from the middle of the glafs, will be the incidences of the pencils
coming to the eye. And hence the di f lancc OQ^bcin<i given, the di-
ftance OA, at which an object may be feen through each fide of a given

glafs
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glafs, is limited ; that is, OA niuft not exceed a certain given diftance,
or be lefs than another affigned diilance. If the gkfs be turned round
thç perpendicular lia e QO to the-fides. A,. HK-,. the image a will appear
i,mmoveab.le} w:hilft aJL the reft feera. to turn round with the glais.

L E M M A .
•joo. I-f a ray of light be transmitted' through feveral contiguous me-

diums terminated by parallel planes, out of a given medium into the
fame again, as out of air, through water and glafs, into air again ; the
emergent ray will be always parallel to1 the incident ray. The truth of
this * is manifefted by experiments, and the reafon of it may be illu-
ilrated as followeth :

jcr. go. Let AB be an incident ray, W, G two mediums of different denfi-
ties, as water and glafs, and terminated by the parallel planes BP, KO,
LF ; and let the ray be refracted at В into Eb, at b into bj\ and at/
into,/P : I, fay, /D is parallel to AB. Draw the perpendicular В я to
the-refracting furfaces j and having from the center B, with the radius
B.A. deferihed:the arch nbd, produce AB till it interfects this arch in /,
and. through the point à draw am perpendicular to В я. Now m d is
the fine of incidence, and w b the fine of refraction of the ray AB into
the medium W. Let g a be the fine of refraction from air immediately
into the-medium G, the fine of incidence being m d; through the point
A, draw the line В a e, and B a e would have been the refracted ray, if
the refractive power of the medium W had,been equal to.that of G ; that
is, if the incident ray IK be parallel'to AB, Ее will be parallel to the
refradied ray KL.

Now it is reafonable to fuppofe, and it feems very, evident, that the
refraction between the mediums W, G, muft be equivalent to the excefs
of the refraction of G above that of W, when rays come with a like ob-
liqAity out ,of the- fatno medium into each ; that is, the fines of incidence
and refraction out of W into G, are, as w.b. to g.ta.. And upon this fup-
pofitipn, the refracted : ray bf> will be, parallel to В <*. Draw b i per-
pendicujar/ to the refracting furfaces,, and from the center.^ with the ra-
dius b,J] defcribe the arch tf è-, produce B b till it interfects this arch

j jyp . in /j, and draw hk parallel to of. Now b'ecaufe. nab : g.a :: *kb : of
Conft. and the ^-о ^/6 = b ^-w B A, the ̂ - obf'vs, = i£jEe ; therefore b f is

parallel to Be ; but B^ is parallel to KL, and confequently/D is pa-
67 ï. rallel to LM ; but LM isc parallel to IK, and IK is C parallel to AB,

and foy'D * is parallel to AB. ̂  E. L
In

*• Sec Nm-ton'b Left. Optic, par. 1. feit. z. №. 33.
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In like manner, a ray ËF immerging firft into the denier medium G,

will emerge at *• out of W, in the line x H parallel to EF. Produce
EF to / j and let the fines of incidence and refraction from air to glafs,
and from air to water, be refpectively as the perpendiculars or fines /,
r, s. Now F r is the refracted ray -, and it would have been F s y, if thé
refraction of G had been equal to that of W. At r the ray is refracted
from Frv into r x-, and for the fame reafon that £/is parallel to В £у

r x is alfo parallel to Fy, and д; H is parallel to EF. ^ E. D, If EF
be parallel to D/ and to ON ; F r will be parallel to/£> and r x will be
parallel to b B and to OP.

301. Carol. Hence, if a ray paffes through ever fo many refracting
mediums terminated by parallel planes, it will have the fame inclination
to the furfaces of the laft medium, as if it had fuffered but one refraction
in going immediately out of the firft medium into the kit. Thus b f is
parallel to B e and KL, and r x to F^ -and OP. And the cafe will be
the fame, though the number of different mediums be increafed to in-
finity, and the intervals of their parallel furfaces be as much diminiiheu -y
fo that the ray may be continually refracted into a curve line.

P R O P . XXV.

^502. The proportion of theßne of incidence to theßne ofrefraSíion of
one ana the fame fort of rays out of one medium into another, is, as the
reftangle under theßnes of incidence out of the ßrß medium into a third
medium, and out of that third medium into the fécond -, to the re&angle
under the ßnes of refraõíion mit 'of the ßrß medium into the third, and
out of:the third nîedittm into-the fécond.

Let as before, AB^/D be the courfe of a ray from a third medium Fig. 66.
through the two refracting mediums W, G into the fame third medium
again; and let SB«, Ъ Ь ' г , V/T, be perpendicular to the refracting
furfaces at the points B, b,f. Alfo, -let the proportion of the fine of
incidence to the fine of refraction out of the third iftedium, as air for
inftance, into the medium \V, be as F to f, i. e. S. ̂ - ABS (=wB^/) :
S. ̂ - ivlàb :: F : /'; and out of air into the medium G, as G to£, i. e.
S. £- T/D : S. -£- V f b :: G : g ; and let the fine of incidence to the
fiiie of re frail ion out of'the 'medium W into t?he "medium G, be as A;
to y, i. e. S. ^- B b Z : -S. ^ o b f :: x : y. I fuy л : y ::/x G : F X 'g.

Becaufe S.Z. ABS : S.-^ ^BÃ ::'F : / : :FxG: /xG; and » H y p .
.^-T/D^=kAABS ::^.:G::5x'F:UxFi'itwill'be ь 300. ц.

S.^/VC=oÄ/)::/xG :^x'F::x:y r.-wb-.ga. ^E.D.
7 Gtherwifc
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" Hyp. Otherwise thus. Becaufe 10 b : m d:: "/': F; and

m d: g a : : il G : g ; therefore

And thus the refractions between any two mediums, and a third me-
dium being known, the refractions between them both may be readily
found. As if the fine- of incidence of any ray out of water in to air, , be
to its fine of refraction as 3 to 4 ; and the fine of incidence of the fame
ray out of air into glafr, beto its fine of refraction ac 17 to 11 ; the fine
of incidence o f t h a t ray out of water into glafs, will be as 3>< 17 to
4 x 11, or as 5 ï to 44 : Or if the fines of incidence and refradion be-
tween air and glafs be as 3 and 2, the fines between waier and glafs will
be as 9 and 8.. For 3 x 3 : 4x2 :: д : 8.

303. Schol. If, a medium terminated by paral le l planes, be conti-
guous to another medium whofe refracting fid^s are incl ined planes; and
a ray of l ight be tranfmittcd through both the mediums, and another ho-
mogeneal ray whofe incidence is para l l e l to the former, be t r a n f m i t t c d
through that medium only whofe fides are i n c l i n e d ; the two emergent
rays wil l be parallel to one another, and i n c l i n e d to the incident ray.

Let W he the medium, whole refiv.cTmp; fides arc parallel planes ;

and let the i n c l i n e d fides of the m e d i u m С be Kr, LR. Now if
the incident homogeneal rays he AB, IK, para l le l to one a n o t h e r ;

ь 2ooII. becaufe the rays bf\ KL i n c i d e n t upon the plane fide LR ь arc .pa-
c 16. I. rallel ; the emergent rays wi l l be alfo c parallel, but incl ined to LM,

/D, becaufe LR is inc l ined to LF. If the emergent rays be con-
ceived to flow back again, fo as now to become the incident rays,

d ï?. I. d they will proceed along the fame trad they did before, and fo the
emergent ravs BA, KI will be parallel. In both caies, therefore

It is almoft needlefs to obferve, that the cafe will be different if
Fig. 64. the three refracting fides are all inclined to one another. Let the

prifm RST be conceived to confiil of two mediums RS-z;, T S-y, of
different denfities ; it is manifeft that the emergent rays will be in-
clined to thofe in the figure, whether thofe within are perpendicular
to S-y, as cd; or are inclined to it either way, as eft rs.

§. 2. Of vißon through knfes ; and of finding their focal
lengths by experiments.

The effects of concave and convex lenfes, are, in the general, ana-
logous to thofe of convex and concave fpeculums refpedlively ; but as
fpeculums and lenfes have fome diftinft properties, they deferve to be
explained apart. P R O P .
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P R O P . XXVI.
304. An objet? fcen through a concave lens, always appears cretf, as

it doth alfo thro1 a convex lens, if the geometrical image is not betwixt the
lens and the eye : If the focal lengths of the lenjes are but /ma// -, the image
through a concave lens appears diminifljed, and nearer to the lens than the
object ; and through the convex lens, it appears magnified ; and if the
rays come to the eye diverging, the image will appear farther than the
objett.

That the image, in the above cafes, does neceflàrily appear ereót, Fig. 67,
is felf-evident : And as the eye can never come to the center A of the 68, 69.
lens, but muft be at fome diíknce behind it, fuppofe at G; the ob-
ject feen by the naked eye, and its image through the lens always form .
different angles, thefe angles being ns P GR, to p G r or i G о. And
confequently, in the firft cafe, the object appears diminiihed, and in
the fécond magnified ; and when the focal length AF is but fmall, and
the object, as inßg. 68. is between F and the convex lens ; the image
through the concave lens appears nearer to it, and through the convex
lens farther from it, than the object. The reafons of all which phe-
nomena are very manifeft. ^ E. D.

305. Scbol. ï. When we look through lenfes having long focus's, An citimate
the image appears pretty nearly at the fame diftance off, that the ob- "}'th« propor-
iect does to the naked eye. For in this cafe, the differences of the ÖLJ".à" àmutr
divergencies of the refracted rays and of the unrefracled ones, are quite magnified or
imperceptible ; and fo, there being nothing here to direct us otherwife, í[",11

1-."'íhcd ^
we naturally look for the object thro' the lens, in the fame place the naked
eye faw it juft before. Again, this deception as to the place of the image,
is farther favoured by the difference of the vifual angles ; the vif 'uul
angle being diminiihed by the concave lens, and inlargcd by the con-
vex one, affift the imagination, in both cafes, to bring the image
nearer to the object. In thefe cafes, the apparent magnitudes of the
object to the naked eye, and through the lenfes, are as the vifual angles
PGR and pGr. But in looking through lenfes having ihort focufes,
if the geometrical image by the convex lens is erect, and at a mode-
rate diftance off, the true places of the images are perceived, at leaft
very nearly j and then the apparent magnitudes of the object and its
image, are nearly as their b true magnitudes; that is, as PR and />r. ь 198,218,
And I think it holds univerfally, as well as can be judged by cxperi- & 221. II.
ments, and as has before been taken notice of, that The apparent mag-
nitudes of objcfts and their images, are as the retlaugks under thJr
apparent dijlances and vifual angles refpeftively,

G g 306.
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Lenfeshaving 306. Carol, ï. Hence, lenfes having long focufes, have fcarce any
d°o no^fenfi- ienfible effects in magnifying or diminífhing objects j and the nearer
Ыу alter the they are brought to the eye, the lefe will be their effect j becaufe at the

center °^ Helens, the object and its image fubtend the fame angle.
Neverthelefs fuch lenfes may be ufeful fpectacles, as their caufing a
different divergency of the rays of light may contribute towards a more
diftinet vifion.

ap- 307. CoroL-2. An image fe.en through a concave lens appears darker,
throullicon- an(^ though a convex lens brighter, if it be beyond the lens, than the
cave,; and objeftj neglecting in this bft cafe the confideration of the lofs of light
brighterjihro1

 by the ]enSf jf ajj be tne breadth and place of the pupil ; it can re-
convex lenfes. 3. .. . , /- n r r Г l • V. i ï

ceive no more light m the nríl cale from the point r, than what is
Fig- 67» contained in the flender pencil Pst; but in the latter cafe, the pencil
681 PJ/ is much broader than the former. In the one cafe the rays di-

verging more, and in the other lefs j the pencils entering the eye in
the firft ca-íè are rarer or contain fewer rays, and in the latter they are
denfer or contain more rays, than if thefe pencils had come directly
from the object.

A concave 308. Schol. 2. An objedt feen through a concave lens placed clofe
dofeProCthe to a common еУе> always appears indiftinét ; and this indiftinftnefs
ey«caufes in-will be the greater, the fliorter is the focal length of the lens. But if
djftmftnefs. tne eye recedes back to a certain diftance from the lens, the object

will become diftinel:.
When the focal length of the lens is fo long, that the image appears

as far as the object ; the indiftinólnefs is owing to that miifoke which
caufes a wrong conformation of the eye. But by retreating farther
from the lens, the proportion of the true and apparent diilances of the
image become'nearer to an equality j and fo the indiftindnefs vaniihes
by degrees.

Again, when the focal length of the lens is ihort, the object ap-
Fig. 67. pears indiitinct, becaufe the rays diverge too much. Thus, if q a be

the neareft diftance of diftinct vifion, and ab the fmallefl breadth that
the pupil of the eye can be contracted to ; the reafon is manifeft, why
vifion will be diftinct when the eye is at ay and that it muft be con-
fufed, if the eye approaches nearer to the lens than the faid diftance AÖ.

An objeft 309. Schol. 3. If the eye continues to recede farther from the lens
it-en through than tne point a the object will continue diftinct, if it be fufficiently
acoDC.ivelens, . . í-, ï • ,г '• i i • /, f.
ma/ be indi- bright, t or the image being near a concave lens having a ihort focus,

' through does alfo always appear near it, and not far from its true place j the
"" °f lens Mdf* in this cafe, being as it were an object, to which the eye

conforms according to the different diftances. But as the eye recedes
farther
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farther from the Iene, the image becomes continually darker ; and it
may become fo dark, as to be indiftinct upon that account.

3.10. Schol. 4. If a convex lens, having a fhort focus,- is not placed An obJeit

at Yuch a diftance from an object, as to caufe its erect imago to be as íuna^ôug
far from ehe lens, as the neareil diftance of diftinct vifion $ the object a convex lens
will be confufed to an eye placed clofe ta the lens. As if q a be the c

b
e

ncareft diftance of diftinct vifion -r the image pqr will be neceffarily it.
indiftinct to an eye placed nearer the lens than the point a. But if
the eye retreats to 0, the faid image will become diftinct, and fo it Fig. 68.
will continue as the eye recedes farther back, but diminished in its
brightnefs. But if Aq is not lefs than the neareft diftance of diftinct
vifion, the object will appear the diftindter the nearer the eye is to the
lens, becaufe then it will receive the more light.

311. Schol. 5. The geometrical image p g r, of a ftrait or plane ob- A flat
ject PQR placed perpendicular to the principal axis of the lens, is J k n a p
' concave towards a concave1 lens, and c convex towards a convex lens, fphericai.
This curvity of the image, appears very fenfible to both eyes looking Fig. 67,
through a broad lens having a fhort focus ; but to one eye it is not fo 68.
apparent ; and fometimes the image will appear bent the contrary way,c 239.1.
as iv xy.

In all cafes, the middle of a broad image appears diftincteft -, and
our not being fo well able to diftinguifli different degrees of diftance
with one eye alone, the different diftinctnefs of the middle and ex-
tream parts, feems to be the medium that caufes our miftake as to the
true figure of the image. In the firft cafe, the image being diminished
and obfcure, feems to be what leads us to fanfy that the rays from the
extream parts, which are the moft obfcure, diverge from a greater di-
ftance than thofe towards the middle. And in the latter cafe, the
greatnefs of the image feems to be what caufes our falling into a con-
trary miftake ; that is, the indiftindtnefs of the extream parts feems to
be now* imputed to their being too near, as they were before to their
being too far, for diftinct vifion. But in both cafes, by looking more
attentively, thefe miftakcs are frequently corrected.

312. If the eye be between the lens and the image pqr of an ob- Vifion dir..
ject PQ.R, that object will appear erect, magnified, and confufed} and ^"'̂  '™*
the farther the eye'is from the lens, or the nearer it is to the image, jca is beyond
the greater will be the confufion. t!l<1 pr

° /-, rpi lOCUS.G g 2 Thus
* It is true we are not fenfible or confcious reafoninc > and being thus once acquired, they

of thefc reafonings, but this is no more lhari follow the others fo quick as not to nllow us
what often happens to us in other cafes. Ideas time to reflect upon them, or to diftinguifti any
excited by our fenfations are frequently produc- interval betwixt their growth and the fcnfacion
tive of others that were originally acquired from that caufes them.
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Fig. 69, Thus, if the eye be at G, it fees the points P, R, by rays converg-

ing towards p, r ; the middle rays in thefe pencils being the lines Gp,
Gr, which produced backwards are the lines G/, Go-, and fo, the
middle rays of the pencils proceeding from every point of the object
PQR, will be refracted to the eye at G in lines, which if produced
backwards, will lie orderly between G/ and Go-, and therefore the
object appears erect, where-ever the point G is taken between the lens
and pqr. Again, the vifual angle iGo=pGr being greater than
the angle PGRj the image appears magnified, if it appears as far as
the object, which whilft the eye is pretty near the lens, is generally the
cafe. The object to a common eye appears indiftinct, becaufe the rays
of the feveral pencils are united in the eye before they reach the retina j
and fo upon the retina the rays from the adjacent points of the object
are mixed together ; as in the cafe of vifion of remote objects to ihort-
fightcd perfons. As the eye retreats towards q, the confulion increafes j,
and before it has got to g, the object will be quite loft, and nothing
will be vifible but a glare of light. During this retreat, the vifual-
angle is conftantly increafing, and that the fafter, the nearer the eye
has got to q-, this angle being always equal to pGr, wherever the
place of the eye or the point G is taken. As the confufion increafes,
the object will feem to quit its place, and approach towards the lens,
at which it will at laft feem to ftick. In this cafe, as we are deprived
of the ordinary means by which we judge of diftances, the greater
confufion and the greater vifual angle it feems are the caufes of fug-
gefting the nearer diftance ; as in naked vifion, the confufion increafes
the more we approach a near object} though in the two cafes, the

foci of the pencils, after their refractions into the eye, are on different,
fides of the retina. But the lens itfelf being an object, between us
and which, we perceive nothing ; the object looked at through the lens,
appears no nearer than the furface of that lens.

As the eye retreats beyond q, a large, confufed, and inverted image
will begin to appear : During this retreat, the image will continue all
the way inverted, and the confufion will gradually leflcn, till the eye
has got as far as the neareft diftance of diftinct vifion, which fuppofe
to be q a. When the eye is at a, or farther back than a, the image will
appear diftinct, if it appears alfo in its true place, otherwife not. The.
apparent place of the image is at firft generally near the lens, and
the eyes conforming themfelves accordingly, vifion is neceflhrily indi-
ftinct; but if the object is bright enough, by looking attentively to-
wards the true place of the image, we ihall foon perceive it in that
place, and then, and not till then, it will appear diftinct} the image,
will alfo appear convex towards the eye, according to-its true figure,

if
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if the object is a plane facing the lens. The reafon of all the above phe-
nomena are very manifeft from an infpection of the figure j and it is
alfo manifeft, that the field of vifion through a given aperture g b is
conftantly decreafing as the eye retreats backwards from the lens -, and
when it is a pretty way off, it will be difficult to find the inverted
image, for the eye muft be pretty near the axis before it can meet
the rays. At whatever diftance the eye is from the image it appears
ereil or inverted ; and its apparent magnitude, as in other cafes, will
be as its vifual angle multiplied by its apparent diftance.

313. The image q of a fmall object Q, will appear double, as at wh«i an
m and и, when the axes dv, e v of the eyes are directed to a point ^
G beyond q.; which is a cafe that frequently happens, and the reafon
of the phenomenon is very obvious from an inspection of the figure,
and from what has been d before explained. The image may alfo ap-d 50. ц.
pear double when the fpectator. is before it, if the lens is broader than
the diftance between the two pupils of the eyes. This cafe is the
reverfe of the preceding, the image s, t being now on contrary fides
of the optic axes dv, cv, as when we look ihort of the object: But
this phenomenon of a double image feldom happens.

