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3 INTRODUCTORY.

been by a copious accession to our knowledge in these depart-
ments—a number of the questions which attracted the efforts of
the earliest inquirers remain without solution.

However, amidst all this perseverance no one has ever under-
taken a methodical elimination of oceular spectres from one
another.  Tracing isolated ones to their sourece has indeed been
done; but something more is meant by the remark now made.
It is here affirmed that no one has hitherto devised and put into
practice any plan or plans of exploring the visual organ, capable of
leading to the detection of the respective causes of these spectres.

Nevertheless, if there be anything upon the eye, or in the
structure of its lenses which may turn a ray of light from its
otherwise presumable path—and we overlook the fact of such
speeial interference—we shall certainly, in our experimental ob-
servations, charge upon the eye, as a lenticular combination (if
we confound not other and retinal phenomena), effects which are
not justly thus attributable to it.

And even when we have aceompanied the rays of light up to
the percipient points themselves (wherever they may be situ-
ated), we cannot accurately state what sensations ensue from such
rays until we have discovered every channel through which the
percipients may be excited, as if by light, throngh other sort of
impulses ; or throngh which the action of light on them may be
modified or obstructed.

In a word, a preliminary investigation is demanded before the
consideration of the main questions of Physiologieal Optics can be
safely proceeded with.

Impressed with such views, the author of the foregoing remarks
has laid upon himself the task of endeavouring to accomplish the
elimination here spoken of. Nor ean he deem the time so oceupied
wasted, if he does not deeceive himself as to the results he has
obtained. He finds that in the transparent ocular media strue-
tural speectres are created, which have begotten erroneous
opinions upon these media; and that certain anomalies
incidental to the use of the organ of sight, which have been
regarded as evineing a ecapricious conduet in the retina, optic
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nerve, or brain, are purely mechaniecal in their origin.  Insomuch
that, contrary to what is commonly believed, the laws which re-
gulate the action of the special sense implied are absolute and
simple.

Further, since certain objeets existing in the ocular lenses can
in no way be rendered visible in the dead eye, and yet, as will
be explained, are made by inflection of light econspicuous in our
own eyes—yielding images exceeding the objects themselves in
diameter, with a wide retinal expanse as a field of view—the eye
is in many important respects, if we can rightly use it for self-
serutiny, a mieroscopical instrument of unrivalled power. And
we can thus determine strueture, where all other means have
failed. And the many obligations owing to histologists in these
researches, will, in part, be repaid; whilst the title, * Ocular
Spectres and Structures as Mutual Exponents,” will be justified.
~ In the practical solution of the first question,* that we have to
deal with in this undertaking, that of finding the place of any
body in the eye which casts a shadow (the images which we shall
meet with in the course of our inquiry, if not mere shadows may
temporarily be considered as such, as being in the line of the
light admitted into the eye), on theretina—as well as in informing
ourselves as to the character of such a body—we make observa-
tions with divergent and convergent pencils of light, as well as
with foeal light. As so much depends, therefore, upon a correct
appreciation of the conditions of vision under the circumstances
referred to, it will be well to begin with a few remarks on these
in the instruments we shall employ.

* Bome years ago, two papers were published, cither independently of the other,
assigning musee volitantes to the vitreous humour wpon optical principles, and further
discussing their character ; ene by Sir D. Brewster (Transactions of the Royal Society
of Edinburgh, Vol. XV. : or London, Edinburgh, and Dublin Philosopheial Magazine,
and Journal of Science, Vol. XXXIL); the other by the writer (London Medical
Gazette, Vol. XXXVI.). But even on this previously trodden ground, this Essay
possesses all the essentials of present originality ; for though the perusal of Sir David's
paper has now been of service to me, there will be found but small accordance between
its contents and what is now being set forth; and if my own paper in a partial sense
were a germ of the present production, it was, at best, but a rude one.

B 2



4 INTRODUCTORY.

In seeing through a minute hole pierced in a card, of the
slender pencils which alone are admitted to the retina from each
point of the field of view, that which proceeds from the central
one only is constituted of centrical and less divergent rays.
From all other points such rays are shut off by the card—as well
as all more divergent eccentrical rays, except a fine bundle, as it
were a single ray, which reaches the eye by crossing at the card the
common axis of the hole, field of view, and pupil ; a greater angle
being made with this axis, as the crossing rays emanate from
points of the field of view further removed from its centre.
Thus an inverted image of every object in the field, and of the
field itself, are, by the intervention of the card, painted upon the
retina by the decussation of eccentrical pencils at the hole ; and not,
as in ordinary vision, by the decussation of the axes of centrical
pencils, at the “ centre of visible direetion.” Henece a shadow
formed by the interception of light entering the eye through a
puncture, ean only be in * the line of visible direction,” when it
appears in the centre of the field of view—assuming that this line
at any point coincides with the axis of the pencil which paints
the image there in ordinary vision. In whatever partof the bent
course of an eccentrical pencil an object may intercept it, the
shadow appears in the same direction.

Again, nothing ecan be plainer than that if a small object be
inserted between the place where the pencils of rays which paint
the respective images of the points of the field of view decussate
and the retina, it will appear to approach from an opposite
direction, and will cast an erect shadow or image of itself upon
that membrane, or will show itself inverted : and that if a shadow
be formed by the object being introduced before the deenssation
deseribed, the object will show itself erect and its real and ap-
parent motions be the same. |

When, therefore, we take a pin by the point and, whilst we are
looking through a punctured card at the sky, pass its head in
between the aperture and the cornea, and observe that a large
inverted black pin exhibits itself at the opposite margin of the
field of view, and traverses it in the direction contrary to that of
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the motion of the hand which carries the pin—whereas if we pass
the pin on the outside of the eard a large erect black pin has the
same motion as the hand—we have an experimental proof that the
hole is the place of decussation.

If we let light, derived from a distant luminous dise, into the
eye through aconvex lens, held further than its focal length from
the cornea, the pin passed in as before will seem to be either
erect or inverted, according as it enters between the focal point
and the lens, or between that point and the eye ; also according
as one or other of these things is done to have its real or appar-
rent motion : or such a lens in watching the shadows of bodies
ocemrring within the eye may be regarded as a mere puncture
placed at its principal focus; and if the lens be applied to the
eye, so that the rays afterwards diverge from a point within the
organ, we must suppose the simple aperture to be placed at that
point.

Should aradiating point be before the face, the rays which the
eye receives from it may be considered to have passed by decus-
sation through a puncture placed at the point of radiance. i

In any one of the cases an object introduced at the point of
decussation will block the rays; and if it only approximates to
that point, on either side of it, will yield a diffused shadow
barely indicative of the body’s contour.

It must be added that in the instance of a punctured card held
near the eye—though for the sake of obtaining a divergent pencil
we shall commonly have to use a minute orifice—the size of the
aperture, or even its shape, has but an inappreciable effect upon
that of the field of view; for the extent of the latter, owing to the
pencils being eceentrical, depends upon the degree of dilatation
of the pupil ; so that the image of the field.of view on the retina is
bounded by an erect (appearing as an inverted) shadow or image
of the edge of the iris, and is therefore round—the circular illu-
minated area, in short, being nothing more than a projection of
the pupillary opening upon the same principle that the shadows
we have been discussing are projected, and geometrically we may
regard it as such a shadow. The ensuing experiment elucidates
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the fact now stated :—If, whilst gazing at a bright light through
a small hole with one eye, we keep the free hand over the other,
the pupils being large, the hole will appear to have a con-
siderable size; but as soon as we expose the other eye to the
light both pupils will contract, and as instantaneously the hole
appear to do the same. If light enter the eye from several
neighbouring holes the apparent effect will be increased by these
holes suceessively running into and retreating from each other.
It follows, too, that the more divergent the peneil is, or the
closer the eard is to the eye, the larger is the field of view.

If by means of a lens we throw the point of decussation be-
tween the pupil and the retina, we get, provided the pupil be
filled with light, an inverted image of the edge of the iris upon
the retina, oceasioning the pupillary opening to appear erect.

Should it be thought advantageous in some instances to use a
puncture and a lens together, with the idea of limiting the
amount of light thrown into the eye by a lens of considerable
foeal length, it must be borne in mind that the peint of decussa-
tion in such a combination will not be, as might be fancied, at
the focus of the lens, nor will be within the eye, but will oceur at
the puncture, as direct experiment shows. Of course curved
reflectors may be made to take the places of lenses, but the in-
struments spoken of suffice for our purpose.

Upon optical principles to discriminate between objects visible by
thetr shadows which are upon, and in different parts of, the eye; and
between these and a blind spot in the vetina. A blind retinal spot
ean under no cirenmstances exhibit itself in more than one spot
in the visible field. But if we have two punctures in a card so
near to each other that the fields of view thus obtained touch or
encroach upon one another, we shall get two shadows of every
object lying in both beams of light.

Starting from the retina, where these shadows coineide, the
distance between the two shadows continually inereases as the
object is removed from the retina.

Though none of these variations are sirict proportionals, vet
as the image of the field of view, when the card just touches the




INTRODUCTORY. 7

eye-lashes, has a diameter which may be taken as about equal to
that of the pupil, we may assume for any end we aim at that the
rays from either hole in traversing the vitreons humour are
parallel to one another, and that therefore within that humour these
variations are proportionals.

But inasmuch as by the time the vifreous has been entered
the rays have undergone all the refractions, we may not consider
the previous variations as proportionals; and the pairs of sha-
dows of objects placed in the more anterior parts of the eye will
differ so little in their respective distances that we can hardly
rely upon the means thus far before us for ascertaining the rela-
tive places of these objects. Since the area of light from each
puncture is limited by the pupil, and images it, the distance be-
tween the two shadows of an object situated in that opening
would appear to be equal to the apparent distance from each
other of the central points of the field of view, or that between
the margins of the fields on the same side. Thus, the object
would seem to occupy a eorresponding region in either field, or
a like place in either hole. And, although there must be a
slight deviation from this one way or other, according as the
object is without or within the pupillary space, much the same
thing may be said of all objects oceurring between the vitreous
and conjunctiva, or upon the latter. An object decidedly in ad-
vance of the eye, between it and the aperture, as an eyelash, will
display two shadows decidedly more apart than those of an
object in the pupil. But, leaving the special consideration of
the anterior bodies for a moment,—

If, instead of the two punctures in a card, we confine ourselves
to one, and move about the eard perpendicularly to and across
the optic axis whilst gazing steadfastly with the solely open eye at
a fixed mark on a luminous ground—as the apex of some terres-
trial object against the sky—we may affirm, in general terms, that
a dark spot, owing to a blind spot in the retina, will not move;
and that the shadow of an objeet will move in the same direetion as
the eard, from the smallest velocity when the objeet verges on
contact with the retina npwards, until for an object situated be-
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tween the vitreous humour and eye's surface, it has about’the
same velocity as the margin of the field of view, so that it
gives the impression of being stuek in the hole. The shadow of
an object between the eard and the eye travels faster than the
edge of the hole, and quickly goes out of the field of view.

From the repetition of the foregoing proposition in the latter
form it will be evident that we may gain a ready notion of the
relative distances of objects from the retina by the movements of
a lens, if we have only a care to consider where the point of de-
cussation is with such an instrument. Tt will transpire in the
course of this essay, that the movements of punctures, lenses,
&e., across the eye's axis, in virtue of a certain physiological law
which will be inquired into, render the wvasa centralia retine
blind retinal marks, so that the mode of examining the ocular in-
terior by the e¢ross movements spoken of has peculiar advantages ;
and may be practised with facility. DBut if we place two candles
about a foot or so distant from each other, and about six or eight
feet from our person, and apply, say, a lens of half-inch foeal
length (such as an object-glass of a microscope) to the eye, we
shall obtain two beams of light, one from either candle-flame,
throngh the lens—yielding as many images of the pupillary
opening, and shadows of each object upon or throughout the
eve ; and whatever has been asserted of the pairs of the shadows
from a couple of punctures may be assumed to hold good in this
case also.

Lastly, from the fact that we can with a convex lens place the
point of decussation within the eye, we have thus a means af-
forded us, for all the purposes we require, of determining the
place of any body situated in the anterior struetures of the
organ. Forasmuch as the eye consists of an alternation of fluid
and solid media, we may come to safe conclusions on all such
objects of any congequence in the simplest manner, having only
to distinguish between the three fluids on the one hand, and
the two solids on the other. If we look at a candle burning at
the other end of the room through, say, an object-glass of a mi-
eroscope of an inch focal length, as we carry the lens towards

TR T

&

R S Tl



S

INTRODUCTORY. 9

the eye, an object on the conjunctiva or cornea will be at the
point of decussation long before one in the crystalline lens or
its capsule; and thus there will be a considerable interval be-
tween the moments of dissipation of their shadows.  Moreover,
when the point of decussation is between such objects, and we
move the lens about across the eye's axis, those that are between
the point of divergence and the retina and those anterior to the
point of econvergence will move so differently that the lens will
gain upon the latter and leave them behi:;&, whilst the former
will gain upon the lens. Besides, the posterior ones will appear
inverted and the others erect. Thus, if we take the instance of
the eye-lashes of the upper lid, which are apt to obtrude upon
the field of view, with a lens (or a puncture) at a distance they
appear from below, and excel the instrument in rate : as the
lens approaches the eye they vanish, and then reappear from
above, and are left behind by the lens as it is moved across the
optie axis. It may be subjoined, that the various bodies found
in the ocular interior furnish for each other points from which
to estimate locality, and enable us still more nicely than the
above sketch expresses to assign the place of each.

The point of decussation within the eye depends upon the
distance of the dise from which we derive the light, as well as
that of the lens, from the eye. Hence, if we apply the lens to the
eye, and beginning close to the light walk backwards, the objects
at different depths in the substance of the eye will come succes-
sively into the resultant focal point. But the instrument and
plan particularized in the last paragraph will prove very generally
eonvenient.

On the conditions which render objects existing on or in the eye
visible—Had we to speak of mere shadows, we might say that in
the ordinary use of the organ of sight the pupil is filled with a
pencil of rays from every visible point, which afterwards meet
again at the image of that point on the retina; and that thus a
small opaque object situated in the anterior regions of the eye
will exclude nearly as much light from one visible point as
another, and therefore cannot project a shadow of itself upon the
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retina : whereas, if the opaque body be near the retina, it may
obscure or entirely obliterate some points otherwise visible, and
substitute its own shadow in their place. And though the
images we have commonly to deal with differ from such shadows,
as being chiefly due to diffraction of light at the edge of the
body, if light passes the body from many sides the diffractive
effects will be blended, diffused ; and lost to view ; so that virinally
the remark made on pure shadows will hold good in the actual
cases. Hence to witness the diffractive phenomena from objects
throughout the ocular media we must have recourse to small
beams of light. The precise manifestation in any given instance
results from a combination of eonditions—the fact, and degree, of
divergeney or convergency of the beam of light, the shape and size
of the dise from which the eye primarily obtains light, the form
and sectional outline of the body figured, its being opaque or
transparent, &¢. Henee it must be understood that in the de-
seriptions which follow, the distinctions are drawn in accordance
with essential differences only, and do not pursue the phe-
nomeng into all possible phases. Premising this, we will now
enter upon the actual exploration of the ocular apparatus; as it is
by studying the appearances we thus meet with that we shall be
best able to appreciate the mode in which they are produeced.

CHAPTER II

OPTICAL EFFECTS OF EYELASHES, EYELIDS, AND CONJUNCTIVAL FLUIDS.

Ir we look towards a candle-flame through an object-glass of a
microscope, we may observe a series of diffractive fringes round
the shadow of the opening of the metallic tube. The shadow of
any obstacle to the passage of light existing in the substance of
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EYELIDS, AND CONJUNCTIVAL FLUIDS. 11

the lens displays a series of like external fringes, and shadows of
small obstacles are white in the middle. We must always be
ecareful not to confound ocular phenomena with similar ones pro-
duced in the instruments we are using.

If an eyelash intrude between the eye and the lens, whether
in eonvergent or divergent light, it will in like manner display
externally to its shadow an alternation of coloured and dark
fringes ; whilst usually, as the hair is a narrow opaque body,
f white line (perhaps indications of other exquisitely fine lines
parallel to this are within the shadow) bisects the shadow proper.
The luminosities in diffraction may be regarded as always mak
ing a compromise between the shapes of the sources of light and
the object which casts the shadow. Hence the effeets here
touched upon are best shown when the hair and flame are
parallel to each other.

If the lubricating fluids are equally diffused over the eye's
surface, as is very commonly the case, the retina canmot recog-
nise their presence. Then, on having recourse to any one of the
instruments we have provided, we find a shaded fizure which
cannot be destroyed by sweeping the eye with the lids, and,
therefore, cannot be occasioned by fluids which are easy to dis-
place. These fluids frequently enough assume an unequable
distribution, but, at any time, by bringing the lids together and
parting them again with more or less force and frequency, we
may so disturb the fluids lying along the lids, or change the
three seeretions in relation or absolute amount, as to get them
in a state to project images. Or if we keep the lids closed for
awhile by pressing upon them, the marks of the Meibomian
glands, perpendicular to the edge of the lid, will be impressed
upon the superficial fluid. Henee we can always procure a choice
of objects lying upon the eye's surface for examination, or as
points from which to estimate the position of bodies which are
plunged in the oeular interior.

With divergent light, and fitting examples present, we may
perceive on the eye, apparently, both opagque and transparent
drops of fluid. In reality this is a difference in form and not in
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quality—the former drops being elevated and the latter depressed
in the middle, whilst both are equally translucent. In conver-
gent light the black blots become crystal tears, and vice versi.
Hence, in using a lens, we have only to cause the point of de-
cussation to fall on the other side of the conjunctival fluids to that
which it before oeeupied, to essentially change into the adverse
guise the whole conjunctival shading. But, of course, every ob-
ject (save a central one) will reappear in its new type transposed
through the centre of the circular field of view. As the foeal
point is being passed through the drop, or the transmutation of as-
pect ocewrring, the image is dissolved and spread into a bright
light, and not into a broad shade, as would happen were the drop
impervious to light.

If we now gradually withdraw the lens or punecture from the
eye, so that the light received diverges from points at increasing
distances from the organ, both sort of images will display round
them a series of alternations of bright and dark fringes—two or
three alternations, or may be, as many as ten, or twice this even,
if all the fine lines could be counted. The clear drop had the
boundary of its shadow or image originally marked with a darker
line: this line has remained as the broadest and withinmost of the
series of dark concentric and similar figures, and encloses an area
muech more strongly illuminated than the ground yielded by the
diffused light we employ. Were the tear round and opaque the
central luminosity caused by infleeted light would be white, and
Just equal to that of the grownd, as if the inflecting object had been
pierced through the middle: the additional central brightness
in the example before us is due to light which goes through the
tear; wherefore, the middle joint luminoesity may usunally be seen
to wear a yellowish hue. A mode of distinguishing between
opaque and transparent ocular objeets has been given just above,
and here we have another characteristic difference in their phe-
nomena always available—and since both the tears and the ma-
jority of the ocular objects we meet with are round, for the most
part, with all the strictness now stated. 1In the instance of the
dark image with its luminous margin, it has continued so as
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the light diverges from a point more removed from the eye; whilst
the alternation of dark and bright fringes have succeeded about
the figure. In every case the fringes are sharp lines disposed to
become finer as they are further from the image.

In the convergent light of the lens too a series of alternations
of like fringes may be observed, though usually of more limited
number.

In the diffused light of day every luminosity of centre or fringe
will be true to the shape of the body causing them; but if we
derive our light from a candle, the central luminosities may be
discerned to be elongated in the parallel direction to that of the
flame’s length, and the portions of the fringes which lie so pa-
rallel to be much better marked than the portions which lie
parallel to the flame's breadth.

Fra. 1.

In Fig. 1 a and & are two drops of conjunctival fluid as seen in divergent light, o'
and ¥ the same as seen in convergent light.

Furthermore, whilst using divergent light let us cause an eye-
lid to carry the bar, or prism, of fluid always lying along its
margin over the cornea, so as to form a chord to the ' pupil.
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Then a number of fine beams of light may be observed to pass
between the lashes of the lid, and the whole space corresponding
to the fluid bar to be resolved into a series of bright and dark
lines parallel to the lid. If the lid be quickly withdrawn, a fluid
ridge will linger behind for awhile, retaining several of the bright
and dark lines. Thus the phenomena witnessed are produced
by diffraction of light at the lashes (with splitting of it there), lid,
and fluid on it, and the passage of some through the fluid bar.
In convergent light the space corresponding to the fluid bar ap-
pears dark, but bears bright and dark lines.

The appearances thus far described are every day spectres in
various scales and fashions. If we look at a candle-flame, or any
moderately sized luminous dise, any hair that obtrudes itself upon
the view will occasion a long line of diffractive effects, or broken
repetitions of the flame, besides reflect light into the eye (the
hair and axis of the flame are supposed to be nearly parallel to
each other; if there be a great deviation from this the images of
the flame will be repeated lengthwise, and fuse into one stream
of light). The appearances extending over considerable space
because the pupil receives light from some direetional range.
The very drop of conjunctival fluid which gives us a succession
of fringes, if brought against the centre of a distant flame, will
place round it a corona of richly eoloured rings separated by dark
ones. The image of the flame being indicated in such portions
of the luminous rings as are parallel to the flame. A number of
tear drops, or unevenness of the superficial fluid, will mix their ef-
fects together, and at least form a misty halo round the flame.

And the lid armed with its lashes and fluid, against a bright
dise—especially a remote one—shows large streams of diffracted,
with partially reflected, light; the under lid one upward from the
dise, and the upper lid one downward from it. The stream in
either case being prolonged aeross the true dise by a series of
compromised images of it and the lid, separated by like dark
fringes, and terminated (unless the dise, measured in the plane
that passes through the middle of the eye and each lid, and in-
tersects the dise, subtend too large an angle at the eye) by a per-
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feet image of the dise, the brightest example of the bright series.
But even if the dise be pretty much (angularly at the eye) prolonged
in the direction just excepted, it does not hinder a tolerable image
of it from being exhibited ; for the rays from the top and bottom
of the dise, &e. meet with like treatment at the lid, and the image
is rendered at the expense of the spaces in other cases possessed
by the dark fringes. A crescent moon, when having nearly the
direction of the lids, and a full one, offer good illustrations of the
distinetion here made. '

The lids are apt, of their own accord, to so far infringe upon
the pupillary opening as to occasion us to see a repetition of the
edges of all bodies which are before the face, when their edges
are parallel to the lids. Finally, in experimenting by intent
gazing, the eye is apt to become irritated by the accumulation of
its surface fluid, and the lids thereby to be stimulated to approxi-
mate—or the orbieular musele to contract—forcibly ; and thus we
may be led to see even three legible lines of print in the place of
one, or other effects of a like order. To be guarded against a
future source” of error it will be needful to bear the fact here
stated in mind. :

It is to be added that the several instances just eited, of reflee-
tion, refraction, and diffraction, from points so near the eye, render
to its media a bountiful supply of divergent light, and oceasion
the various visible objects sitnated in the depths of the eye to re-
veal themselves in the midst of the preceding phenomena by ap-
propriate shadows. A vivid picture of the ocular interior hangs
upon every hair that shields the eye, if the light of the sun so
falls upon it as to radiate therefrom through the pupil; whilst
diffractive colours strongly array themselves round the shadows
of other hairs seen in such reflected light. A very magnified and
beautiful exhibition of the oeular eontents may be witnessed in
the halo or corona above noticed, especially of the more posterior
objects (the anterior ones are hardly embraced by such a narrow
pencil), when the light from the tear on the eye's surface has
spread abroad near the retina. And in the great streams of light
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produced at the lids a perfect command of the same objeets is at
our service.

