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TO

DOCTOR SAMUEL DE BUTTS,
MOUNT-WELBY, MARYLAND.

- i —— .

DEAR Sir,

ALTHDUGH fully conscious of the imperfection
of the following Essay, yet impelled by motives of gratitude
and affection, I must beg leave to offer this small tribute of my
respect, to you, from whom I have received so many proofs of
friendship ; and under whose auspices I received the first prin-
ciples of that science to which my future life is to be devoted.

In this, my first literary attempt, you will no doubt dis-
cover many errors ; for which, in addition to the difficulty of
the subject, I may justly plead indisposition ; and I can now on-
ly wish that it were more worthy ol your attention. But inade-
quate as it may prove, to withstand the test of critical disquisi-
tion, I do not hesitate to dedicate it to you, as the only method
by which I can, at present, acknowledge the sentiments of
high respect for your character, which exist in the breast of

Dear Sii'j
Your affectionate and

Very humble servant,

THE AUTHOR.






INTRODUCTION.

FEW subjects, in the animal economy, are more inter-
esting, than that which I am now going to consider. The u-
tility of a correct knowledge of the structure of the eye, and
phenomena of vision, is evident to every one, without demon-
stration ; and in a retrospective view of the science of optics,
in her most infantile state, we find the genius of her votaries,
in a great measure, employed in attempting to elucidate this
subject. But the state of science in general, among the an-
tients, was too imperfect, to allow them to form correct opi-
nions, respecting phenomena so intimately connected with the
nature and properties of light, the investigation of which, re-
quired a greater extent of knowledge, than they were in pos-
session of. To more modern philosophers, therefore, and par-
ticularly, to Sir Isaac Newton, are we indebted, for the com-
pletest investigation, and most important discoveries, relative
to the nature of light, and consequently, for our most correct
ideas of the manner in which vision is performed. Whether
we view the organ of vision, in a phisiological or optical light,
we have, on either hand, an impressive and illustrative proof
of the wisdom of the Creator, and an ample fund for serious
and useful reflection. The vast importance of a correct state
of vision, in the most trifling affairs of life ; and the pleasure
which the mind receives, in contemplating the infinite variety
of sublimé and beautiful objects, presented to it by nature and
art, through the medium of sight, calls forth our most lively
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its strength. The sclerotic coat seems to be formed h}f the ex-
pansion of the inner plate of the dura mater of the optic nerve ;
the outer plate forming the periosteum of the orbit.* The se-
cond coat, or the choroides, originates from the white cellular
circle terminating the substance of the optic nerve t; and ex-
panding, concentrically, within the sclerotica, i1s connected to
it by vessels and cellular membrane. But at the circumference
of the cornea, this cellular substance becomes anuch more
dense, attaching the coats very firmly to each other, and is
then called the ciliary band. The choroides, at this placey gives
out, from every part of the circamference, certain radii, inter-
intermingled with vessels, which, terminating at equal distan-
ces from the centre, leave a small hole, called the pupil, to
admit the rays of light. Round the pupil, and connected to
the above radii, are certain fibres, disposed in the form of, a
ring, which act as a sphincter muscle,} the former dilating,
the latter contracting the pupil. The anterior surface of this
part of the choroides, is termed the iris. The pesterior, from
_its uniform resemblance, in colour, to a ripe grape, the uvea ;
but this circumstance alone can make any difference hetween
them.  The iris varies in colour, in different people, and be-
fore those ages of the world, when, in consequence of war or
. .commerce, nations intermingled indiscriminately with each o-
- ther, the colour of the iris was invariably peculiar to the inhab-
itants of different climates. In persons of fair hairand com-
plexion,. it is generally of a grey or blue colour, and in those
who - bave black or dark hair, it generally observes, varieus
shades of hazle.  The choroid coat is, externally, of a brown
coloury and internally, . is covered by a fine black pigment, ad-
. hering slightly to its surface. From the ciliary band, and im-
mediately. behind the uvea, the choroides. produces, transe-
versely and backwards, an extremely fine membrane, to be

_* Haller on. Phys, Chafi. 16. fi. 247,
t Ibid, Chap. 16. fr. 248.
$ Monroe onthe Eye,
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‘connected, apparently, to the capsule'of thie' chrystalline iéns,
where, in order to be adapted to a smaller ¢circumferencey it
“is drawn into numerous folds, of a fan-like figure, which dre
called the ciliary processes. After being connected to the lens,
these processes give out small points, of inconsiderable length,

© which float loose in the posterior chamber of - the aqueous hu-

“mouty and have no immediate connexion with the lens. . The
“ciliary processes are covered by the same black pigment which
*' lines every other part of the choroides. © The third coat is the
““retina.” Thiis is formed by the expansion of the medullary part
of the optic nerve, over the internal surface of the clioroides,
and proceeding along the ciliary processes, terminates at 'the
‘outer‘edge of 'the chrystalline lens.* This coat'is of the first
consequerice, in vision ; and any defect in ity is of the greatest
© injury to sight. Within all these coats, are cotitained fine pel-
lueid fluidsy termed by anatomists, humors. = They possess
* different refractive densities, and are divided into three kinds,
wiz. the aqueous. chrystalline, and vitreous humors.