Some farther obfervations relating to vifion through lenfes, will oc-
cur under the following, proportions *;

P R O P . XXVII.

314. A-long objcft 'placed nearly parallel to the axis of a convex knsy

and who J e fartheji end is within the principal focus, appears through the
lens protraSied to a great length : Alfo a feries of J mall objecJs placed one
behind the other in a line near the axis, the retnote/i being within the
focus of the lens, appear likewise extended to great dißances.

The geometrical image of the long object AB or CD, after refrac-Fig. 70;
tiun by the lens О whofe principal focus is F, is *ab or cd: A n d » Couft.
the geometrical-images of the equal objects AC, GG, HH, II, KK,
LL, BD, placed parallel to, and at equal diftances from, one an-
other, are • ac, ggj hh, ii, k k, //, b d. In many cafes, the di-
vergencies of the "rays in the pencils entering the eye, are not alone
fnfficient to e;ive us j u f t ideas of the places of the focus's of thefe pen-
cils, especially when thcfe focus's are remote from the lens : But in
this cafe, being farther aflîfted by the continuity of the images of the
fevcral parts of the long object, or of the feries of the other objects j
the apparent places of the faid images become thereby protracted to

greater
*-Sec я!;о prop. XIX, XX. in the preceding fcfUon, where the parallel cafes of vifton in fpc-

culunis li.ivc been explained. ' ^
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greater diftances, fo as to be nearer the geometric placesv than if one
part of the long object, or one of the objects placed crofs the axis, had
been ieen fingly. Thus, the fucceffive changes undergone by the eye
in. order toiíêe the feveral parts of the image ab diftinctly, or the dif-
ferent diftinctnefs of thefe parts if the eye remains at reft', contribute
to protract the whole apparant length ; that is, the image of the re-
moteft point В will in this cafe appear farther, than if the point В
only haA been ieen. But the apparent image will not exceed the ob-
ject in length above a certain proportion, which will be the greater,
according as the lens is deeper, and the object is nearer its focus. Alfo,
although the apparent magnitudes of the images of the parts of the
object continually increafe, as thefe parts are nearer to the focus ; yet,,
after a certain limit, they increafe much flower than the geometrical
images, of thofe parts. If the lens be broad enough to admit both
eyes to fee through it at once, the phenomena will be ftill more agree-
able to. the theories of the geometrical images.

Greater indu 315. Schol.i. If the object AB be placed farther from the lens, fo
ftíníinefs of tjjat the-point В may be nearer the focus F, or even beyond that focus,
cau'fesT the apparent image will be ftill longer ; and that not merely becaufe
greater appa- the geometrical images of the feveral parts will be farther from the
rentdiftance. e^ ^ ^CQ becaufe tjiey wjj | fo Jndiftincter and fainter. A greater

indiftinctnefs of an image caufes it to appear farther, as in like cafes
h See 185, of ь naked vifion : And when an image is diftinct, it will feldom ap-
& 188. ÍI. pear farther than the object is, when equally diftmct to the naked eye.

Phenomenaof 3\b. SchoJ. 2. The annexed figure reprefents the fection of a box,
aaímedWfcehne»in which »«í placed feveral fccnes as AC, G G, H H, II, KK, LL,
explained. BD, &c. on which are drawn the reprefentation of a camp, a colo-

7b nade, or rows of trees, &c. Thefe fcenes are open in the middle, ex-
cepting the laft which is whole ; that next the eye at AC having the
wideft opening, and the openings of the reft are gradually diminiihed,
that fo the picture on each fide may be feen. The front RB of the
box is open, but covered with a thin canvas, or oiled paper, to hide
the pictures within, and at the fame time to admit fufficient light
upon them. The box mould ftand upright on account of enlighten-
ing the fcenes j for which reafon it would be convenient to have the
bottom wide enough for a fupport, without other help. A convex lens
may be fixed at the top r ; but the reprefentation will be more natu-
ral, and alfo more furprifing, if the lens be fixed in the fide, as at О ;
a plane fpeculum or looking-glafs RS, being fixed at half right-angles
to the axis of the lens. For then the images of the pictures will ap-
pear in an horizontal plane j and prenotions of diftance from the vifible

length
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length or depth of the 'box being thus removed, the imagination has
a greater fcope in increafing the apparent diftances of the images.

In this figure, the focal length of t'he lens О is rFj and the fcenes
are fo placed that their geometrical images are at equal diftances from
each other; the diftance of the image of the remoteft fcene B D be-
ing = O£ or Q d fig. 70. Thefe difpofitions of the fcenes have been
here öbferved, for the lake of giving an idea of the places where their
geometrical images do fall : But it will be beil to place the laft fcene
B D nearer to the focus F, or even a little below that focus} and fo
the reft refpedtively lower down, as experience will direft. For by
this means the images of the remoter fcenes becoming more indiftinot
and faint, they'll appear farther off; and according to the retpeftive
diftances the feveral fcenes ihould appear at, their places in the box muft
be varied, fo that no general rule for placing them can be here given.
Things being properly difpofed, if the pidlures are good and the fub-
ject well chofe, the phenomena will be furprizing enough. Inftead of
having the fcenes, the fides and end of the box might be painted ;
the box for this purpofe being made a little taper, otherwife the far-
theft end would appear too wide. But the artift muft have regard to
the eflecT: of the lens, and confider the true diftances of the images of
the feveral parts, otherwife he will be liable to miftakcs, which will
hurt his defign. The fame regard ihould be alfo ihewed both in paint-
ing and placing the fcenes.

The effecb of the little ihew-boxes fold at the toy-ihops, having
artificial fruits, flowers, &c. ftuck to their fides, are owing alfo to
the caufes above explained.

P R O P . XXVIII.

317. To explain tbe phenomena of pictures feen through a convex
fens.

If a print orpidture, placed upright againft the wainfcot, be viewed
through a convex lens, it will appear a little magnified, and a little
improved. A lens ufed for this purpofe muft not be too deep ; other-
wife the field of vifion will be too fmall, and we ihall be too near
the picture. For a fmall print, a lens of about a foot focal length
may be ufed ; and for a larger, a lens of about two or three foot fo-
cus will anfwer better. But fuch lenfes not magnifying much, and
the adjacent objecb to the pifture being feen at the fame time or known
to be very near ; the lefs divergencies of the refradted rays are not fuf-
ficient, in the prefent cafe, to overcome this prejudice.

Let
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Let the fame picture be included in a box, fo as to be detached

from all other objects, and the effect will be very different. A pro-
per box for this purpofe may be а с amer a-objcur a, which will be de-
fcribed towards the latter end of this fection. Ju this place, it is fuffi-
cient to obferve that the box may be made on the fame principle with
that fig, 7i. in which B D reprefents the picture at bottom, -RS a
reflecting plane.; О the lens through which the picture is feen erect,
and directly before the eye. By this artifice, and the excluding all
other objects, the prejudices from prenotions of diftances are removed;
and being here aflilted by the painter's art, the picture, if it be a pro-
per one, will be furprifingly improved and magnified.

When the picture is placed at B D ßg. 71. the diftance of its geo-
metrical image from the lens is —Ol or Oä fig. 70. But it will be
better to place the picture ftill nearer to the principal focus F. Now
the refracted rays being nearly parallel, they affect the fight thus far
as if they came from a remote object ; the image alfo contains fewer
vifible parts, than if it was really nearer, and fo this caules fomewhat
of the, fame kind,of indiftinctnefs as we have when we fee remote
objects. We may alfo have the fame kind of obfcurity, and this
will be partly occafioned by the lofs of light by the refraction of the
fpeculum and refraction of the lens; and the proper degree of obfcu-
rity upon the whole may be obtained, by illuminating the picture in the
requifite proportion. All thefe caufes confpire together to make the
images appear a great way off", and confequently to appear proportion-
ably large. The painter alfo, by reprefenting the remoter objects fmaller,
fainter, and lefs diftinct; enables us to diftinguifh, as it were, fome
differences of apparent diftances. And now the different lights and
ihades, and the refpective inclinations of different planes, have their due
effect, as in naked vifion, in exhibiting the refpective parts and figures
in their due pofitions and attitudes. And fo upon the whole, inftead of
a picture upon a flat furface, we have a lively profpedt of the fcene
reprefented ; and we fee, as it were, real objects upon their own bafis,
and detached one from another.

The reprefentation will be ftill in many cafes better, if the lens
be broad enough to admit both eyes to fee through it ; and by retreat-
ing a little back from the lens, the vifual angles of the images will
be increafed, and fo therefore will be their apparent magnitudes.

The apparent image in fome cafes will be alfo deeper or more hol-
low, if the print itfelf be made a little concave or hollow •$-.

318.
•j- I have not been able to learn when it was convex lens ; nor have I met with any attempt to

firll obferved, that piftures are improved by a explain that phenomenon. The box with the
open
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318. Scbol. r. A convex lens fixed in a frame to be held in the л portable

hand, and 'having before it a plane fpeculum incl ined at the pro- v?e^
aj*'us tor

per angle, or moveable upon a hinge io as to be readily let to t h i s r r i "<s-
angle, wil l make a portable apparatus for the pockets, and may be
ufe fu l for v iewing prints we calual ly meet w i t h abroad ; the inclined
ipeculutn being «lib advantageous here, for the reaions above given.
But yet I think, the fame fpeculum and lens when thus held in the
hand, do not aniwer near fo well, as when they are fixed or placed at
the end of a box ; and that for the reafons given in the preceding.

319. Scbol. 2. Prints and fmall pictures may be fo greatly improved, what prints
by a convex lens, that it is well worth the whi le of thofe who have aPPe!ir bdt

collections by them, to have a proper apparatus for the pufpofe. But [„ты lens.
the prints m u ft be judic ioui ly choie : They ibould not reprelent ob-
jects that have great differences of apparent diftances ; nor objects that
are too near, or too fmall . The picture of the iniidc of a church,
for inftance, becaufe of the faintnefs and fmallnefs of the figures in
the middle, will appear through the lens a. little concave; but not
near fo natura l as it docs in the concave fpeculum, the point of .fight
here fccming much too far off". For the geometrical image of the
whole plane being really convex towards the eye, is a caufc that coun-
ter-acts the painter, and does in part frustrate his delign j and the
reafon why it does not wholly overthrow it, is the fmallnefs of the dif-
ferences of the divergencies of the rays from different parts of the
image of the whole ; they being all of them nearly parallel when the
image is fur off, as it a lways ought to be. But although thefe diffe-
rences, fmall as they are, have their effects; yet are they lefs fenfible
than the fmallntfies of the middle figures ; and they ceafe altogether
to be fenfible, when the real objects have nearly the lame apparent di-
ftances from the point of fight. Again, when the objects are near,
as within the breadth of a room ; the diitindlnefs with which they ap-
pear to the naked eye, cannot be expreffed in the picture ; and the
picture itfelf, in this cafe, can be but little improved by the lens. Alfo
when fome of the objects reprefented are very fmall in proportion to
the reft ; their pictures appear through the lens fo indiftinct and ob-
fcure, as to have a bad effect.

In
open fccnes,_/7g. 71. was firft brought here from common in our fliops, and the lens and looking-
HolJaaH in or about the year 1737 ; and cither glals in frames joined by hinges, were not in-
in that jwir or the following, Mr. E L I . I C O T T troduced here t i l l about the year 1742 or 1743 ;
by the Royal Ex(ha>-gt had one made without although I think that//>i<ui boxes fomewhat ana-
the botiom V, for the exhibiting of fmall prints logous to thole now in ufe, were carried about
in a book, Ufe. But die Jhrw boxes now fo here by the poor Savoyards, many years earlier.

H h
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In general, the objects to be reprefented fliould not be too remote,

or too near the point of fight, but at fuch a moderate diftance as to
appear from thence tolerably diftinct ; and there ihould not be toa
great a difproportion betwixt their magnitudes or vifual angles j the
prints alfo ihould not be drawn from too fmall a fcale. There are a
great variety of landlkip prints or pictures, and alfo fome hiftorical
ones, that will be greatly improved by the above method of viewing
them ; and feveral of thofe that receive the leaft advantage from the
convex lens, will be moftly improved by the concave fpeculum j and
vice verja. So that by having a concave fpeculum and a convex lens
with the proper apparatus, we may, by one or other of them, greatly
improve almoft all forts of drawings or prints, if they are not too
fmall or too big. When they are very fmall, it is not fo eafy to mag-
nify them fufficiently for reprefenting nature ; and if they are too big»
they cannot all be feen at one view j fo that a regard ihould be alfo had
to the iizes of our prints,

P R O P . XXIX.

320. The eye and an objetf being placed in the axis of any lens, and
negleSiing the breadth of the pupil : The vifual angle of the object to the
naked eye, will be to its vifual angle through the lens or to the vifual
angle of its image ; as the r e £1 angle under the diflanc e of the eye from
the principal focus of the lens, and that oj its conjugate focus from the
objecJ ; to the recJangle under thefoeal length of the lens, and the diflance-
between the eye and the objecJ, very nearly.

72, L£t A be the lens, F its principal focus, and QAF its axis j QP an.
75. object facing the lens, the point Q^of which is in the axis : And let

О be the eye whofe conjugate focus is о ; that is, let the point о be.
fuch, that any ray as P<z tending directly towards or from o, will be
refracted to O. From the extream point P of the object to the point
o, draw the line P a o - , and from the center of the eye O, to the re-
fradting point a, draw the line О a and produce it to x; from О draw
alfo the ftrait line O£P. Now AO£ or QOP is the vifual angle of.
the object to the naked eye at O j and AOa or QOx the vifual angle
of its image feen from the fame place у for the ray P u i s * refracted.

Conft. into, л О j and Q A goes directly to O unrefracted. I fay,
£- QOP : £- QOx :: OF x o Q : AF x OQ, nearly.

When the above angles are but fmall, as in vifion through lenfes the
cafe generally is, A ò, A a, may be taken without fmfible error for their

meafurefc
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meafures refpedlively. And becaufe of the fimilarity of the refpeftive
right-angled triangles, it will be,

Kb : QP :: OA : OQ> and
QP : A a :: o Q : о A ; therefore,
Ab : Ал :: O A x o Q : OQxoA. But OA : 0A :: ь OF : AF; k 227. I.

and fubft i tuting the like proportionals, it will be,
A£ : АЛ :: O F x o Q : AFxOQ. %±E. D,

321. Carol, ï. When the objedt is very remote, it will be,
A b : Ад :: OF : AF j for then o Q and OQ being infinitely

great, the ratio betwixt them is a ratio of equality ; and therefore,
(OF x o Q : AF x OQ ::) OF : AF :: A b : A a.

[321.] Coro/, z. If the eye О be in the focus F of a convex lens ; Fig. 72,
it will be, A£ : A a :: OA (FA) : OQ. (FQ). For о being now at an to°75-
infinite diftance; 0Q, oA, are in a ratio of equality.

P R O P . XXX.

322. The image of an object f e en through any lens will appear under
the fame vifual angle, ana in the fame poßtion in both cafes, if the eye
and the objeft change places, the lens remaining fixed. That is, if the pj„ 7,
objett be tranßated from Q to O, and the eye from О to Q; the lens to 7/-.
in both cafes remaining ßxed at A ; the vifual angle of the image to the
f ye at Q, lot/I be the J ame as it 'was 'when the eye was in О ; and ac-
tor ding as the image did appear ere ft or inverted before, it will ap-
pear alfo the fame now.

Retaining the fame things and references as in the four preceding p. fi

and correfponding figures, let q be the conjugate focus of the point Qj t '^ ^ *
that is, let the point q be taken fuch, that Q/ : QA :: QA:.Qy.
Alfo, let the objeft QP tranilated to O, beO/>; and ftrait. lines being
drawn from q to p and from Q to p, let the points where thefe lines
cut the lens be refpedtively, v, y ; and let, as before, the lines A^,
A*y, be confidered as the meafures of the vifual angles of the objedt
and its image refpedlively.

Now, as in the preceding prop, it will be,
Ay : Op :: Q A : QO ; and
O/» : A-u :: qO : q A ; therefore
Ay: A - y : : Q A x y O :QOx ? A. But QA : q A :: » Q/ : АЛ . „„.

.and therefore, Ay : A v :: q O x Q/: QO x A/. 227' l"

H h 2 Now,
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t Fig. 72 Noxv, f A b : A a :: bOF x o Qj QO x AF. But becaufe AF=CA/,
to 75. QO x Ay = QO x AF ; and therefore what remains to be proved is,
"320.11. that q O x Q/= OF x o Q.
< Conft. Becaufe, Q/ : A/ :: d AF : F y ;
* 227. I. and, A•/: /o :: dOF : AF. Therefore,

Q/': o/ :: OF : Fy; and,
Õy : (Q/=t o/) Qo/.: O F : (O F =t F ?) O ?. Therefore

Q/x q O = O F x o Q j and confequently, A <£ : A a :: A y : A v ; that
is, the proportion of the vifual angle of the object to the vifual angle
of the image, is the fame whether the object be at QP and the eye
at O, or the object be at Op and the eye at Q. But the vifual angle
of the object is the fame in both cafes, and therefore the vifual angle
of its image is alfo in both cafes the fame. .^ E. D.

Again, we are to ihew that the apparent pofition of the image
is not changed, by fhifting the places of the eye and the object. This

l 'ig. 72, is evident by comparing the correfpondent figures 3 or it may be proved
/o. thus : If the lens be concave, the image is always créa. And when
Fig. 73. the eye О is between the convex lens A and its principal focus F ; the

object will appear creel, whatever be the diftance AQ of the objtct
from the lens. For if AQ be greater than Af, the inverted image

Fig-. 77. w^ ke neceflarily behind the eye, and fo the object appear erect. If
the object be placed at O/>, it w i l l then have an erect image, and there-
fore wil l appear ereil, whatever be the diftance AQ of the eye from

Fig. 74. ^е 'ens- After the fame manner, if the object PQ be between the
focus у and the lens it wi l l have an erect image: And if the object

Fig. 78. be tranilated to O, and the eye to Q, the object w i l l f t i l l appear ertct,
becaufe o, the conjugate focus to O, is farther from the lens than Q.

Fig. -je. When the diftances AQ, АО, of the object and the eye from the
lens are fuch, that the point g, which is the conjugate focus to Q,
is between О and the lens ; the image appears inverted : And fo it

Fig yg will if the eye be tranflated to Q, and the object QP to O/>. F'or
- 22'7 I.' « being, g¥ : FA :: dA/:/Q ; and OF : FA :: "A/:/*. ^ The geo-

metrical image is inverted, becaufe АО is greater than AF 5 and the
point o, which is the image of the point О of the object, docs nc-
ceflarily fall bet ween/and Q, becaufe OF is greater than ^F. There-
fore, &c. %.. E. D.

323. Sc/jol. By the tranfpofition of the eye'and the object, there
will be necefl'.irily a difference as to the diílindtneís in the two cafes,
-"xcepdng when the lens is in the midway between Q and О ; and
;.he apparent magnitude of the object may be alfo different, notwith-

g the equality of the vifual angles in the two cafes. Thefe diffe-
rences
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rences may not be much, when the lens is concave ; but they may be
very confidera'olc, when the lens is convex. When the eye is at O, fig. /3.
the object QP appears indiftindl, becaufe it is feen by converging rays ;
and its apparent magnitude will be greater or lefs, as it appears farther
from or nearer to the lens. But when the eye is at Q, the object l rig- 77-
will be diftinct, efpecially if the diftance AQ is not too great : In this
cafe alfo, the apparent magnitude of the image will be generally greater
than in the former, as the apparent diftance is generally greater ; and
the difference may be very confiderable. A difference of diftinotnefs
and apparent magnitude, will be allo obfervable between fig. 74, 78 ;
and alfo betwixt fig. 75, 79 ; according to which of the diftances Oq,
or Q0, is the propei eft for diftmct v i lion : And when the image ap-
pears in its true place, it will appear bigger from О than from Q, if
O q be greater than Q o j and revcrfely if O q be lefs than Qo.

