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'HE ancients regarded the fenfe
of feeing as the moft aftonith-

ing of human phanomena, and

#2X authors in general have had the
moft fublime ideas concerning it. To go
back to the fchools and doétrine of the an-
cients, we find, that the Peripatetics and
Stoics defined vifion to be an eémiffion of
rays darting from the eyes, which conjointly
with the light of the exterior air, feized
Az the
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the objes as it were, and by that means
render'd them vifible, Being refletted back
again on the eye with a new modification,
and by their union with the objeét, the rays
caufe an impreflion on the pupilla, and
produce the {enfation of the obje€t. This
they attempted to prove by the following
circumftances. By the natural luftre of the
eye. They obferved alfo that we perceive
a cloud or mift which is a great way from
us, without diftinguifhing that which fur-
rounds us. That we don’t perceive an
objett which is on the pupilla. That the
eves are weakened by regarding an objett
for a long time, which they fuppofed to
be owing to the quantity of rays emanating
from them. = That fome animals have the
property of feeing in the night.

The Epicureans imagined that vifion con-
fifted in an emanation of corporeal atoms
from the furfaces of bodies. They believed
i a kind of atomical influx, which evapor-
ated from the intimate parts of bodies, and
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at length arrived at the eye. Their princi-
pal reafons were, 1ft, That the objet fhould
neceflarily be connected with the power of
feeing, for as the objeft has no union of
itfelf, it fhould be united to that fomething
which reprefents 1t, and which comes from
its fubftance by a perpetual egreflion, 2dly,
That old men often fee objects which are
far removed, better than thofe which are
nearer to them. 3dly, They imagined that
all vifible objeéts imprinted a perfeft image
of themfelves, in the ambient air, and that
this image form’d another ftill fmaller, that
again forming another, till by a fucceffive
feries of objells, they atlength reached the
cryftaline humor of the eye, which they con-
fidered as the principal inftrument of vifion.
«~—This progreflion’ correfponds with the
fentiments of Ariftotle, in his chapter,
de afpeftu.  Although the chain of images
imagined by the ancients has been con-
fidered as a chimera, yet the ideas of ATi-
ftotle may very well be reconciled to thofe

of
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of Defcartes and Nev;'ton. For they.all'
three fuppofe a medium.

The fun, fays Defcartes, prefles the fub-
tile matter found thro’ the vaft compafs ef
the world, whofe vibrations refleéted from
the furfaces of this matter, are communicated
to the eye, and from thence to the fen-
forium-commune. Newton fuppofles vifion
to be owing chiefly to the vibrations of
an exceeding thin medium, which by means
of the rays of light are put in motion
on the bottom of the eye. This impreflion
communicating again by the filaments of
the optic nerves, to the fenforium-coms-
mune, conftitutes the fight. The celebrated
Kepler, in his ingenious purfuits on this fub-
jelt, wrote his Paralipomena ad Vitellionem,
and reduced the laws of vifion to thole cer-
tain and, as he thought, invariable rules,
which form the prefent {yftems of the mo-
derns.  He probably was indebted to the
hints given by John Baptiflt Porta, for the
difcovery : who firft obferved the phano-
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mena of the reprefentations of objetts in the
camera obfcura. The rays of light refleGted
from the furfaces of objels, firike on the
external membrane of the eye, and paffing
thro’ the different humors of this organ, they
are {ubjetted to different refraftions before
they can ftimulate the retina. The impref-
fions made on this expanfion of the optic
nerves, are conveyed to the fenforrum-com-

mune.

The inverfion of the objeéls perceived by

John Baptift Porta, in the camera obfcura,
and the experiment made by Kepler with
the eye of a calf or ox, (deprived of its ex-
terior membranes, and applied to the hole

thro’ which the rays of light enter into the
room,) fubjected the laws of vifion to a very
great inconvenience, of which the ancients
had not the lealt idea. Kepler perceived in
the eye the inverted fituation of objeéls on
the retina; he {faw them inverted allo on
the wall of the camera obfcura, from which

he
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he concluded, that we aftually do fee ob-
jets in an oppoled fituation to what they
are in nature. He obferved alfo, that the
fuperior faculties of the foul could relify fo
apparent an error, by that divine influence
which they have over the body, and fhew all
objels to us in their true and perfect fitu-
ation. His fuppofitions were confirmed by
the received laws of refle€tion and refrattion,
and by the different denfities of the humors

of the eye.

Let us fuppofe a ray of light, A a, which
marks the point of the arrow A B, reflefied
. through the air on the tranfparent furface
of the corneaR S, figure 1. Itisan axiom
in the laws of optics, that a ray of light
pafling from a rare into a denfer medium,
approaches the perpendicular line, and on
the contrary recedes from the {ame, when
pafling from a denfe into a rarer medium,
—The rays of light, ARBS, are con-
tratted into a fmaller fpace as they approach
the tranfparent cornea, and on entering
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into the aqueous humor, whofe medium is
denfer than the air, they are drawn nearer
to the perpendicular. In traverfing the
cryftalline K, they are more powerfully
attracted by the {ame laws of refraltions, as
the humor of the cryftalline is more denfe
than the aqueous. But when the rays pals
into the vitreous humotir, a medium lefs
denfe than the cryftalline, they diverge from
the perpendicular line and continuing them-
felves to the bottom of the eye, paint on
the retina the inverted picture of the objett,
A B, as at I L.—The celebrated experi-
ment of Mr. Kepler with the eye of an
animal, being apparently confirm’d by the
laws of refradtion in the different mediums,
affured him ftill more of the reality of this
inverfion. It was the means hkewile of
cﬁﬁblﬂhiug another received axiom in the
vifual laws, namely, That without the
paintings of objefls on the retina, vifiont

muft be imperfect.

B According '



[ @0l

According to the moft modern improve-
‘ments and difcoveries, this fenfe has ftill
been fubjetted to feveral inconveniencies,
and various and indefatigable have been the
enquiries of different authors to reconcile
them. The inverfion of objefts on the
retina furprized all the philofophers, and
each by a different road have endeavour'd
to explore the hidden paths of fuch a feem-

ing contradition in nature.

Defcartes, endeavors in his whole fyftem
of vifion to reconcile the mnverfion of ob-
je€ts, and imagined that the uncertain {enle
of {eeing, was {ubjetted to the much more
certain one of feeling, confirming his ideas
by the experiment of a blind man, who
holds in his hands two flicks crofling each
other, by which he determines the impulfe
of an agent to be on the left, which he felt
on the right, and on the right when he felt
it on the left.

M. le Cat, in his Effay on the Senfes;
fays, that the foul ought to fee the rays of
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light, or rather fhe ought to feel them in
the different parts of the eye, as fhe feels
the fire, which affetts different parts of the
hand, for if the fire burns my thumb or
little finger, my {oul is not deceived. The
reprefentation of objels are turned upfide-
down on the retina, notwithftanding which
we fee them in their true and natural fitu-
ation. I would afk then, fays he, What
becomes of the juflnels of my foul’s judg-
ment ? Or rather, by what means does fhe -
corre& herfelf, fo as not to judge conform-
able to the fituation and impreflions of ob-
je€ts on the retina, but to fhew them to us
as they are in nature ? Or how can fhe de-
termine the impreffion to come from below,
which is above, or that to be on the right
which comes from the left of the objelt on
the retina? The great mafter that the {oul
. has followed 1s the {fentiment of the touch.
The fenle of feeling 1s alone the competent
and fovereign judge of the fituation of bo-

dies ; itis by this mafter that we are firft in-
B2 '« ftrutted
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firucted that we walk upright, and from this
firlt rule he has given us the idea of the
true fituation of other bodies. To thefe
remarks M. le Cat fubjoins {ome ({thers, fuch
as the probability of a man being born blind,
and afterwards couched and reflored to
fight, having obferved this inverfion of the
objects.. He is of opinion that the foul does
really fee objefts inverted, and he fays he
caught her once in the very fadt.