Before T speak particularly of these fluids, it will be neces-
sary to deseribe the cornea.  This, we ‘have seen, ds part of
the sclerotic coat ; it is perfectly transparent, and consists' of

vseveral plates, filled wtth an extremely peltuc'id waters 7Tt is
the'segment of a spliere, smaller than that which ‘the ball of
the eye, in general, describes, and, of coursey projects farther
forwards than any other part of its surface.” The aqueous hu-
““wor i situated in the anterior and posterior chambers of 'the
“eyey ot all that space, first, between the  iris and comneay and
secondly, hetween the uvea and chrystalline lens, communi-
“cafing at the pupil.  The chrystalline Lumor, or lens, is of a
double convex firrure, having its posterior side most ¢onves,
and is inferior to 1o known substance, in transparency. It is
composed of numerous lamellz, which become much denser,
as they approach its centre. The whole is surrounded by a
very fine capsule, with a small quantity of transparent fluid in-

® Monroe on the Eye, chafie 3. secods fri @60 |
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tervening. The chrystallinelens is situated immediately behind
the pupil, and is sustained behind, by the vitreous humor, and
laterally, by the ciliary processes. Its capsule is connected to
that of the vitreous humor, on which, as it were, by its pres-
sure, it forms a superficial cavity, and lies in it very secure-
ly.  The vitrcous humor oecupies all the space between
the chrystalline lens and retina, or what is usually termed the
bottom of the eye. This fluid is also contained in a capsule
called hydloides, with intermediate cells, formed by a fine
membrane, of which there are many, but they do not observe
any uniform figure. The use of these cells, is probably, to pre- .
serve so large a quantity of fluid from agitation. This humor
is also perfectly transparent, allowing the rays of light to pass
through to the bottom of the eye, in their primitive purity.

The optic nerves are two large nerves arising from the tha-
lami nervorum opticorum, and passing thro’ foramina in the
spheroid bone, enter the ball of each eye at about twenty six
degrees from the axis of vision, and sending off their medullary
fibrils, on the internal surface of the choroid coat, form the

retina.

The principal blood-vessel of the eye, is the opthalmic arte-
ry, a branch of the internal carotid. It enters with the optic
nerve, first giving off branches to supply the sclerotic coat
and integuments, and sends off branches to the external
surface of the choroides, which form ramifications, and pro-
ceed forwards, to supply the circle of the uvea, and ciliary
processes. A small artery also emerges from the opthalmic,
or from some of its branches, and penetrating through the me-
dullary part of the nerve, spreads over every part of the outer
surface of the retina, forming a close net-work, so firmly inter-
woven, that anatomists have sometimes mistaken it for a mem-
brane. This is called arteria centraliss The chrystalline lens
receives a branch from this artery, which passes from the re-
tina, through the vitreous humor, and perforates its posterior
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part. The veins, in general, run more externally, than the ar-
teries. The pellucid vessels are very numerous, and difficult
of demonstration.

ey - T C———
SECTION II.

el

Of Light.

AS vision depends entirely upon the mutual action of the
rays of light, and refracting humeors of the eye, upon each o-
ther ; and as there are certain immutable laws, by which such
actions take place, it is highly necessary to consider the pro-
perties of light, in general, before we attempt to explain any
theory of vision. This necessity only, could impel me to treat
of a subject whose difficulties require a much abler pen ; and in
arranging my subject in this order, I follow:the example ofthe
best writers on the eye, particularly Dr. Porterfield.

Light is a substance, sui generis, emitted from luminous bo-
dies, in right lines, with an amazing velocity. The rays are
so infinitely small, that Philosophers have never been able to
assign to them, any correct physical breadth; and notwith-
standing this, each ray is capable of being divided into seven
smaller rays, possessing different colours. All transparent
bodies, which allow the light to be freely transmitted through
them, are called mediums, and light is only affected when pass-
ing through mediums which differ in density.* When a beam
of light passes from one medium, into another, itis denomi-

m-

* Although the refractive fower of mediums, is governed by
their respiective densitics, yel those bodies which are comfiosed of
inflammablz particles, act more strangly on the rays of light, than

other s
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nated the incident beam, and its termination on the surface of
the second medium, the point of incidence. Any aungle which
the incident beam makes, with a line drawn perpendicular to
the point of incidence, is called the angle of incidence ; and
the angle which it makes by reflection or refraction, with the
same perpendicular, the angle of reflection or refraction. The
angle of reflection is always equal to that of incidence, and the
above angles are found invariably in the same plane. - When a
ray of light passes from a rarer into a denser medium, it is'’
bent or refracted towards the perpendicular, or that line, before
mentioned, drawn through the point of incidence ; so that the
angle of refraction will be less than the angle of incidence ;
and if it passes again into a rarer medium, it will be refracted
from the perpendicular, and the angle will be accordingly.