P R O P . XXXI.

324. Any lens and the eye placed in its axis, being both ßxed, 'while
an objcEîfrom being clofe to the lens is moved farther from it along that
axis : If the lens is concave, or the eye is nearer a convex lens than its
principal focus ; the vifual angle of the image will conftantly decreafe,
as the objeéJ recedes from the lens : But if the eye is farther J r от a con-
vex lens than its focus, the faid vifual angle will conjlantly increafe, till
the objeSl has got to the conjugate focus of the eye -, and after the objcEî
has pa/fed that focus, the vijual angle of its image will decreafe perpetually.

CASE ï. Let A be the lens, whofe focus is F; O the eye, and о its Fig.72,73.
conjugate focus. Now it is manifest that the point a where the ftrait
line Pao cuts the lens, conftantly approaches towards A, as the object
QP recedes farther from the lens ; and therefore the vifuul angle АО а
of the image, continually decreafcs as QP recedes from A. Í^E, D.

CASE 2. If, while a line QP is moved perpendicularly along the axis Fig.74,75.
АО, from A towards o, the point P be fuppofed to approach nearer to-
wards Q, fo as to keep conftantly in the l ine a o ; or, if the faid line QP
be fuppoled to decreafe perpetually till it comes to o, fo that the points
Q, P, are always in the lines ho, ao : The vifual angle AOö of the
image of QP, will remain invariable ; and therefore the vifual angle
of the image of an invariable object QP will conftantly increafe, as
QP recedes from A towards о ; and the image will alfo appear erect.
When the object is at o, its image will be clofe to the eye at O. If
the axis A o, and the line ao, be indefinitely produced ; the vifual

angle
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angle of the image of an object whofe extreams Q, P are conilantly in
tlie faid lines, wil l be the invariable angle АО а : And therefore the
vi fua l angle of a given object, conflantly decreaies after it has pail o,
the farther the object is moved from the lens ; and the image will alfo
appear inverted. Therefore, &c. ^ E. D.

F'g' 77-' 325- Carol, ï. The tangent of the ^Q^oP or A.oa, is reciprocally
to 75. as cQ, and diredtly as A a : For o Q is the co-tangent of that angle to

angle tne invariable radius QP ; and A a is its tangent to the invariable ra-
dius A o. And therefore the tangent Ад of the vi fual angle АО л of
tne image, is always reciprocally as the line oQ-, that is, as o Q is in-
creafed or diminiihed, the tangent of the ^- АО« is diminiihed or in-
creafed in the fame proportion. And fo when c Q is infinitely great,
or infinitely fmall ; the laid tangent will be accordingly infinitely fmall,
or infinitely great.

326. Coro/. 2. Becaufe the vifual angle of the object is always reci-
procally as OQ, and that of its image in the reciprocal proportion

Fi". 72. of oQ; as the object recedes from a concave lens, the vifual angle of
the image decreafes fafter, than that of the object would do to the
naked eye, if the lens was taken away. And when the eye is be-

Fig. 73. tween a convex lens and its principal focus, the vifual angle of the
object to the naked eye, decreafes fafter than that of its image through
the lens. But as AQ increafes, the ratio's of o Q, OQ approach nearer
to an equality ; fo do alfo the ratio's of the decrements of the above
angles, approach nearer to an equality. In fig. 74. the vifual angle of
the image is increafing, and that at a great rate, while the vifual angle
of the object is decreafing. And in^. 75. after the object has part o,
its vifual angle decreafes flower .than that of its image j and that in
the proportion as OQ increafes flower than o Q.

Fig. 68. 327. Schol. If the eye be placed in the focus У of a convex lens j
To an eye the image of a given object PQR will fubtend the fame vifual angle
? lacedfacon- at ^le еУе> wherever in the axis the faid object be placed. For con-
vM^icnsYtheceiving the ray f чз to be returned back to the lens, it will be re-
vifuai angle of frSLfad in the line -о PB parallel to the axis; and fo wherever in the
be^helamT, indefinite line v PB the point P tjp taken, its image will be fomewhere
ataUdiftanceein the line f vp. After the fame manner, a ray proceeding from R
fronuhe lens. WM be refracted to f. Alfo the tangents of the vifual angles of the

object, and its image, will be reciprocally as /Q, f&> for Ai>, QP
are in this cafe always equal, and therefore /Q, f A are the co-tan-
gents of the above angles. But the diftindtnefs, apparent place and
magnitude of the image, will yet be variable.

P R O P .
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P R O P . XXXII.

328. The dißance bet-ween a lens and an objeft being ßxed, while the
eye retreats back from the lens along the axis : If the lens be concave f

or the objetJ be nearer a convex lens than its focus, the vifual angle of
the image will conflantly decreafe : But when the objeft is farther from
a convex lens than its principal focus, the vifual angle will conjlantly
increale till the eye has got as far back as the geometrical image ; and
after the eye has paß that image, the vifual angle will perpetually
decreafe.

This prop, is the converfe of the preceding. Let A be the lens, Fig; 80,
F its principal focus j QP the object, and q p its image. Now when to #3.
the image is before the lens, as injîg. 80, 8 1. it is manifeft that the
vifual angle q O/> conftantly decreafes, as the eye О recedes farther
from A : juft as the vifual angles of objects feen by naked vifion dimi-
nifli, as the eye retreats from them. When the image is behind the
lens, as in fig. 82, 83 ; fmcc any ray proceeding from P, does after
refraction proceed to the focus p j it is manifeft that the vifual angle
AOB under which the object is fecn through the lens, is in this cafe
alfo always =^- qOp- And confequently, till the eye has got to the
inverted image, the vifual angle conftantly increafes ; and after the eye
has paft the image, the faid angle conftantly decreafes. Therefore,

E. D.

329. Corol. ï. The tangent of the vifual angle yO/> or AOB, is
always reciprocally as Oö j or the co-tangent of the ^-qQp is always
directly as O q. And therefore when O^ is infinitely increafed or
diminiihed, the angle q Q p will be the leait or greateft poffible.

330. CoroL 2. As the eye recedes from a concave lens j the vifual
angle qQp of the image, decreafes fafter than the vifual angle QOP
of the object, feen by naked vifion : And the contrary happens, when
the object is between a convex lens and its principal focus. Becaufe in
the firft cafe, the diftance О у of the image is lefs, and in the fécond cafe
greater, than the diftance OQ of the object. But as the diftance AQ
increafes, the ratio's of the decrements of the above angles, will approach
nearer to an equality. When the image is behind the eye, its vifual
angle increafes the fafter, the nearer the point О of the eye approaches
towards it j and after the eye has paft the image, the vifual angle at firft.
will decreafe very faft, and afterwards flower by degrees.

2
33 «•
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Fig. 68. 331. Schol. If an objeft be placed in the principal focus F of a con-
To all d_i- vex J e n s - its i ma-j-e will appear under the lume vifual anejc, at all di-
f t a n a : s o f t h e - r ï r ï ï ï - • ï • r i n i >eye from a fiances oi the eye from the lens. 1'or in this caie, the rays r j, rv,
convex leu-,, P£} &c. will be refracted into the rays s a, vf, tG b, 6cc. ail parallel
ilftTs'in'the" to -one another, and to the ray -vf; and fo wherever in. the axis the eye
ibcus; the be placed, as at G, f, or a, 6cc. the vifual angles AG /, Afv, Aas ,
vifu. i l <ot &C. wiH be all equal. In this cafe alfo, the image will always appear
be invariable, erect.

But here alfo, the diílinólnefs, apparent place and magnitude of
the objeót will be variable.

when the ob- 332. Carol. When Q is in F, the ^Afv = ^-QAP : For Av —
5 indthc ̂ P' and AF=/A. And therefore if the eye be in /; the vifuals

eye in the angle of the image, will be double the vifual angle of the object, feen
ether focus of j™ tnc naked eve from the lame place.
a convex lens ; J * -1

the vifual
the image, is

P R O P . XXXIII.

•733. The eye and an objcEl remaining fixed in the fame places, while
a 1cm is moved between them, fo that its axis is always in the line join-
ing the eye and the fame point of the okjeSt : If the lern be concave,
the vifual angle of the image -will be kaß of all, when the lens is in the
middle point betwixt the eye and the objeõí ; and the vifual angle will
continually incrcaje, as the lens is moved from the middle towards cither
extream : If the lern be convex, and its focal length greater than ^ of
the dißance betwixt the eye and the objet! ; the vifual angle will be greateß
of all, when the lens is in the middle ; and it will continually dinrinifti, as
the lens is brought nigber either to the eye or the objcSl : But if the
focal length of the convex lens, is lefs than 4 of the dißance betwixt the
eye and the object ; the vifual angle of the image will be then leaß of
all, when the lens is in the middle betwixt them.

P « Let О be the place of the pupil'of the eye, whofe breadth is here
to Q i. not regarde£b Q the objeit; A the lens in the middle between the

eye and the objeelj that is AO = AQ; the points F, /, the prin-
cipal focus's of the lens when it is placed at A ; and G, g, thefe fo-
cue's when the lens is moved to a. When the lens is in A, o is the
conjugate focus to the eye, and v that focus when the lens is at a ;
that is, the incident rays whofe focus are at o, v, refpeftively, have
their focus at О after refractions.

2 Now
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Now OFx/össs'OGx^-ysÄ'AF'sÄ'öG'i and fa, ' 227. 1.

Д

OP4 : O G :: v g : of. And when the lens is in j it will be,

of the i IL

The two firft of tbefe re$angles are «quaj, becaufe дС= с АР;е Conft.
and they are alfo invariable : Therefore the vjfual angle of the image
when the lens is in A, or at any other point a, will be reciprocally as
the rectangle OF x Q o, or OG x Q-u. Again OFs='Q/; and

374. CASE ï. The dißance between the eye and an objecJ being fixed >
•white a concave lens is in motion from either of them towards the other s
I fay the vifual angle of the image will decreafe continually, till the
lern has got into the middle, where the faia1 angle will be leaß of 'all j and
after that it ivill increafe continually, and that at the fame rate that it
decreafed before.

For OF : OG *c~Q£ : Q/} and therefore OF : OG c~ Q-u (Q.£ Fig. 84.
— vg) • Q* (Q/— of). Wherefore OF x Q o c- OG x Q/y ; and
confequently the vifual angle of the image is lefs when the lens is in A
than when it is in any other point a ; and it is manifeft that as the
point a approaches nearer to O, the ratio of OFxQo to OGxQu
continually increafes. Therefore, &c. ^. E. D.

335. CASE 2. When a convex lens, whofe focal length is greater than
one fourth of the dißance between the eye and the objeft> is placed in Phe
middle between them : I fay the vifual angle of the image is then greatefl
vfa//i and that 'this angle continually decreafes, as the Jens is brought
nigber either to the eye or the objet?. This cafe, as to the conftruftions
of the figures, admits of the Ax following varieties.

ï, 2. When both the focus's F, G, are before О ; or when they are Fig. 8&
both behind O, and the focus g is beyond Q. 86.

We have OF : OG cr Q# : Q/; and therefore OF : OG -D Qv
— -од: ом*/— a/>

3, 4. When the focus's F, G, are both behind O, and the focus g Fig. 87,
is nearer the eye than Q is } or, the focus G only is behind O. 88.

It will be, OF : OG -a Q<u (vg -f- Q^) : Q o (o/— Q/0 There-
fore in each of thefe four cafes, OFxQ^o -DÒGxQu; and coníè-
quently the vifual angle of the image is greateft when the lens is in A ;

and
" c- fignifie« that the quantity before it k ratio of Q£ to Q/i the reafon whereof is,

greater than that which- follows, and -3 fignifies becaufe FGssfg, and OF-nQj-, OF being
îhe contrary : The exprefuon referred to fignifies t= Of, The like is to be underftood in the ex-
thftt the ratio of OF to O Q is greater than the preffions that follow. Sec alib note* page 46.

I i
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and it is manifeft that it decreafes continually, as the point a approaches
towards O.

Fig. 89. 5. When О is in F, (£_ will be alfo in/. And it will be, when the
* 331 II ï • • A -r i / • т j / L- n332. ». lens is m a y vtfual t- image : vtfual *- ofyeft ::

But <zGxOQ.= 2<zG*, becaufe OQ==c2o
OG x^-u-h OG X£Q. But ОСх£-у = йС% and therefore
OQ^~3 aOG x Qv. Therefore the vifual angle of the image when
the lens in A, is greater than when it is in any other point a. S^E. D.

Fig. 90. 6. When О is in G ; it will be when the lens is
.A . r ,, . т ï / ï- a. A F x O Q - . O F x O a

• 327. II. Ш a ' ™fu tmage :luifual *- obJe£i '• OQ": eOa.
And OQj Oa :: OQ^x Qj> : Qp x О a. But Qj> : О a -a AF : OF?

For AF : OF :: c A/:/Q :: * А о : (АО) AQ :: f o (Ao —А/ ) : A/= Oa.
Wherefore AFxOQj OFxQo c-OQxQ^rO^oxO^j and consequently
the vifual angle of the image is greateft, when the lens is in A. ^. E. D.

336. CASE ?. When the diftance between the eye and the objeSi, is
greater than Jour times the focal length of a convex lens ; the vifual
angle of the image will be leafl of ally 'when the leni is., in the middle be-
tween the eye and the objeEl. .

Bg. 91. For OF : OG cr- Qjg- : Q/; and therefore
OF : OG c- Qv (Qg — vg) : Qo (Q/— of.) Wherefore

. OF x Q_o c- OG x O^u ; and confequently the. vifual angle of
the image is leail when the lens is in A. e^E. D*.

In all the above cafes, if the point a be taken .betwixt A and Q;
the cafe will be the fame as if the eye and the object changed places,
whilft the point a retained its former pofition ; and which ever fide of
A the point a be taken, if the diftances from A be equal, the vifual

322 II. angle of the image will be the f fame in both cafes. Therefore, &c.

FÍP- 84 to 337- Schol- ï. I*1 the two-firft cafes the • object appears always erect,
£0°' ' at whatever diftance from the eye the lens be placed. This is felf-

evident, if the lens be concave ; and when the lens is convex, becaufe
OF -i] F A, if QJs beyond f, o will be alfo beyond Q; and there-
fore the image, of Q^_ will be behind O, whence the object necefíà-
rjly appears -.erect.

Fig. oii 338. Schol, 2. Tn cafe the third, the image will continue inverted
till the lens has got into a certain point B, fo that Q^» : QB :t QB : QO,
the, point b being the. focus of the lens when it is in B. For then the

image

•}• Wb.'n 0 f^== -j A F, and Л Q_= A O, the image oi' Q_will be inO, and therefore invifibk.
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image of Q wil l be in O j and fo it will alfo be, if the point В be
taken as far diilant on the other fide of A. During the motion of the
lens from A to B, the vifual angle of the image was continually in-
creafing j after this the image will appear cred, and its vifual angle
will decreafe as the lens approaches nearer to O.

To find the point B j take ОС = 2AF, and betwixt АО, AC, find
the mean proportional ÁB, which gives the point В required. Becaufe

AB : АО :: 'AC : AB :: BC (AB— AC) : ВО (АО— AB). ' Hypoih.
Therefore, QB (AB -f- АО) : АО :: ОС (BC -f- ВО) : ВО} and

Ц: 22 (АО) ::^ (Ь/6В) : ВО :: QJ : QO :: ЕЬ : ВОЛ Coníh

Wherefore, QÃ (QB — BA) : QB :: QB (QO — ВО) : QO. $.E. A
339. Scbol. 3. In fome cafes, the vifual angle of the inverted image

may be equal to the vifual angle of the object feen by naked vifion.
For whenever QA : Ay :: OQj, Oy j the angles QOP, q Of are equal. Fig. 83.
For, QP : q p :: AQj Ay; and when QP : QO :: q p : у О, the tri-
angles QOP, q Op are equiangular. This can never happen but when
thé eye and the objeft, are each of them farther from the lens than
twice its focal length i and the diftance of either of them from the lens
being given, to find the place of the other when the faid angles are
equal.

Let AG and AH, be each equal to twice the focal length AF, of the
lens. Say OG : GA r: AH : HQ, and by this proportion we have
•either the point О or the point Q._

Becaufe OG : GA :; AH : HQ ; it will alfo be,
OA (OG -{- GA) : GA :: AQ (AH + HQ) : HQ.

And OQ (OA •+- AQ) : AQ :: AQ (GA 4- HQ) : HQ.
But AQ : Qy :: CQF : QA. e 227. I.

Therefore by multiplying, OQ: Q y :: QF ; HQ. Again,
Oy (OQ— Qy) : OQ :: AF (QF— QH = FH) QF :: </y ; A/

Therefore,
Oy : OQ(:: AF: QF::/?: A/:: AF(s=A/) •+•/?: QF-hA/j Ay: AQ>

If the ratio of OQ to O g, be greater or lefs than the ratio of AQ to
A y, or of QP to q p ; the vifual angle of the objeol, will be accordingly
lefs. or greater than that of the image.

We have now determined the ratio's of the vifual angles of the ob-
je£t and its image, in all the cafes that can happen : But the apparent
magnitudes will not be always as thefe angles ; and it will not be amifs
therefore, to add fome farther obfervations concerning the phenomena
thcmfelves. There will be fome difference alfo in the proportions of

I i 2 the
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the vifual angles, on account of the aberrations of the lenfes j but it
would have been heedlefs to have burdened the above propofitions,
with thefe coniidefations.

When a lens 340. When any lens, either concave or convex j touches the object,
SUS" 1еаЛ 'lt then diminiihes or magnifiée the leaft poffible j the object and its

image being then neatly coincident* and the neareft to an equality that
it is poffible for them to be. When the lens is brought as near the
eye as may be, without offending it, which leaft diftance betwixt the
lens and the cornea, may be about one eighth of an inch} the vifual
angles of the object arid ítá image are fo nearly efcjuâl, that their dif-
ference is fcárce fenfible-, urilefs the lehs has á íhort focus, as not ex-
ceeding a few inches. But yet in this cafe, if the focal length of the
lens does not exceed two or three feet ; an object feen through a
concave lens will be fenfibly diminished, and an object not farther
from a convex lens than its focus* will be fenfibly magnified by it j
and thefe differences of apparent magnitudes, are generally more owing
to the differences of apparent diftances of the object and the images*
than td the diíFerénee of the vifual angles^ though thefe alfo contri-
bute their fhare 3 that is, beeaufe the image ieen through a concave
Jens generally appears nearer, and through u convex lens farther, than
the object.

F)'g- S3> 341. Ari inverted irrtage, when it íubténds the fame vifùai angle at
the eye that the object does, appears lefs, aftd generally lttu«h left,
than the object. For the image irt this =cafe, always appear« nearer
than the object, ire apparent placé beirtg geiîetâHy at or hear the lens j
and if it be ieen in its true place» «s -at q#, its apparent magnitude will
be ftill lefs.