M. de Buffon calls the fight a kind of
touch, tho’ effentially different from the
common touch. For, fays our learned phi-
lofopher, if we touch any body with our
hands or body, we judge by contatt; but
we may touch with our eyes at whatever
diftance the object is placed, provided only
it 1s capable of reflecting a fufficient quantity
of light to make an impreflion on the eye,
and be contained within the angle of one
minute. ' He imagines the inverfion to be

owing to a defe in the formation of the

E}fﬂ.
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The {fentiments of the Abbé Nolet on
this matter, aré by no means conformable
to the opinion of the former gentlemen. I
thall give what he fays on that head from his
own words : “ N imagimons done pas, comme
on la'fait, contre toute vraifemblance, que mous
voyons naturellement les objets remverfeés, & que
cen’eft que par Uhabitude ¢t a force d'experience,
que nous apprenons a bien juger de leurs fitua-
tions. Les enfans et les animaux nowveaux nés,
nous donnent des prevves du contraire dans les
premaers movemens qu'ils font pour exprimer leurs
befoins, et lewrs defirs.  Difons plutot qul eff
impoffible que nous voyons jamais les objets autre-
ment que dans leurs fituations naturelles avec
des rayons qui fe croiffent en entrant dans loeil.”
And he fays again,  Silon sétone devoir les
objets droits quand on fcait quels fe reprefentent
toujours renverfes dans nos yewx, c'¢ft qu'on con-
fonde mal a propos, U'impreffion qui fe fait fur
Poeil ou Uorgane, avee le jugement de Vame qui

la fuit.”

Le
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Le Chevalier de Jaucourt fays, that chil-
dren have imperfect fight till near fix or
feven wecks after their1hirth, and this he
accounts for as follows. The eyes of chil-
dren which come into the world have been
fhut for nine months, the cornea has not
been able to acquire its external convexity.
The veflels through which the watery hu-
mors are filter'd, are not yet appropriated
to this office. It 1s not then till fome time
after the birth that a fufficient quantity of
aqueous humors are collefled to fwell and
fill up the two chambers of the eye and di-
late the cornea, {o as by pufhing it outwards
to deftroy the folds of its furface, and by a
a more powerful compreflion render the
membranes thinner. Children by exercife
fortify and firengthen their eyes, tho’ they
cannot -form an exa€t and true idea of each
different 1mpulle, forthe firft defect of this
fenle is to render every obje€t in an inverted
fituation. Before they can afcertain by the
touch the true pofition of objetls, and par-
ticularly of thofe which are relative to their
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own bodies, they fee at top what is at bot-
tom, and at bottom that part of the objett
which fhould be at top, and fo receive by the
eyes a falfe idea of their true pofitions.
The firft error therefore, fays theChevalier, is
occafioned by the defettive formation of the
eyes, on the bottom of which the objeéts
paint themfelves in an inverted fituation,
for the luminous rays, which form the ima-
ges of thefe fame objels, cannot enter
into the eyes by a decuflation thro’ the fmall
aperture of the iris. He confirms his af-
{ertions by the experiments made in the dark
chamber. Perhaps it may be objeéted, he
fays again, that perfons who have been born
blind, and afterwards reftored to fight, have
not obferved the inverted pofition of objeéts.
To which I anfwer, Thele blind men had
been accuftomed all their life time to the
touch of objefls, and by that means had
form’d fuch a certain judgment of their fitu-
ation, that their fouls became lefs fubjett to
miftake than others. For if the {enfe of the

touch
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touch did not corret and reclify the fight,
we fhould for ever be deceived relative to
the true pofition of objefts, their number
and places; we fhould judge them inverted,
or double; we fhould guefs the objefls on
the right to be on the left of the place they
aftually occupied, and if inftead of two eyes
we had two hundred, we fhould ftill judge
the objetts to be fifhple tho” we faw them by
as many different multiplications. = With
the only fenfe of fight we fhould equally
be deceived relative to the diftances, and
without the touch, all objeéts would appear
to be within our eyes, becaufe the images of
objetts are atually fo; nor can we judge
otherwife ’till we have meafured the diftance
by ftretching out our hands, or going from
one place to another. Thefe are the fure
and certain leflons by which we acquire juft
ideas of the refpeftive diftance and magni-
tude of objefts. Ifthen they afk me why
1 fee objefls in their true pofitions, not-
withftanding they are inverted on the retina,

I anfwer, that it is by ufe alone, joined to
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that fubjeét, Grimaldi, Newton, Molineux,
Aqullioni, Marfennes, Scheiner, Gregory,
Smith, De la Hire, Marriot, &c. &ec. &c.
each had their turn, but none afforded me
any fatisfaltory arguments, or mark'd out
a probable track to guide me in my pur-
fuits. For this reafon I left them .all, and
refolved only to guide myfelf by {uch ex-
periments in dioptrics, as I could afterwards

confirm by oblerving in what manner I was

affefted.

The fetators of Kepler, (asindeed every
author who has followed this {yftem of the
inverfion of objetts pn the retina,) have con-
tented themfelves with general proofs, fuch
as experiments made in the camera oblcura.
They have adapted eyes (whofe external
membranes have been cut away) to the
aperture in a room thro’ which the rays
of light entered, and have obferved the in-
verfion of objets as defcribed by Kepier
and Defcartes. Contented with this they
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have ceafed their purfuits. But I have af-
fured myfelf that very little certainty of
inverfion of objefts in the eye ought to
be taken from this experiment, for the
{ame phanomena will conftantly fucceed
from the application of a fimple convex lens,
or a glals globe filled with water, or in-
deed any tranfparent {pherical objeét, whofe
convexity collells a greater.number of rays
of light than the fame diameter could were
it a plane furface. Should the rays of light
pafsinto a dark room, thro’ a {mall aperture
before which a convex lens 1s placed, the
- objefts will ceale to appear on the walls,
but will paint themlelves on a paper at a
fmall diftance from the lens in the fame
inverted fituation. Place at 4 proper dif-
tance from its focus a lens of the fame form
and diameter, and the ﬂbje&s will difappear
on the paper, but will prefent themfelves to
the eye of the fpeltator that looks thro’ the
Jens in their natural fituation.