To the above laws, I may add, that every object whichis
seen by reflection, or refraction, is always perceived in the
place from whence they were last reflected, or refracted. '

No philesopher has been so successful in the investigation of
the properties of light, as Sir Isaac. Newton ; and to his expe-"
riments, I shall pay particular attention, in the course of this -
Section. Inall his experiments to ascertain the refrangibility |
and reflexibility of the rays of light, he used oblong pieces of
glass, with three plane pelished sides, forming a triangle, call-’
edaprism. He first proved that rays which differ in colour,

. 5 b

&l T9arT

others of a milder nature, in firofiortion to their d’qml'n:g.;s;l-.r_ Sir I-
saac Newton sufifwses, that as sulfihur, placed ,fﬂ .!.I’IF. ﬁu‘u& qf" a.
burning glass, is very soon inflamed ; and as all action is recifiro-
caly that sulphur cught to act, in a very high degree,. .ﬂ,lfmr;. light :
Sfrom whence he concludes, that bodies act upion light, in firofortion
to the sulfihurcous farticles which they contain. .‘ .
NEWTON’s OpTicS, Page 248.
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differ also in refrangibility. By viewing, through a prism, a

black piece of paste-board, divided by a kine into two: parts, one
part painted with a blue, the other with a red colour, and  this

paper being placed so that its sides were parallel to the prism,
and both parallel to the horizon, and the cross line also, and

the angle which the incident light from the window made with-
the paper was equal to the angle which the reflected light from:
the papér made with the eye, the walls of the chamber round
the window having been previously made black; in order to pre-
vent any reflected light passing to the edges of the paperyand
confusing the experiment. Then turning the prism slowly

on its axisy he found that the blue half was lifted higher by the
refraction than the red half; and by turning the refracting an-
gle downwards, the blue half was carried lower than the red ;

from which he concluded, that the two colours differ in re-

frangibility, and that the red is less refrangible than the blue.

He next proceeded to prove that the sun’s light consists of
rays differing inrefrangibility, by allowing a single beam of the
sun’s light to pass through a prism, to a plain surface station-
ed.to receive it, where it instantly exhibited an oblong spectrum
of colours, of which he counted seven, and these colours ap-
peared in the following order, viz. red, orange; yellow, green,,
bluey indigo, violet. Now the angles which these rays made
with the perpendicular, were different, each making a separate .
angle, consequently their degrees of refrangibility were various,
and,{hp violet making the greatest angle and the red the least,
the former is most and the latter least refrangible ; the other
rays possessing their degrees of refrangibility in intermediate
p&pﬁmﬁsﬁ“'rhese rays were immutable, no second refrac-
tion “béing capable of making any alteration in them, and the
abiove lie proved by a variety of expesiments.  But as the seven
homogeneal rays in the coloured spectrum, were mingled so
much ‘with each other, that they appeared te the eye in a cer-
tain degree heterogeneal, and as this was caused by the circles

' e C
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of colours answering to the diameter of the sun’s disque, inter«
mingling with each other ; he considered, that if the diame-
ters of these circles were lessened, their centres retaining their
positions as before, that the mixture would be proportionally
diminished. To accomplish which, he has given the following
experiment. Into his dark chamber he admitted a beamof the
sun’s light, and at the distance of ten or twelve feet, he pla-
ced a convex lens, which cast the image of the hole, upon a pa-
per situated at the focal distance from the lens, and then pla~
cing between the lens and paper, near to the former, a prism,
the light was refracted towards a second paper and there formed
a spectrum. This spectrum was, as usual, of an oblong form,
with rectilinear sides, but the mixture of homogeneous rays
was considerably lessened, and the circular images of the hole
were distinctly terminated, without any penumbra. Thus,by
lessening the magnitude of the sun’s disque, apparently, by the
hole in the window shutter, the circles in the spectrum no
longer answered to his whole diameter, but only to that which
appeared through the hole, and the lens, by making that dia-
meter less, rendered the circles more distinct, as above. In-
stead of the round hole in the window shutter, he recommends
one in the shape of a long parallelogram, or of a triangle
whose two sides are equal, and eight or ten times longer than
its base, which may be ;% part of an inch, for if the light be
admitted in this manner the homogeneous lights will be larger
and more convenient for experiments. The lens ought to be
good, and the prism should have an angle of 65 or 70 degrees
at least, free from veins and truly plane, and the chamber ought
to be perfectly dark. In performing the above experiment,
although my chamber was perfectly dark, I did not succeed
so well as 1 wished, by reason of a great deal of reflected light
from the clouds, which entered the hole in my window shut-
ter, along with the sun’s.beam. T therefore made use of small
tubes, blackened on the inside, which I fastened in the shutter,
and allowing the beam to pass through, all the reflected light
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was absorbed by the sides of the tube and the experiment suc-
ceeded much better.