Apparent 3/^2- TO a given dift*Acfe between the <iye and an 'object, a eönoave
"" """ lens.-gáieraVly dtíAlnfflièfe thé rïtoft» '^hërt it -is brought «eareft <o «the
concave iens, eye That cÜftiuct vifion will admit of. Thus, the given diftance be-
when the t^e£n tfte -.çyç at .^ .a^ the object PQR, being -«"О. i ïf the 'lens A be
jett,'0riethe" brought fo near to tf, that a q is the leaft diftance of diftinct vifion,
eye are in and AQ be'greater than ä A', the -apparent 'magnitode of the image

\ wiK 'Be generally the leaft it -can, for that Pittance of the eye and the
7' object. "For if the lens be moved-neai^fr 4<swar<k ehe object, although

334. II. t¥e viftfal-angle will fo • áitnlniÉhed *iH 'the lens get« to the middle be-
tween vrarKl'Q, yet the Image will be 'enlarged ; as ifAQ.= Ayi the
the -image -of ÖPR === H;K Will be === h k. But the apparent diftance
of the image 'from the -eye, -if the -kns is not vety flat, increafcs at
Icail nearly, -at the-fame rate ihtrt the 'true diftance a-g is increafed ;

and
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and therefore, whilft the real magnitude of the image is inçreafed, its
apparent magnitude muft alfo increafe.

Again, if while the lens and the object remain fixed, the eye re-
treats farther back ; and if during this retreat, the image appears in the
fame place, as is generally the cafe at leaft nearly, it will appear all the
while of the fame magnitude } and that for the fame reafon, that ob-
jects at moderate diftances from the naked eye, appear ftill of the fame
magnitude while thefe diftances are varied. But if the image ihould
feem to approach nearer to the lens, this will caufe it to appear fome-
what diminiihed.

If while the eye and the lens remain fixed, the object be moved
farther off; the apparent magnitude of the image will be conftantly
diminiihed. For whilft its vifual angle is diminiihed, its apparent di-
ftance is fcarce at all incrcafed. In this cafe, the geometrical image is
diminiihed, whilft its apparent and true place are nearly coincident.

343. In vifion through a convex lens, the vifual angle of the image Apparent
has frequently a greater íhare in the idea we form of its apparent ^roughlT
magnitude, than when we look through concave lenfes ; and that be- convex lens,
caufe, when the image is far beyond the object, the divergencies of"^1^ a£e
the rays alone are not fufficient means for diftmguiihing its true place ; vifual angle.
and the apparent diftance of the image, when it is before a .convex
lens, is feidom fo far as its true diftance.

344. The object and a convex Jens being fixed ,at a given diftance, -Apparent
leis than the focal length of the Jene : As the eye recedes farther hack, ̂ "'tiíe^b-
from being cloíè to the lens, the apparent magnitude of the image will j^i ami a
generally increafe for a little way j for the vifual angle will be dimi- ^""both fixed,
nUhed in a * lefs proportion, than the .apparent diftance is increafed. If .the rye being
the geometrical image is A good way farther than the object, its appa- m mo

rent magnitude may -continue /to increafe, till .the .eye has got as far as " 33
it can fee <the whole object thr.o' the lens j and the object being feen to
fill a greater part of the lens, contributes alfo .to this 'phenomenon . But
when the object is pretty near the lens, that is, when its image is дс*
far beyond it j after 'the «ye .has got to a fmall .diftance from the lens,
the apparent magnitude .may vary iníenfibly \ hecaufe the increafe of
the apparent diftance, and decreafe .of -the .vifual angle, .become nearer
to a ratio of equality ; or the increafe of .the one .aad decreafe of the
other, may for a while .continue .exactly .proportional, as ,the image
may feem to move л little .леакег lo .the object. Or the apparent mag-
nitude of the image may decreafe, by its feeming to approach fo -to-
wards -the object, that .the increafe .of .the .apparent dHbnce ihall be in
a lefs proportion, than лЬс xdecreaib £t£ the vifual angle,. And hence,

it
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it is eafy to account for all the different phenomena, that may happen
by placing the object at different diuances from the lens, towards its
focus ; or by uiiag different lenies.

If the object be placed in or very near the focus, the apparent mag-
nitude will increaie all the way as the eye recedes from the lens. For

c « a i . II. the vifual angle of the image c remains the fame, whilft by retreating
from the lens, its apparent diftance is increafed. And if the object is
placed beyond the focus j the apparent magnitude will be neceflarily
increafed, as the vifual angle.will be increafed, till the eye has got as
far back as the image. After the eye has paft the image, its apparent
magnitude will remain the fame, if it be feen conftantly in its true
place ; but if it feems to hover about the lens, as the cafe frequently
is, its apparent magnitude will decreafe, as the vifual angle will di-
minim fafter, than the apparent diftance is increafed.

The eye and 345« The diftance between the eye and a convex lens remaining in-
'hc lens being variable, whilft the diftance betwixt an object and the lens is continually
the object L increafing : If the eye and the object are pretty clofe to the lens, the appa-
in motion, rent magnitude will continue, for a while, pretty much the fame j for in

this cafe, the increafe of the apparent diftance and decreaíè of the vifual
angle, will be nearly proportional : But if the object be moved fo far,
that its apparent diftance through the lens, increafes flower than its
true diftance ; the apparent magnitude will decreafe. If the ftation
of the eye be nearer the focus of the lens, the phenomena will be dif-
ferent j and the apparent magnitude of the object, as it retreats from
the lens, will conftantly increafe, at leaft till it has got to a certain
diftance off. Becaufe here, the vifual angle decreafes flower than the
apparent diftance increafes j and when the eye is in the focus, that

t 7 jj angled continues invariably for all diftances of the object from the lens.
If the eye be without the focus, as the object is moved from the lens,

Fig, 68. the apparent magnitude will increafe ftill fafter : For in this cafe, the
vifual angle itfelf will be increafed ; as the image of a point P moving
parallel to the axis Aq, will be always fome where in the line flip-
and therefore when the eye is at a point a, further from the lens than
/ï the farther is the point/, the greater will be the vifual angle gap.
And whether the eye be within or without the focus, if it be not far
within it, the apparent magnitude will increafe after the object has paft
the focus ; for the vifual angle continually increafes, as the image be-
hind advances forwards towards the eye ; and till the image has got
before the eye, the apparent diftance of the object is never lefs than
that of the lens.

In this and the preceding, there will be fome difference in the
phenomena, on account of the aberrations of the lens: Alfo there will

be
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be frequently a difference in the apparent place of the image, accord-
ing as the eye is vigorous or fatigued, Csfc. and that will caufe a diffe-
rence in the apparent magnitude.

346. It has been e ihewed, that when the diftance between the eye Phenomena
and an object, is lefs than four times the focal length of a convex lens j ^"bjeaTre
the vifual angle will be greateft of all, when the Tens is in the midway fixed, while
between them : The apparent magnitude in this cafe, will be alfo ^otioT " '"
greateft of all, when the lens is not very near either to the eye or to
the object, but not always when it is in the middle betwixt them. For" 3^'
as the lens is held at different diftances from the eye, the apparent
diftance of the object will be different j and the apparent magnitude
will be greateft of all, when the rectangle under the vifual angle and
the apparent diftance, is greateft. The apparent diftance is commonly
greateft of all, when the lens is fo placed, that the object is near its
principal focus : And when the diftance between the eye and the object,
is much above twice the focal length of the lens, as three times or
more that length j the vifual angle varies but ilowly, as the lens is moved
a little either way from the middle. And hence, when the diftance
between the eye and the object, is fenfibly greater or lefs than about
twice the focal length of the lens.$, the apparent magnitude is com-
monly greateft, when the lens is accordingly nearer the object or nearer
the eye, than the middle. But in looking at an object, we naturally
place the lens fo, as upon the whole the object appears.beft j and this
it does not always when it is moft magnified. For if the eye is fuited
for vifion at common diftances, as in all the above obfervations were
fuppofed ; the object muft be placed a little within the principal fo-
eus,, that it may. appear to the beft advantage.

347. From the preceding obfervations about vifion through convex A" °Чса

lenfes, it is manifefl that an object may appear bigger through a lens magnifie™
of two or three feet focus, than through a lens of half that focala fliallower

length ; according as the proportions of the diftances betwixt the eye, Ivhhîdcep,
the object, and the lenfes are differently circumftanced. But yet there »nd why.
is another caufe that may produce thefe phenomena. An image fcen
with both, eyes through a broad convex lens, will fometimes appear
two or three feet or confiderably more^ beyond the object, if the lens
has not a very ihort focus : And generally, if the focal length of the
lens does not exceed a certain limit as about arm's length j the longer
it is, the farther off beyond the object the image may be perceived.,
Thus, through a lens of a foot focus, the apparent diftance of the
image beyond the object, may be proportionably greater than if we
look through a lens of fix inches focus j the dillances betwixt the eyi.\,

5 the.
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the object atvâ the lenfw, being proportional in both cafes. The rea-
fon whereof feems to be, that the rlatteft lens being fertheft from the
object, the eyes adapt themfelves the eafier for vifion at a greater di-
ftance j and the rays being refracted more uniformly by the flatteft
lens, may probably be another reafon of our being the better able to
diftinguiih the places, from whence they diverge to the eyes. Jf the
proportion of the apparent diftance through the flatteft lens to that
through the deepeft, be greater than that of the vifual angle through
the deepeft to that 'through the flatteft lens j the object will appear
biggeft through the flatteft lens. Theíè phenomena happen only in
particular 'cafes, and not frequently.

Magnifying -^gt Hence it appears, that the proportion of the apparent mag-
ing powers of nitudes of an object feen through two different lenfes, cannot be ек-
lenfes, reci- âctly uffigned by having given the focal lengths of thefe lenfes, and
íhe^flfcaí3 fne diftances of the object from them. However, it may be reckoned
lengths, in the general, that the magnifying powers of convex lenfes, and the

diminiihing powers of concave lenfes, are reciprocally as the focal
lengths, Tifearly. Let an object be placed fucceflively in the focus's,
or at fimilar diftances from the focus's of two convex lenfes ; the eye
being alfo placed fucoeffively in the other focus of each lens : The
vifual angles of the images in thefe two cafes, will be reciprocally as
the focal lengths of the lenfes j and therefore if the apparent diftances
of the images from the lenfes, were equal in the two cafes ; the appa-
rent magnitudes would be reciprocally as the focal lengths of the
lenfes : But as the image feen through the deeper lens, will hardly ever
appear fo far as it will through the other j íb the ratio of the appa-
rent magnitudes through the two lenfes, will be nearer to an equality
than that of the vifual angles.

The apparent magnitude of a remote object, feen through two
concave lenies of flhort focus's, will be very nearly in the reciprocal
proportion of their focal lengths:: T<fae diameters of the images will
be exactly in that proportion j and if the eye ibe at proper diftances,
they will appear very nearly in their true places, that is, in the fo-
cus of each refpective lens. But when the object is near, the deeper
lens will not diminiih &> rauch more than the other, as in the above
proportion.

P R O P .
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F R O R XXXIV,

349. To determine the -vißble area, or breadth of the ßdd of vißon,
through a given * aperture of a given lens ; the place of the eye, and of
the indefinite plane or objcfî, being alfo given.

Let A be the lens, whofe center is A, and focal length is AF; AB Fig- So,
the femi-aperture of the lens, О the place of the eye, and PQ the to ^3-
indefinite objedt. Having drawn the indefinite image pqy draw the
line OB, and produce it t i l l it cuts the image i n / » ; through the point
p draw the axis A/>, and produce it, as the cafe requires, till it cuts
the indefinite objedl in P. Now it is manifeft that pq, contained be-
tween the axis OQ and the line OBp, is the breadth of the vifible
image through the femi-aperture AB, and that PQ is the part of the
objecl: whofe image is p q. Therefore PQ is the vifible area through
the femi-aperture AB. S^E. L

The above conilrudtion, regards only the extream rays that enter
the center, of the pupil ; but if the breadth of the pupil be confidered,
the vifible area will be fomewhat larger. Let, as before, О be the cen-
ter of the pupil, and O b that femi-diameter of i,t which lies on the
contrary fide of the axis that the point P is of. By drawing the line
b B till it cuts the image, and a line from the center of the lens through
this point of mterfedion till it cuts the objedT:, we have the vifible area
Q*, as before.

350. Schol. ï. Hence the vifible area is greateft when the eye is Field of vi-
clofe'to the lens : And the lens and objedt being fixed; the part in fion the great-
view through a given aperture, will decreafe perpetually while the eye 'ь'Д'у
recedes from the lens, unlefs the image is behind the eye ; in that cafe 'he lcns

it will decreafe only till the eye has got to the image, and after that it
will increafe perpetually. But notwitbftanding, as the eye recedes from
О farther back; the decreafe of the vifible area in fig. 80, 81, and the
increafe of it in^. 83, has but a fmall limit. For, fuppofing the pu-
pil contracted into a point, the image p q in both cafes will be equal
to AB when О is at the greateft diftance ; that is, when OA, OB are
parallel. Whence by making q p = AB, and drawing the axis A/>P j
we have the fmalleft field in the one cafe, and the largeft in the other,
that can poiîibly happen. In Jig. 82. when the eye is in qy qp cannot
exceed Op the fémi-diameter of the pupil : But in this cafe indeed,
nothing can be feen on account of the indiílinílnefs.

351,
* By the aperture of a lens or fpeculum is meant fo much of it as is open and not covered.

K k
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Fig. 81.
Field of vi-
fion =r. Aper-
ture of a con-
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Fig 80,
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Л n oli jcft
leen through
a lens moved
up, or down,
or fideway?,
feems alfo to
move, and
which way.

Fig. 80,
to 83.

How to find
whether a
flattiih glafs
is a lens.

351' Schol. 2. When the eye is in the focus У of a convex lens,
the vifible area of an object placed any where in the axis on the other
fide, wi l l be equal to the aperture AB. For in this cafe, if the ray
OB or / В be fuppofed to return backwards to B, the refradted ray
BP w i l l be parallel to the axis AF ; and therefore where-ever PQ is
placed in the indefinite axis A q, the ray PB will be refracted to O,
and the vifual angle/» O q will be invariable.

352. Schol. 3. If the places of the lens, the eye and the object b»
given ; and alfo the breadth of the object, to find the leaft aperture of
the lens through which it may be feen. Find the image qp of QP,
and draw the lines gOy pO; and that part of the lens which is in-
cluded between them, as AB, will be the aperture required. In like
manner, if QP and AB are both given ; and it be required to find
the point O, where the rays QA, PB interfect after refraction by
the lens. Produce q A, />B till they meet, and that will give the point
required.

353. SchoL 4. If a lens held before the eye be moved quickly up,
or down, or iidewife ; an object feen through it will alfo feem to move
or dance, at the fame time. And if the lens is concave, or the eye is
behind the inverted image of a convex lens, as in Jig. 83 ; the object
will feem to move the fame way that the lens is moved : In the other
eafes, as in/g. 81, 82; the apparent motion of the objeft feen through
a convex .lens, is the contrary way.

From the point P of the object, draw the line Рл О to the center,
of the pupil O. Now let the lens be moved upwards till its center
A is in a ; and the point P which before was feen in the l ine OB,
will be now feen in the line О a ; P a O being now the axis of the pen-
cil of rays proceeding from P to О : And confequently P appears in
a different place from what it did before ; and for the fame reafon it
will feem to move, and alfo every other point of the object, all the
while the lens is moved. The phenomena will be fame, if while the
lens is fixed, the fpectator moves his head.

354. Cor. And hence we have a ready way of finding whether a
flattifh glafs, has its fides truly flat and parallel ; or whether the glafs
is a concave or a convex lens. For if the glafs has its fides flat and
parallel, the apparent place of the object will remain invariable while
the glafs is moved before the eye ; becaufe the rays are refraaed alike
by every part of it. And if while the glafs is moved, the object fcems
to move, the glafs has a focus ; and by obferving whether the motions
of the objedt and-the glafs are the fame way or contrary wife, we know
whether the glafs is a concave or convex lens.

355-
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355. Schol. 5. If thé diftance АО of the eye from a concave lens Fig. • So.

be inch, that AB = В а ; the field of vifion through the given aper-
ture Aß, will be twice as wide, as it would be to the naked eye look-
ing through an aperture of the fame fize, and at the fame diftance
from it. And the point P will continue vifible to the eye at O, through
the fmall aperture AB, while the center of the lens is moved through-
out the whole fpace A a. But the point P, feen through the convex
lenfes, fig. 8 1, 82, continues vifible through the large aperture AB,
only while the center of the lens moves through the fmall fpace A. a:
And in the figures laft referred to } the field of vifion through the
given aperture AB, is only about half the breadth of what it would be
through the fame aperture, if the lens was taken away. And hence
it is, that, an objedl continues vifible through a concave lens, while
either the lens or the eye is moved fideways confiderably, or whilft
the axis of the lens is confiderably inclined : And this motion may be
continued much longer before the object is loft, than it could if the
lens be removed whilft the fame aperture remained. And the contrary
happens in looking through a convex lens.

P R O P . XXXV.

To ßnd the focal lengths of lenfes by experiments.

This propofition may be folved by different methods, as followeth.

356. The focal length of a pretty broad glafs lens, may be ob- By the thick-
tamed near enough for fome purpofes, thus : Meafure exadlly the ^Llthof
thicknefs of the lens in the middle and at the edge, and alfo its breadth ; the lens.
then it will be,

the difference of the above thickneffes, is to half the breadth; * fo * 202. I.
is half the breadth, to the focal length required.

By a proper gage made for the purpofe, the thicknefs of a lens
may be obtained to the 5001)1 part of an inch ; and its breadth might
be al(o meafured to a tolerable exaftnefs. But left the figure of the
lens ihould be faulty near the edge, the thicknefs mould be taken
at fome diftance therefrom, and alfo in two places diametrically op-
pofite ; half the fum of thefe two thicknefles is to be deemed the
thicknefs at the points where they were taken, and the diftance be-
twixt thefe points is to be reckoned the breadth of the lens. By
this method, an eftimate may be made how the lens is centered, and
whereabouts is its vertex ; and it may be ufeful on fome occafions, as

K k a it
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it may always be put m practice : But if great exactnefs be required,
this method is not to be depended upon •> becaufe a fmall error in the
data, may produce a great one in the focal length.

By having the 357. If we have the radii of the fides of the lens given; its focal
radii of the ],ength may be found by the n,les pr0p XXIV. ОГ prop. XXV. of

Book I. according as the lens has one fide plane or both fpherical ;
remembring for m, n, if the lens is of glafs, to ufe the numbers 31,
20, or * 17, и, as being more exact than the numbers 3, 2. But this
method in practice is very precarious, as it is difficult to find the
radii of the fides of the lens to a fufficient exactnefs : And even the
focal lengths of two lenfes formed by the fame tools, will be different;,
fo that the workmen themfelves before trial, do not know the exact
focal lengths of their lenfes, though they know to what fpheres their,
tools were formed. In practice therefore, we need only ufe the fol--
lowing rule, according as the centers of the fides are on different fides,
or on the fame fide of the lens j

As the fum or difference of the radii of the ßdes, is to one of them t
* 192. I. *fo u double the other, to the focal dißance from the lens,

If the curvities of each fide is the fame, the radius of that curvity
may be deemed the focal length. And if one fide of the lens is plane,

c 179. Г. the focal length may be reckoned equalc to twice the radius of the
fpherical fide.

The focal length of a convex lens may be alfo found by the fol-
lowing methods.

Focus of a 358. Let the room be darkened fo that no light comes into it, ex-
convex lens 'cepting through a hole in one of the window-mutters : The lens be*
image in a* 'ng placed againft and clofe to this hole, move a white paper behind
dark room of it, till the picture of a particular object,, directly facing the lens, ap-
ague object. pears тод diftinct, anci there fix the paper} then meafuring the di-

ftances betwixt the paper and the object each from the lens, there will,
be a fufficient data for finding the focal length required.