If we cause the lids to approach each other, we may behold the
fluid between them to be thrown into convex (chiefly) and concave
drops or patches. Light being thus admitted into the eye from
different directions—and passing between the hairs contributes
to such result—ocular objects, anterior ones more especially,
may project more than one shadow. Butrecollecting this, it will
be found that one of the most efficacions ways for examining the
anterior contents of the eye—after some aequaintance has been
formed with them by other means—is by the divergent light ob-
tained by imperfectly closing the eye; as with the direct light of
the sun, the diffused light of day, or a candle-flame placed very
near the face.

That the diffractive phenomena may be affected by the eireum-
stance that the rays of light which have got beyond the diffract-
ing body have afterwards to pass near or through another body
may find ready elucidation here also. 1If we bring the shadow of
an eyelash in divergent light across that of a tear, especially one
with a depressed middle, we may observe the long shadow to
bend at the other. And frequently should the corona of colours
be displayed about the flame of a candle, and we move the head
so that a shadow of an eyelash may cross the tear, when the
middle line of the hair's shadow becomes a diameter of the
corona, at the centre even the shadow proper of the hair will
have a certain breadth, which breadth will rapidly inerease in
the opposite directions along the diameter imagined. The
fringes of the long shadow will regularly in like manner diverge
from their several fellows. If the head be now moved, so that
the hair get to either side of the axis of the beam of light which
proceeds from the candle to the tear, the two similar limbs of the
long shadow will bend apparently on the same side of the said
axis towards each other, while their truncated apices still
meet in the middle of the corona, and so on, until the luminous
fringes arch to meet each other, and finally meet to form
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vitreous humour. These objects must, therefore, be conneected
with the erystalline lens.

In my left eye I could enumerate from thirty to twice as
many (or three times, for aught I know, if the pupil were dilated
to the utmost), small objects resident in this region ; in my right
eye they are not so numerous, though it contains the largest ex-
amples. They are all either exactly round, or slightly oval. In
divergent light they may be seen to have each a white centre of
the brightness of the ground-light used—except a few in which
the central luminosity is brighter, and proportionally larger—
within a wide black ring (this ring, in the greatest cases, shows
coloured indieations, if not a subannular series), which is again
within an alternation of fringes. In strong light T have counted
in a large example full ten such alternations (see fig. 2 ; and fig.
3, the same in convergent light). In convergent light they all

Fia. 2. Fra. 3.

present a small black spot within two or three fringes, of either
kind. And when the point of decussation is passed through the
space occupied by these bodies, the few excepted will be dilated
and dissolved in light, and all the others in shade. Hence the
few are transparent and the many opaque.

The opagque bodies, when tested as to depth in the eye, are
found to be many of them shallower than others, through a differ-
ence fully equal to what I should imagine correspondent to the
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whole thickness of the lens. It is certain, therefore, that these
bodies are scattered through the lens, and it is probable that ex-
amples are located on the surface of that substance. Whether
they are earthy coneretions—any foreign bodies the aceident of
years—or a normal deposit in the lens, I am unable to affirm. I
am, however, pretty well satisfied, from my remembrance of the
uneven cloundiness in a puncture, that there must have been opa-
cities in my erystalline lenses when I first explored my eyes with
divergent light, though I had then my attention absorbed with
another part of the eye. The two adjoined transparent ones,
which I am going to speak of, attracted my particular notice by
their peculiar aspect and situation in a puncture, at the very be-
ginning of my attempts of this sort of ocular examination. The
bodies now expatiated on do not damage usunal vision in any ap-
preciable manner, and I should presume that no eyes are with-
out such. The opaque ones in the average run do not exceed in
diameter the breadth of a filament of the vitreous humour, and
the transparent ones do not surpass this standard in size. The
extreme examples of the opaque kind may present shadows of
three or four times the average measurement.

The transparent couple just now singled out are as near the
cornea as the neavest of the opaque ones. There is a group of
four of like kind in my right eye, as remote from the cormea as
the deepest opaque one. Kaolliker states that the epithelial cells
of the capsule of the crystalline lens are  polygonal,” in diameter
“ of 0:006—0-001", with round nuclei,” but seems to imply that
there are none in the posterior half of the capsule. I should
otherwise have guessed that these transparent bodies might have
been instances of extraordinary development or extrusion of
such cells.

These objects in the lens will be of use in the sequel; for
could we accurately measure the distance of an objeet floating in
the vitreous humour from the retina,—since we cannot be sure
of the precise place of the lens in the eye,—we cannot accurately
tell its proximity to the lens; but by means of these lenticular
objects we can directly observe this relation and test our mea-
surements. ¢ 2
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Had it not been for the unavoidable rotation of the eyeball,
when its lenticular combination adapts itself for another foeal
distance, I shounld imagine the idea of vendering such means as
we have at our disposal capable of detecting a change in distance
anywhere between the tears, iris, the objects in the erystalline
lens, and the retina, and thus determining in what portion of the
axis the eye's length alters, or if the lens changes its form, not
to be altogether vain. It may be that the difficulties to be over-
come, in order to realize the idea suggested, may not be insur-
mountable.

But not only are the objects fixed by the erystalline lens visible,
but the * stelliform ” structure of the lens itself.

In either eye, in divergent light, I find nearly a dozen and a
half, with about two-thirds of the number more strongly marked
than the remainder, of strongly luminous nearly white lines
issuing from a like spot, in or near the centre of the pupil, and
going towards its circumference in a slightly erooked or undulat-
ing manner; thus radiating, as it were, to a little beyond the mar-
gin of the pupil. The figures in my two eyes do not precisely
resemble each other.

These bright slightly yellowish lines are evidently the diffrac-
tive images of so many transparent objects. In a finely divergent
intense peneil coloured and dark fringes to these images may be
perceived.

As we bring the point of divergence from a distance close to
the eye, the bright lines dilate and become faint; but they may
still be discerned when the foeal point has passed well through a
tear, and must, therefore, be produced at the only solid substance
in the optic axis, between the cormea and retina. I can even
thus make out that two or three of the strongest lines are due to
causes situated behind the pupil, and even most of the objects
embedded in the lens. In either eye a couple of these radii go
laterally, making apparently an wupward bend at starting (and
which about equal in breadth the bright middle of the filaments
of the vitreous humour that lie nearest to them), which I can
see nicely between the nearly shut eyelids: I will not be positive
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that any other of the radii can, at all, be seen in this way.
These couples are most notable, too, for diffractions; and alone
yield appreciable shadows in convergent light. Wherefore,
though they oceupy the paths of well-known prineipal radii, or
limbs, of the star on the posterior face of the lens, I will not
undertake to say that there may not cross the lens along them,
under the capsule, some very fine objeect, such as a duect, or a
nerve.

But if we proceed with due eaution, we may satisfactorily see
that the objects in the lens, the more advanced decisively, rest
in front of, and can be made to glide over, nearly a dozen strong
radii; and, indeed, it is not too much to say, through these radii,
diseern the posterior face of the lens itself, its vertex being shown
as the origin of the radii. Nevertheless the same cannot be
affirmed of the anterior face. The remaining limbs so fade away
on the approach of the radiant point, that 1 am unable to discern
to which face they belong, by testing in like method. Still, they
may become very distinet, but only at a distance, for the radiant
too great for testing them with other apparent objects, as to
precise ocular depth. They seem as if they eame from a vertex,
- which is covered by the conspicuous one. So that, upon the
whole, although nearly as many limbs as I meet with have been
recorded by microscopists as being occasionally found in the
posterior face of the lens, I am inclined to infer that the wealker
limbs are those of the anterior face. The weak and strong lines
roughly alternate, as by the twisting of the “granular homoge-
neous” lines, through the substance of the lens, in which the
tubes or fibres of the lens blend, do the limbs of the two stars.
Like Young, I can get full twenty-two strong limbs in an eye.
Since these lines have been described as * grooves,” perhaps the
differing appearances of the concave and convex tears may some-
what enable us to account for a variety in the phenomena of the
two stars.

In the Bakerian Lecture, On the Mechanism of the Eye,
Phil. Transactions, 1801 (see also Phil. Trans. 1793), Dr. Young
furnishes a number of drawings of the star we see, from a lueid

c 3
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point at different distances from the eye, and among the com-
ments he makes, he states that the figures on both aspects of the
lens are visible, implying, equally so, and makes a few other in-
ferenees to which it will be seen I demur. But notwithstanding
the great value of those elaborate researches, they are not
without defeets. Thus, he fell into the not unimportant over-
sight (if his having delineated an example at the iris without be-
thinking him of the eause does not forbid the word) of neglect-
ing ocular inflections of light. Nor had he the means of finding
the ocular places of the causes of spectres. Hence he cannot
quite free the stelliform figure from objects in the lens. In the
impression left by the lids at the conjunctiva after the eye has
been kept elosed by pressure, he finds, and draws a * curdled ™
appearance which he regards as indicative of temporary depres-
sions made upon the surface of the lens, by eertain hypothetieal
“ glands,” and, therefore, of the elasticity of the lens, if not
exactly of the focal accommodation of the eye being acecomplished
by a change in the form of the lens, the only possible mode,
according to him. The large streams of light refracted by
prisms of fluid at the lids (of page 14), he tells us are cansed by
reflection at the lids ; not notieing that the light is not east from
the lid, but warped into the region of its shadow. We may
observe how reflection at a lid acts, by a secanty beam, which may
be thus made to point towards the side of the flame opposite that
from which the stream issues. Ixcepting the faint radiations
from the hairs, it is not possible to gather from his remarks
that he ever saw, at the surface of the eye, anything beyond
these streams, as bare * radiations which seem to adhere to a
eandle viewed with winking eyes."

I find the eccentricity of the pupil, and want of symmetry in
ocular refractions, observed by Young; so that the image of a
lueid point seems to fall with that of the vertex, but according to
my observations the posterior one, of the lens; whilst this com-
mon point of these images, generally, is not the apparent centre
of a pupillary circle. In ecalling the pupil round it is never
meant to be strictly so.

il e T
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Corollary :—Multiple images. Chromatic Dispersion. Hold the
edge of a penknife (suppose it white) so that each peneil of rays
from it may spread over an easily observable retinal space, as by
nearness of the knife to the eye, or better still, by straining
vision through a more distant knife. In this case, I find the
vertex of the lens decidedly nearver the apparent bottom of an
oval pupil, and in my left eye, slightly neaver the left side of it.
Note the fringes of the iris, and the star on the point of the
knife, and look from them along its edge. Thus we see these
fringes and limbs of the star, wherever any portions of them hap-
pen to be parallel to the knife, arrange themselves along it, as
psuedo-fringes of its edge; nay, even approximately parallel
limbs, or the cireumferential ends of those that are not so, more
or less perfectly carry lines along by the sides of the knife (not
to say the images of small ocular objects do so). Or neglecting
more subtile lines along the knife—as well as dark pseudo-
fringes or interstices—the first bright fringe of the iris renders
a boldly coloured image of the knife (the second bright fringe a
weaker one) without, whilst between the knife and it lie two or
three sharp white images furnished by the limbs of the star. By
making the knife revolve slowly round its point, we may mark
the successive operations of the limbs; the effects being most
evolved above the knife, when it is held transversely to the eye.
Two limbs nearly parallel to each other and to the knife may
occasion an illusion, as if the edge of the knife were two edges
of two knives, side by side.

In the ease of strained vision more particularly, the flame of a
candle may be surrounded with coloured pseudo-fringes of its
edge, whilst narrow brilliantly white images of its edge may fall
within the dise of the flame. Thus, too, a small letter in a book
may have attached to it, either coloured or other spectres of it-
self. Whilst a whole page of print may be reproduced in
coloured letters, standing above the black ones. If we regard a
series of white and black lines, such as represent fringes in some
of the figures accompanying the text, the coloured and white
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images of adjacent or neighbouring white lines will coineide,
intersect, &ec., and a fine display of hues, and devious lines, run-
ning from the true ones in a style of regulated diversity, result.

In any of the above eases, we have -::ml:,' to pass the finger
across the eye, to cut off, for each radiant point, the apparitions
it yields, in order, in the direction opposite to that traversed by
the finger.

With a single vivid radiant point, we observe, in general terms,
that the first fringe of the iris eontains the seven colours, the red
being outmost, the violet inmost, and the other colours being
move or less erowded together upon an intermediate climax of
white. The next bright fringe still holds some of the less re-
frangible colours. Whilst from this ring up to the image of the
radiant we have a series of white and black concentrie cireles in
an atmosphere of violet. Thus the sweep of hues from margin
to centre is expressive of chromatie dispersion. So that we
have, it is to be presumed, a prismatic spectrum of the radiant,
inn which fall lines of interference from inflection. Or, as inter-
ference must give rise also to colour, the question of chromatie
aberration in the eye is not so uncomplicated as it has been
usually assumed to be. For the instance before us is the elemen-
tary one into which all others resolve themselves. If we look
over the nose, or hand, throngh a narrow segment of the pupil
only, we may witness a very broad display of ocular coloration,
at the borders of the shadows of distant objects, seen against the
sky, the less and more refrangible colours on their opposite
appropriate sides.

Again, these pervading colours affect the character of all the
partial images and diffractive shadows, and we must exercise a
little eircumspection in eorrecting our ideas of the latter aceor-
dingly. Also in the multiple images just treated of we may, at
once, recognise the mature of any one by its tints, and their
sequence.

As the best eye is unable to again gather a pencil of rays to
a focus, a margin of the various effects considered is always
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the act of yielding, and when dragging at its full stretch npon the
hyaloid, check the movements of the fluid along the wall of its
chamber; above all by the buoyancy of the web, the perpetual ob-
struction reiterated in the vicinity of the wall will be most effica-
cious in the most important or horizontal direction. The
mididle of the chambernot being liable to rapid movements of fluid,
and such movements there being comparatively harmless, is left void
of impediment ; whilst a practical concurrence in the ocular rota-
tion is ensured near the hyaloid, and in a less degree near the
lens. And thus in the incessant movements of the eye, head, and
person, the wall that eonfines the fluid, can suffer no severe con-
cussions fromeddies in the latter. Or, in other words, since care
is taken that the capsule of the lens is not a point of resistanee
for the web, but on the contrary, is spanned by it, we have herein
a provision that the lens may not be shaken, and that quasi-lights
may not be ever assailing us from impulses of the vitreous fluid
impressed upon the retina; possibly that this delicate tissue
may not suffer direet injury, and that the cireulation in the retinal
vessels may not be deranged therefrom.

Lnvestigation.—In making the nice observations required for
the verification of the foregoing proposition, it will lessen our
task if we arve well provided with light. Fspecially, it is conve-
nient to be able to look down upon a strong light; because
under this condition the objeets in the vitreous will not be dis-
posed to oscillate from their buoyancy, and the eye will have a
direction to which it is accustomed.

Any instrument we may use must be kept for a minute or so
to the eye, before the objects within the organ will be best seen,
that is, that the retina may accommodate itself to the new degree
of light.

It would be well, therefore, to enter upon our observations, if
with a punctured card, on a bright day, whilst we stand on an
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elevated position, with a luminous ground infront of and beneath
us: as a clear sky, or a smooth white wall of a house; and a sheet
of smooth limpid water, or a road illuminated with the sun, It
would perhaps be better still if we reflect the image of the sun
upwards from a mirror, and examine the objects we are going to
eonsider, amongst other modes, through a lens, whilst looking
at the sun's reflected image, as well as at the sun itself. The
examination should be made frequently by all the plans of Chap.
I. Omne main point is to get up the filamentous appearance so as
to be able to recognize by its aspect and relations, any given
portion, in any position. Then, the web above characterized be-
eomes, it is hardly too much to say, as plain as a similar thing
large enough to be visible when placed before the face, and may
be easily inspected with all the ordinary lights.

On the roughest applications of our methods of exploration
we discover that all the bodies floating within the eye, are pos-
terior to the crystalline lens; and that they yield diffractive
images ; as also by closer attention, that in divergent light the
smallestshadow belongs to objeets nearest the retinaand the largest
to those next thé lens, and that the intermediate sizes belong to
objeets at corresponding intermediate positions; or that the in-
crease of size in accordance with that of increased distance
from the retina is regular and constant, whilst objects at equal
retinal distances have equal shadows. So that we must conclude
that all the objects in question, filaments or globules, have the
same breadth, whatever be those of their shadows.

If we fix our attention upon one of the smallest images, and
move the eye about gently, we note that the globule thus expres-
sed accompanies the ocular movement, whilst others near this
one with broader shadows, pass over it and float about. If the
eye rotate through a small angle, the globules with smallest
shadows do the same : whilst the other sort just referred to re-
main at rest; not yet having been set in motion. And when the
eye rotates sufficiently to cause the mass of globules near the
retina to move in space, they will proceed even after the eye has
ceascd to move, and will then regain their places, by recoil;
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whereas the globules we are specially considering, move if not
exactly, nearly, with the eye and stop with the eye. Any one of
such globules, has a pair of images apart from each other, not
more than one-sixtieth of the angle, apparently separating the
centres of two punctures; which would indicate extreme proxi-
mity with the hyaloid membrane, or rather with the pereipients
of light. If we find any difficulty by quickly directing the eye on
a distant fixed point after a sudden rotation in settling whether a
globule, with the smallest shadow of those we observe, glides at
all over the retina, that difficulty will vanish when we come, by-
and-bye, to avail ourselves of the fixed marks furnished by the
retinal blind spots and the visible flow of the blood in the vasa
centralia retine. We thus determine that the globules before us are
not actually fixed, though they have but an exceedingly small
liberty of movement.

In studying the conduct of the floating objects, we may note
that if we turn the head in either direction about the optic axis,
or any axis parallel to that, those in the back of the eye always
appear finally to sink more or less; therefore they must actually
rise; and would thus seem to be of less specifiec gravity than the
fluid in which they reside. To make an observation nice enough
to eliminate the effects of difference in specifie gravity from
those of disturbance of the fluid in its chamber for objects near
the erystalline lens, so as to obtain trustworthy results, is no
easy matter. The eye is scarcely to be kept clamped to another
position of the head, and an instrument scarcely to be kept
relatively still before the eye during the movement, and the
slightest relative movement of this and the eye considerably
affects the apparent conduct of the anterior objects. Besides, in
such a system as that enunciated, the whole amount of web pos-
teriorly far excels that anteriorly, and as the ultimate position
in which the parts of the web will rest is influenced by its con-
nections, the superior buoyaney of those behind may check, by
acting along the sides of the chamber, the disposition of those
in front to float. But we may rest assured, that as regavds
specific gravity, bodies precisely alike in the same fluid are in
the same position,
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In considering the motions of objects so circumstanced float-
ing within the eye, it must be remembered that when the eye
rotates the fluids within it will relatively rotate. No matter
about what axis the rotation oceurs, whether about one through
the eye's centre by its movement in its orbit, or about any
other by the movement of the head or the whole frame, the
vitreous fluid will tend to abide absolutely at rest, or, translation
of the orbit apart, rotate within its chamber, about the centre of
it, through the same angle. But in consequence of the connec-
tions of the objects, if not from some viscidity of the fluid, the
result must be modified. So the objects in the vitreous will move
in the direetion of rotation, but commence their movements
at later respective instants than the beginning of that act. Then
move equally with the rate of rotation. And when the ocular
rotation is arrested these objects will continue theirs awhile
longer, through the inertia of the now rotating fluid, until they
reach the end of their tethers ; when they will balance a moment
and then regain their original places by retraction, or by being
dragged back by their attachments.

Since when we hold a puncture near the eye a practically
cylindrical beam of light, in section, of the size of the pupil, tra-
verses the vitreous, the apparent linear rates, across the beam, of
rotation of the objects fairly evinces the actual, and the amount
of such linear excursions’ in this beam, ave properly represented.
Also the real motions of them all, relative to that of the optie axis,
are opposite the apparent. Hence the objects behind the centre
of the vitreous will seem to lag behind the eye at the outset,
whilst those before will seem to get a start of it, and for the first
instant outstrip it. Both will then go with the eye; but in the
recoil the real, and therefore the apparent, directions of the an-
terior and posterior ones will again be contrary. Nevertheless, by a
lens of considerable focal length we may throw the point of de-
cussation within the anterior objects, and then the apparent and
real motions of these being the same, they seem to move in all
respects as the posterior ones. :

If we wish to investigate the effects of rotation uninfluenced
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by buoyaney, we must perform that act horizontally. If we rotate
the eye by any mode upwards, the bodies after their respective
instants will rotate with the eye, and when the eye stops the
posterior ones will go more or less beyond ; not only because the
inertia of the now rotating fluid so wills it, but because there is
no immediate obstacle to their being carried in that direction.
After resting a moment, the posterior objects will secem to drop
more or less swiftly, for different distances from the retina;
whilst the anterior ones return upwards. If we fix the eye upon
some high point for awhile and then depress it round any axis
through any angle, the posterior objects, with reservations as
before, will accompany the eye, but will stop almost simulta-
neously with it, and will searcely recoil at all. Because, through
their certain degree of buoyancy, they were at the commmencement
of this experiment swinging at anchors, which eannot be raised
by the rotating fluid.

We observe in addition that the objeets closest to the back of
the lens, are not like those nearest to the retina, searcely eapable
of excursion, but enjoy much freedom. This intimates that,
somehow, there must be connections with the wall of the cham-
ber, and that the length of tether mainly decides the amount of
independent play of the objects. Should we meet with an object
approximating in position to the centre of the chamber we find
its amount of linear excursion small, as must needs be the case:
but were there no impediment all those nearest the walls of
the chamber would be the freest to move—whereas, for the
posterior ones at least, the reverse is the case.

We have thus evidence accumulating that the objeets in the
vitreous are involved in some scheme, and an inkling of its
essential character, without having made any special serutiny of
its parts for the purpose of ascertaining the exact machinery for
securing such ends. However, availing ourselves of the dyna-
mical rules just obtained, we ean set about the inquiry me-
thodieally.

In quite easual observations the shadows of objects in the
vitreous seem to indieate both globules and filaments : let us fivst
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at a glance be observed that if the white central space, and the
white ring were assumed to belong to the image of a globule,
the dotted line will fall upon the luminous parts of the adjacent
image.”” Nor can we fail to perceive that if we take away the
dotted parts of the outer circle we arrive precisely at the type of
fig. 7.

As the same remark will hold good for a
series of any number of concentrie circles, the
geometrical figure gives us the mode of pro-
duetion of the image of the above considered
filament. Moreover, the image of any filament
is virtually made up of a series of concentric
circles. In ordinary light and superficial in-
spection we may overlook the black circles as
soon as they intersect the-luminous spaces ;
but we may nevertheless, especially in direct
solar light, for a filament having an inclina-
tion to the retina, discern the complete black
cireles, only in a more subdued tone where Fia 7.
they traverse the luminous spaces; for the diffractive images
of two small ocular objects may be both eompletely seen when
overlying one another. In afilament parallel to the retina some
allowance must be made for the parts of its beads in contact with
others.

In a line of beads it depends upon the manner in which each
bead is presented to the retina, as regards the completeness of
the black rings in breadth at parts of the image corresponding
to the points of junetion of the beads. If one happen by a
sharp bend of the filament at the point to offer itself, particularly
in the line of the admitted light to the retina, its circles will
be of full breadth and complete : whilst the width (in the longi-
tudinal direction of the filament) of the divisional line will be
diminished wherever the adjacent images equally encroach upon
each other. DBut the lateral parts of the ecircular images must
always be developed in their full amount. If the filament pre-
sents a part of its length to the view, in the direction of the rays
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of the beam of divergent light, we have several images fused
together, and straight thick black parallel fringes indicating the
fact. As the filament bends, in the relations mentioned, the
beads will seem erowded together, and the direction in which
the eircles of their images contraet and gather together shows
the aspect of the curve. _

Some of these effects are roughly represented in the usual
prominent lines in fig. 8, which gives a portion of the web as
coming in a tortuous course towards the retina, so as to display
also how the shadow is affected by the distance of the object
from the seat of pereeption.