C 2 ‘Suppofe
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feCled, and perceive it to be different when
an‘nhje& turn’d upfidedown prefents itfelf
on the retina in an ereét pofition. For if
the laws of vifion, according to Kepler,
were the only certain, and the paintings of
objetts on the retina the pure fource of
fight, admitting even that the foul rettifies
this natural error, occafioned by the in-
verfion of the objett, as reprelented on the
expanfion of the optic nerve, fhe muft ftill be

diﬁ'érently affeted when the objett changes |
its pofition. To put this matter in a clearer
point of view. I fuppofe a man, A B,
fig. 3. walking at a fmall diftance from the
fpe€tator, whole eye examines him, and re-
ceives, according to Kepler, the inverted
reprefentation of the objeft onthe retina at
C D. Should I fuppole, on the contrary,
a man ftanding on hishead as at C D, his
image muft be painted on the fpetator’s
eye in an eref fituation, as at EF. Ob-
fervation will confirm in the molfl evident
manner, to every individual, (and which is
better than a thoufand experiments) that I
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difiingwith in the moft clear and peri'pim-
ous manner, the change of pofition mn a
man, who {tands alternately on his head or
feet. Thisdiftinlion, according to the fec-
tators of Kepler, depends on the {upertor
powers of the foul, which correét the errors
of our fight, and appropriate them to our
judgment. According to their fyftem, it is
the altive principle of the foul which cor-
refts that inverfion of the objeét which is
form'd on the retina, for, fay they, the
foul takes cognifance of objets by the pro-
greflion of right lines, Should we fuppofe
the reprefentation of the figure A B, to be
inverted on the retina C D, yet by the pro-
greffion of the fame lines the objett muft be
conveyed to the fenforium commune as at
E F, and again, if he ftood upon his head,
the {pettator could not by the fame progrei-
fion of lines fee him in any other pofition
than ftanding on his head. All this feems
conformable to obfervation. But I cannot
help drawing a conclufion which muft limit

the
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the adtive principle of the foul. Fer as fhe
conftantly oppofes this reprefentation of
obje€ls on the optic nerves, the foul is only
aCtive in refpect to the mutations fhe caules
in the pofition of the objett, otherwile fhe
enjoys no more than a paflive privilege,
fince the mechanically oppofes the fituation
in which the objeét is painted on the retina.
To explain myfelf : If either the intelligent
principle by which we form to ourfelves the
jult idea of the fhape, color, and extenfion
of external objets, or if the foul judges
conftantly by a fimple correttion of the
paintings of objeCts only, does fhe do more
than change their fituation, by oppofing
and inverting the order of their pofition on
the retina? The perceptive and attive
powers of the foul, which conflitute the
moft brilliant part of the Keplerian {yftem,
are limitted to a very narrow compals.
Without any prepofleflionsin favor of a new
fyftem, does that of Kepler produce any
thing more in reality than the power of the
* foul oppofing the pofition of objetts on the



e [ % )

retina? An objet placed at A B, would by
the different refraclions which the rays of
light undergo in palling thro’ the humors of
the eye, be reprelented on the retina in the
pofition C D, acircumflance. fay they, mn-
conteftable; and proved by tne lanétion of
experiments made in the camera obfcura.’
The inverfion of the obje€t on the retina,
{by no ways conformable to our manner of
feeing) furprized our celebrated oblerver,
and the circumilance embarrafled him to
account for its caule, and appeared {0 mani-
feftly evident in the experiment of the eye
applied to the hole of the camera obfcura,
that 1t induced him to lock -on it as {fome-
thing divine, or owing its influence to the
fuperior faculties of the foul entirely.
Change the pofition of an external object in
what manner you will, yet according to
the fyftem of Kepler, its polition on the
retina muft be entirely oppofed to its natural
one; as again, the a€tion of the foul in the

fenforium commune will paflively oppole its
D fituation



[ 26 ]

fituation on the retina. Thele circums-
ftances are fo certain, that the feftators of
Kepler aflure us, if there were no paintings
of objetts on the retina, there could be no
vifion. The paintings of obje€ts are always
oppofed to their natural fituation, confe-
quently uncertain, unlefs, as he obferves,
the foul reétifies them, which it does by
paflively oppofing their fituation on the
retina. I fhall leave every one to make
what refle€tions they pleafe on this matter,
and fhall content myfelf with obferving firft,
That the judgment of the foul, on the re-
prefentation of objects on the retina, corre-
{ponds with, and conforms to the fituations
of external reprefentations on the cornea
and conjunttive membranes of the eye. If
it be neceflary to bring any farther proofs of
fo obvious a truth, as the external impref-
fions made on the cornea, being the only one
which is conformable to the true ftuation
of objelts in nature, the following experi.
ment mufl put it beyond a doubt.
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_Let' the crofs, A B C D, fig. 4, repre-
fent the inverfion of the obje€t which hap-
pens in the camera obfeura. Should a fpec-
tator placed within the room as at S, look
on the reprefentation of the objet C D,
againft the wall, it ought according to the
rules of vifion eftablifh’d by Kepler, to be
painted on the retina in its true polition AB.
For the rays of light reflefted back from
the wall C D, fhould by the decuffation of
their rays in traverfing the different humors
of the eye, reprefent the crofs in an invert-
ed ftuation to C D, on the retina of
the eye of the fpeftator S. But it is
very evident from every man’s own ex-
perience, that if I turn my eyes towards the
wall, and look at the obje@ C D, I fee it
in its inverted fituation, asthe eye would do
at F. The feCtators of Kepler will, no
doubt, oblerve that the fame thing happens'
by the influence of the foul in correlting
the inverfion of the objeét C D, on the
retina of the fpeflator S, {o that he fees it

B3 in
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+ in its true pofition C D. The rays of light
when collected by a concave mirrorat HK, as
they enter the aperture of the dark chamber,
and reflected back, will, as they diverge be-
yond the focal pomnt, reprefent the image
on the wall in its true pc}ﬁtiop as at L M,
{o that if we look at the objeét O P, from
the eye R, our ideas will correfpond with
its inverted fituation, the fame as we may
fee it in its true fituation by the diverging
rays LM, in the eye G. By this expefi-
ment we may learn, that the icons of diffe-
rent objefts are to be reprefented in either
an inverted or natural pofition as depending
only on the manner in which the rays of
light are refletted from the different furfaces
of bodies. But it will be very neceffary to
obferve, that thefe delineations of the ob-
je€ts never take place but by the diverging
rays after they have pafled the focal diftance
of the refletting body.

According to Kepler’s fyftem, the ac-
tive principle of the foul is found to oppole
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- and change the pofition of the objet on the
vetina, be it what it will, without exception.
" Then why does the judgment of the foul,
when it corretls the pofition of objeéls on -
the retina, ever conform to the {ituation of
objects on the conjunlive membrane of the
eye? Or are we to regard this aétive princi-
ple of the {oul aslimitted to the correéting of
an error, by an inceflant opofition to the
icon as reprelented on the retina of every
individual ? For the foul, according to this
fyftem, is entirely paffive, and Kepler mighe
with much lefs myftery have advanced, that
every attual impreflion made on the retina,
was continued to the fenforium commune,
by the progreflion of the fame lines, where
its inverted [ituation was probably corretled.
Should the paintings of objetts be fo very
effential to the true caufesof vilion, the attive
principle ought to confi rm to us thefe repre-
{entations, or,if asKepler affirms, the fuperior
influence of that innate principle bywhichwe

are animated, wasconfcious of the error into
which
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whichfuchdelineations might lead us, it ought
againto change their pofitions, and reprefent
them to us in their natural fituations. 1f we
confider the foul as the moft aétive principle
of human nature, we make it abfurd teo
fuppofe her paflive in any one circumftance.
The attive powers of the foul can by no
means argue a paffive principle as fhe is
the judge or mediatrix of all our perceptions;
was fhe therefore to remain paflive, fuch
perceptions muft become imperfet to the
body. I have endeavor'd to fthew by the
third and fourth experiments, that the ac-
tive principle is limitted to a paflive variation

of the objett by the Keplerian fyfiem.

The way of reafoning eftablifhed by Kep-
ler may then be fufpeted, yet the effett
pmduced. by it will ever be the fame, for we
can fee obje€is but one way, and that muft
be in their natural pofition.