F. g Let QT be the object without doors, A the lens in the window»
lß> 3< íhutter, q p the place of the paper where the image of Q P is di-

ilincteft, and Q A q the axis of the lens. Having meafured the diftances
*227 . I. QA, ?A, it will be, Q? : QA :: *QA : QF ; and QA— QF; = AP

the focal length required •£.
359>

* If thefe numbers be admitted, a double f The diflanct betwixt a fixed objeft with-
convex or concave lens, whóíe thicknefs is in- out doors and the window-ihutter, being once
confiderable and whofe fides have equal curvi- accurately meafured ; the focal lengths ofother
ties, will have its focal length to the radius of It-nfes may be afterwards found with little troü-
its curvity as n to 12 ; as will appear by apply- Ые, uníeis A j be greater than the, breadth of-
ing the rule 185.1. t being negleflcd. ' thç гоош.
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3 со. SchõL ï.. In ftrictnefs the focal length of any lense, is the di- • 215.1.

ftance from its principal focus to the refpective focal center. And in
the example above, the diftances betwixt the focal centers.of the lens,f 226. I..
fliould have been f fubtraeted from Q? 5 and for QA, we ihould have
taken the diftance from Q to the neareft focal center. But in thefe.
fort of experiments, thofe niceties would be fuperfluous.

360. SchoL z. Iß the above experiment, there will be a certain part
of the axis, extending on each fide the geometrical focus q, within
which where-ever the paper is placed, the picture as to fenfe will
be equally diftinct. Having found nearly the place of q-, move the-
paper from thence both ways along the axis, till an indiftinctnefs be-
gins to be perceptible in a particular fmall part of the picture } and
having noted theíé two places> the middle point between them may
be taken for the focus q. In making this experiment with lenfes of
about 12 foot, 8 foot, and 4 i foot focus, the lengths of the axis.-
within which the picture of a remote object appeared equally diftinct,
were refpectively about || 6 or 8 inches, 3 or 4 inches, and ï or ï f
inch. I could not determine the focal length of the flatteft lens, or,
that having the longeft focal length, to lefs than about 2 or 3 inches v.
the next I could define its focus within about an inch -, and the focal
length of the deepeft lens, or that having the ihorteft focal length, I
could ascertain to lefs than half an inch. The apertures of each of
thefe lenfes was about i i inch.; and this being fo fmall in proportion,
to the focal lengths of the two flatteft lenfes, is a reafon why, by this,
experiment, their focal lengths could not be afcertained fo near in.
proportion, as that of the deepeft lens.

361. Schol. 3. If the focal length of the lens does not exceed 2 or
ï feet, it may be found without darkening the room, by holding the
lens at fuch a diftance off, that the image of the window-faih may be
diftincT: upon the oppofite wainfcot j then computing as above, the win-
dow-faih being now the object,

And for common purpofes j when the focal length of a tens is but
ihort, this length may be reckoned the diftance from the lens, to the,
place where the image of a remote object appears diftinctcft; For, if
the object be diftant from the lens a 100 or 1000 times the focal
length ; the image will be beyond the principal focus, only the * looth K 227. li
or loooth part of that focal length.

•162. The focal length of a lens may be found, and that without Focal length
computation, by making the flame of a. candle the object, thus:. Movef°u"d

e
b

0Víe

the candle, wi th-
II Thefe meafurcs will be variable, in ufing of the room. Alfo there will be л difference, out computa

the fame lens and objcil, according to different if the fame lens be ufed wi th different apertures, tion.
brightnefa of the objeft, and different darknefs the other circumftanccs being alike.
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the lens or the candle, and the paper for receiving its image, fo, that,
when the image is diltincleft, the lens be exaclly in the middle betwixt
the other two; then half the dillance betwixt the object or its image

Fig. 82. and the lens, is the focal length required. Thus, if Q y — 2 A Q , ,
AQmuft be = aAF. Or, if of the lens, the candle and paper for re-
ceiving its image, any pne be moved while the other two are fixed ;
having meafured the refpetlive diibnces, the focal length of the lens

* 2 ^ 8 . II. may be found, as has been h before ihewed. Or, if a fmall hole, of
about a -f or \- of an inch broad, be made in the window-ihutter of
a darkened room, and a lens and a paper be held behind this hole at
proper diibnces ; the place where the image of the hole is diílinóteíl,
may be determined very critically ; and fo the focal length of the lens
may be found, as above.

Jiy the fun's 363. Place the lens fo that its axis may point, as near as may be,
image. towards the fun ; then holding a paper behind it, the burning point,

or where the fun's image is fmallefl, and where its limb appears di-
ilinfteft, is the focus of the lens.

This method of finding the focus's of lenfes that are broad in pro-
portion to their focal lengths, fuch as common fpedlacles and reading-
glafles, is fufrkiently accurate. But for lenfes having long focus's, un-
lefs they are fo long as to exhibit the folar fpots, the above method
will not anfwer at any rate : For the fun's image being only, as it
were, a glare of light, without any diíjinguiíhable parts ; we can per-
ceive no difference as to diftinonefs, even at the limb, while the paper
is moved either way along the axis to confiderable difhnces. And
the different magnitudes of the white circle upon the paper, as it is
moved along the axis, will not be fufficient to determine the place of
the focus : For if the lens be no broader than the fun's image at the
focus, the ilream of light pafling through it will be a cylinder ; and
if the lens is not fo broad as above, the magnitude of the white cir-
cle will increafe all the way, as the paper is moved farther from the
lens. Thefe inconveniencies may be removed by the following me-
thod.

Fig. 92. 364. Let A be the given lens, whofe axis is A/6, and principal
focus is v or the center of the circle s n ; and let s n v be the fun's
image, or let the ^-sAn be equal to that ftibtended by the fun's di-
ameter. Let the lens be covered with th in pail-board or opaque pa-
per, in which are two round holes a, b, near the edge of the lens :
Thefe holes fhould be at the fame diftance from the edge, and in a
line paffing through the middle or the vertex of the lens.

3 The
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The lens being thus covered, place it fo that its axis may point

directly towards the fun ; then through the holes a, by there will
iflue the itreams of light s a n > s b n - , the rays belonging to the upper
and lower limb of the l'un, having their ̂ ôa refpe&ively at the points -f-
n, s. Now if a paper be held behind the lens, thele ftrcams of light
will form two white fpots or circles upon it, which gradually approach
nearer together, as the paper is moved toward v ; at a certain point d
their limbs will touch j after this they will incroach one upon another,
and the part common to each will be brighter than the reft j at v
thefe circles will coincide ; if the paper be moved farther, they will
begin to feparate, and at h their limbs will jufl touch. But as it is
difficult to determine precifely, when the two circles are perfectly united ;
obferve where their limbs are at a imall and equal diílance a f under, as
at о and /»; then bilecting op we fhall have the focus v required. If
that point be called A;, where the lines da, ha produced either way,
as the cafe may require, would interfedt ; it wi l l be d v : v h :: lx d : x h ; ' o.VI. Eit.
and fo лг^-Ь x-h : x d :: dh : dv. The holes a, b, íhould be clofe to
the edge of that aperture which the lens is to have when applied to its
ufe j and they fhould be alfo of a proper fize ; not too fmall, for then
the white circles will be dark and ill defined j and to make them large
would be difadvantageous, as their centers muft be nearer together. The
experiment will fucceed better, if the room be darkened. Inftead of
having the paper with the holes in it ; the lens might be left open,,
and covered only with two round opaque circles : But the holes do
better.

By this method the focal length of a lens may be found, I think,,
more accurately than by either of the preceding ||. By making the
experiment with the Icnfes before mentioned of about 12, 8, and 41-
feet focal lengths j l could determine thele lengths refpecYively within
about TV, -Л-, -.'т or -A of an inch. The l i m i t s betwixt the places
where I could perceive the images to feparate, were refpecYively about
3 inches, 2 inches and -Л- of an inch j and had the flatter lenfes been
wider, thefe l imits would have been more contracted.

The focal length'may be alfo found in the fame manner, by ex-
pofing the lens to the moon, and obferving where its image is leaft;
or where the bright ipots coalefce, if the lens is covered as above.
But we cannot be fo exact here as with the fun, efpecially if the focal

length

•f The incident rays It a, ki; and In, 11; || Other methods for f inding the focal lengths
proceed refpcflivdy from the upper an 1 lower of tlit- objcil t^ailcs, of" tclelcopcs, anil of "mi'
•limbs of the fun ; la, lb, being parallel to A f, crofcopic IcniVs, wi l l be ihcwed. in the next
aiid k a, k b to Л ». book.
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length exceeds two or three feet; and if the lens be covered the holes
muft be large.

An apparatus 365. In making the above experiments j the lens and the paper for
for holding receiving the images, ihould have proper fupports ; fo that they may

remain fixed at any given ftation, while the refpective diflances are
meafured.

Fi», оз. The annexed figure reprefents an apparatus, I made ufe of, for hold-
ing lenfes of various fizes. A is the pillar of a wooden candleftick,
on which Uides the wooden bar c-d, which may be frayed at any
height by means either of a fpring or a wooden wedge at c, bearing
againfl the pillar. The lens is to be placed between the upright and
Avooden pieces a, b ; the piece b being moveable on c í/, till it touches
the edge of the lens. The fore and infide parts of a> bt and alfo the
upper furface of c d> have narrow and thin ledges for the lens to bear
againfl ; and for confining it on the other fide, are flips of wood Hid-
ing on the infide furfaces of <?, b. Thefe flips have a motion of about
half an inch, on account of receiving a thick lens, or a lens in its cell)
and they are confined at proper places, by a fcrew in each going
through flits made acrofs in я, e, and having a nut bearing againft the
out-fide of the faid pieces ay b. This little apparatus I had made fo
as to hold any lens not wider than fix inches : -And that the lens might
be fo placed as directly to face any object, or that its axis might have
any elevation; the bar cd turns ftifly in a round hole made in the
focket fliding on the pillar A j and as a guide to point it aright, there
is a ihort index fixed to the top of the immoveable piece a, having
on it two fights to guide the eye, or to Jet the fun ihine through.
An -f~ ox-eye fixed to a window looking eafterly or weftcrly, fo as it
may face the fun when he is low, will be very convenient for finding
the focal lengths of fijch lenfês as may be readily fcrewed to it. Or
a íhort tube fattened to the window, and having without a || plane fpe-
-culum which may be fo inclined as to reflect the fun's rays directly
upon the lens, will do ftill better.

The paper for receiving the light ihould be parallel to the lens ; and
how to fupport it in this manner, there may be different methods,
which it would be needlefs to defcribe J.

1o
•f- See 397. of this. not exceeding two 'feet. Within about eight
|| See the defcription of the folar microfcope inches of one end of a ftrait wooden bar 32

in the next book. inches long, was fixed acrofs a fhort bar, haviiig
J; Having miflaid the above defcribed ap- fliding checks, Í3V. for confining lenfes of dif-

paratus, I have fmce got made a more, conve- ferent fizes, like cd, a, b, before defcribed.
nient one for finding the focal lengths of Tcnfes The long end of the bar had a groove in it»

in
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Tb ßnd the focal lertgtb of a concave lens.

366. Let the lens be covered with paper having in it two fmall Fig. 94.
circular holes, as at О, -У-; and on the paper for receiving the light,
defcribe two fmall circles as a, b> whofe centers let be at twice the di-
ilance afunder of the centers of O, v, and it will be beft if their di-
ameters are alfo double thofe of O, v. Then moving the paper to or
fro, till the middle of the fun's light coming through the holes O, v,
falls exactly on the middle of the circles a, b ; that diftance of the
paper from the lens will be the focal length required. For it is ma-
niíeft that ab : О-и :: <zF : OF : Or whatever is the diftance of a, b, it
will be, a b — O v : aO :: О-У : OF, the focal length of the lens. In-
ftead of the paper with the holes, fmall patches may be ftuck on
the lens.

367. The focus may be alfo found by candle-light, thus : Let Q FOCUS found
be the place of the flame ; c, d, the bright fpots upon the paper, and fcndle-
q the point where the lines W, O c produced backwards would inter-
fedt. To find the point q, it will be cd — О-и : Ou :: Ос : О у.
Then Q? : QO :: 'QO : Q</, and О a is the focal length required. • 227. I.

•268. The focal length of a concave lens may be readily found, by By joining
joining it to a convex one having a fcorter focus. a^ex'o

Let q be the image or any object formed by the convex lens A, Of a deeper
fixed at A ; and let Q. be the image of the fame object, when thefocus-
concave lens О is joined to A. Having meafured the diihnces Qy, Fig. 95.
qO • to find the focal length OF of the concave lens, it will be, as in the
preceding, Q? : QO :: QO : QF; theft QF —QO = OF. ^E. 2.

§• 3- Of vifion when the obje£î or the eye or botb^ are in a
medium denfer than air.

369. The appearances of objects placed in a denfe medium, whofe
refracting furface is plane, to a fpettator in the common medium of

air,
in which was a flider divided into inches and was fixed «ccafionally a piece at right-angles,
parts; over both thefe was an upright piece which by moving the flider would touch the
which moved the whole length, and which thickcft part of the lens, and then the divifions
might be readily fixed in any place. The fide cut by the paper would ihew the dillance be-
of this piece facing the lens was covered with tween them. This apparatus was fixed occa-
white paper, for receiving the fun's image ; and fionally to the top of a lland for carrying a fmali
for meafuring the exaft diftance between the refledhng telcfcope, by which it might be ele-
paper and the lens, at one end of the long flider vated to any angle.

L l
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air, may be eafily underftood from prop. V. and its coroll. of Book I.
And I think the phenomena agree in all cafes with the theory, as it
has been there explained.

P R O P . XXXVI.

370. To explain the phenomena of vifwn of objeSis placed in afpheri-
cal denfe medium, to a fpeffator in the medium of air.

Phcnom. Objects placed in fuch a medium to a fpectator without,
appear magnified, and that in different degrees according to their di-
ilances from that part of the furface which is next the eye ; thofe
that are in contact to that point of the furface not being magnified at
all, whilft at all other places they will be magnified, and that more
and more the farther they are from the faid point of the furface ; fo
that when an object is in contact with the remoteil point of the fur-
face from the eye, it is magnified moil of all.

Fig. 96. Let ADO be the fection of a refracting fphere whofe center is О ;
as for inftance, the fection of a decanter of water ; the fpectator being
on the fide A, and fomewhere in the axis A/. Let F be the focus of-
rays, coming from without parallel to the axisy OF, after their refrac-
tion near A; or F the focus of thofe rays fuppofing the medium con-
tinued beyond Fj and У the focus of rays within the fphere parallel-,
to the axis DOA, after their emerfion near A. And let Q i, Q 2, О 3,
Q 4, Q 5, D-u, be the diameter of an object, .or the. diameters of as
many equal and fimilar objects, fituated at thefe refpective places. Now
to find the points q of the refpective images q i, q 2,03, ^4, q 5, q 6 ;

ъ 144.1- " w*4 be, QF : OF :: * AQ : Ag, Having thus found the relpeftive
points q ; through the extreams 1,2, ÖV. of the objects Q i, Q 2, ÖV.
draw the ftrait lines Oi, О 2, &c. and produce them till they meet»
g ï, g 2, &c. drawn parallel .to the refpective objects ; and q i, q 2, &c.
will be the geometrical images of the faid objects, or of their diame-
ters. Or in this cafe, becaufe the objects are all equal and contained
between the parallel lines AD, dv-, their images, if we neglect the
aberrations of the refracted rays, will be contained between the axis

' Conft. ./AF, and the line fd.produced, as to 6. For f is the c focus of a ray
v d coming to d parallel to the axis;, and fo the rays coming to d from
the extreams ï, 2, &c. of the feveral objects will be all retracted into
df-, whence die extreams ï, 2, ^c, of all the images are in the line
f.d produced..

Hence when Q is in A, or the object is in AY/; q is alfo in A, or the
image is equal and coincident with. the object. But as the object is
ï removed.
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removed from A towards D v, its image increafes, and that more and
more as it advances towards D ; the image being greateft of all when
the object is in D v. All which are exactly agreeable to the pheno-
mena. ^E. D \\.

371. CoroL ï. The refracting furface Ad remaining the fame j if
the medium be indefinitely continued on the oppofite part, the images
will ftill increafe in magnitude as the object advances farther from A,
until it has got to F. If the objedl be placed beyond F, vifion wil l
be indiftinct ; becaufe then the refracted rays will enter the eye, placed
near to A, converging.

372. Corel. 2. The denfer is the medium, the more it magnifies
objects placed within it : For then the lefs is the focal diflance A/';
and confequently the diameter of the object = Ad remaining the fame,
the greater is the angle Afd.

373. Schol. ï. Whilft the object is between A and the center O,
the image is nearer to A than the object j at О they both coincide, and
the image is farther when the object is beyond O. And this is exactly
agreeable to the phenomena ; the femi-diameter О A next the eye, ap-
pearing much morter than the femi-diameter OD, which feems ex-
tended as far as the line q 6. By covering the bottom of a decanter of
water with fmall objects, as peas, &c. the phenomena here explained
will be very remarkable, and quite agreeable to the above theory,
if the eye is nearly in the fame plane with the objects. But if the
eye is much above that plane, fo that the remoter objects are fcen
throifgh the belly of the decanter, whilft the nearer ones are feen
through a fmaller fegment j the remoter objects will appear accordingly
fo much the more remote : For OD, D e are in a confiant ratio j that
is, the greater is OD, the greater alfo in proportion will be De.

374. Schol. 2, The images of a given fmall object placed at the All fphcrcs of
centers, or at like diftances in proportion to the radii from the re- Jj1?0fame me~
fracting furfaces, of any fpheres made of the fame medium, are equal. Jíy objeíb"

Let О be the common center of the fpherical refracting furfaces having very
AD, ad, and F, / their principal foci ; and let Ojy, the breadth of £"(,,
the given object placed any where between the parallel lines AB, DC, equally.'
be fo fmall, as not to differ fenfibly from the tangents of the arches pi^-. 97.
AD, ad : I fay the images formed by the refracting furfaces AD, ad °'
will be equal, if the diftance of the object in each fphere from the
refpective furfaces AD, ad, be as the radii OA, О а.

L l z Through
|| The.lifics О a b, QB, qui are for illu- of the figures referred to in that propofition,

ftraiing the theory according to Prop. XXI. but neverthelefs falling under the fame rules.
.Book I. This being a different cafe, from «ithcr



200 A T R E A T I S E BOOK II.
Through the refpective points D, d, draw the lines FDH, fdb ;

and where-ever the objects are placed in the refpective fpheres, their
images will be contained between the lines FG, FH, and fg, j h.
Let the object placed within the fphere ABO be called X, and its
image x -, and the object within the lefler fphere a b O be called Y,
and its image y. Now becaufe,

4 Hypoth. FX -. OF (:: d/Y = O/) ••'• k AX : Ax (:: boY : ay), it will be,
144.1- Ax : ay :: AX : aY :; dFA :fa (:: Адг+FA : ay-\-fa] :; Fx :fy. But,,

• 4.VI..JE«. FA : FA: :: eAD : x ; and fa : fy: : e ad:y, and becaufe,
F A : F x : : f a :fy, it will-be AD: x :: ad-.y. But AD = W,

and therefore x —у. ^E. D.
Thus, if the fmall object be at the center, as Qyr its image in each

fphere will be = Ox; and if it be at the peripheries be, BC, its
images will Ье£/5>=оН.

375. ScboL 3. When the object is fo large, that the verfed fine av
has a fenfible magnitude ; the image formed by the refraction of the.
leiTer fphere, will be lefs than that formed by the greater fphere.
For fuppofing the object O^ to be at the center, for inftance j it will be,
f v : f Q :: v d : Од; j and therefore the greater is the ratio of f v to
/О, the greater will 'be the ratio of Oy to O x. And hence, equal'
objects having fenfible magnitudes, appear fomewhat more magnified
the larger is the fphere. Add to this, that the greater obfcurity of the
thicker medium, may fomewhat enlarge the apparent diftance of the
image ; and this will proportionably increafe -the apparent magnitude.