When these beaded filaments fall near enough to the retina to
obtrude themselves upon the sight of the unassisted eye, they
show a central shadow surrounded with bright and dark shadings,
or abrupt fringes, just as in the other case of convergent rays
passing a filament and meeting soon after, as already given in
fig. b. The elementary manner in which the shadows of bend-
ing filaments in convergent light are constructed of the cireles
here noticed is typified in fig. 9.

It would be well here to call attention to the
fact that all the minute round convex transparent
bodies, which we have considered, under similar
conditions of light, yield precisely similar images, Fia. 9.
though those bodies most distant from the retina may be eapable
of displaying most fringes, so that by aspeet alone a round
convex tear on our eye, and a globule in the erystalline lens or
vitreous would not be distinguishable from each other. Owr if
the tear has somewhat the brightest central luminosity,
the difference in density between it and the medium on one side
of it (the air), its being concave on one side, with one or two
other peculiarities in its position, may explain the fact without
our inferring that it is actually more diaphanous.

Now sinee we find the filaments of the vitreous transparent,
the central shadows that we get in convergent light are not
simple shadows—as the fringes round them, indeed, are prezent
to declare—but are, at all events in the main, due to interference
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of the rays of light passing through and round the bodies
comprised in such a beam of light. Again, if we observe how
the alternations of dark and bright fringes have step by step
diminished in number and breadth as we have got from the
largest to the smallest images, and the central lmminosity be-
come faintly marked from the darker ring which encloses it, we
cannot but comprehend that a globule revealed by the very
smallest shadow would not have been indicated at-all if it had
been, merely by the extent of its own diameter, closer to the retina.
Henece, when we observe a filament floating about in the
interior of the vitreous over an extremity which approaches ex-
cessively near to the retina, but still are sure that the smallest
shadow of all those of its constituent beads,—which one we
take to indicate its end,—belongs to an object that enjoys a
little motion, and know that the filament might reach the
hyaloid membrane by a few more beads without our being able
to perceive them if they existed, there can searcely be risk in as-
suming that it is directly attached to the membranous wall
in this manner. Besides, microscopists find on the hyaloid
on the side which is towards the vitreous, * decumbent nuelei,”
that is, nuclei as if glued to the surface of the membrane.
They have been unable to divine their purpose. If each of
these is the last link in a coneatenation of beads, left behind
when the filament was broken, which we can hardly be wrong in
eonjecturing, their purpose is found.

With the information now at our command we can readily rid
our minds of the prevalent error that there are myriads of isolated
globules in the deepest oeular humour. Fix upon any globule
we will, we may find it to be a link in a chain ; if it thrust itself
upon the attention, as it were, alone, it is from causes stated ;
and if we eannot, with actual eonditions, seize the consecutive
globules, we may easily do so on a proper movement of the eye;
for the filament has only taken a turn at the part disclosed, or so
involved itself with other filaments as to produce relations un-
favourable to the visibility of the prolongations. 1 have spoken
of the beads as equal throughout the eye. I would not by this in-

D 2



=11 STRUCTURE oOF THE VITREOUS BOLDY

sist that they maust be absolutely so. 1t may be that a difference in
the breadths, or contrasts of the parts of the images, by which we
are enabled to recognize, almost always, globules here and there
in eertain positions in the filamentous system, may be occasioned
by a minute deviation from the current size, and not always
wholly from a bend in the filament. :

A great portion of the web enunciated lies before us in the or-
dinary ereet position of the person, and by taking advantage of
the apparent sinking when we turn our head on either side, or
invert the head, we may summon into view a considerable portion
ordinarily situated at the sides, or which are apparently beneath
the optic axis. If we look down upon a light, especially if the
head has been previously kept inverted for about a minute, and
then rotate the eye about. if not without this movement, filaments
before really above the optic axis will be thrown down into the
depths of the eye, and we have a bird’s-eye view of a graceful
tree, as we look npon a filament tapering and branching out to
attach itself to the hyaloid membrane near the centre of the re-
tina. In like manner we may inspect the filaments that, stand-
ing out from the retina, have a lateral direction. Some of the
closer network near the retina, in my case, lie out, beautifully
distinet, like a capillary system in space. And if there be appa-
rently a confused mass of globules resting on the retina, I have
only to give, commonly, a gentle or, at all events, a rapid rotation
of the eyeball to throw the meshes clearly out like a fan, or brush
of capillaries. The filaments projecting further from the retina,
in a rapid rotation, traverse the vitreous over the finer meshes
from whieh they proeeed ; and this appearance of bodies traversing
space in parallel lines on a rapid orbital movement, is not due so
much to the lingering of sensation as to the faet just mentioned.

In investigating the filaments in the anterior parts of the
vitreous we may employ convergent light, and see the objects
erect with their actual movements ; or inspect them in diver-
gent light, when the.images will be broad,—as, for instanee, in
locking at these objects through the nearly closed lids, when we
know at onee, without measurement, the relative retinal, or lenti-
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cular distances from the width of the images. I can thus assure
myself that the web springs in no instance from the capsule of
the lens, for the point of origin must be obvious if it did, and
indeed clearly see the condition of the anterior part of the web
enunciated. The opposite ewrrents of the anterior and posterior
filaments may be thoroughly surveyed by the divergent beams of
chapter I1., and movements of the head.

The filaments in the front and back may be seen passing up-
wards, and downwards, and sideways, from the portions of the
vitreous that are hid from examination. 1 ghould say that the
front and back filaments do not extend, for their mean places, to
further than about one-sixth of the diameter of the vitreous from
its wall, though in my right eye some of the web in front may be
within one-third of the length of the vitreous from the crystalline
lens. In either eye there ave parts projecting inwards further
than the average run of the most centrally disposed threads, and
the laxity of the threads is such that, under strongly disturbing
influences, some of them go far towards the centre. The reticu-
lations in my two eyes have no more than a systemic resemblance
to one another, as would have been anticipated ;—and as extension
towards the centre can hardly materially affect the mechanical
uses of the web, different eyes may present some variety in such
respect.

In estimating the actual size of the constituent bead of the
fibre, we obviate the difficulty of the uncertain relation as to dia-
meter of it, and its diffractive shadow, by counting a few in a
row—the more the better—in a fibre near the retina, and pa- -
rallel to it, and observing the aﬁgle subtended by the length of
fibre between the centres of the extreme instances of the counted
number. Assuming that objects and their retinal images sub-
tend equal angles at a point at a half-inch from the retina, I
found the diameter of the bead to be 0-003" at least. Kolliker
gives 0:002" as the diameter of the finest capillary of the vasa
centralia retine ; and the bead seems greater than a capillary as
made visible in the manner already hinted at. It may, at a
future day, be found possible to have still further means of de-
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ducing the size of the bead by obtaining microscopic measure-
ments of some objeets anterior to it, and making use of these

"“iﬁw

.

"-"hg:::‘_m

Fia. 10.

measurements in way of comparison, or to use the diameters of
the fringes in calenlations respecting these things. In the
meanwhile, I would not presume with any force upon the aceu-
racy of the measurement I have assigned to the bend,_I have
adopted the best mode I could devise, but to take a small "angle
subtended in this fashion correctly, or to otherwise insure strict
accuracy, I can in nowise pretend to. For this reason, too, I
have not attempted to actually caleulate the precise position in
the chamber of any bead, at any moment. I have contented my-

g




DERIVED FROM OPTICAL PHENOMENA. 39

self with solving the question simply, so as to attain all purposes
that can be of real interest.

. The accompanying figure (10) represents a portion of the web
supposed to be placed in the focus of an eye (in sitii before the
face) capable of seeing it. The portion of web as to distribution
is magnified to twenty diameters, whilst the thread (if 0-003" be
its breadth) is magnified to one hundred diameters in order to
show the bead. Yet if the fibres are five times too stout, they
are in all probability five times fewer than in the original, so
that this portion of the web drawn in two scales, for its own,

‘is mnot burthened with an undue emount of thread. The
drawing gives the style of a portion of web from my right eye,
which is supposed to be divectly projected, as it actually appears
to be, 'on a sheet of paper: that is, the knot A, which really usually
rests a little without the punctum ececum, is drawn to the right of
that part of the reticulation which is here cut off a little on the
nasal side of the foramen centrale, at 8. The knot at A is re-
markable among all instances furnished by my eyes for the
number of filaments that meet; but I have deteeted that it is not

strictly one knot, but two held together by the threading of a
filament. True nodular points of three or four concurring
threads are not rare. The meshes about the knot are of good
size, as it swings pretty freely in the fluid from its hyaloid con-
nections being distant. It is only beneath B that the hyaloid
attachments are attempted to be indicated. The lines across
the ends of the other threads mean that such have been cut
off arbitrarily from the adjoining network. The web divested of
its diffractive appearance is only a fragment of that which oecurs
in this region; immediately anteriorly to it another reticulated
gathering of threads (with many vertical ones) crosses this and
inosculates with it, especially above and below, &e.; &e.

The disposition and movements of the web are such as to be
incompatible with the division of the vitreous humour into eells,
whether we imagine the threads of the web to pierce, or to run
in, the walls of such cells.

_In Kélliker's Manual of Human Histology (Sydenham Society)
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Vol. IL,, pp. 387—9, may be seen a summary of the researches
of microscopists into the strueture of the vitreous body. Itis, I
submit, impossible to doubt that the web deseribed in this
chapter elears up the slender vesults they have obtained. By the
aceident of the existenee of the web within the oenlar lenses we
have an apt illustration of the limits of the power of our present
microscopes. Here is a fibre conspicuously bead-built, so im-
mersed, diaphanous, or tiny, that, with the best instruments,
barely can a glimpse of any part be obtained, and, therefore, of-
fering the strongest support ever obtained to the opinion of those
who regard all fibres to be constiueted of cells.

However, Bowman finds that “ the vitreous body of the new-
born child " exhibits ““ a very distinet and peenliar fibrous strue-
ture, consisting, in fact, of a close network of fibres.” Virchow
meets with a similar condition in the eye of a feetal pig, with
“nuelei at nodular intersections.” Killiker himself only finds
“pumerous round, elongated, granular, nucleated cells in feetal
human eyes, 0-004—0-01" in size, and 0-01—-02," or 0-03* apart,”
(may not nedular points of the feetal web have shown them-
selves ?)

In the adult eye, in ehromie acid preparations, Hannover traces
peculiar dissepiments and “rays;” Bowman “a few concentric
lamelle: externally, to which sueceed very irregular, radiating
septa, and lastly, an irregular central cavity.” Kolliker remarks
that * these lamellme eannot be demonstrated as true membranes,”
and do not * prove much.” (They are, we may presume, oceca-
sioned by coagulations about the threads of the web, or by some
action of the acid on them.) This last author, averring that he
could never find any indieation of membranous dissepiments,
still in the vitreous of the adult notices * eells in many instances,
though rare and indistinet, particularly in those parts of the
organ bordering upon the lens, and the hyaloid membrane in
general,” and * concludes,” from his own observations, that * the
vitreous body, at an early period, presents a sort of structure most
nearly approximated to embryonic cellular tissue, but that sub-
sequently all frace of such a structure is normally lost, and it
consists merely of a more or less consistent mucus.”
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Finally, it is plain that the peeuliar modes of fracture of the
vitreous, and of the leaking of the fluid from the ruptured hyaloid,
which first gave rise to the idea of cellular division, are owing to
the elose network we have been considering.

Musee volitantes.—The preceding investigation has aseribed
to the hitherto vagrant muscwe volitantes (proper) such form,
dispusit.inn, and office, as to make them the essential element
in the structure of the vitreous body; and this essay, directly
physiological as it is in its nature, has pointed out all the cir-
cumstances which can lead to their manifestation. I should,
therefore, have thought it of little interest any further to refer
to that term, had it not been for the fact that the recent
introduetion of ophthalmoscopic studies has promoted muscee
to more than their ancient importance,—from a symptom of
disease in the patient into a sign visible to another person.

We can now readily understand, from the foregoing method of
ocular exploration, and the exposition of the optical illusions fur-
nished by the beaded fibre, on a reference to Sir D. Brewster's
paper already cited, how he fell into the error that muscs
volitantes are fragmentary tubular filaments containing, indif
ferently, groups of contiguous globules, or solitary ones, floating
in a few large cells, and liable to become folded into complicated
adherent * knots,” and how, even he ecarefully makes a drawing
of such an entanglement as permanent, which we may be sure
could not exist as he has figured it, and anything like which the
ocular movements would not suffer to persist, notwithstanding
the frequency with which parts of the lax web transitorily become
hitched together. And how, even he faneies that his drawing
suffices to show that a period of four and a-half years has pro-
duced an increase of the “ knot,” and a diminution of the lengths
of the filaments springing from it; though he was not '-::rnl}r
unconscious that the filaments had not free ends, but, by the
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very drawing, had no means of marking any lengths in more than
one of them, and certainly had no means of measuring the fila-
ments had he marked lengths for guides. Had Sir David's ob-
servation been trustworthy, it would only demonstrate a redupli-
cation of the knot at the expense of the filaments, and no inerease
of foreign substance in the vitreous fluid.

Such a fibrous tissue as that which has been now found to
exist in the vitreous is of the lowest organization, requires little
sustenanee, and is, as is well known, scarcely capable of diseased
action ; and, therefore, we should not anticipate that the web
should be ever the cause of foreign deposit in the posterior
chamber, which might be visible through an ophthalmoscope.

On the other hand, it must be remembered that in ophthal-
moscopic observations the contents of the examiner’s eye must
become conspicuous to himself. There is a bright pencil of rays
from the patient's cornea, not to say light from deeper parts of
his eye, radiating directly into the examiner’s, also from the
lamp behind the patient, which, whether the examiner uses a
lens at his own eye or not, must tend to the same effect. Here
are sources both of divergent and convergent pencils of light
entering the examiner’s eye. Hence a person can only
safely set about such a plan of observation when he has made
himself so familiar with the aspect of the objects resident in the
lenses of his own eye as to know them at sight. A lack of the
previous information here recommended appears on the very face
of such monographs on the use of the ophthalmoscope as have
fallen in my way. Filaments, and their individual beads of the
vitreous humour, small objects in, and even the stelliform figure
of, the erystalline lens of the examining eye, have all been ima-
gined to be things in the examined eye. By giving a convenient
divergency to the rays issuing from an illuminated retina, in a
convergent manner, back through a cornea, we gain, of course, a
sight of the bottom of another person’s eye, or of the retinal
vessels, &e., mueh as we should were a retina of a dead eye before
us. And if there be any objects of similar size in the depths of
the eye, we may likewise see them by light reflected from their






CHAPTER V.

OPTICAT, ANATOMY OF THE RETINA.

From the microscopical discoveries of Bowman, H. Mauller,

Killiker, and others, it appears that we are to view the retina

as comprised of five layers; or reckoning from the hyaloid mem-
brane outwards. * 1. Limitary membrane ; 2. Expansion of the
Optic nerve; 3. Layer of grey nerve-substance; 4. Granular
layer ; b. Layer of rods and cones.” To which they append that the
last layer is annexed to the first by “radial fibres,” issuing from
the centres of the rods and cones, penetrating the other layers,
and terminating by a feathery expansion on the limitary mem-
brane, &e., &e.

According to Kolliker “ the vessels of the retina are derived
from the ait. centralis retine, which enters the eyeenclosed in the
optic nerve, and begins to ramify from the centre of the colliculus
nervi optici in four or five main branches. Lodged at first only
beneath the membrana limitans, these vessels penetrate through
the layer of nerve-fibres into that of grey nerve-substance, ramify
in an elegant arborescent mannér as far as the ore serrata, and
pass by theirterminal prolongations on all sides into a rather wide-
meshed network of very fine eapillaries (0-:002—-003™), which
is lodged chiefly in the grey layer, but partly also in the expan-
sion of the optic nerve. In animals the veins commence with a
complete eivele, circulus venosus retine, at the ora servata, accoms-
pany thearteries in single trunks, and converge to the vena centra-
lis, which quits the eye together with the artery. No large
vessels exist in the ¢ yellow spot,” where there are only numerous
capillaries.”

The central vessels of the vetina show themselves as black objects
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whenever it is exposed to an instantaneous succession of light
from different radiant points. The machinery for the conveyance
of blood to and from the retinal tissues will hold a prominent
plaee in these researches, and we must learn to distingnish ves-
sels in one eye from those in the other, and we will therefore
begin our study by making acquaintance with the vasa centralia
in our own eyes, as they reveal themselves in a fundamental ex-
periment proposed long ago by Purkinje. Hemnoticed that if a
lighted eandle be moved from side to side just before the face for
a short time, the wvasa centralia retine are thrown upon the
cﬁil'mg" and walls of the room as black ramifications.

In trying this experiment upon the eyes singly, I find that the
veins and arteries, which are alike seen, by crossing each other
in their subdivisions, oceasionally display meshes, that except
from distribution, and perhaps breadth, we cannot discriminate
between them, no pulsation marking the arteries from the veins ;
that the ecapillary connection between the veins and arteries is
not wholly discernible, but that both elasses of vessels ramify
from their trunks and subdivide until they almost appear to ter-
minate in twigs ; some of which end almost abruptly, or with a
short attenuation, some bifurcate into thinner shoots before they
disappear, or even divide further into fine threads. These approxi-
mate terminations oceur all over the retina, but towards the fora-
men centrale they are remarkable. The fine capillaries of the
“ yellow spot ™ cause it to appear as a grey or dotted ground, to-
wards which many vessels point in a somewhat radiating fashion.
In my left eye I can follow two or three of these vessels very near
to the foramen centrale straight among the capillaries. In my
right eye the vessels on approaching the central capillary region
seem nearly suddenly to be buried by them. TIn a word, the im-
pression conveyed to the mind is that the vessels which are thus
more especially made visible are those whieh Killiker describes
as being the more superficial as regards the ocular lenses.

Again, it is not at all necessary, as has been imagined, that
the candle be offen waved before the eye. To a prompt
observer one transit of it is enough. If we look rather above the



46 OPTICAL ANATOMY OF THE RETINA.

flame, and hold the candle, as to the person, still, and turn our-
selves round a little, the vascular phantorn may be discerned.
Indeed we cannot walk about holding a candlein advanee without
producing this effeet. And it is not easy when we are stationary
to keep a light in the hand so steadily, or so to prevent the flame
oscillating by the draught of our own breath, as to absolutely
obviate this consequence.

Some years since, I mentioned that Purkinje’s expedient is
not the only one by which these retinal vessels may be spread
before us; let us now review those other modes, and see whether
we have the means at our disposal of determining the physiolo-
gical law, the fact of whose existence is thus disclosed.

If we look through the coloured shadowy fringe (see Chap. II1.)
resting on the edge of any body held near the eye, as long as
both eye and body remain perfeetly still, there is no indication
of the vascular figure. DBut the instant there is a relative motion
of the object across the eye’s axis, or a movement of both eye and
object perpendicularly to the latter’s edge, every branch in the
vasa centralia which lies approximately parallel to the edge of
the objeet, at onee shows itself as a black line or band, and all the
capillaries as black dots, along the lines of the luminous fringes
resting, in alternation with dark ones, on the object; during the
act, and no longer, of the movement of the object across the eye's
axis, or of their joint movements in this direction, thus yielding
the appearance of undulating black broken lines preceding or
following the edge of the object.

If we look through the “ecrested” fringes on the end of a
narrow object (as the point of a pen-knife), as long as it and
the eye are still, we see nothing but the peculiar terminal dark
and bright fringes; but no sooner does the object make a move-
ment, be it never so little, pm‘pcndiﬂ-ulurly to the optie axis, or
both eye and object move in such direction, than the fringe is
occupied, whatever part of the retina it passes over, by so much
of the vaseular figure.

We may also get a sight of these vessels and eapillaries in a
linear fashion by the movement of the axis of a prism aeross that
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of the eye, or of both it and the eye in such direction. The lin-
ear tendency of the apparition oceurring parallel to the axis of the
prism.

If we reflect light info the eye from the head of a pin, and move
the pin across the eye's axis (or vice versi) or both eye and pin in
such way, and only then, the same appearance results; the ves-
sels erossed by the movement are seen fully, and the capillaries
as black dots in the illuminated tract of the retina.

If light radiate into the eye from a small puncture, having the
said, and only then, relative motion, or both puncture and eye
having it, the same thing occurs.

If light enter the eye from a curved reflector, on similalj con-
ditions of eross movement, and only then, the same phenomenon
happens.

If light enter the eye from any luminous dise through a convex
or concave lens, on such relative or joint movements across the
optic axis, that is parallel to the retina, but not without such
movement, the vasa centralia are conspicuous.

In all these cases it must not be forgotten that it is only those
vessels whose course in the retina is nearly perpendicular to the
line of movement across the eye's axis, which display themselves
completely, and that their black images apppear to have at their
sides about an equal breadth of ground less dotted than the
average ground now before us. The majority of the vessels sup-
plying the *yellow spot” in my eyes are vertical rather than
horizontal. Hence the dotted appearance of that spot is mani-
fested foreibly in vertical movements, but the dots have a pro-
longed vertical appearance when the movements are horizontal.
But if we move any one of the objects above cited,—except the
edge of along body, or a prism, which act rather in a linearfashion
in a sole direction,—in a ecireular manner before the eye, as for
instance a lens from which the eye receives the light of a candle,
we obtain a most beautiful view of the eentral retinal vesselsand
their capillaries; owing to the quantity of light thus obtainable,
far more effectually than by the waving of a candle before the
eye. The capillaries seem to load the branches of the vessels like
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an abundant minute fruit.  If we reverse the circular movement,
a singular confusion seemingly results from parts of the retina
retaining impressed sensations being thus again acted upon at
unequal intervals of time.  DBut in the establishment of this eounter-
motion a good view of the finest capillaries is proeured. The
axis of the eye in these cireular movements being erossed perpen-
dicularly from all sides, the interspaces of the vascularfigure appear
of an uniform brightness.

Do we move a flat reflecting surface which throws light into
the eye, or a flat picce of glass which admits light to the eye,
parallel to the cornea, or a prism along its own axis across the
eye, never so much, no indication of the phenomenon in question
acerues. When we have two punctures in a card close enough
to have a common field of view, it is difficult to produce the ef-
feet in the eommon portion.

But with any one of the instruments adapted for the purpose
it is immaterial to that end whether the direction in which the
light approaches the eye changes, or both the instrument and eye
are carried across the approaching light, or if the eye and instru-
ment move across each other.

Thus if we wear one of the instruments, say the punctured card,
as an eye-glass is worn, every time we turn the head we have the
vascular apparition. Further, if we close the eye partially so as
to look between the eyelashes and eyelids, as we move the head
across their edges, we get, in a fair degree, the effect. If
we rotate, even, merely the open naked eye quickly over the sky,
the same sight may be observed, though rather imperfeetly. In
the beams of light begotten by the lids and the fluids they earry,
by sliding the lids up and down over the eye we may diseern the
ficure. Inthe case of the oscillatory candle flame it is plain that
its image is perpetually traversing the retina, and the rays re-
flected from the walls of the room fall upon the eye ever from
new points, and at new angles of incidence.

From a consideration of these various modes of eliciting the
vascular spectre, 1 have come to the conclusion that the essential
condition, the more exactly any one of the devices detailed ae-
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or a white cloud, the capillavies show themselves, when their loops
are not complete, as comparatively large dots, of more or less
ragged border; if we obtain our bright ground from a near light
the dots become the merest black points. Owing to the manner
in which the capillary loops are placed in the retinal layers, very
commonly, one portion of the loop, no doubt that nearest to the
limitary membrane, presents itself rather than the rest, or is alone
disclosed. The vessels which are placed superficially are very
obvious. In order to convey an idea of the appearance yielded, I
have endeavoured in fig. 11 to copy not every vessel much more
not every eapillary (a waste of perseverance, though totake an exact
copy might not be quite impossible), but the general style of the
ramifications surrounding the punctum aurewm of my right eye
as projected upon the paper, with the origin of the vessels to the
right, as also of the capillaries within the punctum, &e. 1 have
indicated the capillaries chiefly as minute dots (still too large for
the seale in which the figure is supposed to be drawn, that is
fifteen times as large as the retinal original), as they especially
declare their presence, and the vessels as being rather lost among
them than as being pursned into capillary development. For as
I have more than once stated, though effects vary according to the
manner in which light falls upon any part, it is clear that the
manner in which parts of the vaseular system overlie each other,
or the degree of depth in the retinal tissues, affects their visibility.
Fig. 12 offers a few capillaries highly magnified—more than 200
times.