The firlt circumftance that naturally oc-
curs to every obferver of the human eye



£ g
Is, that the exaft reprelentations of il
objefts are naturally and exaétly painted
on the conjunéiive membrane of the eye.
The pofition of thefe objects will be found
to agree invariably with the judgment of
the foul. We are next led to confider, that
the eye, accordiug to the Keplerian {yftem,
mufl receive two diftinét and oppofed fenfa-
tions, The firlt that natural and exact re-
femblance of the obje@ which is delineated
on the extreme fenfible membrane cover-
ing the cornea of the eye, and call'd by
anatomills the conjunétive. The fecond
the fuppofed inverted icon of the objet
painting itfelf on the retina, and which the
fe€tators of Kepler look upon as ablolutely
neceflary to vifion. The eye thus receiving
two diftin€t fenfations, offers the following
queltion to our obfervation. Does the fu-
perior iufluence which the ﬁ:rq] has over the
corporeal fubftance, lead her to judge of
natural objeéts by the impreflion which is
made on the exterior or interior part of the

eye ?
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eye ! When we confider that the fenfes in
general flow from the fame lource, that they
are all founded on that innate {enhbility
“which is given to the nerves, and that thele
nerves -have an univerfal fympathy among
themfelves; I fay then, we may conclude in
facl that we have but one general fenle. This
fundamental and univerfal fenle 1s the ag-
gregﬁte of thofe univerfal impulles which
are made upon the nerves, and which are
by them communicated to the fenforium
commune. They are more refined as the
relpelive organs are more eflential to the
prefervation of the individual, or ufeful to
his exiftence. The fenfations are either
acute, pleafing, torpid, or infenfible, in
proportion as the nerve is more or lefs fen-
fible in itfelf, or more or lels bedew'd by
the paflive organ of the cellulary-membrane
i which they are enfolded.

The eye, from its extreme vicinity to the
brain, becomes in itfelf the moft refined or-
gan of the fenfes; its nerves are not only
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the moft confiderable, but the moft ex-
poled to the impreflious of exfernal objetls,
and its agent the pureft fubftance in nature,
the rays of light. Is it not furprizing, that
of all the fenfes, it is the only one whole
phanomena have remained a profound
inyftery ? For the other {enfes are known
to be caufed by the impulfe of different
agents which affect them, and our fenfations
are deduced from their impreflion on the
nerves of the human body. The aétual con-
tact of objetls determines their qualities and
form, when examined by the fenfes of fecling
and tafting. The olfattory nerves are fti-
mulated by certain particles floating in the
air, the auditery by the vibrations of founds.
The retina flimulated by the rays of light
which are refleGted from th= external furface
of bodies, is fubjetted to the general caufe of
impreflions with our other {enles. Why then
are we to [uppole, that the paintings alone of
objeéls on the retina do caule, or are effen-
tial to the laws of vifion? Has any one feen

E this
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this painting on the retina? Mr. Marriotte
pretends to have feen it on the retina of a
cat, which he plunged into water. The
different attempts I have made to alcertain
this circumf{tance on the human eye of feve-
ral perfons placed fo as to receive a con-
venient degree of light, as allo on different
animals by laying them in a prone fituation
the better to receive the impreffion of an
objelt, never afforded me any thing certain
on that fubje€t. But I have found by ex-
perience, that the retina mulft receive the
impulfe of the age11t, to ftimulate the fibrils
of the optic nerves, or vifion will be imper-
fect without it.  The truth of this afler-
tion every perfon may prove upon himfelf.
Let the perfon fhut his eye, or keep within
a dark room for a fhort time, on coming
out let him open his eyes to look with firm-
nels and attention upon any luminous ob-
jett, fuch as particularly the fun, or a can-
dle, or a window thro’ which the rays of
light enter in abundance, the eye on being
immediately clofed will prefent feveral or
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one luminous globe, fuppofing he has ex-
amined the furface of the fun; or if a win.
dow, 1its fhape and form, which will
laft in proportion to the ftimulus that has
been made on the optic nerve. But if the
ftimulus has been very great, {o as to affect
the optic nerve. by a lefion in fome part of it,
then the perfon will perceive an opake fpot,
which may remain for fometime unlefs the
nerve does fufficiently recover its fenfibility,
and then the dark {pot will difappear. It will
be neceflary to obferve likewife, that thefe
impreflions which are caufed by the ations
of external caufes on the optic nerves, will
always appear to affect the retina in their
true and natural pofition and never in an
inverted fituation.

The idea that objeéts are painted on the
retina took its origin, as I have already
mentioned, from the experiment made by
Kepler with the eye of an ox orecalf, ftripd
of its external covering, and adapted to the

E2 hole
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hole of the camera obfcura, on which the
inverted reprefentations of the external
landfcape were oblerved.  In repeating the
fame experiment, the {ame inverfion of the
object appeared to me, but I can by no
means allow as a conclufion drawn from 1t
that the fame thing happens in the human
eye when we behsld all natural obje€ls.
The inverfions of obje§ on the retina have
produced many ingenions hypotheles, which,
like the fy tem itfclf muft fall, if founded on
an error. For where nature is fimple and
uniform in all her works, how can we re-

concile fuch fyftems to that general fimpli-
city of her laws?

What T have juft mentioned will be eluci-
dated by the following experiments, which
will allo throw fome more light on thole
'quc[liuns in which we propofed to confider,
firt, If the foul determined the natural
fituations of objetts by the firlt impreflions
which are made on the cornea, or by the
fecond, or thofe impreflions made by the
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fuppoled paintings of objets on the retin::l.
No one will, I imagine, deny the exiltence
of what I call the firlt impreflions on the
exterior membranes of the eye: it is a truth
(like many others which I have mentioned)
of which every one who chooles to obferve,
may be aflured of its veracity ; as alfo, that
thele reprefentations of objelts are always
conformable to the judgment of the foul. I
have examined with a fcrupulous attention
the eyes of feveral perfons in which the
imaguncula of the objeét which the eye of
the fpeftator was attentive to, did always
correlpond with its exat fituation.

Placing myfelf before a mirror, and hold-
ing fome [mall objet between my eye a;n:l
the glafs, I could perceive the objet de-
lineated on the furface of my eye, in the
exact fituation I held it, that is to fay, up-
right when I held it fo, and inverted on
changing its fituation, or. turning it upfide-
down, the idea of its fituation always formed

in
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in my mind the fame pofition of the objett
as that in which I attually faw it, and in
which it appeared on the exterior part of
the eye. This {ufficiently convinced me,
that our ideas do continually and invariably
depend on the manner in which objeéls are
reprefented on the cornea, juft as the mirror
reprefents the true pofition of external ob-
je€ts, It 1s obvious alfo, that the retina
can receive no impreflion from an external
agent, without its firlt having made a
due and fenfible impulfe on the conjunc-
tive. ' Now the nature of the human ftruc-
ture is fuch, that an impulle given to two
different nerves, or two different parts of
the famme nerve, will caufe two feparate and
diftin& fenfations. If the foul therefore
can receive and judge of different impulfes,
does it not appear that fhe muft be agitated
in two different manners, by the pofition of
objefts on the conjunétive and the retina,
for as fhe is fenfible to every impreflion
made on her meffengers, the nerves, fhe
ought to be affeCted by every different im-
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pulfe. The conjunétive, or the external
membrane of the eye, is a nervous veil of
the moll exquilite fenfibility, covering over
the whole circle of the tranfparent cornea,
and [preading itfelf on the tunica albuginea.
This membrane does therefore, as a kind of
Itinulus, excite the foul to obferve the im-
preflions made on it by the rays of light,which
_ are again more eflentially confirm’d by thefe
impulles as they are carried on to the retina.
To elucidate this matter more fully, let us
fuppofe A B, fig. 5, to reprefent the ex-
terior membrane of the eye, or the conjunc-
tive; let C D fignify the expanfion of the
optic nerves on the retina. Let us fupu
pofe any body whatever moving before the
eye in a {low dire€tion, may refleét dif.
ferent cones of rays upon the conjunttive
as it pafles, at 1,2, 3, 4, 5, in its courfe
from L to M. We may fuppole likewife,
(according to the Cartefian and Keplerian
{yftemns of vifion)that thefe impulfes muft af-
feCt the retina by thedecuflation of theirrays,