 When objects are viewed through a prism or any other re-
fracting body, they always appear coufused ; which is owing
to the various refrangibility of the rays; for if flies, the letters
of a book, or any other minute objects are placed in any one
of the homogeneal lights, and seen through a prism, they will
appear perfectly distinct.

The sine of incidence of every ray, considered separately, is
to its sine of refraction, in a given ratio. This is sufficiently
evident from the experiment I have related; for there, at
equal angles of incidence, each ray made a separate angle of
refraction; and Sir Isaac Newton further proves this, by form-
ing an hypothesis, assisted by a geometrical calculation, that
bodies refract light by acting on its rays, in lines perpendicular
to their surfaces.* All homogeneal lights are unchangeable
by reflexion or refraction, and each homogeneal ray possesscs
a capability of being reflected, in proportion to its refrangibi-
lity. When a beam of light is refracted by a prism, and the
spectrum  of colours collected by a lens into a focus, a white
beam will be formed equal to the incident beam. Every white
beam is composed of seven rays, in different proportions, which
when divided by lines into seven spaces, agree with the divi-
sions of a musical chord ; and in all attempts to constitute a
white beam. the above proportions must be observed, or the
beam will be coloured with the superabundant light.

The colours of all natural bodies are caused by their absorb-
ing some of the homogeneal lights, and reflecting others ; and
the surface of every transparent body reflects light, in propor-
tion as it differs from the medium with which it is in contact,
in refractive density.

* Newton’s Ofitics, frage 68.
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- Having considered (although superficially) some of the most
obvious phenomena of light, it will now be necessary for me to
enter into an.explanation of those causes by which they are
produced.. Lightis not reflected or refracted by impinging on
the solid parts of bodies. The truth of this may be made evi-
dent, by a great number of experiments :—For example—
When a spectrum of colours is thrown upon-a second  prism,
placed in such a manner as to refract all the rays, and that
prism is turned gently on its axis, in order that it may be ob-
liquely inclined to the incident rays, the most refrangible lights,
(such as the blue and violet,) will be totally reflected ; while the
red, orange, &c. will continue to be transmitted, and by in-
creasing the inclination of the refracting surface of the prism,
they will be all reflected, one by one,—the red last of all. It .is
not reasonable, therefore, to suppose, that at the same obliquity
of incidence, :th;;:.rcd rays should find pores enough in the glass
for its tra.ns_mis_s‘mn, and the violet and blue meet entirely with
solid particles. W hen light is incident, out of air, on a plate
of glass, so obliquely as to be easily reflected, by placing water
on some parts of the lower surface of the glass—at those parts,
-the hght whlch was previously reflected, will be transmitted ;—
the;refure, ];hc_ reflection was not caused by the solid parts oi'
the glass, but by some certain constitution of the medium with
which it was in contact. That this constitution exists in all
mediums, ai;d also to a certain distance from their superficies,
is demonstrable, by a property of light which] I have not yet
mentioned ; I mean that property, by which, in passing near
any hody, it is deﬂectcd or turned out of its direct course, which
is generally called Inflection.—For example—When a beam
of the sun’s light, is admitted into a. dark chamber, and the
edge of a knife, a hair, er any other fine substance, is placed so
as to intercept part of the beam, the shadow of the intercepting
body, is found to be much broader, in proportion, when the sur-
face upon which it is received, is situated contigueus to it, than
when it is removed to a greater distance from it. At the edges
of these shadows, appear three fringes of colours, parallel to
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each other, which vary in their order, but are always so ar-
ranged, that the most refrangible rays are nearest to the sha-
dow. If the blade of a knife is placed in the beam, its plane
intersecting it at right angles, and part of the beam is received
on the blade, while the other part is suffered to pass by the
edge of the knife, the light, passingin this manner, will send
forth, at different angles, into the shadow, twe fa‘int lurmnous
!treamsure!ﬁmblmg the tails of comets.

«~The Iimits’ of this essay, will not permit me to describe the
variety of experiments made on this subject, by Newton, Mi-
raldi and' others: it is sufficient to say, that they all tend to
prove that bodies possess a power of acting upon the rays of
light, by attracting them, at certain distances ; and at greater
distances repelling them; and in the experiment made with
the knife, the repulsive power existed at the distance of about
the 800th part of an'inch ;* therefore, the two streams were
produced by one part of the beam passing within the sphere of
the attractive power, the other, of the repellent. The ‘ciretim-
stance of the shadow differing so much, at various distmficcs
from the object, was easily explained ; because, as the above
forces were only exerted at certain distances from the sub-
stances used in the experiments, all those rays which passed
beyond their spheres of repulsion, would consequently proceed
in“their respective courses, unaffected by their action.  But it
was necessary to account for the separation of the rays, as they
appeared in the fringes ; and this was done by the hypothesis,
—that the least refrangible rays were acted upon at greater
distances; than those more refrangible ; and consequently, the
violet'and blue' were nearer the shadow,than the others.