The exposure of the eye to the characterized mutation of light
quickly pains it. Of this all must have had frequent experience.
In hastening along by a hedge-row or aline of railings, if we try
to get a glimpse between these objects, the vaseular apparition
may be seen on each of them as it passes the sight. And should
the sun shine directly through such rows of objects upon our
face, and we close our eyelids as we move onwards, the potent rays
will penetrate the lids, and interrupted by their elements will of
course impinge upon the retina in manifold accordance with the
law required for the display of the vascular system, which is
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therefore manifested. We all know that to proceed under such
cireumstances torments the eye past endurance. If we now open
the organ fragmentary spectra of the sun will be impressed by
the transit of the -objects over its surface, which is (and was be-
fore) an additional, though perhaps a minor diffieulty for the eye.
In the eontinual visual transitions, the museles of the orbit in
endeavouring to respond to the uncertain or contrary require-
ments of the eye, act irregularly against one another, and become
fatigued, the chief source of painful annoyance.

Ovbital mobility of the eye-ball. A striking illustration of ounr
instinetive, if not of reflex, movement of the eye-ball, a general
fact which we should do well never to forget in a wide range of
ocular experiments, may be obfained in the course of our last
study. Putting another person to wave a candle, through exeur-
sions of about two feet, near my face, in spite of my utmost ef-
fort to rivet my gaze straight on a given small object and to pre-
vent the movements of the eyeball which I feel, T see the retinal
vessels go eppositely to the course of the candle, and considerably
from the object, wherever the candle passes, laterally, upwards, or
downwards. Nevertheless, this (as well as the allied experiments)
performed gently through short excursions, evinces that the mid-
dle of the punetum awreum, as determined by the eapillary region,
is in the optic axis. The next series of observations do the
same.

The central vessels of the retina are displayed and defined by their
currents of blood. The swelling of the vessels as the blood ad-
vances creates phantasms, which are not, as has been fancied,
usually of an undefinable character. In considering them let us
bear in mind that length and velocity in the retina, when referred
to an external surface, are vastly multiplied, insomuch that if the
surface be only distant four feet the apparent amounts to one
hundred times the real. Hence, without allowing for the linger-
ing of each sensation of light, the progress of the merest drop of
blood will show itself as a more or less continuous line.

The effect of depth in the retinal layers as regards the pheno-
menon exhibited is again illustrated here. For let us look at a
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bright blue sky at noon, then a pulsation in a vessel will announee
itself, if not in a blue, asa grey, dun, or darker round spot, beginning
at a point and dilating to a certain size; whilst around this
darker spot will appear an areola much brighter than the sky, be-
ginning at a small eircle round the grey point, and enlarging as
the grey spot inereases. If we look suddenly at an excessively
illuminated surface, as at the sun through a lens, or with the
naked eye to the vicinity of the setting sun, the whole of the
glowing surface will for about a minute—until the excitability of
the retina has been diminished by the retention of the spectrum of
the glowing ground—Dbe notably studded with round darker pul-
sations. But to return to the simple bright sky, we also notice
long portions of vessels exhibiting themselves in a similar style
with the phenomenon now deseribed, as the blood swells through
them, simulating shorter or longer grey-dun or darker bodies,
tortuous or serpentine, provided all along their sides with a vivid
white as the foam or phosphoresence of their tracks, of about
their own breadth, cleaving the azure depths. (see Fig. 13 for a
few arrested examples of the appearances in course of being de-

Fra. 13.
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seribed). By the method of mutation of light already given, we
can determine the very vessel in which the phenomenon is oceur-
ring. It happens over the whole of the retina, but in such ves-
sels as those which I have noticed in my left eye, large ones ap-
proaching the foramen centrale, in the midst of the most sensible
part, the results are particularly brilliant. The more luminous
the ground we regard, the greater the amount of contiguous phos-
phorescence, But even when twilight is fading into night, we
may still observe the figures we are passing in review, with a
proportionally less striking difference between the dull middle
and h'ight sides. ;

Since the erests of the vessels when projecting from the concave
surface of the retina seem grey, whilst from the points which
mark the angle of their rise above that surface, superior lumino-
sity is displayed, we may safely affirm here that nervous matter
must have been especially compressed in that angle. (The reasons
of the contrasts in brightness here marked will be fully consid-
ered hereafter.) And that these effects are greater when the
matter compressed is at the same time stimulated by the impinge-
ment of light.

Thus, besides that one picture is passive and the other active,
there is a remarkable difference between the white borders of the
vessels obtained by rautation of light, and that in the spontaneous
apparition of an individual one; inasmuch as in the latter case,
instead of being of the same luminosity as the average ground
in use, it is of a redoubled or greatly higher; whilst there is
usually an equally remarkable difference in the images of the
vessels inthe twocases. In the artificially begotten example, it is
black as if the retina were covered by, or blinded in the course of
the vessel. In the other case the vessel’s crest is rathera dun of
varying intensity, as if perception were not destroyed, but were
rather blunted more or less where the vessel runs. Yet, strictly
this distinetion does not meet the case, for a eareful consideration
of all the cireumstanees in individual examples, shows that we
rather simply see the sky of its proper brightness right on the
middle of the vessel, in which region perception is not blinded, or
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the middle line appears no duller than the space without the phos-
phorescence, unless this outer ground receive an adventitious
light from numerous capillaries in play. Nay, to speak with
absolute correctness, it should be affirmed that all parts of the re-
tina are lit up with blood-pressure, but the middle of the vessel,
only in a minutest degree.

So far, attention has only been drawn to a few partial promi-
nent expressions of the blood-currents in the retinal vessels.
But the fact is, that, in the flickering daneing fashion of the par-
tial apparitions instaneed, the whole of these vessels arecontinu-
ally exhibiting themselves. Only under ordinary use of the eye,
the impression made by the images of external radiants so pre-
ponderates over the mechanically produced images of the vessels,
that the actual presence of the latter nevertheless, eseapes the
notice of the incurions. What really exists before us is a lively
compound vaseular figure of the duplicate field of the retinge. If
we shut both eyes towards bountiful light, so that the lids may
permit the stimulus to impinge upon the retina without painting
images thereon, the double vascular figure may be seen in full
aetivity ; every vessel and every eapillary joining in the impa-
tient picture, mainly by the lateral compression spoken of. If
we have well studied this pictare we may find that in absolute
deprivation of light we have in a less luminous guise this double
picture always at work, so that we really have no experience of a
state of darkness. If in daylight we look at slightly reflecting
surfaces, or shaded darkish spots, the quasi-lights from blood-
pressure will excel the faint light that enters the eye, and conse-
quently the double vascular figure be seen very distinetly. In all
these cases the capillaries show their luminosities in dancing
points, or by busy tremulous waves where they are erowded
together, and the vessels in the resultant retinal field intersect
one another, and traverse capillary districts—insomuch that the
host of images tend to destroy one another, and the animated
blood-light is roughly equalized over the visual field.

Notwithstanding, we have it in our power to analyse the joint
vascular figure; for the quasi-lights are stronger in a retina ex-
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p&-seﬂ to light in proportion to the amount of this. Hence we
have only to expose one eye to the light in such a way as to pre-
vent its retina from being oceupied by images of external radiants,
and the vascular figcure of this eye will so dominate that we may
view it as if it were alone. Thus we shut both eyes and cover
one also with the palm of the hand, and turn towards good day-
light. Then, after a minute or so, the eye from which light is
imperfectly exeluded will render its vascular figure very conspi-
cuously, whilst that of the other eye will cease to embarrass us.
Again, the sensibility of the more stimulated retina has been im-
paired, and if light be now completely shut off from this one also,
the vessels of the other will luminously display themselves; or
if the eye that was first thoroughly covered be opened towards a
faintly illuminated surface, the whole scheme of its vessels, to
their minuest details, will play brightly upon this surface. In
either eye we may, in either of these modes, see the vessels de-
fined by the ewrrent of blood circulating glowingly round the
light of the central eapillaryregion, or punctum aureum, towards
which they radiate, and turn variously from, as if gyrating
_round a white central pivot hurriedly; for the seeming haste of
the blood in the retinal vessels, when we have thus a sight of the
eireulation, is singular—one unabating, vigorous flow. Inthe day-
time, if an eye has been shut off from the light for a few minutes,
and we open ittowards the sky, the pre-existing luminous tract of,
at all events, the larger vessels will remarkably abide for some
seconds on the sky, until external radiants exceed blood-pressure
in retinal effects. In twilight and ordinary starlight the quasi-
light fairly rivals the actual; yet if one eye be closed, the latter
will so combine with the former in the open eye, as to strongly
manifest the vasa centralia retinm of this organ on the clouds,
sky, or road; whereas, when both eyes are open, we have only a
fiery haze of an indefinitive character.

It must not be overlooked that all images begotten in the re-
tina by direct mechanical impulse, or anyhow once painted
thereon, are quite independent of the form of the eye for their
visibility. Wherefore, if we take care that the eye shall not ac-
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quire the form requisite to refoealize light on the visnal perei-
pients, we may pour upon these a flood of light of any intensity
without extinguishing the vascular images; on the contrary, with
much augmentation of their brightness. 8o, if we place a very
shining surface almost close to the face—not to say if we aid the
anticipated effect by looking, as it were, far into distance—the
vascular figure will play beautifully on a surface whose radiant
points are blended upon the sole retina permitted to receive the
Iays.

Again, we may not only thus snceessfully experimentalize with
an eye properly adjusted for one distanee, whilst the radiants be-
fore it are situated at another; but we can actually in addition
press the eye into irregular form, so that different parts of the re-
tina shall, in different degrees, be removed from the appropriate
position for the reception of refocalized rays; or this state may
exist whilst parts may remain where external radiants accurately
paint themselves. '

We ean grasp the eyeball firmly between the fingers and thumb,
pushed as far back along the walls of the orbit as we ecan get
them, and squeeze the globe of the eye, whilst we look strongly
at a given point, and thus oceasion objects before us to vanish,
though the rays of light from them are not shut out from the
pupil, and whilst this is happening, the vessels of this organ’s
retina to come just as mueh into view; and this in all the phases
implied in the statement of the last paragraph.

A like effect can be obtained from the sole action of the ocular
museles.  If, in daylight, we shut one eye, and continue to gaze
intently into infinitude, we observe, dating from the very begin-
ning of the aet, more and more of the vessels, as in fig. 13, to
appear on the clouds or sky. If we merely wink the eye, or ca-
sually suffer the orbital museles to relax, in an instant all the
extraordinary phenomena have vanished. But if the strain is re-
solutely kept up, in spite of the reiterated efforts made by the
muscles to escape from the task the will has imposed upon them
—as indicated both by certain uncontrollable movements of the
eyeballs, which ecan easily be followed either by observation or




OPTIOAL ANATOMY OF THE RETINA. L

the feeling, and the oscillatory phases of the phenomena just
hinted at—a moment will come when the eye will have reached
such an execeding departure from its usual form, that external
radiants will more or less completely cease to be discernible by
more or less of the retinal expanse, whilst in the room of the
images of such radiants we have those of the retinal vessels.

The partial effeets, for example, may be manifested in the
middle of the retina, or in the regions which are without, above,
or below it. Thus, the vascular images may be substituted for
those of things which lie straight before the eye, or on the nasal
side of it, or below it, or above it, or for all these together;
whilst we may still clearly see by that portion of the retina which
lies about the base of the optic nerve, or see things which lie
without the eye. Yet notwithstanding that a part of the retina
enjoys a comparative immunity from the effect we are dwelling
on, the consummation may be so complete as to involve the
whole visual field.

There is no doubt that by pre-arranging for a general want of
correspondence between ocular focal adjustment and the dis-
tance of objects we are contemplating, we may facilitate the main
result, but the partial effects proclaim that something beyond
mere loss of proper focal adaptation takes place here. If there
is a speecial musele provided for the movement or compression of
the erystalline lens for foealizing purposes, it has been long
known that there is, commonly, if not necessarily, a consen-
taneous action between such musele and the muscles of the
orbit (and the iris, though it has been ascertained that the pupil
does not necessarily alter its size on an alteration of the eye's focal
length. And in the experiment before us, the pupil may remain
unaffeeted), and therefore the total result may be owing to united
actions of the orbital and lenticular muscles. And if the sup-
position that focal adjustment is due to a change in the eye's
length through the sole action of the orbital muscles be pre-
ferred, it will be equally easy to explain the result. We cannot
say that this experiment enables us to decide what is the appa-
ratus furnished for affecting focal adjustment, we have only proof
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from the sectional exhibition of the peculiar phenomenon that the
orbital muscles are capable of greatly altering the form of the
eyeball ; we may refer, moreover, to the consequences of aiding
the museles by squeezing the eyeball between the fingers in
proof of the ethicacy of pressure upon the external tunic of the
globe for altering foeal relations.

The portion of the retina which it is most difficult to affect
in the manner deseribed, is that which lies between the four
straight museles, and which is held to the orbit by the optic
nerve and accompanying vessels, whilst it is the region which
the attachments of the superior, the external, and inferior,
straight with those of the two oblique muscles oceupy or em-
brace, and which is in no other mamner connected with the
orbit, that is, in varying degrees, peculiarly prone to the pheno-
menon we are discussing. And the slightest consideration of
the distribution of the attachments of the muscles named to the
sclerotic coat and their lines of contraction will satisfy us how
readily they must, when pulling against one another, give an
irregular form to a portion of the globe of the eye. And it
would be by no means impossible by exactly observing the phe-
nomenon in any partial appearance to assign the actual muscular
movements which must have coneurred in its produetion. The
straight and oblique muscles inserted before and behind the
eye's equator, pulling against each other (the pressure of the
fingers would aid such result), would seem to tend to shorten the
eye's axis, and to prevent even parallel rays from reaching foeci
on the retina. This effect zeems often to contribute a portion
of the phenomenon ; but the eye's form changes unequably by the
pressure of the atmosphere, the different bulgings of the muscles
in the orbit, and their pulling against one another. Ewven the
lens may thus be made to shift in the eye, but unless there be
some compressible machinery in its region, not without an alte-
ration in the whole form of the ball, whatever musecles do it. If
the lens were turned on its edge slightly, it would scatter light
much, and suffice for the grand effect. Allvision, obligue freely,
strained densely, immerse flames in a fog of stray rays. HEssen-
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tially then we comprehend the change in form which yields re-
sults of such moment that it were well to be able to comprise all
ecular focal inaptitudes under one epithet, such as diffocal.

The sensation of fatigue in the orbital muscles, after such a
severe exertion on their part, is precisely similar to that in other
museles, and may be so great as to painfully remind us of the
demands we have made upon them for many hours after the
event.

By covering both eyes after the experiment, or opening the
previously idle eye against a faintly illuminated surface, so
vastly has the sensibility of one retina been impaired, that we
have for a short time a splendid view of the circulation in the
other.

The experiment suceeeds equally well with near objects, such
as a printed page, as with remote ; as it progresses, in an oscilla-
tory recurrent fashion, the letters will fade from view, the vas-
eular figure floating over them, and then the latter images yield
to the former, and so on. By and by, in a greater or less por-
tion of the retina, this figure entirely replaces the images of the
black letters and their white interstices. And should we persist
in keeping the only open eye towards the letters, it will recover
its form and lose it again and again, to a repetition of the phe-
nomenon with a short rhythmical interval.

It is diffieult, if not quite impossible, for the eye thus to lose
sight of an abruptly defined very luminous dise, as the sun.
But by practice it is wonderful with what facility and eomplete-
ness we can realize the charaeteristic effect.

If we operate with both eyes together we get, of eourse, the
blended vascular figures of their two retinge, a picture far less
notable for distinet images than that presented by a single eye.
Besides, the eyes sustain each other, or relieve each other by
alternating in their action with much obstinacy, so that it be-
comes a much harder matter to accomplish a perfect substitu-
tion even of the resultant vascular figure of the two eyes for those
of the external objects, nor can I say that I have ever been able
to do so thoroughly. However, I have not much persevered in
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such trials, and have little doubt that by practice the effect may
be accomplished to a higher degree.

We must not imagine that the direet intention of straining the
light is indispensable to having the experience spoken of. Ifwe
have only one eye in use we shall soon find that it will begin to
perpetually depart from the form required for our visual purposes,
until at last it proves scarcely capable of recovering transitorily
from the state which exhibits its vasa centralia retine. If we
are in a condition of bodily fatigue, or unfit for museular effort
in any way, as by a heavy meal, we shall still sooner feel the
truth of the remark now made. Exercise, or whatever else may
angment the eireulation of the blood, will moreover give in-
ereased foree to the lnminous vaseunlar figures.

Persons who have a solitary eye, I am led from some inquiries
to believe, ravely, if ever, get so aceustomed to their eondition in
this respect as not to suffer from the ocular tendency we have
been examining into. The fact of their having before them
an unobliterated or complete picture of one set of eentral
retinal vessels is a serious misfortune too. So that loss of
half of the light from the field of view, and the injury done to
the power of judging of distance and form, are not their only
deprivations.

Images of oljects which press wpon the reting through the coats of
the eye. 1f we place the point of a nail, or a top of a finger, upon,
or if either be laid flat along, the lid over the selerotie coat, it
must be done lightly indeed (short of the slightest feeling in the
sclerotic coat), especially if as far towards the most sensible
parts of the retina as we can reach, if we do not perceive an
image of the object thus applied. This image consists, in all
eases, in all attainable parts of the retina of a comparatively
very slight, or almost inappreciable, luminous appearance cor-
responding to the extent of surface pressing upon the eye (the
proper image), terminated by a brilliant cireumference marking
the limits of the applied surface, or the edge of the pressing
object.

When we votate the eyes sharply in their orbits at night the

s
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flashes of light witnessed always present a very faintly lighted
space within a resplendent ring, the edges of the ring being more
or less ragged or rayed.

It has been commonly believed that a flash occurs every time
the eyes turn in either at the same instant, certainly in * non-
identical ” parts of the two retinm, perhaps at the base of the
optiecnerves. (J. Miiller.) But the truth is that we have here two
coincident phenomena, whose seats are the middles of the two
retinge.

If we rotate our eyes along the bright sky we may see, by the
vessels whieh then appear, the middles of the two retinze lighted
up by an internal canse. If we take a mark against the sky and
rotate our eyes from it, or up to it, we shall find that the flash
occurs in the middle of the visual field. In twilight we cannot
open the eyes at all and look at the road or sky without having
an opportunity of observing a quasi-light straight where we look.
If we get a spectrum, say of the setting sun, upon the eyes by
directing them just above its upper margin, and then rotate
them along another part of the heavens, the flash will be seen to
happen, invariably, immediately above the speetrum. Indeed, if
we shut one eye and then turn the globes strenuously in their
sockets as far as we can draw them, we may determine that it is
the eye which is pulled towards the nose that particularly yields
the broad effect now witnessed.

In the darkened eyes the phantom is most noticed at the com-
menecement and end of a rotation, and the quickness of succes-
sion of these events is such as to have produced the impression
of two instantancous manifestations. If we experimentalize
under this condition, with a spectrum in the retinal position
above stated, the attention will be attracted by the sudden flash
at the outset of the turn, and dwell upon the abiding spectrum at
the arrest of the motion, and the illusion that these two con-
tignous retinal images are separated by a considerable space,
without the nicest perception, is complete, and furnishes a good
elucidation of the origin of the physiological error pointed out.

Now in turning the eyes by contraction of their muscles, both
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of the balls must specially bear upon the posterior partsi eorres-
ponding to the most sensible portions of the retinse. And bounti-
fully eushioned with fat as the seclerotic surface lying between
the muscles is, as a provision against unequable pressure, we
discover from these observations that we cannot change the
dirvection of the optic axis in the orbits without in a greater or
less degree affecting the rotundity of the back part of the globe.
For it is plain that we are now examining into an effect precisely
like that yielded by pressing an object upon the retina through
the lid; the image in the section of the retina pressed upon
being very faintly rendered, whilst the boundary line of this spot
is very brightly displayed. (See fig. 14 for a typieal representa-
tion.) Usually a round spot of about equal size in either retina

F1a. 14,

- is pressed upon, hence a coalescence of the faint spots, as also
of their bright margins. If we foreibly bring the eyelids to-
gether and rotate the globes at the same time, a greater extent of
surface is depressed and the appearance dilated. It may be
made to oceupy a retinal area of 0:08—1" 1n diameter.

We gather from the series of facts recorded that it is not, or
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at any rate searcely at all, by immediate pressure upon the retina
that the sensations above implied are ereated. It is where the
portion of the globe which has been thus flattened, or hollowed
towards the orbit, passes into the remainder, that preserves the
globular form, that is where the retina is bent towards the
vitreous humour at an angle as if to make a fold or erease on
_that side, from which, of course, will radiate perpendicularly
short folds. This fact would seem to indicate that it is only by
erowding into closer space the elements of the internal (‘at all events of
an inner ) surface of the retina that sensations are begotten, for if
erowding together those on the outer surface would produce this
effect, we should have the brightness at the bottom of a hollow
or depression.

We now perceive that the mode of production of the images
we have last been expatiating on, is exactly the same as in the
instance of those of the ecentral retinal vessels. The images of
objects pressing through the ocular tunies, however rapid the
process, begin also with a grey, or dunm, or dark point which
expands, always carrying a brilliant areola. These images
perhaps wear a little light from eapillaries within their limits.
The images at the yellow spot most.—Besides, as there are
always two in this instance, coaleseence of the images eannot be
so perfect as to prevent some diffusion of light in them from
this cause, nor are these images imparted by a projecting hard
body ; hence, absence of light in the image proper is not so
nearly approached here. Altogether the only fear is that we
should ascribe too much light to the image proper when a hard
abrupt object presses on the tunies.

Again, in the production of the last cited images the fibres of
the optic nerve as they spread out from its base to supply the
retina with percipients, must be both pressed upon and bent, just
as happens in the other retinal layers, and yet not the slightest
light is diseernible, in any instance, in distant percipient regions
which the fibres pressed upon or bent provide for, that is
literally, in no part of the vetinal field beyond the limiting areola.
Hence, it is palpable that the sensations are excited only in the
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visual precipients. Therefore these precipients are in an inner
stratum of the retina. And this inner stratum lies between the
vasa ¢entralia and the vitreous humour; for these vessels divalge
themselves in all respects like objects pressing from without the
globe,—by pushing towards the vitreous such portion of the
stratum as covers them, they crease that at their sides and eom-
press its elements there.

With these hints we will here drop the question of what are the
percipients of light, but will hereafter resume it.

Since the eye, for the purpose of carrying off its surplus ocea-
sional fluid &e., moves, whether it be open or shut, from moment
to moment, the consequent depression at its punetum aureum
obtrudes phenomena upon us that everybody notieces.

If we arve in a very drowsy condition, or suddenly recall our
senses when we are dropping off to sleep, or if a nap be
broken by a nod of the head, and we watch with closed eyes for
events, the abrupt but now gentle rotations of the eye-ball will
impress a rich orange colour upon the middle of the space before

only oceupied by the double vascular figure in its yellowish or

whitish garb. And as the eyes will ecarry in the suceceeding in-
stant all their own and retained lights with them, and we are now
unthinking or ignorant that the optic axes have changed diree-
tion, and therefore project in our imagination all these appear-
ances as if we kept looking straight before the face, they will seem
to advance overthevisual field fromits sides. The eyes are very apt
to respond by a small jerk to the pulse. Not unfrequently they
move in preference pretty nearly with one of the acts of respiration,
as if the motor nerves of their orbital museles sympathized with
those of respiration or expression. Whilst from time to time the
balls give a quicker or stronger turn in or sweep round their
sockets. The general consequence is a disposition to rhythm
in the phenomena now alluded to.