376. Carol. And hence, from thefe two caufes confpiring together i,
the fmall bores of capillary tubes, or fuch as are ufed for mercu-
rial thermometers, appear bigger in proportion the thicker are the
tubes.

377. Schol. 4. Abroad ruler with parallel fides placed upright in
the middle of a conical veflc), as a glafe of water, will at firib fight ap-
pear broadeft where the glafs is narroweft. This deception is chiefly
owing, to the breadth .of the ruler being referred to that of the glafs ;.
the diUance that is obferved 'between them, being partly attributed to
the figure of each. But holding the glais even with the eye, and look*-
ing attentively, the apparent taperneis of the ruler will foon.vanifh.

FÍT 07. S?**- Scktf. 5. The greateû proportion that the "breadth of the
image of an object placed within a fphere of water,, can hear to <the
breadth of the object, is that of 2- to ï. For the image is greateft,
when the object is at the remoteft furface BC. Let К be the prin-
cipal focus of rays coming from without upon the furface AD j and

ï it
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it will be, AB : AG :: 'KB : KO :: «2 : 3 :: «AB : AF. Wherefore ' 144. í.
FA : FG :; i : 2 :: AD : GH. But at firil fight one is apt to ima- s Conft.
ginc that the diameter of a round object, as a pea, is magnified much
more than in the above proportion. We fee that the whole bulk is
greatly fwelled ; the apparent magnitude in this cafe, being not much
lefs, than as the cube^of the diameter, as on account of the diftance
between our two eyes, we fee at once more than half the pea j and'
by fo much as is feen, the idea of the invifible part is readily fug-
gefted. And hence, the bulk and diameter are fuppofed at random,,
to be magnified in near the fame proportion. We commit the fame
miftakes in naked vifion, the reafon indeed in both cafes being the
very fame. But if we attentively compare the breadth of -the mag-
nified pea, with the extent of two contiguous peas feen by naked vifion,
we ihall foon rectify our former miftake.

If the refracting fphere is folid glafs, .then GH : AD :: 3 : ï.
If the object be at the center of a. fphere of water, its diameter will

be to that of its image as 3 to 4 ; and if the fphere is folid glafs, the
proportion between them will be as 2 to 3.

379. To a fpectator in a denfe medium, as for inftance in water, Vifion in a
all objects within that medium will be òonfufed ; and the ccenfufion d™{c

J - , ï • ^ t. i./. i /» ï «huminay be fo great, that one object cannot .be difcerned fcom another, as мсс).
in the cafe of a very flat eye that 4cajinot difcern any thing without
fpedtacles. The cafe will be much the fame, if the ..objects are with-
out that .medium,, if its refracting furface is flat, as that ,of fmooth
watep.

The reafon of which is, that the refraction between the denfe me-
dium, and the cornea and the -aqueous humour, is lefs than between
air and tbe cor,nea ; and fo the rays not .converging enough at their en-
trance into the chryftaline humour, are not united upon the retina^
but have their focus'« beyond it. If the refractive power of the denfe
medium, is equal or. greater than that of the cornea and aqueous hu-
mour ; the rays will accordingly proceed to the chryilaline humour
either unrefracted or more .diverging.

380. The beft way for divers is to fuit themfelves with glafles-by
experiment ; for according as they are hngy common, ory&cri-fighted -,
or as the refractive power of their -f- cornea may be greater or lefs in
proportion to that of their chryftuline humour, they will .require glafles
of greater or lefs convexities. But, if the focal length ,of the cornea
in our natural -element, air, is known ; a lens which will reftore diftinct
vifion in a given medium, may be found by the following prop.

B R O E:
•I- By the refraflive power of the cornea, is properly meant that of 'the aqueous humour bthind it.
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P R O P . XXXVII.

381. T^Í? focal length of a lens in one medium, being given ; to find
its focal length in any other given medium.

Let the medium whereof the lens is made, be called G, one of the
mediums wherein it is placed A, and the other medium W. Let the
greater and leiîêr of the fines of incidence and refraction between G
and A, be refpectively m and n ; and between G and W, M and N ;
and the focal length of the lens in A be ==f, and in W = F. And
it will be f • F •• " • N neirlvu win DC, j . r .. от_ч . j^— — пеапу.

Fig.a8,QQ. ь Let the lens be a plano-convex, with its plane fide to the inci-
dent rays ; О a the radius of its convexity, a f its focal length in the
medium A, ßg. 98; and aF its focal length in the medium W; to find
which in the respective mediums, it will be accurately :

a 175. 1. О a : af:: *m — n : n-, and О a : aF :: *M — N : N; whence

a/= ̂ ^í and a F = ^^ ; and therefore,

af:aF:: — : r^-. %,E.D.J m — я M— JN ^~>

If the lens be reverfed, its focal length in each medium will be
"177, & ftill the fame, b reckoning that length the diftance between the focus,

an. I. and the nearefl focal center of the lens.
And in all lenfes, whofe fides are both fpherical, if we 'neglect

their thicknefîès as inconfiderable, it will be,

^,85.1, / '^ ' l ib 'MirN- Therefore, Ofc. ^E.D.
382. Corel. Hence if the lens is glafs; the medium A is air, and

the medium W is water ; it will be f : F :: .1 14.
i т For m — n : я :: * i : г i and M — N : N :: e i : 8 j whence,
4 302.И.

383. Scbol. ï. Any lens being given ; we may find another lens which
being joined to the former, both together ihall have a given focal length
in any given medium.

Fie. og. Let aF be the focal length required of the two combined lenfes, in the
f 281. II. giyen medium, ï. Find f the focal length of the given lens in the given

medium W ; If the lens has no -j- focus, that is, if it tranfmits the rays
un refracted j then it is manifeft that aF is the focal length of the

lens
f This cannot happen but \vhen the medium medium W ; as is (uppofcd to be cafe of the

of the lens has the lame refrailive power as the aqueous humour of the eye and common water.
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lens required in this medium, whence its focal length in air is ' readily f 381. II.
found.

If the given lens has a real focus, as g ; then fay,
gF : g a :: sga : g G ; or if its focus is G, that is, if it tranfmits pa-
rallel rays diverging as from G ; it will be, GF : Ga :: 6Go : GH ; * 227.1,
and a G or a H will be accordingly, the focal length in the medium
W of the lens required. Whence in all cafes, its focal length in
air may be found.

384. Schol. 2. Hence having the focal length of the cornea in air, A proper lens
we may alfo have its focal length in any other given medium ; and fo, dlvers-
from the preceding, fuit ourfelves with a lens that will reflore diítinct
vifion in that medium.

Thus, if the focal length of the cornea in air is = oF, and its re-
fractive power be the fame with that of water j a lens that will pro-
cure diflinél vifion in water, will have its focal length therein =oFj
and if the lens is glafs, its focal length in air will be = b т AF. Ifь 382. II.
the focus of the cornea a, when under water be g, or G ; the focal
length in water of a lens that will reflore diílinct vifion, will be ac-
cordingly a G, or a H.

385. Schol. 3. If the cornea be not concerned in the change made
in the eye, for procuring diílinér. vifion at different diílances j the lens
above found will enable the eye to fee diflinctly in water, at all fuch
diílances as it can in nir : But if the cornea is concerned in that change
of configuration of the eye, as moil probably it is ; the latitude of
diflinct vifion through the above lens in the denfe medium, will not
be fo extenfivc as it is to the naked eye in air.

386. Schol. 4. Hence again, if a perfon under water had fufficient
light, and was exactly fitted with a lens for feeing an object at a
given diilance diflinctly } we might from thence find pretty nearly
the focal length of the cornea in air : And if the faid perfon could
alfo determine, how much farther and nearer than the faid given di-
iltmce, he could alfo fee diilinclly ; we might alfo make an eflimate.
of the mare, which the cornea has in the change of configuration of
the eye. But the want of light, and of ability of flaying at eale
any time under water, are difficulties that would render very precari-
ous, the concluiions drawn from the obfervations of a.perlou under
thefe circumflances..

§.,{,•-
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§. 4. Of camera-obfcura s.

The theory in general of the camera-obfcura has been already ex-
plained in Book I. art. 243 to 246. I am here to add fome farther
particulars, not there taken notice of, with a defcription of different
contrivances for forming the dark chamber.

387. The pictures exhibited in the camera-obfcura are very enter-
taining ; efpecially if they reprefent objects in motion, as carriages
either by land or water, people walking, the wafting of the boughs
and leaves of trees, &c,. And if all circumilances are favourable ; the
pictures feem to appear more lively and diftinct, than the objects do to
a naked eye looking at them, from the place where the lens for form-
ing thefe pictures or images was fixed. For the picture being dimi-
tfiihed, the rays forming it are condenfed j and fo the colours, ihades,
&c. are proportionally brighter and more vivid. The picture being
.alfo a near object, is ieen free from that faint hue wherewith objects
without doors are commonly tinged ; thofe rays that occafion thefe ap-
pearances, being as it were abforbed in the picture, or becoming too
feeble, after they are there difperfed, to be perceived.

Objeftsata 388. All other circumilances being alike, the pictures of objects
moderate di- that are near, as within r, io, or 20 yards, appear more vivid than
ftanccmake . f. c ,. ' , J* ' J ' г г
the belt pio thole of objects that are more remote. And umverfally, the pictures
ture. will be more diftinót and pleaíânt, when the objects are at fuch mo-

derate diftances in proportion to the focal length of the lens, as to ex-
hibit fmall parts, as the features .of a perfon's face, the bricks and
tyles of houfes, &c. If the light without is favourable, and the fpec-
tator has been fome time in the dark ; it is furprizing how diftinct
and bold the pictures of fmall objects will appear, that are diminiihed
at leaft 20 of 30 times; and a perfon may be known, when his fea-
tures are no bigger than in that proportion. The lights, Ihades and
tints being here exquifitely delicate and perfectly juft, at the fame
time, that the picture is diminiihed j the relievo's of objects are fur-
prizingly bold, and when the natural ones are but moderate, thofe in
the picture feem to come up to the real fize. A diftant profpect ap-
pears perfect enough, though it does not make fo entertaining a picture.

The eamtra 3&9. The room wherein the picture is formed ihould be as dark
ftould be as as poffible ; that is, all light ihould be excluded from it but what
darkaíFoffi- comes thro> the jens. for jn proportion as the field about is darker, the

objects will appear brighter, as the ftars do in a dark night. And for
this purpose, the lens, befides having its aperture properly limited,

ihould
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Ihould have a ihort tube before it, fuch as will exclude all light but
what is contained in the field intended to. be taken into the pidture.
This tube mould be black on the iníide j and it would do fo much
the better, if the whole infide of the dark room was alfo black. The
ípedtator himfelf, at leaft whilil he looks at -the picture, ihould be
alio in the dark ; for by this means, the pupils of his eyes will en-
large, and as they do enlarge, the apparent brightnefs of the picture
will increafe, and being alfo free from extraneous light, the impreffions
upon the retina's will be the more vivid and fenfible.

390. The objedts ihould be alfo well enlightened j otherwife, not- A"d thc °Ь-
withftanding all the above requisites have been taken care of, if the {umhated.' "
weather is dark, or the objedts are in the ihade, the pidture will be
obfcure, dull, and no ways agreeable. This phenomenon therefore of
the camera-obfcura, ihould never be attempted but in a clear day j and
it is beil of all when the fun ihines upon the objedts from the oppofite
coaíl j that is, if the profpedt is weftern, the phenomena will be beil
in the morning or forenoon i if eaftern, in the afternoon } if northern,
about noon. A fouthern afpedt is the woril of any for the camera-
obfcura, becaufe the fun is never oppofite to it j and in this cafe, the
experiment will fucceed beft either betimes in the morning, or late in
the evening ; that is, when the fun ihines moil diredtly upon the ob-
jedts. In all cafes, a great deal of light is flopped by lenfes, as is
manifeil from the vividnefs of the images of objects feen in them by
reflection: And in the prefent cafe, the light impinging upon the
paper, or whatever the obilacle be at which the picture is formed, is
there difperfed, fo as to be much rarified before it comes to the eye.
And hence it is, that the chamber requires to be very dark, and the
objedts well illuminated.

391. The lens, ufed for this purpofe, ihould have a proper aper- Proper aper-
ture. If the aperture be too fmall, the picbre will be dark and ob- j.ures.°c

f knfes

icure, a n d upon that account indiftindt a n d unpleafant - , a n d i f i t г С

be too large, the pidture will be indiftindt on account of the aber-
rations of the extream rays, and alfo becaufe the room will be too
much enlightened by adventitious light entering into it j and this lail
caufe has no fmall ihare in marring the pidtures, as it proportionably
renders them more obfcure : But when the aperture of the lens is
moderate, the vitious rays on account of the aberrations are, in the
prefent cafe, at their entrance into the eye very dilute and rare, and
therefore fcarce fenfible. But the apertures here will admit of fome
latitude ; and they may be a little narrower or wider, according as the
objedts are more or lefs illuminated ; and according as they are nearer

M m or
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or farther. It is beft therefore to leave the aperture of the lens, juft
wide enough for the darkeft weather it is to be ufed in, and to have
a narrow ring to clap on occafionally.

By making obfervations as carefully as I could, in a pretty clear
day, the objefts being at about 150 yards diftance, and the fun ihin-
ing obliquely upon them : A lens of 18 inches focal length, I thought
did beft with an aperture of about ï inch or IT inch in diameter, ac-
cording as the weather varied ; and the weather being overcaft, ад
aperture of ii inch feemed to do better than a lefs : And had the ob-
jecls been nearer with the fun bright upon them, I doubt not but that
an aperture of fomewhat lefs than an inch would have been beft. This
lens when open was 2т inches wide, and it feemed then to forni a
picture pretty diftincl: -, but on clapping to it a ring having a proper
aperture, the différence was very "confiderable. The fun 'mining upon
thie òbjefts j a lens whofe focal length was about 30 inches, required
an aperture at the leaft of IT inch -t and it would bear at moft, one
of about IT inch. The pifture was thrown into a box placed in a
light room j but had the room itfelf been dark, thofe apertures would
have bore, and even required to have been, confiderably lefs. In this
laft cafe, an aperture of IT inch feemed to fuit very well with a lens
of eight foot focus.

From thefe obfervations, an eftimate might be made of the proper
aperture of a given lens, the objedt being under given circumftances.
But as the focal lengths of the lenfes are increafed, there will be no
great nicety required 'in fettling thefe apertures; only 1 think they
ihould not be taken much wider, if any, than in the fubduplicate pro-
portion of thofe lengths : And let us do what we can, the apparent
brightnefs of the piãure will decreafe nearly, as the fquare of the
focal length of the lens is increafed. For this apparent brightnefs will
be nearly, as the denfity of'the light in the piétùre, divided by the
denfity of the adventitious light in the room. And whatever is the fo-
cal length of the leris, the denfity of the adventitious light in the
room, will be nearly as the fquare of the linear aperture of the lens ;.
and to preferve the fame denfity of the light in the picture, the linear
aperture muft be as the focal length of the fame lens. Wherefore, if
the fame aperture be retained,v that is, if the adventitious light in the
room remains the fame ; the apparent brightnefs of the piaure, which.
in this cafe is as the denfity of the rays that form it, will be reci-
procally as the fquar-e of the focal length of the lens : The apparent
brightnefs of the picture will be alfo in the faid proportion, i f ' the
denfi'ty of the light upon it be preferved the fame ; that is, if the

linear
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linear aperture of the lens be taken as its focal length ; for in this
cafe, the adventitious light will be directly as the fquare of the focal
length. And in fettling the linear apertures of different lenfes, we
ihal'l not much mend the matter, by taking any proportion between
the fimple and fubduplicate of their focal lengths > the apparent bright-
nefs being here, I think, the chief thing to be regarded, the aber-
rations not being fenfiblc -, and this brightnefs, as near as I could efti-
mate, is nearly in' the proportion above affigned.

392. And hence, without fome method of * preventing the adventi- Limit of the
tious light, from diminiihing in fo great a degree the apparent bright- oHenfeTfor
nefs of the picture ; we ihall foon come to a limit, beyond which it the camera-
would be ufelcfs to extend the focal lengths of our lenfes. If the pic- obfcura-
ture be received upon paper, a lens of about 8 foot focus, I take upon
the whole to be preferable to one that is longer; this will reprelènt
objects in a landikip, larger than we commonly fee them in pictures ; and
the picture will be much brighter, diftincter and pleafanter, than if the
lens had been flatter. A lens of' about 8 foot focus, in the prefent
cafe, has manifeftly a very confiderable advantage above a lens of 12
foot, and more ftill propoftionably above a lens of a longer focus. As
we decreafe in our focal length, the images will appear brighter, iharper,
and rather more diftinct and pleafahf, till we come to a certain limit ;
after this, the picture will be lefs pleafant and feemingly lefs diftinct,
becaufe we ihall lofe fome of the fmaller parts of the objects. This
limit as to the leaft focal length, I do not take to be lefs than 2 or 5
feet j efpecially if the picture be received upon paper within a room,
for in that cafe, there will not be a convenient fpace for the fpectator to
view it in, if the lens be morter than as above. Upon the whole, I take
it, that a lens from about 4 to 6 or 8 foot focal length, is the beft
fize of any for the camera-obfcura. But in fome cafes, a lens of a
yet longer focus will do better ; and in fome others we may defcend
to fo fmall a length as j a or 8 inches focus, and the picture will be
pleafant enough.

393. In fome cafes, the breadth of the picture may be about two- Extent of the
thirds of its diftahce from the lens, and even more if the paper for JJ

« • • « ï 1*1 1 • 1 * r» ' • ' f • DC

receiving it be made a little concave j that is, the picture may take m the
a field or angle of near forty degrees. But in moft cafes when the
field is fo wide, the middle half of the picture will be diftincter than
towards the extreams j and therefore generally it is beft not to take
in a larger angle than about 20 or 30 degrees.

M m 2 394.

* How this in»y be partly remedied will be íeoi a little farther on.
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ifs poiiíh- 294. If inftead of the white paper or cloth for receiving the pic-

one0nfide°for ture> oe placed a glafs having both its fides ground flat and parallel,
receiving the and poliihed only on one fide ; a fpectator behind the glafs will fee
images. ^ jmages yaitly more vivid, diftinct and bright, than by the reflec-

tion from the paper. The rays of light in their paflage through the
-rough furface of the glafs, are there broke and difperfed, after the fame
manner as. they were by the paper, and fo as to paint there as it were
the images of the objects from whence they came. But here the rays
tranfmitted are not fo much diflipated, as they are by the reflection
of an opaque furface ; and fo the rays being denfer, the fpectator be-
hind receives a greater quantity in each pencil, than when he fees the
picture upon the paper*. In this cafe, the fpectator is alfo lefs of-
fended with extraneous light, and it would be eafy to exclude from him
allfuch light, excepting what falls on the glafs itfelf, and is tranfmitted
through itj and hence, from thefe two concurring caufes, we may
have a good picture by a much ihallower or a much deeper lens, than
when the rays are reflected from the paper.

Thepheno- 395- It might be expected that if the flat glafs be taken away,
mena farther and a tranfparent one be placed in its room, or if nothing be placed
expbned. tjjere, we might yet fee fuch a picture as we did before. We ihall

indeed fee a narrow image fomewhere before usj but its true place
will not be readily found j and when it is found, it will not be fo
well defined, diftinct or bright, or fo like a real object, as what we
faw on the rough fide of the glafs or on the paper. In this latter
cafe, the rays diverge to the eye from the rough furface as if that was
an object, or a picture like what we fee was painted upon it ; and
this furface being uniform and colourlefs, the rays coming to the eye
ftill retain the original colours, &c. of the objects.