All the above circumstances tend to elucidate, in a most
admirable manner, the cause of reflection and refraction ;
which may be thus explained—and first, we must admit, that

¥ Newtor’s Ofitics, flage 302,
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all bodies possess a power of acting upon the rays of light,
similar to that which was shewn to be the cause of inflection :
—That these attractive and repellent forces are extended over
the surfaces of all refracting and reflecting mediums ; the re-
pellent power existing at the greatest distance; that these powers
act in lines perpendicular to their surfaces ; and that all bodies
refract and reflect light, by the same power, variously exerted,
in various pircutﬁstancea* must also be admitted, because na
more causes ought to be acknowledged in philosophy than are
sufficient to explain the nature of the phenomena. Let us
then suppose, that a ray of light is passing through air, to the
surface of the denser medium, glass, at an angle of 40 degrees
with the perpendicular at the point of incidence ; it will first
come into contact with the imaginary surface in which the re-
pulsive power exists, and this force acting in the perpendicular,
upon the oblique ray, will, according to the laws of motion,
cause it to describe a curve round the point of incidence ; and
when the incident ray, in describing this curve, has passed the
point of incidence, it will fly off, assisted by the repellent
power, at an angle equal to that of incidence. This is what
takes place in all reflections. But when the ray is incident
at a less degree of obliquity, its motion will of course be more in
the perpendicular, and consequently will be better enabled to
resist the action of the repellent force, and will only have its
velocity slightly diminished, and its direction altered in pro-
portion to the resistance. But this velocity will be immedi-
ately increased when it arrives within the sphere of the at-
tractive force, and it will enter the denser medium at an angle
differing from that of incidence, in proportion to the power of
attraction and repulsion, which the body possesses, or in other
words, in proportion as the superficies of the refracting body
intercedes mediums which differ most in refractive density.
Keeping the above observations in consideration, we can very
readily conceive the course which the ray takes in passing

* Newron's Ofitics, flage 244,
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from the denser medium, into the rarer, because it is then ex~
posed to the same actions as before ; but in this case it arrives
first at the attractive power, and will have its direction and ve-
locity changed, aceording to the resistance, but meeting again
with the repulsive force, its velocity will be increased, andit
will fly off at an angle greater than that which the incident beam
in the denser medium, made with the perpendicular ; that is,
in passing from the denser into the rarer medium, it will be
refracted from the perpendicular. In prisms, the obliquity of
the refracting surfaces to the incident light, causes the separa-
tion of its constituent parts, because, at certain angles of obli-
quity, the seven primary rays are not equally able to resist the
attractive and repellent forces. The rays of light are also se-
parable into their homogeneous parts, by becoming incident on
mediums of a certain degree of thickness, inclosed in others
which differ from them in refractive density. For example,—
If a convex glass is laid on a plain piece of glass, they will only
come into contact at a certain point, and to a certain distance
round that point, will be interposed a thin plate of air, of va-
rious degrees of thickness, according tothe distance from the
centre or point of contact, exhibiting circles of colours, each
circle varying, in some measure, the order of its colours, as
itis remote from, or contiguous to, the commeon centre of all
the circles ; therefore, light, incident on plates of this kind, is
disposed to be reflected or transmitted, according to the thick-
ness of the medium upon which it is incident, and these dispo«
sitions always return at certain intervals :—or, light is disposed
to be reflected, as the thickness of the medium, is to the num-
bers, 1, 3, 5, 7, 9, 11, &c. and to be transmitted at all the.
intermediate thicknesses, as, 0, 2, 4, 6, 8, 10, &c. forit was
observable, that between the rings of colours, when the light
was transmitted, the circles of colours formed by the transmit-
ted light, were all those which were wanting to compleat the

colours of the reflected light. These effects will be produced if
the thin plate be denser than the surrounding medium, such as

a soap bubble. If one of these is covered by a clear glass globe,
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to prevent its being agitated by the external air, the same va-
riety of colours will be seen, in succession, as the water sub-
sides from the top to the bottom of the bubble, until, at length
an intensely. black spot will appear at the top, because at that
place it becomes so thin, that all the light is transmitted, and
immediately afterwards, the bubble breaks. Glass, also, blown
very thin, exhibits the same colours much more lively ; for
thin transparent bodies, inclosed in a rare medium, will ex-
hibit more vivid colours, than those which are raver.*"

. The least parts of all natural bodies, are transparent ; for
gold, altho’ a very dense substance, when made extremely
thin, will allow part of the light to be transmitted. Between
the parts of opake bodies, a great number of spaces exist, con-
taining mediums differing in density from the bodies them-
selves ; for it is by this orderof things, that light is suffocated
in opake bodies, by the numerous reflections made in their
internal parts.