The patches or waves of light seem to follow one another at
intervals across the visual field, and the succession of light and
darkness is well caleulated to surprise the uninitiated, in bed hours.
I have only mentioned the middle retinal light in this sketch.
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But the other parts of the globe are not so smoothly cased that
an appreciable visnal sensation ean be produced nowhere else
than in the back of the eye. Besides beingliable to be squeezed
by the two orbieular muscles, twelve others are inserted round the
resultant retina, and as the slightest impression upon the globe
suffices for the production of a spectre, we may, as would be an-
ticipated, seize effects, though inferior, in parts of the retina fur-
ther removed from the foramina centralia.

If the light of day fall upon the eyes when we are in the state
described, the phantasms obtain a richer yellow, and the retinal
field bears a bluer, or white hue, and the waves become a sucees-
sion of yellow and blue, or yellow flowing over blue. This pheno-
menon of the drowsy state may be observed in twilight, with open
eyesagainst the ceiling of theroom. The phantasms now touched
upon have been the subject of endless speculation.

Persistent sensation—** spectra.” If we fold a silk handkerchief
into a smooth cushion and lay it on a shut eye, and commence
a gradually increasing pressure upon the globe, we shall soon
make such a difference between the brightness of the busy vas-
cular images of the two retine as to be able to discriminate be-
tween them. We shall find also that by a difference of foree
used we can produce any colour at the bottom of the eye, what
may be orange with a mild pressure may be blue with a strong.
I have thus by severe pressure begotten a rich pea-green of suf
ficient intensity to give a like colour, though as it were diluted,
to paper, which, viewed with the other eye, was quite enough
illuminated with white light for the reading of ordinary print.
And whatever image or spectrum exists in one retina may always
be seen as if by the other when the white light received by the
other organ has been diminished to a certain extent. Andwhen-
ever speetra, as those of the sun impressed upon one retina, are
seemingly seen on the other, it is owing to their vividness being
such as to emulate the impression made by the white light pre-
sent on the other. From such experiments it is clear that there
are ** identical” points in either retina, and that the sensorium
may receive a coloured and a white impression at the same time

F
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by the two channels, and make them practically mingle, if not fuse ;
or allow one to preponderate on the attention, much as may be
done, as we have found, with two such impressions made at the
same point in the same retina.

Authors have long ago recorded experiments, such as looking
through two pieees of glass of complimentary. colonrs—through
one with either eye—at the same time, to show that the two retinze
cannot combine the colours received separately, but that some-
times one colour prevails with the sensorium and sometimes
rather the other; in the special case alluded to, white never ap-
pears. To this we may add, that if we look quiekly with one
eye from colour to colour, no combination of such ensues; and if
we obtain, as may readily be done, a brilliant yellow spectrum of
a candle-flame in the eye, and look at a blue ground, the same
kind of thing happens as with the two pieces of glass, and white
isnot seen. Bt these observations prove nothing but that, though
differently eoloured rays falling together on the vetina produce a
mean effect, sensations in the course of their being conveyed
to the sensorium cannot be made to mix like the undulations of
light whieh produced them. In sonorous vibrations if two of
one set equal, in length, three of another, they harmonize, pro-
vided that the two equal lengths coineide. The above observa-
tions in no way evinee that the employment of two reting operates
differently as to blending of colour from that of one. They seem
to indieate that the optie nerves, like others, will carry separately
different sorts of impressions to the brain. And they afford an
argument in favour of explaining speetra by the doctrine of a
temporary exhaustion as to special colour acting upon the
retina.

However, the speetra existing in the retinge, or in nervous
matter, are quite independent for their distinetness of the form
of the eye, and therefore, like the vascular figures, gain in distinet-
ness when the eye loses the proper focal adaptation for the ground
before us, and become more faintly marked as the eye relieves
itself to examine the ground, or the spectra as resting on that
aground. And as onreyes rotate slowly, whilst our mind dwellsupon
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the primary position of the visual field, they, as it were, unawares
carry the spectra out of sight.

- Again, as spectra may be produced, in any colour and intensity,
by mechanical means, as well as by the action of light, and as
they are in nervous substance acted upon by the stimulus of
retinal blood-currents, as well as concussions from ocular rota-
tioms, it is possible, and probable, that some of the transmu-
tations observed in them in the darkened eye, are due to ome
or both of the ocular mechanical causes named—effects compa-
rable to those we note to be due to the stimulus of other light.
And whatever canses act in the shut eye must operate in the
open.

Thus it does not follow, unless we have assured ourselves by a
diligent regard to the sources of fallacy now pointed out, during
an investigation of the phases of the spectra, that the changes
observed in them, if not traceable to the immediate action of ad-
ditional light, must have arisen spontaneously in nervous substance.
For instance, it does not follow that the fitful disappearance
and reappearance of spectra are from unsustained nervous action.

These speetra have had a number of diligent inquirers into
the laws which regulate their conduct. I am not in a position
to offer anything positive in addition to what they have written,
I have only endeavoured to suggest the manner in which the
researches we are now engaged in may affect the general question
of spectra. The subject is a very broad one, and by taking into
consideration the degree of force requisite to produce them by
pressure upon the retina a further means of elucidation would
be at our disposal. The limited number of observations 1 have
made on these spectra lead me to the suspicion that we shall not
thoronghly understand their deportment without eareful attention
to the hints here thrown out, or that we may arive at still
juster ideas upon them than at present prevail.

It will be convenient for us to bear in mind at a future stage
of this essay that these spectra always confine themselves to the
portion of the retina stimulated, and that one of any colour
becomes of the accidental or complimentary colour on exposure to

F 2
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white light. Also in closing one eye to experimentalize for any
purpose with the other, we must be eareful not to press, because
we may thus create colours or images which may be fancied to
be before us in the open eye. The same caution is necessary
that we do not perplex our observations with spectra in the open
eye from the action of light.

Apparent displacement of objects by movements of z}w eyeball. When
we see duplicates of an object by looking beyond it, or duplicates
differently related to the two eyes by looking within it, these
pairs recede, each one from its fellow, as the point regarded re-
cedes from the objeet, and approach one another, as the point re-
garded approaches theobject. Alse in pressing round one eyeball
whilst we look at any object, we can occasion a second, spectral
object, to revolve with the rotation foreed upon the globe. These
facts, with their geometrieal explanation, are familiar.

Now when we are striving by intent gazing to call up the vis-
ual phenomena for ocular diffocal form, the eye will be palpably
and visibly warped about by its muscles, as they severally gain a
transitory mastery over the others. The eye will thus present at
each consequent rotation another portion of its retina, to receive
the shadow of a terrestrial object intervening between it and the
sky. And thus, in a roughly rhythmiecal style, the seat of the
shadow in a whiter guise, will project from one side of the ob-
ject and then from the other, and so on. Also above and below
it, in the same sort of way. If we have a bright dise on a dark
ground, the luminous spectrum of the dise will transgress the
margin of the true dise, fitfully, or more or less in sustained
manner, round about.

Similarly, these ocular movements are obvious by an apparent
displacement of objeets. If we are straining the gaze in the
manner mentioned with both eyes at one time, the articles of
furniture in a room will seem to move about, to and fro, or in
crossing directions, or even to revolve round some centre. Or
when the pattern of a carpet blends its parts, and the retinal eir-
culation seems to play vigorously over its surface, this surface will
rise and fall and undulate like the waves of the sea, glide from
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side to side, and in other directions. Nay, if we close one eye, the
substantive part of these results acerue from the movements of an
only eye in its socket :—even if a single eye rotate about its axis
whilst that revolves, the objects on the opposite sides of that axis
will seem to move in adverse directions. Geometrical conse-
quences easy to assign in each case.

It is not solely in struggling to rivet the attention in a given
way that effects such as these happen. If we sit in a mere con-
templative humour our eyeswill habitually turn about and incline
to and recede from each other in an equivalent mode to that de-
seribed. If we rest the eyes upon a candle flame and geta
spectrum of it, and then turn away from the candle, unless we make
incessant efforts to rally the eyes to a given point, they will con-
tinue to carry the spectrum all about the room, and even, illu-
sorily, out of sight. The disposition of the eyes to roam, unless
we are almost momentarily bringing them back to a point, es-
pecially to fall down to a given inelination with the cheeks, should
be noted, as we might be otherwise deceived in certain of the ex-
periments which fall in our way.

Negative uses of the preceding analysis.

Alleged ** sensations of rotation.” (J. Miiller's Physiology by
Baly, end of vol. 1) ¢ Certain influences acting on the brain
give rise, not to rotatory motions, but to sensations of rotation.
These are the revolving sensations of vertigo, of which we are
prineipally conscious by the sense of vision. It'is a well-known
fact that if any person turns round quickly upon his own axis for
a short time, he not only begins to lose his recollection, but
also, when he ceases to move, seemsto see the objeets around him
still revolving in the same direction. Purkinje has made some
very curious observations relative to this phenomenon. It would
appear from his experiments that the direction which the revo-
lution of the images shall take can be regulated by the position
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of the body, and particularly of the head while turning round,
and by the position of it afterwards when we have ceased to
move round.” 1 have carefully observed the consequences of
such rotations, and find that no movements of objects appear
other than those produced by the rotation of the eyeballs in their
sockets. In a word, that the instance of “ vertigo” is an exact
illustration, for we ean by mere contemplation of vacaney, to use
conventional phraseology, or by the museular management of the
eyeball, which some practice will furnish us with, whilst sitting in
a chair, witness this phenomenon whenever we feel inclined to.
There is eertainly some foundation for the conclusions eome to
by Purkinje, inasmuch as the museular contractions in the orbit
are disposed to associate themselves in direction with general
muscular movements in which the frame is involved. DBut the
dizzy head being unable, on our stopping, to regulate er control
the conduct of the museles, the eyes are made to beb about or to
struggle through remittent rotations; and we are apt to follow the
revolutions of surrounding objects during such ocular rotations,
and to wink the eye or overlook the quick adverse turns. As
motion is merely relative, a current of spectra of external objects
impressed upon a retina, earried by the roaming eye over present
objeets, may occasion an illusion of revolution in the latter. Also
the lively vascular figure floating over objects may make it seem
that there is motion in them. These effects, which must acerue
at the same time, may help to ereate confusion. DBut it is onlya
lack of adequate attention which leads to the idea of any sem-
blanee of movement beyond those of the explanation here given.

Alleged false location of objects by an act of the sensorium, de.  An
experiment of Mr. Wheatstone's has been instanced as having a
bearing of this sort. I quote from the aceount of the experiment
as interpolated by Dr. Baly in his translation of Miiller’s Phy-
siology (p. 1206). In a stereoscope he presents to one eye a * ver-
tical” strong line and to the other eye an equal line inclined “ some
degrees to the perpendieular. A line is seen, the extremities of
which appear at different distances from the eye.” If “a faint
vertical line, intersecting the inclined line at its centre, be now
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drawn, the two strong lines will still coincide, and the resultant
perspective line will occupy the same place, while the faint line,
though it oceupies the same part of the retina as the vertical line,
appears in a different place, namely, at the intersections of the
planes of visual direction of the two eyes. Here it is evident an
action of the mind, employing the impressions on the retina
merely as suggestions of its judgment, which determines the im-
age perceived, and the idea coneceived.”

I construe this experiment quite differently, viz., thus :—Two
lines exactly equal and similar being presented to the eyes
separately, the mind is impressed with the idea that they should
be one, or that it is experiencing an instance of deviation from
the habitual consent between the two eyeballs: and therefore in-
fluences their muscles in such a manner as to compel them to
rotate adversely until the two strong lines actually do fall upon
identical parts of the two retine. If we draw two such lines
inelined to each other on paper, not more than a quarter of an
ineh apart at their more distant extremities, and hold a sheet of
cardboard both between the lines and between the eyes, in such
a way that either eye can only see the line on its own side, not
only will the eyes palpably, and by the index of neighbouring
objects visibly, attempt to make these lines fall upon two iden-
tical retinal ones, a far more difficult contortion, but will even
accomplish it frequently, and hold themselves, too, in their con-
strained positions for many consecutive instants.

This observation and the one on rotatory movements last con-
sidered are the only ones deserving notice, as far as I know, as
arguments in favour of the supposition that the mind enjoys a
diseretion within certain limits of placing an object whose image
is painted in a given part of a retina. It is obvious that these
observations afford no basis for such a conelusion ; an hypothesis,
not only not required in Physiological Opties, but, to me at least,
incompatible with its whole tenor, and with that of correspon-
dent anatomy.

Alleged retinal extension of sensation beyond the boundary of the
painted image. Brewster (Opties, p. 416), and Purkinje (Miiller’s
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Physiology, p. 1186), from the obliterative phenomena of strained
vision, the substitution through ocular diffocal form of the
vascular images for those of external objeets, separately fell into
the mistake * that luminous impressions must extend themselves
to adjacent parts of the retina,” so as to cover the seat of the
images of vanishing objects, or that an “irradiation of sensa-
tion " ensues, and all succeeding physiologists have followed
in their track. The true state of the case has been so amply
descanted upon that it is needless to do more here than to refer
to what has been already written,

However, Brewster adds that * when the object seen obliquely ™
(a necessary condition as this author thought) *is luminous, such
as a candle, it will never vanish entirely, but it swells and con-
tracts and is encircled by a nebulous halo.” He mentions cer-
tain “ yellow” and “ pale blue” colours seen round such a flame.
We may have diffractive colours from the eye's appendages, ocea.
sional fluids, or from its lenticular depths, some indications of
a difference in the hues of the vaseular picture may possibly rest
about such a flame, and the spectrum of the flame by the ocular
orbital movements will transgress the boundaries of the image.
These phenomena are easy to distinguish from one another.
Of these only one is here notable, and Sir David's details are
so characteristic that we can have no hesitation in deciding
that the phases noticed were owing to vibration through the
diffocal state, with a concurrent action of the iris, whose first
fringe supplied the colours. (Chapter III). There is no fact
known which in the remotest manner militates against the
accuracy of the statement that rigid correspondence between the
limits of sensation and those of the painted tmage is a physiological
law literally absolute.

Alleged anomalous psychological and other effects through the
instrumentality of vision. DBy inducing a person to rest his gaze
steadfastly upon our looks, or to dwell upon near waving move-
ments which his eyes cannot follow, such as those of our hands,
we can lead him into the experiment of cansing or allowing his
eyeballs to assumne a form unsuited for vision, or to shut himself
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off from the external world, involved in the mist of his own
retinal quasi-lights. If his curiosity has been aroused, he will
still make supernatural efforts to attend to our proceedings,—
* which are purposely nearly of an uniform character, that his
eyes may not be diverted in their gaze,—though the fact of his
using both organs together prove a hinderment to the most
complete result. That confiding subjects, when kept wrapt in
darkness, should lapse into sleep is not astonishing. Desides
the feeling of temsion (fatigue) in the back of the eye or orbital
muscles makes the head or eyes very heavy. It has already
been stated with what quickness by some practice we can effect
the ocular alteration in form; so that we may expect to succeed
in getting the eyes of some individuals into the required state
with much facility. Thus the same liability of the eye which
oceasioned the error of retinal * extension of sensation” has
made the name of Mesmer celebrated. Mr. Braid was quite
right in his conjecture that the transitory loss of sight pro-
duced by converging the two eyes upon the point of a sharp
instrument held in our own hand near the nose is of the same
nature as that imagined to be begotten in us through the action of
another person.

Anomalies in the superiority of direct over oblique wision. *“ A
rather singular method,” say Sir J. Hirschel and Sir W. South,
* of obtaining a view and even a rough measure, of the angles of
stars of the last degree of faintness, has often been resorted to,
viz., to direct the eye to another part of the field. In this way, a faint
star, in the neighbourhood of a large one, will often become very
conspicuous; so as to bear a certain illumination, which will yet
totally disappear, as if suddenly blotted out, when the eye is turned
full upon it, and so on, appearing and disappearing alternately as
often as you please. The lateral portions of the retina, less
fatigued by strong lights, and less exhausted by perpetual atten-
tion, are probably more sensible to faint impressions than the
central ones; which may serve to account for this phenomenon.”

Sir D. Brewster, from whose Opties (p. 418) I take this extract,
suggests another hypothesis, but he elaborates it from several



Td OPTICAL ANATOMY OF THE RETINA.

distinet phenomena, which, for want of our preceding analysis,
he regards as identical in character. By looking * through the
teeth of a fine comb held close to the eye, or even a single aper-
ture of the same narrowness,” he fancies that “undulations pa-
rallel” to the aperture are produced in the retina proper, not
once suspecting that they were the vasa centralia, or the real
cause of the phenomenon to lie in movement of the aperture
across the eye's axis. He mnext adds: * An analogous effect is
produced by looking steadfastly, and for a considerable time,
on the parallel lines which represent the sea in certain maps.
These lines will break into portions of serpentine lines, and all
the prismatic tints will be seen included between the broken
eurvilinear portions.” There may be witnessed in this expe-
riment the spontaneocus picture of the vasa centralia retinee, or
indicated ocular concussion from rotation. From his wrongly
entertaining the persuasion that the foramen centrale may be
transitorily * rendered visible by its properties,” the latter of
these phenomena, at least, seems to have caught his nofice.
But I can deteet no other sign that his attention was ever
directed to these apart, or, indeed, at all. In the semi-diffocal
states they are subordinate, in daylight, to those which he here
adduces, which are plainly again not retinal, but effects
explained in the corollary of Chapter III. Sir David then
collates with these the variations in the apparent size of a
candle obliquely gazed at, which example has been already
discussed. We need not consider the theory built upon these
observations.

The explanation of the comparative central invisibility of the
faint star is literally obvious. To such a degree is the middle
of the retina invaded by light from the centripetally pointing
vessels and the eapillaries crowded there, besides being subject
to the light from rotation, that singular apparent anomalies beset
its supreme distinguishing properties. The sensibility of that
region is certainly the highest, but that for this very reason must
have the largest supply of blood, and be more affected by its
transit. And the moment that light from an external point
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makes a much weaker impression on the central region than
the pressure of blood that concentrates thither, the radiant
point is lost sight of. The fusion or congregation of vascular
images, in all their energy, at the punetum aureum, are as plain in
the day as in the night, and may much obscure, with an active
circulation, the letters of a book or a pane of glass. The same
cause that makes the middle of the road, especially, one blaze
when we walk vigorously at night, prevents our seeing a stone,
if we stop to look at one with direet inspection, though with
oblique it is plain to see. Or if in twilight we place a large and
a small piece of paper near each other on a mahogany table, they
will appear clearly as two if we regard them sideways, but the
small will be joined to the large or quite blotted out if we turn
our eyes upon it. The fact being that neither a stone in the
road, nor such a piece of paper is at all seen, or but barely at all,
unless large; but the gquasi-lights of the middle of the retina
float over and suffice to hide it. Finally, the vaseular lights are
at night about coincident with stellar lights in hue and range,
and lavish on the spangled heavens an adventitious stellar gauze;
and supply an illusory canopy of starry light when fogs or
elouds conceal the heavens from us.

On the alleged power of determining by the eye alone the dirvection
of the plane of polarvization. Mr. Haidinger's brushes may be
found deseribed in Brewster's Optics, p. 245, being two opposed
sectors of yellow light in the middle of the eye, seen “when
we look intently upon polarized light.” There may not be an
impossibility of some mysterious influence of polarized light upon
the retina, or some undetected influence of the lenticular eye upon
polarized light, but 1 have not been able to observe these brushes,
and the fact of the constant appearance of a pateh of light with
brush-like edges from the concussion of ocular rotation, with
other retinal light, in the very spot, round the optic axis,
assigned to the brushes, without Mr. Haidinger and subsequent
observers of the brushes having any suspicion of the existence
of this common phenomenon, seems to me to indieate a high
probability that the eommon phenomenon has misled them.
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May sensations be excited in the trunk of the optic nerve ! .
Miiller joins in the current opinion of the direct sensibility of
the fibres of the optic nerve in any part of their course, besides
from analogies drawn from the nerves of touch, from the following
independent grounds:—1. Pressure upon the brain has fre-
quently been observed to cause sensations of light. 2. Luminous
spectra oceur in cases of complete amaurosis. 3. Such were
produced with galvanism by Alex. Von Humboldt at the root of
an extirpated eye. 4. Liicke relates the case of a patient who
was plagued with such for several days, succeeding to an extirpa-
tion of an eye.

Now in 1, the pressure is likely to stimulate the motor nerves
supplying the orbital muscles, and their contraction will, as we
know, produce flashes of light. As regards 2, it may be re-
marked that in old cases of amaurosis absence rather than pre-
sence of subjective luminosities is the rule. The ophthalmoscope
by disclosing the retina and all its vessels floating from the
choroid in eases that would heretofore have been classed among
palsies, evinces, that diagnosis is not yet so perfect, or our under-
standing of amaurosis, pathelogieally, so clear, that we may be sure
that a sensibility of the percipients to mechanical impulse may
not remain some time after the action of light on them has been
obstructed. Moreover, our present study has brought to our
knowledge that there may be practical blindness from mere
diffocal state of the eye, and when vision is impaired, the
eye may no longer respond with the focal demands, any more
than its iris to the varying amount of light. Dut, further, it
seems to me that the account given by intelligent blind persons
of the flashes of light they see makes it certain that they are the
flashes produced in and about the punetum aurenm on ocular rota-
tion, and that the flashes still reveal themselves to some persons
deprived of light, on the accident of a quick or vehement turn of
the globe in its socket. We have discovered in the course of our
optical dissection that when we have eliminated the quasi-lights of
blood-pressure, and those of pressure upon the eoats of the eye,
the healthy eye has no experience of any other false light, or that
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a person of sound health is never troubled with such light
from a cause residing essentially in nervous matter. And it is
not likely that this nerve in state of paralysis should yield a
result unknown to the healthy one; above all, at long intervals,
occasioning surprises—surprises just as we should anticipate
if arising from compression of the rotating globe. To these
objections we may append the question, what security have we
in the ordinary run of reported cases of amaurosis that ideas
have not been mistaken for sensations? The distinetion is not
easy, and to make it requires some accurate acquaintance with
ocular phantoms in the medical reporter, not to say in the
patient. And we have no reason to believe that the necessary
information has ever existed in either. 3 and 4 are examples of
persons with a solitary retina, and therefore with a lively display
of the images of all parts of its vaseular figure. In addition,
circumstances have placed either patient anxiously on the alert
for visual phenomena, this and the neighbouring excitement
kept up are certain to impress themselves upon the movements
of the remaining eyeball, and individuals, who would be now dis-
posed to be astonished at the spectral appearances common to
the mass of mankind, have thrown before them unusual lights
from the cireulation of retinal blood, and brilliant flashes from
the extraordinary movements of an eye in its socket.

So that direet evidence in support of the opinion that sensa-
tions of light may arise posteriorly to the retinal percipients can
scarcely be said to exist.

On the other hand, we have the fact that the optic nerve con-
tains an arterial trunk in its substance, besides being associated
with other large vessels. Had the optic nerve fibres been very
sensible we should have expected, when violent pulsations are
excited, at any rate, to experience luminous effects from this
eause, spreading more or less completely thronghout the field of
vision. Yet healthy persons, at least, may in vain look for, or
try to induce, such manifestations.