CD,
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s in’ )2, 3;'4, 5, mark’d on that
membrane. From this ¢ircumflance it muft
manifeftly follow, that the eye receives two
oppofed and different impulfions, excepting
thofe which are made in the central points,
aML, 31 K. Were it really the cafe, that
the paintings of every objeét muflt abfolutely
be delineated on the retina to caufe perfeél
vifion, and that fuch delincation was al-
wa;,}s inverted, in fuch cafe I am almofl
perfuaded in my own judgment, that the
eye muft be fenfible of the two different im-
preflions ‘m?.dﬁ on it, and mult be fol-
Iowed by a confufion in the faculties of this
fenfe. For the extreme fenfibility of the
external membrane, or the conjuncttive,
muft render its affeCtions of material con-
fequence to the fenfations. But in faét,
vifion in the human body is both perfeét and
imper.fe&.: The manner in which I make
this diﬁin&iau is, by calling imperfe& vifion
all that circle of perceptions beheld by the
tranfparent cornea ; and perfe€t vifion that
cone of rays which flimulates the retina,
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thro’ the aperture of the iris. We have
imperfe@ vifion when we open a book and
regard the fubject of the whole page, and
perfe€t vifion 1s the explaining of it word
by word.

The celebrated Sthaal, attrihuting to
every different part an attive and fenfible
fat:ulty, {ays that the foul direts every move-
ment of the body. It muft appear almoft
evident to the obfervation of every one, that
the optic nerves feem to poflels a radiant
and primitive fenfibility intirely fuperior
to the influence of the will, or elfe men
would have been endued with a power
of ordering the different diameters of each
iris, and regulating their contraétions and di-
litations. But thefe fublitne faculties of the
foul are as infinitely [uperior to that privi-
lege which nature has given to us, of di-
refting the different motions of our hands
and feet, as the animating principle itfelf is
fuperior to the body. And here I fhall

F beg
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beg leave to correct an error of the celebrated
Dr. Whytt, who affures us, that each iris,
by a {ympathetic power, always prelerves
an equal and juft proportion in their contrac-
tions and dilitations. But from an exatt
obfervation on the eyes, 1 have remark’d
that they often differ very effentially in their
refpe€tive dilitations, for fometimes the aper-
ture of the iris of one of the eyes fhall
be double that of the other. Although the
apertures of the iris do in general corre-
i'pnnd in their diameters, yet when one or
other of the eyes, either by a fpontaneous
inflammation, or a cold, or if the eye is
blood-fhot, from a blow or other caufes, in
fuch cafe then, as the fenfibility of the nerves
are injured, the diameter of the iris of
the injured eye is generally lefs than that
which is not hurt. But in order to have
perfe€t vifion, this extreme fenfibility of
the 1ris 1s evidently neceflary, for as we
are continually moving from place to place,
it often happens that the eyes are affected
by different cones of light falling on them,
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in which cafe the iris, when dire€ted by the
innate {enfibility of each particular nerve,
appropriates itlelf to each refpeétive
cone of rays. That every perfon may
be enabled to confirm, what I here affert
by obfervation, let them place themfelves
before a mirror, having on the right and
left hand a candle of the fame fize and length,
let them burn till the wick becomes long,
then fnuff either one or other of the candles,
without fnuffing the other, and you will (ee
the 1ris change its aperture and appropri-
ate itlelf to the different ftimulus; the fame ,
thing may be done by moving one or other
of the candles farther from you. Having
convinced myfelf from frequent experiments
made in this manner, that each iris does
really and evidently appropmiate itlelf to
the ftimulus occafioned by the different mo-
dulations of the light, I began next to con-
fider that thefe variations in their apertures
mulfl occafion different confufions in the

fenfe of fecing, fuppofing the objetts were
F e really
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really inverted. For if we fuppofe the eye
A B, fig. 6, turns to an objett when the
irides are unequal in their diameter, and
fixes upon the objeét C, does it not follow
that the objett painted on the retina of the
eye B, mult bear a different proportion to
that which 1s delineated on the retina of
theeye A? For the rays of light, however
changed by intervening bodies, do always
purlue their re€tilinear dire€tions, and con-
{equently ought to form a much larger angle
on the retina B, than A, on account of the
increafed diameter of the iris. If the
painting of the objelt on the retina, as it
ought to do, depends on the proportion’d
apertures of the iris, then, when this
aperture 1s larger, the delineation of the
objett ought in courle to be increafed. I
know by experience, that the aperture of
the camera obfcura changes the tran{parency
and proportion of the objefts on the wall
of the room. Now if the foul judges not
by this painting, but by the manner in
which the eye is affeled, ﬂugﬁt fhe not to
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find the eye affeted in a peculiar degree by
the extenfion of the impulfﬁ?

The many doubts which crouded on me
at prefent, concerning the neceflity for a de-
lineation of the objets on the retina, and
their mverfion, made me have recourfe
again to the camera obfcura. I prepared
the eye of an ox, recently taken from the
animal, by diffeting the membrane, fo as
to lay the vitreous humor perfeétly expofed,
I then applied it to the hole made in the win-
dow-fhutter of the camera obfcura, and I
found according to the Cartefian experi-
ments that the objefls appeared manifeftly
in an inverted fituation. Taking away the
eye from before the opening, I applied in
the place of it a convex lens, and I had the
fatisfattion to find the fame inverfion of the
objett. A glafs globe, nearly of the fame
diameter as the eye, prefented the fame phze-
nomena. A lens, concave on one fide repre-~

fented the objeéls in their ereCt fituation.
Here
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Here it is evident that the rays of light fuf-
fer by the influence of the intervening me-
dium. The convex lens and a glafs globe
offer the fame phanomena as the eye, which
in this experiment feems to act on the rays
of light by decuflating them, juft as the
{olid bodies above mentioned. It is evident
beyond a doubt, that the rays of light do
not decuflate within the lens or the globe,
but that thefe bodies attratting the rays of
light unite them all into a focal point. The
intervening medium lofing its force foon
after, the rays of light by their own elaf-
ticity purfue their right line till they efcape
from the interruption caufed in their courfe,
and continue in their ulual progreflion. Why
then are we to fuppofe that the eye has in this
cafe the power to decuffate the rays within
the vitreous humor, more than in the other
tranfparent bodies? By every experiment I
could make, the eye, in this cafe, is in every
relpeét to be compared to the other tranf-
parent bodies, nor do the rays of light
pafling through the vitreous and other
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humors of the eyes, decuffate within the
eye, but only when they have pafled the
focal point, which is always beyond the
fubftance of the medium. The rays of
light pafling thro” mediums whofe furfaces
are even, are not altered in their courfe,
but when thefe rays pals thro’ {pherical or
convex bodies, they unite 1to a focus, and
paint the objet in an inverted fituation.
But it is certain alfo, that the appearance in
the fituation of the objelt, thro’ convex
glafles, depends on the mannerin which thé
fpettator’s eye fees them. The greateft cer-
tainty in the vifual laws muft be drawn from
the manner in which the eye is affefted:
It is obvious when we look at any obje&
with a naked eye, that we fee it in an ereft
and natural manner, as it is equally certain
if we oppofe a convex lens as a medium be-
tween the eye and the objett, we fhall then
{ee the fame objeClt in an inverted fituation,
provided the rays of light unite in the focal
diftance before they reach the eye. For

that
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that the eye may be affeted in two diffe-
rent extremes, by looking thro’ a convex
lens, will appear from the following ex-
periment,

If the objet A B, fig. 7, Thould be feen
through a convex lens C D, by a {peflator’s
_eye at the diftance F, it will appear in its
natural fituation, for the rays of light not
having yet reached the focal diftance, are
attracted by the eye I, and feen fomething
magnified under the angle F MN. But
when the rays of light have penetrated be-
yond the focal diftance of the lens, at G,
the fpetator regarding the fame objeft at
the diftance K L, mulft {ec it in an inverted
fituation.