Fig. loo. Thus, the rays PB, PA, PC; QB, QA, QC; RA, RB, RC; pro-
ceeding from the extreams and middle of a remote object, are re-
fracted by the convex lens BAC fo as to unite in the refpective fo-
cufes p, g, r. Now if the eye be placed behind the image p q r, as
at О, it is manifeft that only a very fmall part of it can be fecn at
oncej and upon this account it will fcarce have the refemblance of a
picture. But if the glafs GK poliihed on one fide be placed in the
foci p, q> r-, the rays in the feveral pencils inftead of proceeding di-
rectly onwards, as reprefented at p and r, will be inflected various
ways, as reprefented at q : So that the image q will be vifible on either

fide
* In confequence, and as a'fuller proof of move his head, fo as to receive the rays in a.

this, the fpeilator cannot fee fo much of the nearer direction to that which they had when,
pifture at one view, as he could when it was they reached the glafs.
reflected from the paper ; and hete he muft
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fide the axis, within a certain limit E E E. And the rays here hav-
ing undergone no other modification excepting that of being infledled,
the phyfical point q retains ftill the figure and colour of the original
point in the object. And as the rays belonging to every point in the
image, are infleded in like manner, all diverging different ways from
their refpedlive focus's in the glafs ; fo to an eye fomewhere at E,
they exhibit a vifible piéture, of a confiderable breadth, as if it was
really painted on the glafs. In like manner if GK be a white pa-
per, the rays falling on every point of it will be infledled diffé-
rent Ways; as if they diverged from the paper, as reprefented by the
rays qD. But, as before obferved, there will not fo many rays come
now to the eye from each point of the image, as when they were
tranfmitted through the glafs ; and for which reafon the piuure will
be lefs bright and vivid.

96. The window-fhutters of the room intended for a camera- Camera-ob-
uy muft be made to (hut very clofe j and if there be any ere- fcuja kow

vifes, they mould be flopped by nailing flips of black cloth or lea-
ther over them. This being done a round hale is to be made in one Fig. 100*
of the mutters, SH, againft a fafli or cafement which muft be left
open during the experiment j and clofe to the faid hole, a convex lens
ВАС is to be fixed. The paper ikreen or glafs half polifhed GK,
muft have a proper fupport to hold it in the focus p q r, which focus
is readily found, by moving the ikreen to or fro till the pidlure is moft
diftinct.

397. For holding the lens, there is a little convenient apparatus Scioptric-
to be had ready in the mops, called a Scioptric-ball, and by fome an b*u-
•j- Ox-eye. This confifts of a wooden ball BB, confined in a hollow Fig. iou
zone of wood CCDD ; the flat fide of which CC, is laid clofe to
the window-mutter, againft аЪо!е made big enough to receive fo much
of the ball as projects forwards; and the whole may be confined by
three buttons faftened to the faih, as a, a, fig. 100, made and placed
fo as to turn over the rim a a. The wooden zone confifts of two

parts
\ This aptly enough may be conftdered ai a turn the lens towards objedls at different di-

kind of artificial eye ; the wooden zone may liantes, we ihall fee a neceffity of a different
reprefent a fruftrum of the eye's orbit, and the configuration in the eye for vifion at different
voluble ball within, that of the natural eye. A diitanccs ; and one way how diftintt vilion
lens whofe focal length is about == li A be- may be reftorcd, as by altering the length of
ing fcrewed at the end E of the hole in the the axis j as will appear by drawing in or out
ball, may reprefent the cryftaline humour j and the tube'at A ti l l the piilure is diftinft upon the
fixing in a ihort tube at A, a glafs with parallel glafs. If a lens having a longer or mortcr fo-
fides and poliihed only on one fide, the pifturea cus bé fcrewed at E, we (hall have'the cafe of
of objefh will be feen upon it, as they are upon a long or fliort-fight perfon 5 and by holding a
the retina ; and to make the thing more natu- proper convex or concave lens before that at E,
та1, the fides of this glafs may have a fphericity we ihall fee the effecb of fuch glaffes in rellor-
equal to that of the bali. If we fucceffively ing diftinu vifion.
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Fifturc may
be feen out
of another
room.

parts CC, DD, fcrewed together after the ball is placed between them,
and fo as to admit the ball to turn eafy round its center. The ball
has a large cilindrical hole, at each end of which is cut a female fcrcw,
for receiving a lens as A fixed in its cell. By the motion of the ball,
the axis of the^kns may be turned different ways ; and the iphericity
of the zone, prevents any light from being tranfmitted betwixt it and
the ball. There are commonly two lenfes, of different focal lengths,
fitted to the ball j and by ufing them both at once, there will be in
effect a third, having a ihorter focus than either. When one lens
only is ufed, it ihould be fixed to the end A, that fo the ihort tube
may exclude fome of the extraneous light out of the room.

398. If the picture upon the glafs half poliíhed GK, be at a mo-
derately frnall diftance from the partition, dividing the dark room
from an adjacent one; a perfon in the adjacent light room, may fee
this picture very well through a hole oppofite to it in that partition.
This hole, which may be ihut clofe at other times by two folding-
doors black on their infide, and covered with a picture-frame, or &c.
ihould be big enough to receive part of the perfon's head, fo that
•when he looks he may be quite in the dark ; the little folding-doors
contributing much to this end, and fomething black may be alfo placed
over them. The picture may be thrown to either fide of the dark
room, by a plane fpeculum properly placed, as may fuit beft with
refpect to an adjacent light room. A contrivance of this kind may
be entertaining, and the more fo, as the phenomena will be lefs ex-
pected than in the dark room.

399, An inverted picture does not look near fo pleafant as an erect
one, efpecially if it reprefents live animals ; and a perfon cannot be
known near fo readily in the inverted picture, as after the fame pic-
ture is made upright ; though in the former cafe, the images be much
brighter and (harper than in the latter.

If a perfon facing .the picture, whether it be upon .paper or on the
glafs half poliíhed, looks into a looking-glafs held before him with
its face towards the picture and inclining downwards; the images
feen in the glafs will be erect, and in their due pofition as to right and
left if the picture be on an opaque furface, otherwife they will be in-
verted. In this cafe the looking-glafs ihould be pretty large ; but as
fuch are cumberfome and feldom true, it will be more convenient to
place a fmall plane fpeculum near the lens, fo as to inflect the rays

Fig. юг before they form the picture. In the annexed figures, PA, QA, RA»
are the axes of pencils of light coming from an object without doors,
which after paifing through the convex lens A, are reflected by the

plane

How to fet
the pifture
upright.
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plane fpeculum s t, into the lines if, vq, / r -, and theftcj of thefc
pencils being at p, q, r, an image of the object is formed upon the
plane G K. In this cafe, the lens and the plane fpeculum may be
both placed in a ihort fquare tube, open only at the furtheil end, and
on the fide facing the fpeculum. By this means, the room will be
much darker, and the piiture proportionably livelier, than when the
light is tranfmitted directly into it through the lens. The fpeculum
may be fo fitted in its box, as it may be eafily inclined to any angle j
and being but fmall it may be made of || metal, which reflects abun-
dantly more light than glafs ; or if it be glafsi its fides ihould be ex-
aótly flat and parallel. The tube may flip into a fquaré box made
in a board fitted to the place made for the fcioptric-ball i or the tube
might be round and fitted to the hole in that ball.

400. In all cafes,, the reflecting plane ihould be fo inclined as to re-
fled the principal pencil of rays, or that whofe axis is coincident with
the axis of the lens, nearly at right angles to the plane GK j for by this
means, the focus of all the pencils will be nearly in that plane, which
is perpendicular to the axis v g, and fo the whole picture will be di-
flinct. In ßg. 102, 103, the reflecting plane makes half a right-angle;
with the axis QA » ^nd fo the rays coming along that axis are thrown
directly upwards or downwards. In the one caie the picture is formed
upon the cieli.ng, or on a paper parallel to it ; and in the other caie
upon a, paper on or parallel to the floor ; and in both theie cafes the
tube rouft reach a little way into the room. The firil method is in-
convenient, as it; is aukward and troublefome to look directly upwards -r

and the fécond method will be alfo inconvenient, unlefs the lens and
fpeculum can be placed high enough, and far enough into the room;
to admit the picture to be about the height of a table above the floor,
and to give room to the fpecbtor to ftand or fit betwixt it and the
window. If this be done, the picture will lie very convenient for
copying} and in this cafe, the figures will be alfo in their due pofition as
to right and left. In ßg. 1.02, by placing another plane fpeculum x
above sf, and making an,angle with it a little •{-' obtufe ; the picture
may be mown on a white plane g,&, inclining a little from the win-
dow. The two fpeculums and the lens might be fitted in the fame
box ; and die picture thus formed would be very pleafanr, if both

the
J| That a hard whitilh, metal well poliflied, have arofe from th'fc comparifoni havihg"becn

refleils abundantly more light tlu^i quicksilvered made with improper metals;,
glafs, feems. to me very .manifeft j and- ofithj» -J^The angjctlbouldbe-a little-obtufe, thu
Mr. Short, who has had much experience in the-pifturimay.be a .little higher than the ifce-
thefe matters, is very certain. The contraí/ ctilum.
opinion, which for a long time prevailed, malt

В
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the fpeculums are good, and the objects without are well illumi-
nated by the fun ; other wife it will be dark, becaufe of the lofs of
light by the double reflection.

Fig. 104. 40 1., In the annexed figure, the paper- íkreen G K is fufpendecl
obliquely from the deling. This method gives a very agreeable pic-
ture, as the images are not only erect, but alfo in their due pofition
as to right and left.

A íkreen for A large íkreen would be ufeful here, and alfo for fome other op-
ufes. t',Cal purpofes ; and it would be alfo convenient to have it portable.

The fkreen may be made of any 'fize by fheets of white paper pafted
fmoothly on cloth, to which ihould be fixed a ledge and roller,' as is
commonly done to large maps. Thé two fupporters I had made
were about ,5* feet high, and in the'top of each was a round pin
drawn tightly, by a wedge thro' a mortiie in the end of it, againfl;
a ihoulder on the other fide ; at the other and inner end of each pin
was a groove, in which Hid a rail of about fix foot long. Between thèfe
two rails was fixed occafionally the rail of the íkreen, being there
confined by two wedges going through the ends of it ; and in the bot-
toms of the faid fide-rails, the roller turned iïiffly for bringing the íkreen
fmooth, being drawn tight in the holes by two wedges, as above.
Through the groove in the inner end of each of the center-pins, and
through one of various holes made in the fide-rails, went a fmall peg
by which the íkreen could be fulpended at various^ heights; and by
turning the faid center-pins, it was eafy to give the íkreen any defired
inclination. The whole was eafily put together, or taken afunder, fo
as to take but little room when out of ufe.

Fig. 105. 402' *n tn*6 figure> £K is a gla*"s polUhed only on one fide, which
íhould be placed rather higher than a perfon's head, that he may fee
th.e picture by rays coming through the glafs, pretty directly. The
fpace between KG and the lens ihould be inclofed on all fides, fo
that no light can come into the room but through the flat glafs GK.
By this means, we ihall have the moft lively picture that can be ex-
hibited in the camera-obfcura, tho' it will be inverted as to right and
left; and perfons at a moderate diftance without, may be known as
well as. if we looked at them through the window. To put this me-
thod in practice in à common room ; the lèirs, plane fpeculum, and
the flat glafs/ ihould be fixed in a kind of, prifmatical box, .black on
the infide, which may be readily hooked againft .the upper part of
the window, fo that the tube containing the lens fits to a hole made in
the ihuttcr to receive it ; the diftance between the lens and GK being

befor<=
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bqfore adjuíled, according to the diíbnces of the objecb chat are to -be
taken in, and .the upper window-faíh let down, if the pbjeitp ane
lower than the window, the plane .fpeculum svt neçd be but ,fhort.
Thofe who have a fpare room or cloiet facing a good near profpeil,
by .letting fuch an apparatus (land in it, might at any time agreeably
entertain themfelves, by only {hutting the door upon them ; there be-
ing ifomething more entertaining in fuçh a piclure as this, than in
feeing the real :life 'f-. Either another window or the bottom of thit?.
might ferve to enlighten the room at pt;her tinjcs.

403. The entertainment -which the сатега^сЬСсцга affords to all ivhuc by и

claiïês of people, is what led me to be fo particular in its defcription ф.COI1C:IVC 'f*'"
And before I difmifs this fubject, I íball juft obfervc, that if a con-
cave fpeculum be placed againft a finall hole in the window-<h\itter
of a dark room ; a picture, like that we have been describing, w,jll
be formed on a ihect of paper placed near the principal focus of the
fpeculum.

4P4-. One .confiderable ufe that the camera-obÇcwa has .been ap- p0rtaU<-
plied to, is in aflîfting young j) artifts to draw in .perfpeftive ; and for гд'"<г"''-
this purpofe different forts of ;portable boxes have been contrived, the
moft,common of which is .that Д 4m npw going to defcribe. But
firfl let it be.obferved once for all, that all boxes made .for this pur-
pofe ihould be clpfe, and black -within ; and .that the fpeítator alfo
when he looks, fliould be ikrecned from the light a,s much as poffible.

The annçxed ftgyre, reprefents a vertical feation of the box through pv I06.
the middle : ST ,is a lookmg-gla(s received in grooves on each fide of
the box; and making »half a.right-angle .with the axis QA6 cf .the
convçx lens A, fixed in the ihort and fliding tube dgfe. GK is a glais

poliihed
•f Д complect ^hipg of tin's kind, is a little hole in the oppctfitc fide. -Tliefe рЬидопгепа he

ropni tyuilt by Dr. Haailly ;it Çbelftfl. 'J'l\c roof di-fcribcs at large in his Ma^ia fiatiirali}, lib.
is pyramidical like that of a fummcr-houfc; and xvii. cap. 6 ; and alto ihews how thefc pitlurts
out.of the fides of itarc projections likcthofc.of will .be improved by a convex lens, .arid made
Uorpicr lights or windows; in each front is placed crcft by aplane ipcculuin. is'c. 'I'.his work
a lens with a plane metallic fpeculum fixed at the confiftipg of twenty books, Mr. Molyntux. quote ï
proper angle fer. throwing- the .picture upon .a as being..printed in 15.89; but \iartlrjs Catali-
l;irgc glafs half polifhed, fixed againll the cavity gw Un\yiirjalis places the furil edition M.Franf-
mnde by the faid projcdlion clolc to the tiding : ford in 1591. l'. Ga/par. Scíottuj fays that four
There is auothpr appapra^us of ihc fame.kind at of. thcfe books, were publiftied .at Anfwcrp in
top, the lens and .little fpccu.lum bfiiijg njadc to 1560, but thcfc books are on fubjetls no ways
turn all round ; fo that there arc five, piflurcs in relative to the paifagcs here referred to.
the joom.at once, ,and which give fuflicicnt light ; || It is certain that tlie.camcra.obfcura is very
for reading a finall print. ufeful for this purpofe, and alfo that in manr

% J. Bafißa.Porta is, I.believe, the firft .cafes it exhibits.WhfU may be deemed a fine
am hoi; that takes notice .of 4hc inverted, piftures pi£lure ; but how far it may be ufeful юл
«f external objcfts, fiprmjd ,uppn 1Ье.луа11 of a .painter is anotljcr confidcration, aji
dark room,-by rays coming through a fmall befidc my prcfent purpofe to difcuis.

N n
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poliihed only on one fide for receiving the image p q r, formed
by rays which before their reflection by the fpeculum ST, tend-
ed to form an image abc. LM is the lid turned upwards, and
which now ferves to fcreen the picture and the fpectator from the
light, the better to effect which, there are alfo folding leaves oil each
fide ; fo that the whole fpace LMNB above the box is inclofed, ex-
cepting in the front NB and the top MM. The two glafles when out
of uie, are put into a drawer Hiding in the cavity EPCD, with fome-
thing foft under and between them to prevent their breaking in car-
riage. Alfo the pyramidical trunk EFHI is ufually made to hook on
and off, fo'as when out of ufe to be placed in the box. But this feems-
to be needlefs.

Another box. 405. As it is difficult to have a large looking-glafs that is true, a
fmall one may be made to anfwer the purpofe ; as inßg. 102, GabK.
may reprefent the fection of a box, at the bottom of which is fixed
at the proper angle the plane fpeculum s v t ; the lens A is move-
able along with a ihort tube or drawer to the proper diftance, and
GK receives the picture as in the preceding.'

How far the 406. In all cafes, the tube carrying the lens ihould have a fmooth
tube need amj fteacjy motion ; to effect which, the principal bearings ihould

fpring againft it, and it would be beit to have the tube of brafs.
The tube need not have a motion of above a••£ part of the focal length
of the lens, at moft ; and for common purpofes it need not flide near
fo much. Matters ihould be fo ordered, that when the tube is puihed
us far in as it can, the paper or glafs for receiving the images, ihould
be then in the principal focus of the lens -, and objects that are beyond
the other focus of the lens a 1000; 100, 50, 10, &c. times the focal
length of the lens, will have their pictures in the box diftinct:, when
the tube is drawn out, the Wró, т4-с-, -А, -Л-, &c. part of that fo-
cal length. If the pictures, of objects that are nearer than about 6
or 8 times the focal length of our lens are wanted, it will be beft to
ufe another lens of a fliorter focus. By this means the ihort tube
will ílill ferve ; for it would be inconvenient here to have the tube
long, as it muft be proportionabiy broad:

Fig. 106. ' 407. The rough fide of the glafs GK is ufually placed uppermoft,
for the fake of copying with a pencil the picture upon it ; and fome-
times inflead of the glais, is ufed oiled paper ilrained in a frame,
for the fame purpofe. .

If the board BP be made to ilide out,' and the glafs GK, be placed
in its ftead ; the fpeculum ST being taken away, the lid LM ihut,
and the glafs GK fcreened from the light coming to it from with-

out ï
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ou t j we íhall have an inverted pifture much fharper and diftinfter
than the former, and alfo much properer for the imitation of an artift,
as the images here are duly fituated notwithftanding their being upfide
down -[-. A draftfman, I mould think, would make no other ufe of
the camera, than to affift his imagination in drawing upon another paper
he has before him. But when the pifture is drawn upon the rough
fide of the glafs or on the oiled paper, as it muft be again copied,
the error çaufed by the looking-glafs щау. be then rectified. But for
the purpofe of drawing, the following conftruftion of a box feems
to be much more convenient.

408. The annexed figure is the box fig. 106, fet upright upon the F'g- '°7-
bottom, neither of the glafles GK or ST being here ufed. Inftead for

PdS"X

of S T is here uled the final l fpeculum s tt which reflects the rays
coming through the hole or opening run, dire.ftly upon the lens A j
and which are there refraftcd, fo as to form a pifture upon paper placed
at the bottom В С of the box. To a fpeftator with his back towards
the objects, this pifture will be ereft, and the images in their due po-
fition as to right and left. For viewing the pifture, a flit may be
made at I, which may be covered occasionally by two flips of .boards
fliding to each fide : And for drawing, the front BL, which before was
the upper part, muft be opened ; the lid ML fupported by the folding,
leaves on the fides, ferving here alfo to fcreen the artift from the light,
and which with the addition of a piece of loofe black cloth thrown
over his fhoulders, will keep it out effeftually. The opening m n is
eafily enclofed, when the tube is ufed as in ßg. 106.

409. If the fpeculum s t is a good one,. it is indifferent whether
the rays from the objefts come to it, or the lens fiïft ; but if it be
faulty, it will do lefs harm when placed after the lens, as reprefented
in ßg. 108 j and therefore this laft conftruftion, for the purpofe of a
camera obfcura, is always to be preferred.