From what has been' said respecting the colours of thin
plates, it will be easily conceived, that a certain constitution of
the parts of bodies, and their intermediate spaces, with respect
to size, must exist, to render them either opake or coloured ;
and from the same causes, must reflect one species of colour,
and transmitall the rest ; for one degree of thickness will inva-
riably reflect one'kjt}d of colour. Upon these pl:incipli:g' are
founded the colours of all natural bodies, with which _tlhlie whole
face of nature is enlivened. The variegated plumage of the
feathered tribe :—the beautifully vivid colours presented by the
western horizon at the setting of the sun :—the various tints
of gold and purple, which the clouds di_spla}r at tl{at_lierind s;and
the vast quantity of coloured light reflected in a clear evening,
from the snowy summits of distant mountains, all originate
from the reciprocal action which the great Author of nature
has ordained to exist between bodies and light.

* Newton’s Ofitics, p. 195.
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Rays of light emanating from luminous points,are naturally
divergent ; but these rays may be rendered more"divergent, or
made to converge, by refraction, so as to meet in points simi-
lar in number and colour to those from which they proceeded ;
for this purpose, pieces of glass, whose surfaces are smooth
and regularly convex or concave, are used, called lenses.

Lenses are of various kinds, according to the purposes for
which they are designed. Of those kinds it will be “sufficient
here to consider two :—I mean the double convex and the con-
cavo-convex. The former is used to refract the rays issuing
from all points of an object, and collect them into a focus, at
which place they will represent an image of the object ; ‘and

“the distance of this focus, from the Iens, is always in propor-
“tion to its convexity. Ifa convex lens is fixed in the hihdhi.r
shutter of a dark chamber, and a piece of paper or any other
‘white body be placed in the focus of the lens,a com'piiaz'at and
lively representation of the objects situated outside of the win-
dow, will appear on the white surface, in an inverted position.
In this case, all the rays emitted from the radiant points of
the external objects, which are incident on the surficé uf' ﬂ'lt'..
IEHS:. are refracted, and converge so as to meet in the ' samc
numhcr of points on the paper ; but as they necess.unly cross
em:h other before they arrive at their respective f'um, tht.;,r llf:-
come all inverted. This is properly a camera ﬂbscura ; and
“upon the same principle, all those are made, which are fnuml
" 30 useful in drawing perspective views, &c. If the rays are in-
“cident on the convex surface of a concavo-convex lens, they will
issue from the concave surface extremely divergent, and this
-divergency will be in proportion as the two surfaces of the
Jens, differ from each other in their degrees of curvity.

SecTrioN 2.
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SECTION III.
MANNER|IN WHICH VISION' IS PERFORMED.
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There is a certain innate principle, ms«:parablp from hurﬁﬁl}}“
ty, which natura.!ly leads us to contemplate the works of nature
with a peculiar gratlﬁ.qgunm There_are few _periods, in our
lwn,;s, in which we experience a more serene q.ausfﬁctwq,”[,l;tﬂap
when, in sulxtude, we are uccupu:d in viewing the stupendous
helghj; af the njhs;ant mountain, or the foaming torrents of the
mshqlg ta.;:ariy:t- If we turn our attention to thg qwgrmﬁqd
streaks of ;hq tﬂllphm; the ﬁmty crags of the rock, \Tgﬂr#. alike
intuitively impelled to admire and acknowledge,  the, wisdom
by whi,ch they were constructed. The uncultiyated p#nsant, ?[all
gaze in ﬁﬂent? admiration, on the colours and grotesque figures
of the evening clouds, with emotions which his simple | languaga
is mp:ﬁga.hl Bf degcr;bmg but it is only the outlines. of nature

'fl}“f L can give satisfaction to minds uumfurmed. The man of
genlus and ph:llnsnpher alone can become acquamted with her
diversity of tipts and shades, and discover the secret touchcs
which are imperceptibly the foundation of all the beauties in
the picture.

The subject of this sectionyand to which the two foregoing
ones were only preparatory, is highly calculated to excite more
interesting gﬂqntiuns;-thm-guy other phenomena 13("15!1 which
we are acquainted. Having in the first section described the
form and situation of the cornea and humors of the eye in gen-
eral, I will now proceed to speak of them in a more parlmular
manncr. .Fmd first, of the a.queous humor.