This experiment affords the moft fatif-
faltory determination that can perhaps be
produced, of the judgment of the foul, and
the manner in which the eye is affefted by
external agents. And it muft appear as
evident to every obferver alfo, that the eye,
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and the optic nerve do determine nothing
of themfelves, but receive the impulfe of
the rays of light in whatever manner they
are direCted. As a farther confirmation of
this experiment, and in order to determine
the true caufe of the different affe€tions of
the eye by the above experiment, I placed
a large dog on the feat of the window, but
in fuch a pofition that the fubjeéls of the fur-
rounding landlcape were clearly delineated
on the tran{parent cornea. I then took a
convex lens, which I held before his eyes, at
fuch a diflance that the rays of light pafling
through the body of the lens might flrike on
the cornea. I had the [atisfation to
find I was not deceived in my conjeétures.
For the objetts prefented themfelves firft in
an ereft pofition when the lens was held at
a fmall diftance from his eyes, and after-
wards in an inverted one, when the lens
was held fo far from him, that the rays di-
verging from the focal diftance, ftruck on
the membrane : I found alfo, that I could

G vary
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‘vary the fituation of the objet on the eye,
as I pleafed, either by the approaching or

o

. removing of the lens, Itis neceflary alfo to
remark, that the anin:zal gave fome figns of a
{enfibility in one pofition of the objeét more
than another, for I oblerv'd that he always
retreated fuddenly, when the union of the
rays in the focal point flimulated his eye.
To afcertain as much as poffible the validity
of this experiment, I attempted it on the
eye of a friend, to whom I communicated
my thoughts, and anxious for the refult of
the experiment, confented to my requeft.
Placing himfelf in a chair, I obferved the
delineations of the external objetts on the
tranfparent cornea, and on applying the
convex lens, I faw its image on his eye,
with the objets reprefented within its circle
in their true fituation ; I afk’d him in what
manner he then faw the objets through the
lens, he anfwered upright. Removing the
lens farther, tll the focal point affected the
membrane, I afked him the fame queftion,
and he replied that he could diftinguith no



S iy

particular objeét, but only a confufion of
colors. Removing again beyond the focal
diftance, I faw the inverted icon of the ob-
jet on the membrane, and atking himin what
manner he faw the objefls through the lens,
he anfwered, inverted. Could I poflibly
have a ftronger proof that the vifual faculty
of this organ, required no other reprefent-
ations of objelts than thofe which were paint-
ed on the tranfparent cornea, to compleat
the fenfe of feeing >—A circumftance much
more eligible as correfponding with that
natural elegance and fimplicity which nature
every where affeéts.

As I have always endeavored in my pur-
fuits on this fubje€t, to confirm as much as
poflible every experiment by obfervation,
and where occafion offer'd to confirm my
oblervations by experiments, according to
thofe rules which Sir Ifaac Newton has left
us in the Analyfis and Synthefis. It remains
at prefent only (to finith what I have faid on

G2 ihe
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the inverfion of objeéls on the eye) to com-
pare the {yftem of Kepler and Cartefiu- with
my own obfervations in this laft experiment.

It is the beautiful reprefentation of the
objeflts on the retina, fays Delcartes, that
gives us the idea of colors and the fituation
of objeéls in nature, for, fays he, thefe ob-
je€ts are manifeftly painted on the retina,
and that not erett, but inverted, as the laws
of optics require. But we find in this cale,
that the eye does not fee the objetts inverted
but eret, and the reafon is given in his fixth
chapter of Dioptrics as follows. “ Notitid
sllius ex nulla imagine pendet, nec ex wlla atlione
ab objectis veniente, fed ex folo fitu exiguarum
partwum ceribri, ¢ quibus nervi expullulant,”’—
Mr. Molyneaux in his Dioptrics fays,
That the eye is the organ or the inftru-
ment only, and that it is the foul that
fees by means of the eye. To enquire
then how the foul fees the objeét erett by
an inverted image, would be to enquire
into the foul’s faculties.
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But without enquiring into the foul’s fa-
culties, let us confider it as an evident truth
only, that the icon of all objetts is painted
on the tranfparent cornea, in their natural
ere€t pofition. Cartefius and Kepler, as
likewife all their fe€ators, fay, that all ob-
je€ts muft be painted on the retina and
alfo in an 1nverted fituation, or elle we can
form no idea of the form, figure and fhades
of external objefts. The Keplerians do not
themfelves ‘deny an eret fituation of the
objets on the cornea, but fuppole there
mutft always be a painting on the retina, op-
pofed to that which is delineated on the
cornea. So much granted, let us fuppole
the arrow A B, fig. 8. refleCting various
rays of light from its furface, whichare col-
le€ted by the convexlens C D. On being
removed at the appropriated diftance from
the fpeclator’s eye, the diverging rays repre-
~ fent the objeét A B, in the inverted fitu-
ation E F, on the cornea. The fame rays,
according to the Keplerian fyftem, ought to

be
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be refratted by the aqueoushumor, which
has that property, as being denfer than the
ambient air. And according to the laws of
refraltions as before mentioned, the rays of
light when pafling from a denfe into a rarer -
medium, recede from the perpendicular in a
contrary lenfe. The rays of light then, hav-
ing palled the aqueous humor, enter into a
denfer medium in the cryftalline, and ap-
proach by the fame rules {lill nearer to the
central line, becoming more refratted: from
thence pafling into the vitreous humor, the
medium of which 1s rarer than the cryftal-
line, the rays of light receding from the
'perpendi{:ular, paint the object on the retina
in the inverted fituation to that object on the
cornea, and in the fituation H G, as
perfectly correfponding with its natural po-
fition at A B. DBut it is a certain and
invariable truth, that if we look at any ob-
jett through the medium of a convex lens, |
we mufl {ee it inverted, and oppofed to its
natural fituation. The reafon is evident.
The rays of light which would otherwife be
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refle€ted from the obje& in right lines to the
eye, are changed in their direétion by the
- interpofition of the lens, fo'that the fpec-
tator’s eye looking back at the object by the
means of the diverging rays, cannot avoid
{eeing the objeét in the pofition E F, as it
paints 1tfelf on the cornea, nor can he ever
fce the objeft A B, in the diretion H G.
This 1s without doubt the moft eligible rea-
lon that can be given why we fee the objeéts
inverted on the retina of the eye fixed to the
hole of the camera obfcura. The rays of
light are attratted to a focal point, as they
are by the lens C D, and this is evident by
the proof of the feventh experiment, for if
the eye of the fpettator be applied clofe to
the eye in the camera obfcura, he will fee
the objefls in their natural pofition, and in
an inverted one when beyond the focal dif-
tance. For the fact is, that the pofition of
the obje€t, as to its natural fituation, is
changed by the intervening medium. Nei-
ther can I allow that the icon of the ob jetls

is
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is inverted on the retina of the eye. For
it is certain, that objefls are not inverted
within the fubftance of a convex lens, as

may be proved from feveral reafons.