410. The annexed figure is a larger box, made upon the fame prin-. Fig. 109.
ciples, and anfwering the fame purpofes, with the laft defcribed. The
bottom part of it is the • ß>wo-box for holding pictures before the con-
cave fpeculum ; and the top of it is the box, fig. 106, fet with the face
LB downwards, the lid LMN being now taken away. Or it will an-
fwer the fame purpofe, if the fimll box be fet upright, asmjÇgvic^
the bottom BC being taken away. I had the little box designedly made

Nn 2 a
•J- For this purpofe of copying, the paper on and the paper on which the copy is to be made

which tHc piftore 'is received, may be-dividcd- -being divided into'fquares in like manner; bnd
into /quarct, either by crofs lines or by a frame thefe numbered ; in cither cafe it will be cafy
with crofs threads or wiers laid on occafionally : to take a correct copy of the principal lines,
This frame would ferve for dividing the glafs and the whole may be afterwards finiihed at
half poliftied, if it be ufed inftead of the paper ; leifure.
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a cube, that it might fit on either way. By either of thefe methods,
we ihall have a large picture on a meet of paper placed at the bottom of
the box, and which will appear very diíliníl and ereil through an
opening at LM, or thorough the front MN : The faid opening be-

»286.11. ing ihut, and the folding doors before д dcfcribed laid open ; a piece
öf löofe black cloth thrown over the tops of the doors and the fpec-
tator's fhoulders, he may eafily gather about him, fo as to exclude all
light from the box ; and in this pofition fall to work with his pen-
cil. If there be crevifes left betwixt the box and the edges of the
doors when they are open, there ihould be thin flips of black leather
nailed over them. A box made only for this purpofe, might fpread
wider towards the bottom ; but as the doors in that cafe cannot open
fo conveniently, I think this figure is preferable.

TO make the 41 ï. There may be various methods of putting boxes together, fo
boxes mwe a$ to fo reducible into a lefs bulk for the conveniency of carriage,
por e. There js one which has obtained in our ihops for many years, called
Beik-camtra. a Book-camera, from its being made to fold exactly in the fhape of a

folio book ; and to make a kind of rebus, it is bound with leather
and lettered on the back, in the fame manner -f. To erect it into a
box, one of the Jids or cover of the book ferves for the back, and
the front makes part of the top, to which is joined with hinges a
board having its form femicircular, and reaching beyond the bottom ;
to this top is fixed black leather or cloth to hang over the draftman's
ihoulders when he draws, and which ferves as a front to the box :
Two boards fattened by hinges to the ends, turn up and form the fides
and alfo fupport the top j and by way of a tube for holding the lens,
there is fattened to the top a leathern collar, which may be raifed
or depreflèd, by an arm coming from the frame of the lens to an up-
right board or bar fliding in one of the fides j the plane fpeculum is
fixed in a frame fo as to be fet to any angle, and turning round the
lens to different afpects. Thia box is founded upon the fame princi-
ples with that Д§-. IO/, the paper for receiving the picture being placed
at the bottom ; and the whole contrivance is not amifs, if care be
taken that the parts are fo well fitted and proportioned, that the box i?
fteady when in ufe. But for home purpofes, one would prefer a box
remaining fail together.

Another port- 412. In contriving things for carriage, the weight as well as the
able camwa. bulk ihould be reduced as fmall as poflible, and at the fame time there

ihould be as little trouble as may be in, fitting the machine for ufej.
and

f Inftead of this leathern cover, a naked box would be better, fo that it might be fcnt by a
carrier without other package.

1
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and when in ufe it mould be alfo of a convenient height, if it may
be, without a foreign fupport. I do/ not know a better method for
obtaining all thcfe ends in a portable camcrorobjcura, than the follow-
ing *. In the annexed figure BD is the fedtion of a fquare board, to Fig. no.
each corner of which is fattened a ftiff brafs joint, wherein is fixed a
round ftaff, of about the length and fize of thole ufed to fupport fur-
veying inftruments, and which like them confift of two parts fcrewed
together. The board B D is of a fize juft big enough to; admit a
proper tube for carrying the kns A and reflecting plane s t, and which.
is made to ilide fmooth in another fliort and Ipringing tube, fixed; in
the faid hole ; or inftead of thefe tubes may be ufed a leathern collar,
like that to the book camera : Or rather, the lens- mould be placed
fi-rft, as in fig. i'o8. The oblong board GK, which may confift
of 2 or 3 pieces joined together either by hinges or pins, may have
holes in the corners through which the legs at the joints may, icrew
againft moulders left in the brafs part for that purpofe ; or the
legs may be eafily faftened to the board by other methods, but
the above I think is the beft, as it will be a great ffiftening to the
whole. The legs as lew as the board GK, on which the paper for
receiving the pkïure is placed, is covered with a black leathern co-
nical bag ; which on tbe back and two fides may be hooked under
the board GK to keep it tight ; but on the fore part, the bag muft
be wider and bang lower, fo as to admit a perfon's head and arm,.
and cover his ihoulders fufficien-tly to exclude extraneous light from the
pidture.

If the machine has four legs, one of them ihould be made ihorter
than the reft, and have a Hiding foot which may be brought to ftaud'
fail upon any uneven floor. Or thvee legs might be made to anfwec
the purpofe here j and in either cafer this fland might ferve to carry.
a ferveying or levelling inftrument, &c.

413. To a perfon who is accuftomed to draw by his eye, a camera Р<**(С с*-
of about 6 or 8 inches long and 2 or 3 inches wide, which he can .""'"'
eafily put in his pocket, may perhaps anfvvcr all his pnrpofés -|-. This
may be made to be ufed like fig. *o6, and with or without the. plane
ipeculum ST. But a painter will ufe the camera oAfcura with difere»
tion ; and there are many cafes wherein a convex fpeculum». or a. CQIV-
cave lens, may perhaps anfwçr his purpofe much better,

41-4,.

* I had an istimauon of this срщпудясе çiicntly made, rvrç now to \>c. \ц$ я\ our .
fonie year* fince by Mr. Dxgal Campl/cl, оцс They have been made \v\\\\ л \c\\s of about ; _
«f hi? Mnjelly's engwecrs. But one that he get or a inches focus, anil fitted tu th« heiuh off
mndt bting much too flight, did not anfwcr. сапсь ; but thclt arc much too fmall to. anfwer,

•j- Thcfe fmall tamtrai neatly and couve- any purpofe.
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oxcs. ^14, Any camera-obfcura, wherein the pidure is received upon pa-

per at the bottom, may be eafily converted into a Jheio-box, or one
for improving prints. And it is pity that the common mew-boxes, are
not made to anfwer both thefe purpofes. The fame lens may ferve
for both ; but in the one cafe it muft have a limited aperture, and in
the other, the lens mould be broad enough to admit both eyes to fee,
through it, the print or pidlure at once. All that is required for ob-
taining thefe two ends, is to have either an aperture, or two lenfes
with their proper apertures, to be fhifted on or off" occafionally.

Fig. 107, The print to be viewed is to be placed at the bottom of the box
109. \vith its top inwards, where it is enlightened thro' the front, now left

open, either by day or candle-light ; but it ihews much more natu-
ral and pleafant by day-light, as we are not accuilomed to fee profpcds
by any other: The opening m n in the tubeßg. 107, or the top box.

Jig. 109, are to be turned the contrary way to what they are in thefe
figures, that the box may ftand. between the fpedator and the light.
For the fake of fuiting différent eyes, the tube ihould have a little mo-
tion, that the lens may be brought either nigher to or further from the
bottom than its focal length. But thofe who are too ihort or too long
fighted to fee diftant objeds without fpedacles, they muft ufe the fame
here. The box ihould be big enough to take in a large print or a book
of prints; and it would be of fome advantage, if two thin blacked
boards be fattened by hinges to the fides near the top, to be fet to the
margins of the print; fo as to limit the fight, as much as may be, to
a view of the print only.

In á fhew-box, it is bett to place the plane mirror outermoft, as in
Jig. 107; becaufe any faults in that mirror will be leaft prejudicial,
when it receives the rays after they are refracted by the lens. The

* 350.11. field of vifion will be the k more extenfive, the nearer the eye is^to
the lens ; but the box ßg. 107 will exhibit a print fufficiently large ;
and therefore upon the whole, that conttrudion as to the placing of
the lens and the looking-glafs, is' the beit of the two for this purpofe
of viewing prints.

inconve- 4 X 5- * have above, referred only to thofe boxes which had been,
nience of re- before defcribed for other purpofes, for this alfo of improving prints,
verfing the But thefe jiave this grievous inconvenience, that the plane lookinp-
pjdkurcs, how , . /-ï .D -o • i i i r ri-ii , ^
to be reme- glafs revcrfcs the print or pidure as to right and leit : The remedy is
tiicd. indeed obvious enough ; another looking-glafs will fet all to rights, by

reverfing the reverfion made by the firft. The looking-glaiîes may
have different pofitions ; but in all cafes of this nature, it is beft to
incline a plane fpeculum fo as to make about half a right angle with

the
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the principal pencils. This difpofition of a fpeculuni wil l rcfletil more
light than when it itands more oblique, and there will accrue the lels
damage from the imperfections of its figure. Let one of the plane
mirrors be placed like TS Jig. log, and let the lens A he placed nigher
to it, as in the line EL ; then a plane looking-glafs placed upright be-
fore the lens A, and inclined fo as to make about half a r ight angle
with its axis, will exhibit the picture in its due poiition -|-. By hav-.
ing the looking-glafs before the lens to ihift in and out occaiionally, it
will be very eafy to adapt a camera like that flg. 109, in the manner
and for the purpofe laft defcribed. A box of this fort is now got into
our mops, and was firft made by Mr. Nainic,- optical mllrument-maker
in Cornhill, in the year 1753. But this contrivance has ite inconve-
niencie«. The field of vilion is rather too much contracted : From
the alrnoil unavoidable irregularities of the figures of looking-ghllcs,
an indiftindtnefs arifes ; and from the lofs of light at their furfaccs, the
piilure, unlefs it be ftrongly illuminated becomes too dark and ob feu re ;
fo that upon the'whole it does not appear fo diftindt and pleafunt аз
with only one looking-glafs.

In the Gentleman's Magazine for April 1753, we have the defcrip-
tion of a box for improving prints by Mr. S. PARR AT of Killer ton^.
near KJrby-Lonfdale in Wejlmoreland. And I am apt to think, that
the ihew-box which one Mr. yobnfon from Berwick had lalt fpring at
Charing• croj's, was much of the fame fort. Having already dwelt long
upon this fubjedt, I might perhaps have contented myfelf with only
referring to Mr. Parrat's own account of his box, if I did not think the
following conftrudlion to be more advantageous.

416. The box I got made is 16 inches long, 18 inches wide, and л new !Ь-*
24 inches deep. With in this box, and parallel to the top and bottom, b"x'
is fixed a partition leaving a cavity above about ioi- inches deep ; into
this cavity flips another box of the fame length with the outer one,
fo that both together may draw out to the length of about 27 inches,
which is the proper diftance betwixt my lens and the print to bt-
viewed. The lens is fixed in the end of this inner box, a little nearer
the bottom than the top, having behind it an opening about л inches
wide and li- inch deep. The lens is included within a íhòrt tube,
blacked on the infide, and of fuch lize as to hide all the box, ex-
cepting the print itfelf at the farther end ; and for confining the view
to prints of different widths, the fides of this tube or box have an
angular motion. To prevent the inner box from dropping when drawn

OUtj

•f- Or, the lens might be placed firft, as in This difpofition. t>f ihc lens and' ípeculums, u ill
fs- 1O7> ;m(l l'"-' two fpeculums, inclined in v,iv<: ;i dü lmclcv p i i l u i t than the oilier, but ihr..
the míiiincr above ddcrilicd, behind the Jcii.s. held of vifion \\i\\ lr шок1
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out, its -lower end -reaches down to the table,, fo as always to fuppoirt
it level. The (farther end -of the outward Ъох, againft which the
prints areiplaced, is fixed to a board .íliding fmoothly upon the bottom
above-imentioned, fo a:s it may -be drawn out far enough to take .in
a large book of prints j and that it .may be fuppoited, this end alfo
reaches down to the table, being :ftrengthened by two brackets fixed
.to it below :and to the íliding board. At 'the ends' of the two fides,,
are fixed .two flips or cheeks about , т of an inch wide, for confining
the prints or a book betwixt them -and .the Hiding end ; thefe flips flide
in. grooves made in a fmall, bar fixed acrofs the top, :and another lying
over tire fliding board, fo as to hide all .except .the .print itfelf -, an
advantage not .to be flighted >|j. For illuminating the, prints, .about half
the top turns up .ftifflyiupon .two pegs, fo as .to .ftand :at any. angle,
and when upright it drops 1.4- inch within the box ; the under-fide of
this lid i is -covered with white paper . for reflecting light upon the, print,
which 'together with 'that falling, d ireiftly upon.it through the Aperture
now made, will illumine it fufftciently. The whole .together is, J
think, very convenient for the purpole, and has a. better effe/ibthan
•any !•- have 'ryet'feen. The box^was made >io -deep. -as-above described,
that when placed upon a common table, a perfon fitting upon a chair
might'look into' it.at his, eafe, without much ftooping. The .bottom
part, which às every -way inelofed And having, a. door .on one fide, as
big enough '-to hold feveral hundreds offprints; and , for the fake .of
difbiuguimhig them into .ieveral fortnaeiate, .there are . feveral iflvUDg
•Shelves -which will ï draw out -at ; tfee door, .which is about ,-24- .Uichss
narrower than the fide, to make room for; the brackets .before men-
itioned for ftrerigthening the fliding end. This box is .blacked. on the
infide, and is eafijy converted into a camera-obfcura.

л box of a 417. If -the bottorrvpart be .omitted, the box above deferibed will
fize. te reduced. to «bout half the fize ; .and ,a proper ,oafe or cheft for hold-

ing prints, may now be.k^pt in. the inner, box. This box, . but with
fome :difad vantage, may be i yet reduced into a much fmaller fize :
Let the ..inner .box .before defcribed, be made no .deeper than you
would have a drawer for containing ( .prints, and let the outer box ;be
made juft big . enough to contain this '.drawer. Let the lid of the
cafe, excepting л flip of about .2 inches wide , at the front which
/hould remain fixed to the fides, turn ддроп joints, .and -f- be fupported

Ц Thefe íliding cheeks have fixed to them, -f The method I ufed was by two joint rules
and alfo to the box, flips of black leather, which having their ends turned upon pins fixed to
will allow them to: move in the w-bole. 5 »r 6 this lid and the 'ûdes, and .fo as to Jie. within
inches. the thicknefs', of thefe , fides. Thib ,nvuthod
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upright, which may be done various ways, Againil a proper aperture
made in this lid, the lens is to be fixed; or it may be fixed in a
board Hiding to different heights» that it may be the better adapted
to prints of different fizes.

The drawer alio has a lid, which turns upright upon pegs made
within about i j or 2 inches of the farther or lower end, which end
\vhen the lid is upright bears again (I a ledge or fnlfe end fixed acrofs the
drawer; and in this politico the lid is fattened by a but ton in the faid
ledge. Againil this lid the prints or books with prints are to be placed,
the bottom of a book bearing upon the above-mentioned ledge ; and
the fides and top being all free from obuacles, a bookmaybe here placed
of any tize. The prints mould be fupported at top ; for this purpofe,
let there be two narrow boards Hiding upright in grooves on the back
of the lid, and to the tops of thefe fliders, let there be fixed a narrow
tranfom the whole width of the lid: By a fpring, fcrew, or a wedge,
bearing againir. oneof thefe fliders, the tranfom may be fupported atva-
rious heights for holding prints of various depths. Along this tranfom,
let there be a thin flip either fpringing, or turning iliffly, againft it for
holding fchs prints > this flip mould turn upon joints, and fo as to be ea.-
fiíy opened, which may be effected by different methods. Within the
upper half of the tranfom, let there be two flips fliding to each fide, the
fore-fide of their outer ends being in the fame plane with the fore-fide
of the lid or tranfom ; at thefe ends let there be wooden flips drawn
clofe to them by fprmgs, for faftening the edge of a print . By this
means, a very long or very deep print may be held ftraight at the top ;
and, were it neceiTary, it might be alfo fupported at bottom, by two
lliders drawing out to the fides, as above ; and having grooves in them,
or by two flips turning upon joints. For confining books of different
thicknefles ; there is a narrow board or falle end, to be placed occalio-
nally into different correfpondent grooves, made a little afunder in the
fides of-the drawer a little before the lid j and fo as the top of the faid
end, when there placed, may iland about an inch or better above the
fides of the drawer. The light is now tocome upon the print tideways.;
and having placed the lens and print at their due diftance afunder, move
back the table again (I the pier, or fliut fo much of the window till you
hav.c-the proper degree of light ; too much light being here very prejur
diciál, and there is but little danger of having too little.

This little apparatus, when out of ufe,. may be placed as a drawer
in a cheftor under a table; and it will aufwcr extremely well, if due

care
unay be ufeful in many cafes, \\hciv one thing is to be held at a given angle to ail-
OtUcr. 'О о
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care be taken as to the proper degree of light upon the prints : It has
une confiderable advantage above the box defcribed in the preceding,
uníeis that be made very big, the taking in of very large prints. But
the excluding of all objedls from the fight, excepting the print itfelf,,
and preventing the:glare incident to near and bright objedls, are ad-
vantages not eafily counter-ballànced.

Having a lens fixed on a pedeftalitandingon a table, itwouldbeeafy
tofupport prints againit awainfcothavingaproper light, foastoexhibit
the phenomenon we havebeen confidering, without the aid of any box.

The conclu- 418. Imallnowconcludethisfubjedtwiththefollowmgobfervations:
^OIÍ1 i. In all cafes, a lens for improving prints, ihonld be broad enough

to admit both eyes to fee through it at once, or about 4 or 4 i inches
wide. This enables us the better to judge of the greater diftanceof
the image of the piiture, on which the-effedl greatly depends, as in;
like cafes of naked vifion.

2. For common fized prints, which are about ivfor 16'inches wide,,
a lens of about 24 or 26 ,inches focal length, will bell anfwer the
purpofe. If the lens be much more or much lefs convex, the prints
will accordingly either appearcoloured and diftorted towards the edgei,.
or the effect of the lens will not be fufîïcient-ly fenfiblc. If the prints
are much fmallcr or much larger, the lens mould accordingly have &
much ihorter or longer focal length. So that to a given lens, the prints
fhotild be nearly of a fize, and alfo done nearly on the fame fcale.

3. The prints ihould be moderately and properly enlightened, and;
fo'iis not to have any glare, as near objedls are apt to have. Upon,
this the phenomena greatly depends ; the degree of light received
from remote-objedls, fuch as are reprefented in the print, is ufually.
very moderate. And it may be laid down as a general rule in op-
tics, that a fpedlator ihould be ikreened, as much as may be, from
all light but what he receives from the objecl he looks at.

in the cafe before us,- the lens increafes the vifual angle but very
little, and yet the print appears greatly magnified, infomuch that the
objedls rep relented may appear of their natural fize. The principal

* 3 '?• II- caufes of this phenomenon have been already explained* : And it may
be further oblerved, that the cafe here feems fomewhat analogous to
that of viewing objedts at different diftances by the naked fight : Thefe
appearing ftill of the fame magnitude, whilft the firft diilancc or vi'-
fual angle is varied a great number of times ; and to fome one of thofe
ilations, the circumftances of the print may be exadbly correfpondent;
with perhaps the addition of fome favourable advantages.

F I N I S .
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First * lost signatures washed and
deaoidified with magnesium bicarbonato.
LeavoB mended as needed with huat
sensitiv» tiosue. Dook rabound in full
cloth with new acid free end signatures
• unbleached lintin hinge«. Polding cloth
box constructed to house * protect book
4 original board«.

Sky Meadow Bindery, Inc.
December 1992