Again, we have already found when we press upon or bend the
fibres of the nerve, in the only portion of their tract we can
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reach, in their retinal expansion, as much as cireumstances per-
mit, which is not of little amount, no sensations of light are
the eonsequence. Although the slightest compression of the
percipients of light elicit such sensations. Iinally, light falls
in the eye upon certain naked fibres of the optic nerve at its
base, without yielding sensations in a partieular set of pereipients.
In the case of sonorous undulations, they will often travel freely
through a given medium, but can only be communicated from
another medium to that, in any quantity, by the intervention of a
third ; nor is it inconceivable that the minute and rapid undula-
tions in the medium in which light is propagated, or the conse-
quences of this in the optic nerve, can only be introduced into
its fibres by a series of preparatory media; or in a more refined
meaning, what the membrana tympani, ossicula, fluid of the
labyrinth, are for the auditory nerve, the compound retinal layers
may be in some respect for the optic nerve. Or, though the
illustration suggested will not bear a close applieation, the suppo-
sition that mechanical impulses to produce the same effects as
light in the nerve must reach it throngh the same channel that
light does, seems to have nothing impossible in its nature,

But then we must not slight arguments from analogy. Such ex-
periments as may have been relied upon as demonstrating the capa-
bility of the other special nerves of being stimulated, elsewhere
than at their extremities, to yield their sensations, may, for aught
I can say, be found as open to doubt as this instance before us.
At all events little ean be gained from them to augment the foree
of the arguments furnished by the nerves of touch and motion.
In the nerve of common sensation the uritation of a fibre any-
where along its length yields much the same result, though sen-
sation may possibly be easier to excite at its extremity. The
office of these nerves is chiefly, if not exclusively, to recognise
mechanieal pressure, and nervous vibrations or eurrents may be
of some much grosser sort in these than those which specially
traverse the optic nerve, and require no medium of introduction
into the substance of the nerve. The same may possibly be true
of the nerves of motion as of those of touch. These specula-
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tions merely venture the question how far we are bound to frame
our ideas of the properties of special nerves from those observed
to prevail in those spread throughout the body. In concluding
this topic I wish to go no further than what appears on the sur-
face :—The analogy referred to may possibly not hold good for
the nerves of sight:—There is proof that sensibility is a much
harder matter to effect in them than in the percipients, whether
by the appropriate stimulus, the waves of light, or by mecha-
nical impulses ; without our being able to ascertain that there is
a limit to this difficulty.

May sensation be transmitted in the optic nerve from the brain?
Because spectra residing in one retina have apparently been scen
with the other, some have imagined that the second opti¢ nerve
had heen affected through the first—a reaction of one nerve, and,
thereby, a true sensation in the second retina. But we have seen
that there is no reason for imagining the sensations indicative
of the spectra to have reached from the first retina further than
to the sensorium,

There are those who maintain that the idea of a thing pro-
duces the same change in the retinal percipients as its painted
image does: as well as a similar doetrine of the other nerves.
And if we object that we cannot at any rate feel, through an idea,
exaggerated sensations, reply, that we have not originated the
idea. All we can say to this is, that the assumption is gratuitous
and cannot admit of proof. :

Before, however, I had familiarized myself with the internal
luminosities, and even sinee, I have often been amazed at the
persistence of the forms which my mind had conjured up as I
was falling off to sleep. But I have since observed (others have
recorded their detection of subjective lights as being a cause of
the kind here mentioned), that not unfrequently the ground of
such visions (incipient dreams) are the retinal quasi-lights. In
deciding on the nature of which my mind has used its experi-
ence of the world clumsily. In a luminous patech due to ocular
rotation, I recognized the features of an old acquaintance, and
wondered even in incipient sleep that I had never before been
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struck with the brilliant orange of his complexion. On coming
to my recollection I had time enough to survey the whole re-
tinal field and ascertain the exact fact. On another oceasion
such a central light among the vessels was to me a fine lump of
sugar on a table-cloth. T could relate endless examples of this
kind, from the most grotesque to the most agreeable,—from a
rhythmical aectivity of the muscles of the orbit a restless
accession of such. Frightened and superstitious minds are much
in the state of that which dreams, unable to employ what sound
ideas are in a store properly. In cases of delirium, patients per-
plex and distress themselves as to the character of the drapery
and furniture of their room, and if they cannot apprehend these
familiar things rightly we need not imagine that they have any-
thing more than the usual quasi-lights, that is in addition to,
with probably an inefliciency of the optic nerve, perturba
tions of memory, &e¢., or disorder of the cerebrum. In our dreams
and in delirium, a staple appears to be misinterpreted actual
impressions upon the senses, though the ideas which have re-
cently oceupied the thoughts will probably be used by the judg-
ment to explain the impressions, the resultant ideas in their tum
helping to originate others. I would merely express my belief
that sometimes events occeur in the way now supposed. Dut
oftener it is quite impossible to trace our vision to any picture
existing in the retina, the image we have conceived may seem to
us as much fixed in the visual field, as the lights from pressure upon
the retina, and seem to have a form uninfluenced by them. Though
at times a compromise between the idea and such sensation may
seem to be effected, as if the idea were primary, but had been
modified by the sensation. It is true we can, at will, eall up, in
daylight, images, which the imagination will keep as strongly
before the eyes; the difference being that in light we diserimi-
nate instantly between the idea and the visible field by ehang-
ing the latter, whilst at night the quasi-visible field cannot be
thus got rid of. Nevertheless all this is no proof that the idea
reacts through the nerve, and destruction of the nerve does not
annihilate the faculty of generating such ideas.
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May excitation of one portion of a retine by any colour cause sen-
sation of the accidental in another portion? If there be two holes
in a window shutter, one of which admits freely the light of day,
whilst a piece of coloured glass covers the other, the shadows of
objeets in the light which has entered the room through the
medium are of the accidental colour to that of the glass. Or if
by eandle-light we place some opaque objects to stand on a sheet
of white paper, and hold a piece of coloured glass near the flame,
so that the shadows of these objects shall be formed in the light
passing through the glass, the shadows will seem to wear the
complimentary colour to that we employ.

Whatever be the cause of this appearance, it is not a mere
creation of the accidental colour in parts of the retina contiguous
to those impinged upon by the coloured rays, for every observer of
the phenomenon has remarked that the space of the shadow must be
illuminated with white light, or if we prevent this from oceurring,
that the accidental colour does not show itself. Hence the
- portion of the retina belonging to the shadow has its own
stimulus.

Let the nature of the phenomenon be what it will, we ean un-
derstand that it may essentially happen in sole white light.
Shadows in such cases, themselves white, beside whiter spaces, we
regard as black. Or since every coloured ray in the general
white light has its complimentary colour in the white light of the
shadow, we may regard the phenomenon here, as so many pairs of
the primary phenomenon (of a colour with its shadow of the aceci-
dental colour), as there are constituent colours in white light.
And thus we may view the phenomena, whatever their character,
as a class governed by an uniform law. Attempts have been
made to explain the apparition of the acecidental colour both
physically and physiologically, but it is commonly agreed that
it should be done somehow in the latter way, and that the solu-
tion of the difficulty remains to be found.

Now with a deliberate survey of the faculties we employ, and
a consideration of the conditions in operation in the experi-
ment, I think we may glean the explanation. It is a well-

G
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known fact that in the case of sound, we judge of the nature of
any tone we hear greatly by comparison with other tones. For
instanee, we should not know a tone, if presented to us alone, on
a second occasion, to be the same. The tone is determined by a
eertain number of sonorous vibrations in a certain time, and a
characteristie sensation results therefrom, but though persons who
devote themselves to the study of tone may be able to do more
in this way than others, the idea of such sensation cannot at a
future time be recalled so as to enable us to distinguish the said
tone from others, unless their number of sonorous vibrations in
the given time differ widely from it. Yet we can distinguish
nicely between tones, provided that we hear them in quick
suceession, so as to obviate the defects of memory. Hence, the
use of tuning forks as standard measures of tone. The same
may be said of quality of tone, or timbre: as also of the amount of
tone, orsound. Similar statements of the nerves of taste, smell,
or touch, would equally hold good. It is speaking of them as
adjuncts of the same sensorium.

So in dealing with colour we are in a like predicament, we can-
not affirm a colour to be the same that we had seen on a former
occasion. We cannot earry in the memory the sensation due
to a given rate of undulations of light, nor thus distinguish by
sensation different rates, unless the rates range greatly from one
aniother. Without the eolours of the solar spectrum, or some
standard refereneces for colour, we should soon confound all shades
of them together; nor can the memory deal more successfully
with amount of illumination. Hence, whenever we use our sight,
we instinctively look about for indications of colour, or of illu-
mination, as sources of comparison, to find, if possible, something
whose colour we are familiar with to guide us in estimating the
hues we observe, and some index for judging of an amount of
illumination.

Wherefore, in the event of shadows falling on white light, the
difference in quantity of light is perceived without an idea of
colour being generated, and the spectrum of the brighter ground,
showing a diminished sensibility in the portion of the retina,
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much exposed, is equivalent to a diminished illumination within
the bounds of the shadow. g

But when the shadow is flung in coloured light, the eyes pass
~ from the white ground of the shadow, to the coloured one around.
And the mind, always uncertain as to hue, is prone to give a tint
where there is none from an idea of contrast. Here, too, the
idea of the accidental colour is cast upon the sensorium, by such
portions of the spectrum of the coloured ground as the eyes carry
within the limits of the shadow, the consequence of the stimula-
tion of this portion by the white light of the shadow necessarilybeing
a quite instantaneous impression of the accidental colour. Thus
the idea of colour for the shadow is taken from its edges, and as
fast as it has faded, so fast we renew it by fresh glances beyond
the sides. And if we carry the eyes which have glanced with
direct look upon the coloured space over the region of the shadow,
wherever they there range, they bear the accidental colour. In
short, the phenomenon involves that of the occurrence of
the accidental colour of a primitive, when a spectrum is placed
in white light, where our faculties are further bothered by
a difference of illumination. I am satisfied that whoever will
eautiously study the phenomenon of coloured shadows will per-
ceive that the above is a correct account of what transpires. In-
deed, if weturn from the coloured ground to a surface illuminated
by white light, but much more than the former is by coloured,
we may still in a faint style, diseern the sequence we have been
enlarging on. The explanation here offered applies equally to
all the cases which have been cited as manifesting the accidental
eolour in juxtaposition with the primitive, so that we may have
no hesitation in giving a negative to the question with which we
set out.

At page 438, of his Optics, Brewster quotes from Mr. Smith,
surgeon, of Fochabers, whathe callsa * remarkable phenomenon,”
of physiological accidental colours, by exposing the two eyes to
very different conditions of light. This experiment, if correct,
would be entitled to consideration. But I cannot verify it, though
I have exposed one eye both to the sun and to a candle-flame, as

G 2
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instructed, until the eye has lost its form and the retinal vascular
figure prevailed, or with an unsteady flame until the passive black
vascular figure has resulted. I cannot help believing that one of
these appearances has caused an illusion, and therefore can see
no utility in going into the details of the experiment referred to.

I am not aware that I have omitted to mention under this
heading, any observation of presumed authority bearing upon
the subject-matter in hand, which has been deemed to require a
peculiar physiological doctrine to account for it.  If there be any
observations that their anthors have thought to be indieative of
peculiar principles which have not been noticed, it is because,
the tenour of the foregoing remarks too obviously meet such in-
stances, to make it necessary to particularize them. I have been
obliged to go here just where my predecessors lead me, or there
may appear to be a deficieney in arrangement in this part: some
of the points herein I have brought forward chiefly because they
appeared to be of general interest, and came for explication within
the compass of our optical dissections. DBut generally, I am satis-
fied, the criticism here concluded has not been carried beyond
the need direct or implied of the propositions to be maintained
under the final heading.

Positive uses of the preceding analysts.

I'mages of evternal objects are painted on the limitary membrane and
perceived by the radial fibres. In an early part of this chapter we
determined that for the black vascular figure to appear, * every
point of the affected section of the retina must lose lightfrom one
external point and receive light from another, within a very
limited time, perhaps an indefinitely small time.” Such a state-
ment makes us think of waves of light reaching the back of the
aye, by different lengths of paths, or suffering different amounts of
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retardation, and to speculate whether light could be reflected
from the surface of vessels buried in the retina so as to interfere
with direct light, producing darkness (without colours), over such
vessels. However, I am unable to see that the phenomenon can
be acecounted for on such physical grounds, and imagine if there
be ‘any sort of interference it must bear a physiological character.

But a further affirmation may be made, namely, we have here
(an unigque combination) a diffoeal eye from changing light, and
one at due adaptation for the surface we view from light of the
usual kind, so that we try to comprehend whether the black
speetre can be owing to the pressure of the vessels upon lateral
nervous matter when such matter endures a diffused stimula-
tion, and to account for the absence of play or pulsation in them
by presuming that such manifestations are extinguished by the
force of painted images, and that the great darkness of the ves-
sel arises from contrast. I have an inkling that the pith of the
phenomenon lies therein, but as things are not very clear, let
us for a moment take for granted that perception oceurs in
front of the vasa centralia, and that rediating fibres of some
sort convey the impressions of the images of points painted im-
mediately upon, or over, the vessels round these impediments to
reach finally the fibres of the optic nerve, whilst the radiating
fibres that convey impressions received at the interstices of the
vessels, there being then no hinderment to such a course, go
straight to a like destination; and let us assume that, 1, when a
radiating fibre meets the hyaloid or the * limitary” membrane at
right angles it perceives light with facility, but that, 2, when a
radiating fibre meets that membrane differently, in proportion to
the magnitude of its angle of incidence (angle made with the
perpendicular to the membrane), it requires a greater time to per-
ceive, or that light from two radiants be not presented to it
within so short a time. Or that through want of directness a
physiological interference may ensue in the transit of sensation
along the crooked fibre. With these suppositions we have framed
an hypothesis which is a physiological expression of the law of
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mutation of light which brings the passive vessels into view, and
embraces the observations made upon the ecffects of the depth of
the vessel in the retinal tissue.

However, we will build no argument upon an hypothesis, but
will content ourselves with the position that the apparition under
the physical condition ascertained, seems to be inexplicable by
physical opties alone, so that it appears that the vasa centralia
retinge are placed on the orbital side of the proper lenticular eye,
and lie where physiological laws proper, in contradistinetion to
physical, operate.

Nevertheless, the vasa centralia are not situated in the refracting
media of the eye. For were they so, they would be seen under
whatever conditions would render opaque objects placed in the
back of the eye visible by their shadows. Were the percipients
at sufficient distance behind the vessels, the diffractive shadows
or images so abundantly treated of, would be conspicuous. And
were the percipients close behind the vessels, and the opaque
choroid has prevented any one who has looked for the percipients
posteriorly to where the vessels lie from implying in their theories,
more than the minutest interval between their places, the black
vaseular figure with which we have become familiar, would always
be before the eye; for the vessels must thus throw full-breadthed
shadows of themselves, and no perception could possibly take
place wherever a vessel ora capillary mightlie. 'We are sure that
we do not live under such an embarrassment as this, and can, as
we know, by an artifice put ourselves at any instant in a position
to judge by experience of the extent of inconvenience that would
be entailed upon us by such a disposition of parts,

There is a sole way of escaping this conelusion, which is by
assuming that we are actually blind in the lines of the vaseular
distribution, and that we see only the images of points which
are painted at the interstices of the vessels, such images being
expanded somewhere in nervous substance, or so projected into
space as fo fill among them the blind seats of the vessels ; in which
ease the physiological law indicated by the effects of mutation of
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light would operate by annulling the principle by which these
images are expanded. But we may readily convinece ourselves
by direct serutiny of external surfaces that vision is not per-
formed in such an extremely coarse mosaic. Indeed, we may
elearly see radiants whose images rest on the middle of vessels
which are expressed to us by their pressure upon the retina, or
on vessels that are imperfectly rendered as black spectres of
themselves by an imperfeet performance of the experiment of
mutation of light. Such an idea of * irradiation of sensation,”
or projection of images, as has been here conceived is abviously,
untenable. And monstrous in its very nature ; for did the state
repudiated exist over the whole vaseular arborescence—a full third
of the retinal expanse, over so much, we should be afflicted with
phenomena now only known as characteristic of the base of the
optic nerve.

When we obtain spectra of the vasa centralia by pressing reso-
lutely on the surface of the eye through a cushion, the middle
line of the vessel appears in as luminous an aspect as the sides,
perhaps more so, showing that if there be percipients in front of
the vessels they are as sensible to direct stimulus as the neigh-
bouring ones. And again, unless the supposition which we have
just regarded as absurd, have foundation there must be perei-
pients in front of the vessels.

Furthermore, we long ago concluded that the mode of pro-
duction of the images of the vessels by blood-pressure is pre-
cisely the same as that of objects that offer themselves to our
sight by pressure through the ocular tunies. And that the faect
of the boundary line of the pressing surface, in either class of
examples, being resplendently lit up, whilst the surface applied
imparts light hardly, or not at all, compels us to admit that a
ereasing of the stratum which bears the percipients at the sides
of the object, which effeet the projection of an object placed
without them into the vitreous humour must produce, and a
eonsequent compression of the percipients there existing, must
be the cause of the exceedingly luminous margins.

Nor can I hit upon any way of eluding the inference here
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drawn. The choroid and superimposed coats will resist the
expansion of a vessel posteriorly, and leave it to find room for
itself into the vitreous humour. And we know by inspecting the
vessels in other eyes, of the living or of the dead, that such is
the real state of the case. Should we imagine the marginal
brightness to accrue by tension of radial fibres, in the example
of the vessels, by separation of the retinal layers lying on either
side of the vessels from one another, the objection is plain that
no such separation, but the ¢ontrary, ensues when a body presses
through the tunies. In a word, resort to any hypothesis we
please, and they all fall before the first act of serutiny, confined,
as it may be, to the consideration of the two classes of images
now before us, without our trying to reconcile such notion with
the other observations above arrayed. But if we agree to allow

that the vessels must be necessarily on the orbital side of the

percipients, which both cover these vessels and fill up the spaces
between them, that is, as clearly on the orbital side of them as
the objects which yield images of themselves by resting on the
tunics are, the two classes of effects before us mutually explain
one another, and we take our stand upon a prineiple which
deelares itself in striet conformity with the whole series of obser-
vations that can be brought to test its aceuracy.

Wherefore we may sum up by affirming that we have a eombi-
nation of proofs, each of which is in itself irrefragable, that the
percipients extend, by successive contact with each other, all over
the inner surface of the retina, so as to cover the vessels, and to
fill up the spaces between them.

Now, the only retinal layer that covers all the vessel is the
limitary membrane; and, therefore, the percipients must be in
that membrane, or lie upon it. DBut according to histogists the
membrane has no character about it which makes it caleulated
for any office beyond that of supporting neighbouring parts.
However, a sort of web remains for our consideration : in the re-
gion we have determined on, they observe the radial fibres (to
reverse their deseription) to commence by feathery roots from all
parts of the limitary membrane, and, infinite in number, to end,
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after penetrating the intermediate retinal layers, each in a rod or
eone, which, by being placed side by side, form a compact layer
of normals to the ocular tunics. And these rods and cones they
find to be of true nervous matter.

Hence, here is the very sort of structure we are in quest of, in
the very place where we would wish to find it, and it exists alone.
There are absolutely nothing but the radial fibres which pass
from the front of the vessels between them into the other retinal
layers, that is, into the fibres of the optic nerve, the only possible
channel to the brain for visual sensations.

Wherefore the limitary membrane belongs, properly, to the
lentieular eye, of which it is the last part; the extremities of the
roots of the radial fibres which spring from it are the percipients,
or belong to the nervous eye of which they are the commence-
ment.

H. Miiller and Killiker, from the nervous character of the rods
and cones, and from the fact of the base of the optic nerve (where
the fibres of the nerve are naked and exposed to light) being
blind, and a correspondence, as they find, between the diameters
of these bodies and the diseriminating powers of the retina
(smallest distance from each other of two distinguishable retinal
images), infer that the rods and cones are the ultimate perei-
pients. These arguments have equal force for the feathery ter-
minations of the radial fibres. The last observation they quote,
looks as much like a test of the ability of the lenticular eye to
accurately foealize rays from radiant points on the percipients.
But then a faculty in the retina of diseriminating beyond the
nicety of this foealizing power being useless, the comment just
made does not weaken whatever force this argument possesses.

Miecroscopie researches upon the retina have, in the last few
years, made immense advances; but the structure is so delicate
and intricate that much remains to be achieved in its investiga-
tion. The radial fibre has been traced into a connection with
the optic nerve fibres ; and had this not been done we might
have been sure that such must be the fact from optical observa-
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tions. So now we may safely anticipate the mieroscope in some
essential points of retinal structure, because structure must be
consistent with optical phenomena. We may also make some
general statements as to constituent requirements of the retina.

Our histogists have recorded that the radial fibres are usnally,
always as far as cireumstances appear to permit, straight in their
ecourse, and perpendicular to the retinal surfaces, On the now
old supposition that vision oecurs as a refined mosaic by innu-
merable separate perceptions, it would become of paramount im-
portance that the percipient fibres should be normals to the sur-
face where perception is affected. Thus only could the fibres, or
such portion of them as must be larger, as the rods and cones, be
stowed in the least space; and the areas of the sections of the
fibres by the imagined surface be the smallest possible, or the
maximum number of percipients be secured. And if indireet-
ness of the path of the radial fibre has ought to do, as before
conjectured to be possible, with the black vascular phantasm,
there is another need of the closest possible adherence to the
arrangement into normals,

Again, presuming that all the constituent parts of the retinal
layers, and the layers themselves, in their order and size, are
necessary to the fulfilment of its funetions, we may gather why
the scheme by normals to the surface of perception has been at
all departed from. The grey vesicular layer, required in the
interior of the compound tissue to inspire vigour equal to the
demands of incessant acts of perception, must enjoy a supply of
blood equal to its emergencies. The vessels now break the
continuity of packed normals at a sole spot, from which they
ramify within the substance of the retina, and form a thick
arborescence, without again piercing a surface of it, but, thereby
causing many radial fibres to approach the limitary membrane
by a erooked path. The visual detriments ensuing from the pre-
sent mode of lodging the vessels we have gone through. The
only other way by which they could have reached their destina-
tion, without hiding the percipients, would have been by closely
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repeated intrusions between the rods and eones from behind—
from the choroid vessels—by which the number of percipients we
have now at our service would have been diminished by half!

That we may not be annoyed unnecessarily with a black round
spectre through the punctum ccecum, eonsequent upon a break
in the continuity of normals (we find that when any object
vanishes from view by its image falling upon the base of the
nerve, we do not see black in its place, unless the object is
situated in the midst of black, but whatever colour surrounds the
object), the percipients round about are so associated with the
sensorium that visible direction thereabouts, an end of easy accom-
plishment, covers the blind spot with contiguous impressions.
A matter of no consequence where it happens, but a serious evil
if repeated all over the visual field.

We judge of the angular distance between two points by the
observed rotation of the eyes, head, or body required to carry the
regard from one point to another.—But before I speak of the
angular distances between points in a picture painted in an eye,
it should be premised that it has not been thought necessary to
meddle with the standing subject of debate, the precise nature of
the “law of visible direction ;" because it matters not for the
physiological inference herein drawn, whether the lawis such as
accurately to preserve the proportions of the visible field in the
retinal picture all over the retina, or only at the middle portion.
Our language, with our aims, may be safely admitted to be
correct when we speak of the law as that of vision in normals to
the retina.—Now, in the retinal pictures, we know that the optie
axis pierces the image of the field at the point towards which we
look, but the mind can only become acquainted with the propor-
tions of the field by the retinal places of the images of its re-
spective points. For as there is no moveable apparatus in the re-
tina, like those spoken of just now, for determining angles, or
apparent size, it must be acecomplished by fixed provisions. In
other words, no more means of making such observations can
exist than there are retinal points in direct isolated communica-
tion with the sensorium. And thus it stands, to common appre-
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hension, that vision must be of a mosaic cast, and efficient in
immediate acecordance with the number of retinal points in eom-
munication as stated.