D! Ilaeli 9 2 WL '.-".clij £ I

-n1The aqueous humor is less dense than any other refractiny
humor of the eye, and is situated” in'the anterior atid posterior
shambers, between the corneaand chrystalline lens. - As the cor-
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nea is the segment of a concave sphere, having its concave sur.
face towards the aqueous humor, and the anterior surface of the
chrystalline lens, of a convex figure, itis plain, that the whole,
supported by the surrounding parts, must be shaped like a con-
cavo-convex lens. In consequence of this shape, all the rays,
proceeding from an object, which become incident on the cor-
nea, are refracted by the aqueous humor, and pass on thro’ the
pupil, to fﬁé'ﬁhrﬁtﬂlin‘é lens. As the lens is of a double convex
ﬁghre, and a much denser medium, than the aqueous humnr,
the rays, m passmg thro’ it, suffer a ve!*}r great degree of r I"'E-
fiaction.  Tts posterior surface is extremely cnnvex, and the
vitreous humor with which it is in contact, posseases ‘a Tess de-
gree of refractive density ; in consequence of this, each penm!
of rays, in proceeding thro’ to the wtreuus humnr, are rendered
convergent, and meeting in a certain number of 'points on’ the
retina, imprint on ifs surface a correct inverted image of the
object. “The inversion of the image is owing to'the great de-
gree of J:mvemtf of the posterior part of the lens, which causes
the rﬁfsta dedifssate each otherabout the centre of the vitreous
humnr. Thus we may consider the humors as a cnmplea.f ﬂlﬂp-
tric mstrument, placed before the retma, and the whole a per*

la biig 20
ﬁ:ct camera obscura.
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il A R INCT AND  INDISTINCT PISION. =
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Adlstmct state of vision is (presupposing that the ex”h r%
in a perfectly healthy state) a capability of adjustmg itself to
remote ' and-contiguous objects; in - order that they may belim-
printed on the retina in a proper focal image. - As some .con+
troversy has existed respecting the manner: in ;Which- this ad-
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justment is performed, it will perhaps not be unnecessary to
give some account of the opinions which have been entertained
on this subject. M. de la Hire, supposed that the eye suffered
no alteration, except in the contraction and dilatation of the pu-
pil ; and was supported in this opinion by M. le Roi, who gave
as a proof, that by holding an object so close to the eyeas toap-
pear confused, and then placing a card with a small hole in it;
or artificial pupil, between the eye and the object, the latter
would then be plainly discernable. But this hypothesis was
found to be erroneous ; for altheugh a narrow pupil renders
vision less indistinct, it is only by confining the bases of the pen-
cils of rays proceeding from the points of an object, and by that
means lessening their circles of dissipation on the retina.* Dr.
Porterfield has advanced a number of very ingenious experi-
ments, by which he proves that we are capable of changing the
conformation of our eyes, and of adapting them to various dis-
tances, and that this change always follows a similar motion
in the axes of vision. This change of conformation, he thinks,
consists in a motion of the chrystalline lens, by means of the
contraction of the ligamentum ciliare, which increases its dis-
tance from the retina, according to the distance of objects ; and
as the ligamentum ciliare is convex, anteriorly, by its con-
traction it loses, gradually, all its convexity, and presses back
a portion of the vitreous humor, which, in consequence of this,
presses against the lens, and assists in moving it forwards ;
this last motion, of course, pushes the aqueous humor against
the cornea, whichis rendered more convex ; and thus we are
enabled to see near objects more distinctly.  To this it was ob-
jected, that the ciliary ligaments are not muscular, and of
course, have not the power of contraction. But Dr. Porter-
field defends his theory, by saying, that hisioppoments have
been led into a mistake, by supposing that all muscles were of
a red colour. . This, he says,is not the case ; for the muscu-
lar fibres of the stomach and intestines, have scarcely any red-
ness in their colour.  He ‘continues, it is also certain, that the
* Priestiey on Ofitics, frage 641,
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pupil contracts and dilates itself, according asobjects ave more:
or less luminous, and yet none of the fibres which perform
those actions, are in the least degree, reds - Dr. Jurin’s hypo-
thesis, related by Dr. Priestley, differs widely from the above.
He also supposes a contraction of the ciliary processes; which
he says, takes:place when the eye is to be suited to greater dis-
tances than 15 or 16 inches ; and in consequence of this con-
traction, 'the anterior surface of the capsule of the chrystalline
lens, intowhich their fibres are inserted, is drawn a little for-
wards and outwards, which causes the water within the cap-
sule to flow from under the middle, towards the elevated part
of it, and the aqueous humor must, of course, flow from the
elevated parts of the capsule, towards the middle. . In conse-
quence of this, the whole anterior surface within the insertion
of the ligamentum ciliare, will be reduced to a less convexity.,
When this contraction ceases, the capsule will return to its
former situation by its own elasticityyand, being a very tender
membrane, containing water between its inner surface -and the.
lens, can readily obey the effort of the ligamentum ciliare; al-
though so weak a muscle. Dr. Priestley refutes this doctrine
by a very just observation, that this alteration of the situation
of the water surrounding the lens, could make no change in
the direction of the rays, uoless it was possessedof a greater
refractive density, than the aqueous humor,* which is certain-
ly not probable. " 285
The experiments instituted by Mr. Everard Home, prove,
indisputably, that the eye possessesa powerof changing its con-
formation, independent of the chrystalline lens. By means of an
instrument invented by Dr. Young, which; by its determining
with accuracy the changes which occur in vision, is called an
Optometery he ascertained that persons who have been depriv-
ed of their chrystalline lenses can accommodate their eyes to
various distances ; and with the assistance of a convex lens, he
found that they possessed a state of vision not differing mate-
rially from that to which they were accustomed when theircyes
* Priestley on Ofiticsy flage 650.
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were perfect.  The optometer is made by drawing, on a piece
. of paper or pasteboard, a black line, about three feet long, and
placing the paper in a horizontal position, the person who is
'pérfurming the experiment must look along the black line thro’
two slits made in a card, so close to each other as to be within,
the limits of the pupil and perpendicular to the paper. Behind
the card, may be placed, occasionally, a small convex. lens, and
holding it close to the eye, by viewing the line at a point, sity,
ated a few inches from the farthest extremity, he will perceive
the line divided into two, and appearing to cross each other at
the place of observation. After marking this point, of decussa-
tion, he must change the conformation of his eye, by Jlooking
at the line, a few inches from its nearest extremity; and if his.eye:
is capable of altering its conformation, in proportion to the dis-
tance, he wiﬂ .Pﬂrceiwe the.-cmssinﬂﬂf the lines, as before,, /.-
¥ . 2 8 9ds0m yail) Jam1io
Thergfnre thc ,Qm{er whmh thf: cye poasgﬁes%tp gddq;jl; Jitself,
to the distances of ubjpcts? may be exactly dqmrmﬂ this |
mﬁrumep;- For pjm fac.ull;y with wh:r;h it s eyilpgr%[g: rg.h;;q
af df;r,ussaum fmm;uthf:r 1 mOqU wNiERIq Yt ! bns 210813
do ady vl i 31 z19bnoT 83100
”M"- Hu;nﬁ gm:nted a perann whn haﬂ been ~deprived, of the
chrystalline. lens* to. Igake the experiment mth the optometer in, |
the aboye manner, and two places of decussation; were. distincts
ly obseryed by him. This man saw best in a strong light, and .
his eyes were much fatigued by yiewing objects by candle light, |
the reason-of which is too obvious to require any , comment.in,,
tl,us pla.ce fo g sha lood a1 mont sancleib smse sd? 18 W\ ETi b
: bre sils darw gaitas yd Dbsean
The ﬁhser:vatmns ul‘ the mgcmnm ]i}; A.j qump sgem,to, reny,
der all the theories depending upon 3 motion. of the chrystals,
ling lens, in consequence of the contraction, of the ciliary, pros,
cesses, highly improbables . In bis examinations of the.reting,