1ft. From the diaphenity of its fubflance,
which, according to the Cartefians, is owing
to the reclitude and {lraightnefs of its pores.
For as the raysof light always proceed for-
ward in firaight lines, they can only pals
freely and unaltered through® thofe bodies
whofe pores are in fuch a dire€tion, and this
will appear more manifefl i’ we confider
that the opacity of all fubftances are pro-
portioned to the variation in the diretion
of their pores, or the compalinefls of the
{fubftance. For inftance, the rays of light
will pafs unaltered through limpid fountain
waters, but throw into the fluid a fmall
quantity of the powder of galls, and the
water will lofe its tranfparency, and become
lefs capable of the admiffion of the rays of
light, for each particle of the galls which
floats within the bofom of the fluid, inter-
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cept different rays of light, and make them
either change their dire€tion or recede back
again. Throw again as much more of the
powder of galls into the fluid as will render it
opake, and you interrupt by that means fo

much of the light, that the body becﬂmes
impenetrable to the rays,

2. That the fuperficial forms of mediums
affe€t the rays of light. The rays of light
do continually move by the progreflion of
right lines, without ever changing this di-
rection, for fhould they be intercepted by
any opake body, they recede back again in
a right line, forming only an angle, which
is call’d the angle of refle€tion. When the
rays of lightare only altered in their courfe,
by the different denfities of tranfparent
mediums, they then change their firft pro-
greffion only to form an angle which is
call’d the angle of refration. But although
the different mediums are direftors of the

et rays
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3. It is impoflible that the inverfion of
the objeét thould take place within the {ub-
. {tance of the lens, fince it would not only
be impoffible that the rays of light could
change their direftion within a medium
whofe refiftance could never be overcome
by fo feeble an agent as light, and more-
over, the rays muft always proceed in the
fame refraéted dire@ion, becaufe of the uni-

form denfity of the medium.

4thly. As the rays of light pals through

a tran{parent cube, or a common piece of
window glafls, uninterrupted, and without
any vilible alteration by the fubftance, it
follows that the pofition of any objett re-
fle€ted by the rays {ent from off its furface,
undergoes no change although the rays
have penetrated any diaphane cube, for the
objedt is continually feen in its primitive di-
reCtion. The rays of light move on, there-
fore, in their uninterrupted courle, if op-
poled only by tranfparent bodies, whole
H 2 {furfaces
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furfaces are even and fides parallel to each
other,

sthly. But we are to remark, that thefe
direttions in the rays of light do never
alter of themfelves, they are conftant and
immutable; it is therefore the form or po-
fition of certain objetts alone, which vary
their courfe. We are not, therefore, per-
mitted to affert, that the rays of light have
changed their direftion, but we are to de-
fcribe the manner in which certain inter-
vening bodies have altered their uniform
progrefs.

If the rays of light pafs through a lens,
one of whofe fides 1s a plane and the other a
curve, they will receive no different modifi-
cations by the attion of the medium. Forin
this cafe the rays are made to converge from
their ufual courfe, by the curvilinear form of
the medium, which difperfes the rays of light
as they elcape, the object will, however,
appear in its ufual pofition, by the means
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of thofe parallel rays which are connefled
with the centerof the medium, and which
are not fubjected to fo great a degree of its
action,

6thly. But there are mediums, whole
attion on the rays of light are fo powerful,
that they change the courfe of their direc-
tion entirely, and alter the natural pofition
of the objects. Of this kind are all globular
diaphane bodies, or any {pherical or convex
lens, whofe fides are the part of fome feg-
ment of a circle, or its periphery. = This
is the moft uncommon and furprizing phe-
nomenon of the whole fyltem of optics.
Its theory is the molt difficult to explain,
for which reafon we fhall endeavor to eluci-
date it in the moft probable manner, and
reduce it to certainty.—We beg leave to call
to mind the invariable diretion of the rays
of light to a conftant reilincar progreflion,
and the poflibility of their being diverted
from that courle by the power of certain

inter-
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intervening mediums. If therefore a cone
of certain rays of light is refleted from the
furface of an obje€t as at A B, fig. 9 they
move on in that reftilinear direttion fo long
as the objett remains vifible to the eye of a
fpetator, after which they rejoin the primi-
tive current of light pafling over our globe,
to follow the general influence of the pro-
greﬁ; of its rays. For we are firft to con-
fider, that the luminous particles which
conftantly emane from the [un, pa['stuver
the globe in continued right lines, as alfa
that {ome of them are intercepted by the
various objelts difperfed upon its furface,
and become either ablorbed or refleted, by
which means objefls are rendered vifible to
our fenfes, The reafon whereof is, accord-
ing to Sir Ilfaac Newton, That the rays of
light which iflue from a point of the objeét
at N, are, by the axis of the glafs crofling
the objett, fo refratted as to meet again
about the point O. And the rays which
diverge from the point A of the objett, muft
meet again at almoft the fame diftance from
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the glafs, but on the other fide of the axis,
in the point M ; for, fays he, the rays at
the glafs crofs the axis.—In like 'manner,
the rays which proceed from the point B,
will meet about L on the other fide of the
axis.—But none of the rajws, neither thofe
which proceed from the point N in the axis,
nor thofe which ifflue from A or B, will
* meet again exattly in one point; but in one
: Place, as I here fuppofed at O, M and L,
they will be Cl’ﬂfidﬂd fo clofe together, asto
make a diftinét 1mage of the objeft upon any
body proper to refle& it, which fhall be
held there.—The rays of light which fhould
continue their courfe from A to L and from
B to M immutably, being intercepted by
the medium C D, become [ubjett to its
attion, The fpherical furface, by the pe-
culiar influence on the rays of light, colle&
them mnre\abundantl}r, and attralt them
with fuch force, that they are conftrained
to unite, by their continued progreflion,
into a {mall point at G, which is called the

focal
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focal point. It is in this point that the
force of the medium has exerted its greateft
a@tion, and beyond which it has no longer
any power of the rays of light, for by their
own elafticity they continue to diverge, by
an oppofed and contrary influence, to that
which collefted it to the focus G, and un-
ravel themfelves till they arrive at the points
Land M, where they are fet free, and move
on agaiﬁ in their primitive direCtion. But
we are to oblerve, that the attion of the me-
dium C D, has fo greatly alter'd the pofition
of the objett, that the arrow A B, is inverted
at H K, and appears in a contrary fituation
to what it really is in nature. To account
for fuch phenomenon we are to obferve,
that the rays departing from the point A,
ftrongly attratted by the force of the lens
CD, and following the reftilinear progreflion
from which they can never vary, are con-
tinued on to G and from thence to K. The
rays departing from the points B, are by
the fame influence attratted to the point G,
and from thence to H, by which it happens
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that the rays of light collefted from the top
of the objeét A, become the lower ones of
the point K, as thofe of B are the fuperior
ones at H. For this reafon when the rays
efcape the influence of the medium, and ex-
pand themfelves, they reprefent the objects
inverted asat H K. What is moft material
to obferve relative to this circumftance is,
that the inverfion of any objeft, cannot
pollibly happen in optics, unlefs the rays
have previoufly converged to a focal point,
by the influence of a medium.