The microscope so far has only made out that what seem to
be the ultimate fibres of the optic nerve are, at least, fifty times
less numerous than the rods and cones, and that the radial fibres
again split at their ends in a feathery fashion. The mosaic im-
plied by imagining fifty radial fibres to have but one avenue to
the brain, is at least as many times rougher than what our obser-
vations evinea our distinguishing powers to be. We may revert
here to the fact of our being able to get, by artifice, glimpses of
our finest retinal capillaries (images independent of the lenticular
eye), whose size pretty well agrees with the average of rods and
cones, in confirmation of the opinions quoted, that the ultimate
percipients probably agree in diameter with these. The only
question that ean remain is whether the ultimate percipient is
not something smaller than such bodies, or than the feathery end
of the radial fibre, such as one of the fibrils of that end. Such
evidence as we have, however, appears to weigh in behalf of the
radial fibre rather than of its fibril.

If the ultimate percipient end with a brush or ganglionic
enlargemant, or merely by the area of its own attachment to the
limitary membrane, and a stimulation of a portion of such
extremity, as will probably be the fact, is enough to produce sen-
sation, the acting radiant will seem to have the same size, as if it
had stimulated all parts of the extremity. Henee the necessity
recognized of estimating the sizes of our ultimate percipients by
our faculty of visual diserimination.

The optic nevve is a bundle of optical nerves absolutely independent
of one another. Let the microscope fail at what point it may, it
is none the less certain that there must be as many insulated
channels of communication from the retina to the brain as there
are ultimate percipient fibres. That virtnally there must be as
many independent optic nerves in the trunk optic nerve as there
are percipient divisions in the retina

In the auditory, olfactory, and gustatory nerves it matters not
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that we know by them beyond the fact that we do hear, smell, or
taste, and this end is obtained alike whichever twig into which
the trunk nerve spreads is stimulated. Nay, further, it is of no
eonsequence whether we know, directly, which of a pair of
nerves has been acted upon. We turn our head round, con-
sciously, that we may ascertain by the strength of a sound into
which ear it comes. We stop one nostril to try in which of the
two we smell. We use one or two other senses to inform our-
selves where the stimulus has been placed, if we would try what
portion of the surface supplied by the gustatory nerve is most
sensible in tasting. So that either pair of nerves in question
may be viewed as a tree ramifying over appropriately situated
surfaces copiously, for the sole sake of multiplying the opportuni-
ties for perception, all the twigs throwing the facts they seize
into one lap indiseriminately, carrying them fo one spot (or eon-
jugate spots), in the sensorium, which receives them, but takes
no account of the road by which they severally arrive. As if
insulation of nerve-fibres from the percipient surface all the way
to the brain, at all events brain substance calculated to recognise
such insulation, were a superfluous provision. 'Whilst generally,
at any rate, nerves of touch must be directly distinguishable
in the performance of their duties from one another.

But the optical (as we will call them for distinetion's sake)
nerves imagined, the ultimate constituents of the optie nerve,
must resemble the nerves of touch in being literally separate
nerves, nay, can have no more influenee one upon another than
the nerves for quite different senses (as the auditory upon the
olfactory) have upon one another. It has been commonly felt
that this condition must hold in the ewrrent services rendered by
our eyes, but so little belief has there been in its stringency that
the supposition of a temporary suspension of the law at the
beginning, middle, or end of these optical nerves, has seemed to
offer a ready mode of accounting for phenomena ocewrring under
embarrassed exercise of the sight. But it has been shown in
detail that none of these phenomena furnish the shadow of a
cause for impugning the absolute authority of this law.
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We may go further, and assert (for under the marginal heading
of persistent sensation—** spectra,” we have disposed of the sem-
blance of objection to such an affirmation), that the eptical nerves
that proceed to the brain from points equidistant vertically and
horizontally—but in the latter case taken on the nasal side for one
nerve, and on the temporal for the other, so that these nerves
may be placed to receive impressions from the same radiant
(representing identical retinal spotsj—are actually or virtually one
nerve, and meet at one or eonjugate points in the brain, each
pair having its own origin in the brain, as certainly as each pair
of nerves for the remaining special senses have theirs apart from
the origin of any other pair.

Summary. Every nerve has its phenomena of fatigue, and
such phrases as palled, dulled, blunted, deadened, &e., &c.,
which express that other merves have had their ability of re-
sponding to a given stimulus impaired by having been but
recently exposed to its action, may be used figuratively of these
optical nerves. Any one of them, if exeited by any colour, is in-
eapable, until it has had time to recover from the consequent
exhaustion, of noticing the same colour of the same intensity in
an equally acute manner. Though it is just in as ready a con-
dition for dealing with another sort of stimulus, as any nerve of
another kind would be after having been exercised upon a par-
ticular one to an equivalent amount. In other words, these
optical nerves fairly emulate the efficiency of the other kinds.
The phenomena of fatigne in the optical show themselves in
what are techniecally called speetra, and they indicate which of
the nerves have been at work, and the degree, and colour, and
duration of action of light {or its equivalent in pressure or other
stimulus) that has operated upon them severally. There are no
other spectres developed in the optical nerves.

The organ of hearing is the one which after that of sight com-
prises the greatest diversity of contrivance. But its percipients
rest upon fluid which cannot be shaken in its narrow labyrinth-
ceal canals ; and the slightly moveable apparatus in the remain-
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der of the ear assists the movements of the head in regulating,
for all tones, the quantity of sound which reaches the percipients,
the secretions of the ear are of slow nearly uniform flow, the two
ears act together whichever way the sonorous waves arrive; and,
as it were, a single nerve is employed—one nerve and approxi-
mate fixity of relations being the virtual characteristics. DBut
in the eye the portion of the back of the transparent media pos-
sessed by an optical nerve is its cochlea, vestibule and semieir-
cular eanal together, whilst the faculty possessed by lenses of
again gathering to points rays that have issued from points enables
the ocular system to provide each distinet minute percipient
gpace, with its own ultra-labyrintheeal ear for collecting appro-
priate stimulus. Similar remarks would hold good of the nostrils
and mouth and their special nerves.

Yes, what an acecumulation of active mechanisms constitutes the
organs of sight! an aggregation of numberless nerves whose
fellows are to serve in pairs: many muscles to twist the mosaie
percipient pavement about and about, so that ecounter parts may
always be presented to the same radiating points : a set of lenses
furnished with the means of still foealizing light upon the percipi-
ents as the radiants oscillate to and fro: a diaphragm for admitting
more or less light as occasion requires: fluids to lubricate the
eye's surface, &e., with the muscles ever on the alert to sweep
them duly over the globe : lids, lashes, &e., to shield the organ.
Then again the erystalline lens is made up of countless super-
imposed parts, varying its density, and perchance endowing
it with a prompt elasticity : there is a peculiar precaution taken
that surges of fluid in the large rounded chamber behind the
lens shall not concuss the sole percipient points, so nearly ex-
posed on that side : and for a parallel purpose, among other uses,
thick ocular tunics have buffer masses of fat upon them : blood is
brought to feed the rapid waste of tissue. It were perplexing to
attempt to catalogue all the special appliances involved in this
organ. And it were vain to dream of justly portraying the order
and concert that must reign among the multiform movements.

What wonder then, amidst all these mutating cordinations,
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that visual iregularities should haunt us! It seems to pervade
all experience, that each commodity gained entails a consequent
incommodity of a certain magnitude. It is in contributing to
the efficiency of the organ by arming it further and further, that
visnal incongruities arise ; whether directly from particular appa-
ratus, or from parts falling out of gear, in the complexity of con-
curring machinery.

But the visual nerves themselves, or the sensorinm in its con-
nection with them, are no more chargeable with inconstancy than
such representatives of any other sense. Nay, though a stupen-
dous host of distinet nerves are in this instance associated in
office, the phantasms that ensue intrinsically therefrom, or from
them, are, emphatically none.



Lo S _ .
J . .'

= i.
.: T —_— 1 I.-.--. ™ 1 -




98 EUSTACHIAN TUBE, WHY OPENED TN DEGLUTITION.

communication with the fauces must be one in which there can
be no respiratory eurrent.

The only instant compelling a suspension of respiration is
that in which the aet of swallowing is praectised, and must there-
fore be embraced for the service just named.

Finally, the same rule secures the typmanum against the intru-
sion of gastrie gases, cvolved through the fauces. (These pro-
positions are an extract from a paper by the writer, printed in
the Report of the Royal Institution of Cornwall, for 1853.)

The discovery of the ordinary state of closure of the Eustachian
tube has led Mr. Toynbee to physiological conclusions very dif-
ferent from those now enunciated. He infers that it is physieally
essential to a perfect organ of hearing that its drum be a shut
chamber; for that the existence of any outlet whatever would give
vent to sonorous vibrations, and thus abstract from the resonant
qualities of this eavity, through which, according to him, it exer-
eises a paramount acoustic influence. And he dwells upon its
anatomiecal conditions to show how peculiarly it is adaped for the
reflection of sonorous waves from its walls. (See his pamphlet,
On an Artificial Membrana Tympani. Dr. G. Bird and Mr.
Brooke concur in these views—see their Natural Philosophy
pp- 244 and 247.)

Preliminarily, we will take a survey of Mr. Toynbee's treat-
ment of aural physiology, to try to ascertain how far he is war-
ranted in building it upon the novel principle just adverted to.
First of all he supports the view that the Fustachian tube is
ordinarily occluded and that swallowing opens it, by the feeling
of necessity under which a person descending in a diving-bell
resorts to repeated acts of swallowing, in order to keep the air
in the drum of an equal elasticity with that upon the outer sur-
face of the membrana tympani. Again, he says, *if an attempt
is made to swallow while the nostrils are closed with the finger
and thumb, a sensation of fulness and pressure is experienced in
the tympanie cavity, in consequence of air having been foreed,
during the act of deglutition, through the open tube into the tym-
panum ; and this sensation continues until, by another act of
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swallowing, the tube is re-opened and the confined air escapes
into the fauces.” The experience of the diving-bell, though few
of us can have opportunities of verifying the observation, seems
very justly quoted in corroboration of the facts implied. Accor-
ding to my trials, we may by much attention perceive that the
Eustachian tube does open when we swallow, especially if we
do so several times in quick succession, whether the nostrils be
stopped or not, and that it is dubious whether we can detect the
fact better by closing those channels. The following artifice strikes
me as yielding as complete evidence as any, for the purpose in
question :—Let the mouth and nostrils be stopped after a deep
inspiration, and then let an effort be made to force air into the
tympana. It will be found that an obstacle to this exists; inso-
much that small force does not suffice. At the instant of proper
management, a rush of air into an Eustachian tube isfeltand heard,
and the membrana tympani flies before it, popping, as far as its
attachments permit, into the external canal. The drum now is
of unusual volume, and contains air of unusual elasticity, and yet
this is so plainly incarcerated that, if we refrain from swallowing,
the excess will not be lost for a very appreciable interval; the
escape commonly being accomplished in distinet jets, so palpably
is there a struggle between the passive foree of eollapse of the
tube and the expansive force of the imprisoned air. If acts of
deglutition be performed under the circumstances here detailed,
several must be employed before the membrana tympani will re-
turn to the ecurved aspeet it habitually has.

To see what need we have of new acoustic laws, to account
for the care taken to keep the tube usually shut, let us cast a
glance at the prineiples that guided physiologists before it was
imagined that the tube was everotherwise than open. Sueecinetly,
it was taught :—that sonorous vibrations are readily imparted to
one another by water and solid conductors, though not so by
either of these and air; nevertheless that if membrane intervene
between such unsociable media the event alluded to is much
facilitated. (J. Miiller.) |

Particularly see Miller's Physiology, by Baly, pp. 12606-8, for

H 2
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the details of a contrivance which imitates capitally all that por-
tion of the ear which lies without the labyrinth. If a vessel be
prepared with two holes closed by stretehed membrane (fenestrse)
on one side, and one on the opposite side connected by a rod
(ossicula) with one of the former, and situated at the bottom ofa
short pipe (external auditory canal), and the side with the two
fenestrae be then immersed in water (labyrinth), the fundamental
note of the pipe is heard with striking intensity as conveyed to
the water by the rod; and with much less as conveyed by the
air in the vessel to the water through the other fenestra (rotun-
da). If the interior of the vessel communicated with the atmos-
phere in supposed copy of the Eustachian tube, or was quite
close, the results were the same.

In fine, from appropriate experiments, physiologists have been
led to eonstrue the work of the aural apparatus thus :—sonorous
vibrations spreading in the atmosphere fall upon the pinna, pass
up the trumpet-shaped canal, condensing as they go, are concen-
trated on the membrane at the bottom, and therefrom received by
the ossicles and passed into the labyrinth in an invigorated shape,
dissipation of them being prevented by the ossicles not touching
anywhere the wall of the tympanie cavity, the chief office of
which is to insulate them. Still, as this cavity must contain air,
that as little waste of waves as possible may take place, the fenestra
rotunda renders to the labyrinth such waves as that air may get
either from the membrana tympani or ossieles.

Mr. Toynbee, ignoring these conclusions and the investiga-
tions from which they issue, starts the opinion that the ossicles
and fenestra ovalis are insignificant as means of earrying sono-
rous waves to their destination, compared with thetympanie air and
the fenesira rotunda, owing to the pre-eminently resonant pro-
perties, as he believes, of a perfectly-shut chamber., He makes
no attempt to elucidate this elementary principle by mechanical
contrivance, which we should have thought easy of accomplish-
ment if it be correet, any more than offer a reasor for slighting
Miiller's elaborate researches of this sort. DMr. Toynbee rests all
his arguments upon two orders of facts.
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He brings forward cases of partial or complete destruction of
the membrana tympani, aceompanied with dulness or loss of
hearing, and ascribes this mischief to the cireumstance that the
drum has ceased to be a close chamber. But surely if we revert
to the duties supposed to belong to the membrana tympani, we
should have anticipated that a breach in it would be prejudicial
to its discharge of them, and that its absence would affect the
hearing more or less considerably : —and that the substitution in
its place of a suitable foreign body resting against the ossicular
chain, or even against the stapes if left alone, should aet more
or less completely as a remedy, would be in nowise surprising.

Besides the foregoing he enlists the well-known fact, that if
sonorous vibrations exist in the bones of the head, as from a
“ tuning-fork ” resting on it (a person’s own voiece is a familiar ex-
ample), and we cover one meatus anditorius externus, they become
decidedly louder, eventhen re-appearing if they had before become
too feeble to be otherwise audible. This augmentation arises,
he affirms, from the meatus being converted into a close cavity,
and shows by analogy that a great multiplication of sound must
be caused in the drum if it be shut. But according to the views
of his predecessors, the vibrations in the cranial bones must ex-
tend into the whole wall of the ultra-labyrinthseal ear, and by the
form of the meatus externus a portion of the waves must be
going off into the atmosphere ; by occlusion these are arrested,
and, together with some thrown off from the oceluding surface
and received from the pinna, are sent straight up the ear to un-
dergo the concentration described awhile ago.

So that in neither of Mr. Toynbee's instances is a new acous-
tic theory required, as the effects observed are readily compre-
hensible, without resorting to any novel mode of explanation.
Further I am disposed to think that the analogy we have been
discussing is altogether an illusion. For, I should say,
the membrana tympani transmits sonorous vibrations so
freely, and reflects them in so trifling a proportion, that it may
practically be considered in regard to resonance as not differing
widely from the air it displaces, and that the middle and external
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ears should be looked upon in respect to resomance much the
same as such a recess not divided by a membrane, so that virta-
ally there is no shut chamber for air to resound in; and did any
such resonance as that imagined prevail, a person's own voice
would be afflictive. But we will not digress on the general prob-
lem of resonance in the whole or portions of the ultra-labyrinthaeal
car; for at the very best, whether the ossicles or tympanie air
contribute most to the final effect, the observations evoked by
Mr. Toynbee beg the question really at issue, and his views are
incompatible with a series of uncontradicted experiments.

We might have fancied that a catheter pierced diametrically a
little way from its end, or a fragment of a tube soldered to a con-
venient wire or stem, might have been inserted into the mouth
of one’s own Fustachian canal, and theeffects of a faucial opening
into the tympanum subjected to experience; for if that recess
has been syringed in other persons, a manipulator would meet
with no insuperable difficulty in operating upon himself.

I am in a position to ascertain the effects alluded to, without
troubling myself to try to introduce an instrument into my own
Bustachian tube, for I happen to have a personal advantage in
this study which throws the information which we seeck at my
door. The peculiarity I allude to is that the guttural extremity
of the Eustachian tube of my right ear is so gently closed, or so
little of the wall's length remains collapsed, that a very trifling
foree overcomes the impediment thus afforded. And at times, as
when, perchance, the moisture contained by the mueous mem-
brane is lessened (the membrane itself contracting), or but little
secretion goes on, especially on abstinence or exhaustion, the
orifice becomes permeable, or widely spread, even abiding so, if 1
choose not to interfere, for an hour's duration, putting oppor-
tunities in my way of noting particulars at my leisure. This
aceident Dbefals me more or less frequently, at intervals of
months, weeks, or days; or repeats itself more quickly, even to
incessant attacls.

In its slightest form, in expiration, a jet of air unawares in-
sinuates itself into the tympanuimn, pushing the membrana tym-
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pani before it, the Eustachian tube instantly closing behind
it. On such an occasion one or more acts of deglutition may
possibly be the means of reducing the membrane to its place;
but this, as we might anticipate, since it is only in inspiration
that the pressure of the air in the external auditory canal exceeds
that of the air in the fauces, is a very uncertain mode. The only
sure process is, after an expiration, to cover the mouth and
nostrils, and lift the ribs as if for inspiration, when the undue
quantity of air contained in the drum having a tension superior
to that of that inthe throat, plus the trivial collapsing power of the
mouth of the Eustachian tube, will dilate the passage into the
throat, and its elasticity fall decidedly below the barometric pres-
sure, and therefore the membrane regain its inward convexity.

Things now being put to rights, the tube may not fail again
just then to exclude the air in the expiratory aect from the drum,
or it may commit the same fault immediately, until I am tired of
applying the above remedy. Under such an embarrassment I
have the comfort of knowing that the next meal I take will
restore the collapsing force, owing, as I imagine, to the greater
turgescence of tissues and stimulation of seecretion. Possibly
the musecles which act upon this orifice may be at times excited
to some unwonted eontraction, but I am not conscious of this,
nor likely to be.

But let us suppose an opportunity to occur for keeping the
tube open for a lengthened time, or rather by non-interference
so to suffer it to remain, what is the effect on the auditory appa-
ratus? When it is dubious as to the tube continuing dilated,
lifting the palate has just power enough to decide in favour of
openness.

At each expiration (more especially), and inspiration, I feel the
air playing strongly against the anterior and posterior margins
respectively of the faucial orifice of the Eustachian tube, and
vibrating all the way up the tube even to the membrana typmpani.
On each expiration, this membrane, projecting outwards, is rudely
pushed upon and drags at its line of insertion. On each inspira-
tion, the air in the drum undulates, and the membrane, relieved
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from pressure upon its inner surface, exhibits an inelination to
resume its inward eonvexity, and sometimes quite does so, with
the certainty of resilience at the turn of the respiratory tide.

In expiration, the pressure of the air in the chest excels that
of that which envelopes the body: in inspiration the relation
is reversed. Hence the membrana tympani, with the Eustachian
tube expanded, is similarly circumstanced to a clapper of a pair
of bellows, and should therefore, during respiration, suffer per-
petual oseillation, or jutting in and out.

The explanation of my not experiencing an unintermitting
rhythmiecal oscillation in ordinary respiration depends, I take it,
upon the following facts :—that the pressure of the pulmonary air
does not thus differ mueh from the barometrie, that convex arches
have a power of resistance, and, above all, that the Eustachian
tube enters the fauces laterally just behind where the arches of
the palate converge towards the pendulent uvula, by which situa-
tion it is in some degree protected from the oral and even nasal
currents of inspiration, whilst that of expiration is turned into it.
However, in the mildest breathing, the membrane is palpably sen-
sitive to the ebb and flow, and shows the tendeney here related
in a decided manner.

I will subjoin that the effects in common sensation of explo-
sive expirations, as in speaking, coughing, sneezing, &e., are of a
painful cast, and in the more Eimsmndiﬁ of them the air seems so
violently determined on seeking vent by the external auditory
canal, as to severcly tax the strength of the membrana tympani.

I never had any experience of the kind here described, until
about eight years ago, when seemingly all the faucial tissues
were in a permanent state. But I will mention, that, though I
enjoy the firmest health, about sixteen years since I had a small
portion of an extremly elongated uvula removed, the trunk of
which did certainly decrease very gradually in apparent size. The
uvala is still rather a large one than otherwise. Perhaps
some may be inclined to see the origin of the affection in that
operation distant as it was from the occurrence of the peculiar
phenomena spoken of. T have no opinion upen this point, but
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_-kum& of no other cause for an alteration in the conduet of those

arts.

5 About two years ago a young woman applied at the Trure Dis-
pensary to be treated for symptoms which characterize inoppor-
tune openings of the Eustachian tube. She had a slightly
anemie look, with perhaps rather a relaxed condition of the
muecous membrane lining the throat. That is, it was doubtful if
there were any departure at all from good health. She gave her
tale in such a way that I at once perceived her case to be pre-
eisely parallel with my own ; she even resorted to the very mode
adopted by myself of reducing the membrana tympani when it
had popped into the external canal. She was one of a church
¢hoir, and was not usually prevented from singing by the incon-

venience she suffered, though sometimes she had been troubled
with all the signs of a patency of the tube of some continuance.
She then only attended at the dispensary two or three times. But
a few months since she made her appearance again for another
purpose. The aural symptoms had not changed in the mean
time. The aural defect in this case, or mine, is rather a
matter to tease by its occasional untowardness than anything
deserving the designation of an infirmity. DBut should a person
labour under constant patency of the tube he would find it a
serious affliction. Much 1'elnxa.tima,. swelling, destruction, pucker-
ing, &e., of faucial structures are met with, and it seems possible
that rigid patency of the tube might, from some such source, be
produced, if more seldom than obliteration of its orifice. How-
ever, I have adduced the only two instances which have fallen
under my observation, which seem indicative of such a possi-
bility, though I have often enough heard persons speak of aural
effects which must have arisen from an accidental opening of the
tube at an improper moment. Indeed I think I trace all the
prominent features of my experience in a picture which J. Miiller,
in his Physiology, (p. 1264), has drawn, in symptomatic terms,
of an abnormal state which he can beget in his own ears by
«“elevating the palate ;" so characteristic are the traits that I feel
myself warranted in the conjecture that he ean at any time pro-
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duce the very relation of these parts which befals me (with a
slight reservation as to a power of turning the balance as related
above), not only apart from my will, but in spite of it, and to
which I have not the power of giving existence at pleasure. He
avows his inability to suwrmise in what the material disturbance
eonsists, and only eoncludes that it is extraordinary by a peculiar
and constant set of phonetie signs.

But now, to proceed with my own observations, I will detail
the sonorous phenomena that are created by an open Eustachian
tube. At each elevation and depression of the ribs, particularly
in the latter act, the rippling of the air upon the rim of reflection
of the lining membrane of the throat into this tube, expresses
_itself by a souffle like that from blowing into a boettle. Also as
air expelled from the chest is split at the soft palate into its three
streams, from the commencing border of the nearer of the pos-
terior nares waves run into the drum and give utterance to a
harsher souffle or bruit. Miiller, whilst relating the aural effects
that arose from the, to him, unknown (the prevalent idea of a
permanently expanded tube precluded him from all chance of
perceiving these things aright) modifications produced in his
own ears by muscular effort, uses this language :—* The sound of
one's own voice by this means acquires the intensity of the tones
of an organ,” &e.

I can testify that this is not mere flourish; and if there be
here no exaggeration, what illustration would he have found,
could he have tried, under such conditions, the utmost strain of
voice, as in the act of shouting? Again, what could he then
have been seized with violent sneezing or coughing? T will do
my best further to characterize the acoustic phenomena conse-
quent upon an open Eustachian tube. If another person puts
his lips close to our ear and speaks, not to say shouts, &e., right
into the external meatus, we all know how great a shock is pro-
duced. Such effects are of the same kind as those from speaking
into our own ear through its Eustachian tube. However, be-
sides condensing sonorous vibrations, the external meatus is
capable of earrying to the drum a much larger volume of air (or
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more sound) than can find entrance thither through the very
small channel of the tube that leads from it into the throat.
Nevertheless, though a much heavier blow may be conveyed to
the labyrinth through the external tube than through the other,
the auditory nerve may be very severely struck by sonorous im-
pulses reaching the tympanum through the Eustachian.