* Croonian Lect. P“'“J!'.Tmﬁ R, §, 1802 fuart 1.
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in order to determine its precise termination, he discovered,
that instead of ending abruptly at the root of the ciliary pro-
cesses, as had been supposed, it proceeded forwards on the in-
ternal ‘surface of the ciliary processes, and terminated at the
outer edge of the chrystalline lens,* and consequently, that the
ciliary processes do not form a compleat septum between the
dqﬂtmﬁﬁ"ﬁnd‘vi‘trenha humors, and that the chrystilline lens
lias 'no’ suppert ‘but what it receives from the union of its cap-
sulewiieh that of the vitreous humer.
adro dos

It was necessary, therefore, to account for the motions by
which we regulate our eyes tothe distances of objects, in some
other manner. ' This, he endeavours to prove, is accomplished
in a great measure by the action of the oblique muscles and
orbiculatis palpebrarum. That when the oblique muscles
contract, they make a strong pressure upon the ball of the eye,
and elongate its axis so as considerably to increase the dis-
tance between the chrystalline lens and retina. He has
given some experiments to prove, that when we attempt to
discern very contiguous objects, the orbicularis muscle con-'
tracts, and by pressing upon the upper and lower parts of the
cornea, renders it more convex, and consequently, the object
more distinct. ' He placed a book so close to his eyes that the
lefters became indistinct ; and keeping his ‘eyelids at the dis-
tance dfﬁea'r]y‘ half an inch apart, with his fingers, he was un-
aﬁlﬁ-’bj‘iﬂiﬁr exertion of his eyes, to perceive the letters distinct-
ly; e tried the same experiment by acting only with the at-

. tollens’ palpebram superiorem, but with the same effect. He

then, at the same distance from the book, made an exertion to
read, by acting with the orbicularis palpebrarum, so as to bring
the “edgeés 'of the eyelids within a quarter of an inch of each
other, ‘and discovered that he could see the letters and words
very plainly: “ In another experiment, at the same distance
from the book, when the letters became indistinct, He brought

'-"'-M:rﬁrﬁf on the Eye, chaf, 3, fr. 96.






















