7thly. We fhall endeavor to explain, (in
a clearer manner) and to fhew the true rea-
fon why globular, fpherical, or curvilinear
tranfparent mediums, have the peculiar pro-
perty of colletting the rays of light into a
 focal point.—This circumitance depends on
that gtner;ﬂ proportion which all circles
bear with refpect to each other. For altho®
their diameters may vary in any degree
whatever, yet the circumference of the

1 {malleft
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imalleft is as capable of being divided intd

360 degrees as$ the largeft circle ever form’d.
So that rays of light paffing through circles
‘of any magnitude whatever, and traverfing
them at right angles, muft divide them into go
degrecs each. To render it more intelligible
let us fuppofe the circle AB €D, fig. 10,
reprefenting the vifible horizon, as it ap-
pears to the eye of every individual, let
E F G H, reprefent a glafs globe placed ex-
altly in the centre of the greater circle,
having right lines feparating both the one
and the other into angles of go degrees.
Now if we fuppofe K reprelented a ray of
light paffing over the furface of the appa-
rent horizon, it would follow the ufual
courfle mark’d by the line K 1., when unin-
terrupted by the power of a medium, ac-
cording to what has been already aflerted.
But we are to confider the rays of lig}.lt as
pafﬁng thro’ the {ubftance of mediums.
Suppofing, therefore, an affemblage of rays
departing from the objeét M N, were expol-
ed to the attractive influence of the medium
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HEFG, it would follow (as every
portion of the larger circle A BC D, 1s re-
prefented in the fmaller one E F G*H) that
any cone of rays departing from the object
MN , would occupy a fpace equal to ten
degrees on the {maller circle, or on the
furface of the globular medium E F G H,
o as to occcalion a confiderable contraétion

and diminution in the f{pace to which the
cone of rays extended at MN, and at
OP. For it is not poflible that the rays of
light can diverge at prefent, becaule they
are fo forcibly enchained by the power of
the medium, befides they are on the point
of entering into 1its {fubftance, where the at-
traftion becomes increafed by the refractive
powers of a denfer medium than the air,
confequently the cone of rays MN O P,
are continually and forcibly drawn mgether;
till no longer capable of contraétion, they
unite into the fmalleft point poffible, which
is the focal point R. The power of the
medium having now exerted all its influence,
I2 : the
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the rays of light expand by the property of
that elaftic force which they conflantly pre-
ferve, a1 unfolding themfelves diverge to
the fpace of ten degrees on the larger circle,
from whence they purlue their primitive
reftilinear courfe.  The variation in the
difpofition of the obje@ M N, at Q R, is
the ablolute confequence of that change
which the cone of rays have fuffer'd by the
attraltive force of the fperical tranfparent
medium EF G H, for we may obferve that
- mno fuch change could happen in the pofition
of the objett if they were continued on
without any interruption as at K L. It is
likewife very effential to our defign to re-
mark again, that this inverfion in the po-
fition of the objett cannot poffibly take
place, or the rays of light diverge if they have
ot previoufly been collecled into a focal point.

8thly. Now the true diftance of the focal
point from any medium, is not to be de-
termined by a general charaéier, for it is
found to vary according to the form or
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diameter of the medium. In globular bodies
it 1s generally proportioned to their diame-
ter. In convex lenfes it depends on the
proportions which their curves bear with
refpect to each other, or the radii of their
different fegments, that is to fay, the peri-
pheries of the circles, of which their curvi.
linear fides are a part,

« othly. Itis a circumftance of great mo-
ment to our general defign, to know that as
the focal point is ever beyond the agent, fo
the decuflation of the rays of light can never
happen within the body of the medium.
For we have already remark’d in the fixth
propofition, that the rays of light cannot
diverge till they have paffed the focal dif-
tance. Now the focal point 1s always with-
out the medium, conflequently the rays of
light muft always decuflate without the body
of the medium allo. Befides, itis not poffi-
ble that the rays of light attratted or re-
fleCted by the power of different agents, can

ever
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ever exert a force fufficient to to make them
decuffate in any medium denfer than the
ambient air. For they are enchained by
the force of the agent which governs them,
and can never act of themfelves till the me-
dium has fpent all its force on them, and
when they do diverge, it is only in confe-
quence of their natural elafticity by which
they expand ; a force indeed too weak to
oppole the refraftive powers of a -denfer
medium than their natural element the air,

1othly. By the aid of different ﬁlediums,
and their known action on the rays of hght,
we are capable of difpofing of the pofition of
objetts as we pleafe. For example, If I
would invert the pofition of the object A B,
fig. 11. I make the rays which are refleted
from its furface to pafs through the convex
lens C D, and I find after they are colletied
in the focal point E, that the pofition of
the objett becomes inverted as at F G.
Now if I would reftore the obje& to'its
natural pofition, I colle the rays of light a
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fecond time through another convex lens HI,
and I find again when the obje€t has pafled
the focal diftance of the fecond lens, that
it 15 feen 1n 1its true pofition A B at K L,
But we are to oblerve a {mall difference in
the firlt and fecond attraction, for the firft
will throw the objectin very beautiful colors
on paper, in its inverted fituation, but we
cannot collect the image of the fecond 1n its
eret pofition on the fame paper; it will
however appear in its true and natural fitu-
ation to the eye of a fpetlator placed at O P,
It appears evident therefore that we can difpofe
of the rays of light as we pfmjé,_: by the aid of
different mediums through which we colleét them,
or by which we refle€l them back.

11thly. The manner in which the eye is
affected when examining objects through a
convex lens, is another proof of the focal .
point being abfolutely detached from the
{ubftance of the medium, as allo that the
iniverfion of the obje€t never takes place till

the
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the rays of light have united in the focal
point, by the active powers of the medium.
We  fuppofe the objeét A B, fig." 12,
colleted’ as' in the foregoing experiment
by the {ubftance ‘of the convex lens C D,
united in a focal point ‘at E, and inverted
in its pofition as at'F G. To the eye
of ‘a fpeftator placed in H, the objett
A'B,* will "appear 'inverted as’ at E G,
becaufe he fees it when beyond the focal
point at E, but was the fpe&ator to place his
eye at P before the union of the rays in the
focal point E, he would fee the objett in its
true fituation A B, though confiderably
magnified, becaufe he fees it under a much
greater angle as P O R, and if he placed his
eye in the focal point, he would oblerve a
confufion of light without being able to dil-
tinguifh the traces of any objet. We are
to obferve in this experiment, that the eye
is affeCted in three different manners: it fees
the objefts firft, in its true pofition A B,
when placed at P; it {ees a confufion of light
without remarking the obje@, when placed

o
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at E; and inverted in the third pofition,
when feen beyond the union of the rays in
the focal point E.

12othly. It feems to me that the perfe&t
appearance of any inverfion of the objetts
on the vitreous humor, or the proximity of
the focal point to the body of the medium,
can depend on no other caufe than thofe I
have mentioned, I was induced therefore to
make the following experiment. To the
hole of the camera obfcura ABCD, (fig. 13)
at F G, I applied a convex lens HI, and
then found the focal diftance of the objett to
be as marked in the firft focus. When I
applied a fecond lens at K L, the focal point
was fomething nearer to the medium, as
marked in the fecond focus. The applica-
tion of the third convex lens brought the
focal point {fo near the body of the medium,
that the inverted icon of the objeft was
reprefented in the moft lively manner poffi-
K ble
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nal form of the tran{parent cornea at C D.
This contration is the confequence of the
fpherical form of the medium, that is to fay,
the periphery of the tranfparent cornea.
As the rays of light enter the denfer humors
of the eye, they are powerfully refratted,
particularly fo by the cryftalline. But the
vitreous humor from its denfity, (tho’ not
near equal to that of the cryflalline) is too
powerful in its action to admit of a decul-
fation of the rays of light within its fub-
ftance. For I have endeavored to prove in
the gth propofition, that the rays of light
can never exert their expanfive force be-
yond the focal point, when the medium is
denfer than the ambient air. :

The vitreous humor counterbalances the
effect of the cryflalline, for without the
former the latter would reprefent objeéts to
the optic nerve as prodigioufly magnified.

If our eyes were deprived of the vitreous

humor






