Let any one meditate upon the foregoing sum of evils, and he
will own what a happy correlation it is that the glottis and
guttural extremity of the Eunstachian tube should never be open
together, so that when the latter is subservient to the tympanum
we cannot speak, sing, cough, sneeze ; nor sigh, sob, or hoop:
no souffles as above deseribed be engendered, and no waves or
surges of air be felt against the membrana tympani, and when it
eannot respond to ever alternating pressure. As movements are :
appuinted the most vehement expiratory explosions lay hold
upon us, and thin membranes and tiny bones with delicate
articulations and muscles earry on their functions with impunity,
and we are not stunned and distracted with tumultuous waves
falling »ia the Eustachian, upon the inner ear.

It has been recorded that the membrana tympani has been
ruptured in hooping cough. If so it could not have happened
in the hoop; but the Eustachian tube must have been open,
or forced open, during an act of expiration of a very expulsive
sort.

Hence I have gone through the propositions with which I
started, for that eructated gas is kept out from the drum by the
opening of the tube being limited to deglutition is too plain to
need comment. Still it may not be amiss to state that in three
attacks of acute deafness—such as happens from exposing the organ
to a cold draught of air, and terminates in at most a few weeks.
(two being in my left ear which has nothing peculiar in its
ordinary behaviour, and one in my right)—I have found that
during the complaint, especially on two occasions, one for
either ear, eructated gas almost always intruded itself into the
tympanum, taking me quite by surprise, and painfully stretehing
the membrana tympani, whilst I could most frequently hear the
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progress of the air through mucus more or less tenacious.
From the moment when the crack in the ear oceurred by which
such deafness always announces its sudden departure, this gas
ceased to find unusual entrance into the tympanum. At the
erack, mucus which encumbered the aural apparatus involved in
the middle ear had certainly been removed, and the functions of
the part restored, whilst the noises in the head were dispersed ;
the same condition which impeded hearing, throwing vibra-
tions—as those from the circulation of the blood—engendered
about the tympanum, upon the labyrinth. In not one of these
attacks, though eructated gas found such free ingress, was there
any increased tendency of the respiratory eurrents to get into the
drum. There is a little liability for eructated gas in the healthy
ear to gush unawares. into the tympanum, and there are muscular
contractions somewhat akin to those in deglutition during the
reverse act; but T am not clear as to the immediate or exact
cause of a phenomenon which I have often enough noted to feel
safe in registering as a faet.

I have purposecly left the consideration of sonorous vibrations
in the atmosphere, falling on the person, until the above results
had been expatiated on.

Here my direet observations are totally antagonistic to Mr.
Toynbee's notion, that there cannot be acuteness of hearing with
an open Eustachian tube, and are quite in keeping with the ae-
oustie principles deduced by J. Miiller, from his elaborate ex-
periments. For after a series of the most careful frials, repeated
again and again, with the eanal in question in the most favour-
able state for making them, T am able to say that the faculty of
andition is not immediately deteriorated by the tube being
patent, in any degree whatever. 1In the midst of all the pheno-
mena I have enlarged upon, if I suspend breathing (the tube all
the while fully dilated), my right ear, which is a capital
organ, performs its functions admirably ; just as at a time when
the tympanum is perfectly shut off from the throat. And let
breathing recommence, and even amidst the tremblings of the
membrana tympani, and the souffles above mentioned, sounds from



EUSTACHIAN TUBE, WHY OPENED IN DEGLUTITION. 109

without are still heard distinetly and eompletely, with no other
trouble than usually accompanies the disentanglementof sounds,
when more than one reaches the sensorium at the same instant,
or approximate instants.

In short, as regards outer sounds, the capabilities of the ear
are perplexed and confounded by inner ones, but not abated.

Hence, too, I take it, that sonorous vibrations that enter the
tympanum through the Eustachian tube impress themselves up;:m
the labyrinth rather backwards mediately through the membrana
tympani and ossicula, than immediately through the fenestra ro-
tunda.

It would seem to emanate from the facts brought forward, that,
provided the membrana tympani be so lax as not to be liable to
vegiprocate any tone, it is immaterial for hearing how the surface
of that membrane be warped. For I can hear just as well
whether it be eonvex or concave outwardly, or neither one nor
the other. And I cannot help thinking that the prineiple here
asserted obviously stands to reason, and that Miiller should have
interpreted his experiments with more strictness than he has
done in this sense—absolutely as to the inapplicability of a mem-
brane tense enough to reciprocate any tone for-the office of re-
eeption and transmission of all tones. The very thing which
the membrana tympani must never do, is to act like the
parchment head of the instrument called a drum, after which it
is named.

Why then is the ossicular chain furnished with museles and
articulations ? Mr. Toynbee suggests, that they partially deter-
mine the quantity of vibration entering the fenestra ovalis. We
may assume that this hypothesis is much more plausible, when
the ossicles are supposed to be the high road of the vibrations
than under his own acoustic views. He remarks (On an Arti-
ficial Membrana Tympani p. 18); “ the tensor tympani musele
not only, as its name implies, renders tense the membrana
tympani, but also compresses the fluids of the labyrinth, while the
stapedius muscle has a directly opposite action in relaxing the
membrana tympani, and in placing the contents of the labyrinth,
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in a state to be affected by the most delicate sonorous undula-
tions. The base of the stapes moves to and fro in the fenestra
ovalis, as a piston in a cylinder.”

This graphic description of the mobility of the stapes, would
as far as my judgment goes, be peculiarly happy were it used
in support of the opinion of Dr. Young (among others), that the
ossicles, as inelastie rods, bodily obey the vibrations of the mem-
brana tympani, the joints and muscles preserving the perpen-
dieularity of the stroke, and, if needful, moderating its amount.
And even if the bones act by elasticity alone—as MMiiller main-
tains, perhaps rightly, though he certainly does not take due care
that his experiments shall be unobjectionable in this particular—
some movement of the stapes must be required.

But without entering into the question of the precise mode of
propagation of the vibrations by the ossicles, the essential object
of the apparatus, I believe, announees itself, by the order of the
parts. Thus:—the membrana tympani, balanced, loosely, by
air of equal density on either side, assumes readily the vibrations
of the stratum of air it displaces: and by vibrating throughout
its extent is enabled to impart stronger vibrations, by the
ossicles, to the labyrinthsal fluid, than a membrane of the size
of the fenestra ovalis, (even if having fluids of equal density on
its two aspects)—could receive directly from the aerial undula-
tions.

However, I must take leave of these collateral topies, as my de-
sign has not been to treat generally of aural physiology, but to
relate the observations I have had the opportunity of making in
elucidation of the ordinary state of ocelusion of the Eustachian
tube.

THE NI,
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support which enaliles it to reflect fully the progress of Medical Science, and insure for it a
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THE HALF-YEARLY ABSTRACT OF THE
MEDICAL SCIENCES.

Being a Digest of the Contents of the principal British and Continental Medical Works;
together with a Critical Report of the Progress of Medicine and the Collateral Sciences.
Edited by W. H. Raxgixg, M. D., Cantab., and C. B. Ravcuirrg, M.D., Lond. Post 8vo.
cloth, 6z, Gd. Vol 1 1o 22,
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THE JOURNAL OF PSYCHOLOGICAL MEDICINE
AND MENTAL PATHOLOGY.

Being a Quarterly Review of Medical Jurisprudence and Insanity. FEdited by Forpes
Winscow, M.D,  Price 35 6d. No, 1. New Series.
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THE PHARMACEUTICAL JOURNAL.
EDITED BY JACOE BELL, F.L.5, M.R.I
Published Monthly, price One Shilling.
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#h MR. ACTON, M.R.C.S.

A PRACTICAL TREATISE ON DISEASES OF THE URINARY

AND GENERATIVE ORGANS OF BOTH SEXES, INCLUDING 5YPHILIS,
Second Edition, 8ve. cloth, 20s.

bR. WILLIAM ADDISOMN, F.R.S5., F.L.S.

ON HEALTHY AND DISEASED STRUCTIURE, asp tee Trum

Priwcipnes oF TREATMENT FOR THE CuRE oF DISEASE, ESPECIALLY CONSUMPTION
AND ScrRoOFULA, founded on Microscorican Awarnvsis.  Ovo. cloth, 125,
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MR. AMDERSOM, F.R.C.S.

HYSTERICAL, HYPOCHONDRIACAL, EPILEPTIC, AND

OTHER NERVOUS AFFECTIONS; their Causes, Symptoms, and Treatment.
Bvo. cloth, 5.

THE SYMPTOMS AND TREATMENT OF THE DISEASES OF

PREGNANCY. Post 8vo. 4= 6d.
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DR. JAMES ARMOTT.
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ON THE REMEDIAL AGENCY OF A LOCAL AN/ESTHENIC

OR BENUMBING TEMPERATURE, in various painful and inflammatory Diseases,
8vo. cloth, 4s. 6d.

I,
ON INDIGESTION; its Pathology and its Treatment, by the Local

Application of Uniform and Continuous Heat and Moisture. With an Account of an
improved Mode of applying Heat and Moisture in Irritative and Inflammatory Diseases,
With a Plate. 8vo. 5s.

1L,

PRACTICAL ILLUSTRATIONS OF THE TREATMENT OF

OBSTRUCTIONS IN THE URETHRA, AND OTHER CANALS, BY THE
DILATATION OF FLUID PRESSURE. 8vo. boards, 3s.

MR. F. A. ABEL, F.C.5,,
FROFESSOR OF CHEMISTREY AT THE ROVAL MILITARY ACADEMY, WOOLWICH ; AND

MR. C. L. BLOXAM,
DEMONSTREATOR OF FRACTICAL CHEMISTREY IN EING'S COLLEGE.

HANDBOOK OF CHEMISTRY: THEORETICAL, PRACTICAL,
AND TECHNICAL. 8vo. cloth, 154,
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T MR. T. J. ASHTOMN,
SURGEOX TO THE BLENHEIM-3TEEET DISPENSARY.

ON THE DISFASES, INJURIES, AND MALFORMATIONS

OF THE RECTUM AND ANUS. 8vo. cloth, 8s

A TREATISE ON CORNS AND BUNIONS, AND IN-GROW-

! ING OF THE TOE-NAIL: their Causes and Treatment. Post vo. cloth, Ss.6d.

WA R R RARARAS B A

MR. ATKINSOMN.

MEDICAL BIBLIOGRAPHY. Vol I. Royal 8vo. 16s.
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ROYAL COLLEGE OF PHYSICIANS.

DR. WILLIAM BALY, F.RS,
ABRISTANT FPHYSICIAN TO ST: B..l.'B:T‘!!.f.ILﬂ!.IEW"H. HOSFITALS AND

DR. WiLLlap W, GULL,

ASRIRTANT PHYEICIAN TOo GUY'S HOSPITAL.

REPORTS ON EPIDEMIC CHOLERA, its Cause and Mode of

Diffusion, Morbid Anatomy, Pathology and Treatment. Drawn up at the desire of the
Cholern Committee. With Maps, 8vo. cloth, 16s.

DR. BARLOWY, |
FOYSICIAN TO GUY'S HOSPITAL.

A MANUAL OF THE PRACTICE OF MEDICINE. Feap. 8ve.

cloth, 125, Gd.
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MR. RIGHARD BARWELL, F.R.G.S.,
DEMONSTRATOR OF ANATOMY AT ST, THOMAS'S HOSPITAL.

ASTATIC CHOLERA ; its Symptoms, Pathology, and Treatment. TPost

Bvo. cloth, 4s. Gd.
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DR. BASCOME.
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é A HISTORY OF EPIDEMIC PESTILENCES, FROM THE é

EARLIEST AGES, 8vo. cloth, 8s.
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MR, BATEMAR.

MAGNACOPTA : A Practical Library of Profitable Knowledge, commu-
nicating the general Minutise of Chemical and Pharmaceutic Routine, together with the
generality of Secret Forms of Preparations; including Concentrated Solutions of Camphor
and Copaiba in Water, Mineral Succedanenm, Marmoratum, Silicia, Terro-Metallicum,
Pharmacentic Condensions, Prismatic Crystallization, Crystallized Aromatic Salt of Vine-
gar, Spa Waters; newly-invented Writing Fluids ; Etching on Steel or Iron; with an
extensive Variety of ef eeeferw.  Third Edition. 18mo. 6s.

MPR. LIONEL J. BEALE, M.R.G. 5.

THE LAWS OF HEALTH IN THEIR RELATIONS TO MIND

AND BODY, A Series of Letters from an Old Practitioner to a Patient.  Post Bva,
eloth, 7s. Gaf. f

MR. BEASLEY,

THE BOOK OF PRESGRIPTIONS: containing 2900 Prescriptions.

Collected from the Practice of the most eminent Physicians and Surgeons, English
and Foreign. 24mo. cloth, Gs.

THE DRUGGISTS' GENERAL RECEIPT-BOOK : comprising a

copious Veterinary Formulary and Table of Veterinary Materia Medica ; Patent and
Proprietary Medicines, Droggists’ MNostrums, &c.; Perfumery, Skin Cosmetics, Hair
Cosmetics, and Teeth Cosmetics; Beverages, Dietetic Articles, and Condiments; Trade
Chemicals, Miscellaneous Preparations and Compounds used in the Arts, &c.; with
useful Memoranda and Tables. Third Edition. 24moe, cloth, Gs.

IIl.

THE POCKET FORMULARY AND SYNOPSIS OF THE
BRITISH AND FOREIGN PHARMACOP(EIAS; comprising standard and
approved Formule for the Preparations and Compounds employed in Medical Practice.

Sixth Edition, corrected and enlarged. 2dmo. cloth, 6s.
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DR. O'B. BELLINGHARM.

ON ANEURISM, AND ITS TREATMENT BY COMPRESSION.

12mo. cloth, 4=
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DR. HENRY BENMET,
LATE PRYSICIAN ACCOUCHEUR TO THE WESTELN GENERAL DISPENSARY.

A PRACTICAL TREATISE ON INFLAMMATION AND

OTHER DISEASES OF THE UTERUS. Third Edition, revised, with additicns,
Bvo. cloth, 12s. Gd.

R

MR. P. HINCKES BIRD, F.R.C.B.

PRACTICAL TREATISE ON THE DISEASES OF CHILDREN

AND INFANTS AT THE BREAST. Translated from the French of M. Bovenvr,
with Netes and Additione, 8ve. cloth. 205
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DR. GOLDING BIRD, F.R.S.

URINARY DEPOSITS ; THEIR DIAGNOSIS, PATHOLOGY,

AND THERAPEUTICAL INDICATIONS., With Engravings on Wood. Fourth
Edition. Post 8vo, cloth, 105, Gd.

ELEMENTS OF NATURAL PHiLﬂS(]PH‘f: being an Experimental

Introduction to the Study of the Physical Sciences. Tlustrated with numerous Engray-
ings on Wond. Fourth Edition. By Golmixe Birp, M.Ix, F.R.S, and CmirLEs
Brookg, M.B. Cantab,, FR.S.  Feap. 8vo. cloth, 125 64,
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DR. JAMES BIRD, FRCS,

LATE POYSICIAN-GENERAL OF THE BOMBAY ARMY, AND LECTUREE ON MILITARY SURGERY
AT 3T. MARY'S HOSPITAL.

THE PRINCIPLES AND PRACTICE OF MILITARY SUR-

GERY, MILITARY MEDICINE, AND HYGIENE. In Two Vols, 8vo. The
First Violuwine searly ready.
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VEGETABLE CHARCOAL ; with Practical Remarks on its Use in Chronic Affec-
tions of the Stomach and Bowels.  8vo. cloth, 3s Gd.

MR. JAMES BIRD, M.RCS. |
ON THE MEDICINAL AND ECONOMIC PROPERTIES OF

DR. BLAKISTOMN, F.R.S.,

LATE POHYSICIAN TO THE BIRMINGHAM GENERAL HOSPITAL.

PRACTICAL OBSERVATIONS ON CERTAIN DISEASES OF

THE CHEST; and on the Principles of Auscultation. 8vo. cloth, 12s.

DR. JOHN W. F. BLUNDELL.

MEDICINA MECHANICA ;

A: or, the Theory and Practice of Active and
Pazsive Exercises and Manipulations in the Cure of Chronie Discase.  Post 8vo, cloth, Gs.

MR. JOHN E. BOWMAN,
| PRGFESSOR OF PRACTICAL CHEMISTRY IN KING'S COLLEGE, LONDON.
|

PRACTICAL CHEMISTRY, umludmfr Analysis, With numerous Illus-
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trations on Wood. Second Edition. Fﬂulaap 8vo. cloth, 6s. 6d,

Feap. 8vo. cloth, 6s. 6id.

g MEDICAL CHEMIST RY; with Iunat;ahons on Wood. Third Edition. g



i DR. JAMES BRIGHT.

ON DISEASES OF THE CHEST AND AIR PASSAGES;

with a Review of the several Climates recommended in these Affections. Second Edi-
tion. Post 8vo. cloth, 7s. 6d.
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MR. ISAAC BAKER BROWN, F.R.C.S,
SURGEON ACCOUCHEUR TO ST. MARY'S HOSPITAL.

ON SOME DISEASES OF WOMEN ADMITTING OF SUR-

GICAL TREATMENT. With Plates, 8vo. cloth, 10s, 6d,
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MR. BERNARD E. BERODHURST,
ASSISTANT SURGEON TO THE REOYAL ORTHOFEDIC HOSPITAL.

ON LATERAL CURVATURE OF THE SPINE: its Pathology and

Treatment. Post Bvo. cloth, with FPlates, 3s.

DR. BUDD, F.R.S,
PROFESSOR OF MEDICINE IN KING'S COLLEGE, LONDON.

$
% ON DISEASES OF THE LIVER
¢

Illustrated with Coloured Plates and anmﬂngﬂ on Wood. Third Edition., Preparing.

ON THE ORGANIC DISE J'LSES AND FUNCTIONAL DIS-

ORDERS OF THE STOMACH. 8vo. cloth, 9s.
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DR, WILLOUGHBY BURSLEM,
SENIOR PHYSICIAN TO THE BLENHEIM STREET DISFENSARY.

Bvo. cloth, 5s.

DR. GAHF‘ENTER, F.R.S,

PRINCIPLES OF HUMAN PHYSIGLQGY " With numerous Illus-

trations on Steel and Wood., Fifth Edition. 8ve. cloth, 265

PRINCIPLES OF COMPARATIVE PHYSIOLOGY. iustrated

with 300 Engravings on Wood. Fourth Edition. 8vo. cloth, 24s.
IIE

_ A MANUAL OF PHYSIOLOGY. With numerous Illustrations on

Steel and Wood., Second Edition. Fcap. 8vo. cloth, 125, 6d.

THE MICROSCOPE AND ITS REVELATIONS. With nume-

rous Engravings on Wood. Feap. 8vo.  Ready in January.
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MR, ROBERT B. CARTER, M.R.C.S.

ON THE INFLUENCE OF EDUCATION AND TRAINING

IN PREVENTING DISEASES OF THE NERVOUS SYSTEM. Feap. 8vo., Gs.
Il

THE PATHOLOGY AND TREATMENT OF HYSTERIA. Post

Bvo. cloth, 4= G,
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DR. CHAMBERS,
TUYSICIAN TO ST. MARY'S NOSPITAL,

DIGESTION AND ITS DERANGEMENTS. Post 8vo. cloth, 10s. 6d.
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MR. H. T. CHAPMAN, F.R.C.8.

THE TREATMENT O OBSTINATE ULCERS AND CUTA-
NEOUS ERUPTIONS OF THE LEG WITHOUT CONFINEMENT.  Second

VARICOSE VYEINS: their Nature, Conzequences, and Treatment, Pallia-
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g}r tive and Curative. Post 8vo,  fa the Press,
% DR. G. C. CHILD.
|

ON INDIGESTION, AND CERTAIN BILIOUS DISORDERS

OFTEN CONJOINED WITH IT. Second Edition, &vo, cloth, Gs.
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SIR JAMES CLARK, M.D, BART,

FHYSRICIAR TO THE QUEEN.

- THE SANATIVE INFLUENCE OF CLIMATE. With an Account
| of the Principal Places resorted to by Invalids in England, South of Europe, the Colo-
! nies, &c.  Fourth Edition, revised. Post 8vo. cloth, 10z, Gd.

T

MR. J. PATERSON CLARK, M.A,

DENTIET EXTRAORDINARY TD HIS ROVAL NIGENESE PRINCE ALBERT.

THE ODONTALGIST; or, HOW TO PRESERVE THE TEETH,

CURE TOOTHACHE, 1'1\[} REGULATE DENTITION FROM INFANCY
TO AGE. With plates, Post fvo. cloth, 5s.
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DR. COMOLLY.

THE CONSTRUCTION AND GOVERNMENT OF LUNATIC

ASYLUMS AND HOSPITALS FOR THE INSANE. With Plans. Post Bvo.
cloth, Ge,
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MR. BERANSBY B. COOPER, F.R.S. f

LECTURES ON THE PRINCIPLES AND PRACTICE OF SUR- §

GERY. fvo. c‘luth 213,
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MR. W. WHITE COOPER,
OPHTHALMIC SURGEDN TO 5T. MARY'S HOSPITAL,

ON NEAR SIGHT, AGED SIGHT, IMPAIRED VISION,

AND THE MEANS OF ASSISTING SIGHT. With 31 Hlustrations on Wood.
Second Edition. Feap. 8vo. cloth, 7s. Gd.

MR. COOPER,
LATE PROFESROR OF SURGERY IN THE UNIVERSITY COLLEGE, LONDON.

A DICTIONARY OF PRACTICAL SURGERY ; comprehending all

the most interesting Tmprovements, from the Earliest Times down to the Present Period.
Seventh Edition. One very thick volume, 8vo., 11, 10s,
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; MR. COOLEY.
COMPREHENSIVE SUPPLEMENT TO THE PHARMACOREIAS.

- -
THE CYCLOPZAEDIA OF PRACTICAL RECEIPTS, AND COL-
LATERAL INFORMATION IN THE ARTS, MANUFACTURES, AND
TRADES, INCLUDING MEDICINE, PHARMACY, AND DOMESTIC ECO-
L NOMY ; designed as a Compendions Book of Reference for the Manufacturer, Trades-

? man, Amateur, and Heads of Families. Third and greatly enlarged Edition, 8ve.
Ready in Janvary.
SIR ASTLEY COOPER, BART. F.R.S.
ON THE STRUCTURE AND DISEASES OF THE TESTIS.
Illustrated with 24 highly finished Coloured Plates. Second Edition, Royal 4to.
% Reduced from £3. 3s. fo £1. 10s,

DR. COTTON,
ASHEISTANT PHYSICIAN TO THE HOSFITAL FOR CONSUMPFTION, BEOMIPTON.

I

ON CONSUMPTION: 1Its Nature, Symptoms, and Treatment. To
which Eszay was awarded the Fothergillion Gold Medal of the Medical Society of
London. 8vo. cloth, 8s.

PHTHISIS AND THE STETHOSCOPE: a concise Practical Guide

to the Physical Diagnosis of Consumption. Foolscap 8vo. cloth, 3s. Gd.

S

MR. COULSOMN,
SURGEON TO S5T. MARY'S MOSPITAL.

ON DISEASES OF THE BLADDER AND PROSTATE GLAND.

The Fourth Edition, revised and enla.rgﬂ] Bvo. cloth, 10s. 6d.

# ON LITHOTRITY AND LITHOTOMY: with Engravings on Wood.

8vo. cloth, 8s.

ON DISEASES OF THE JOINTS. svo. In the Press.
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DR. JOHN GREEN CROSSE, F.R.S. };

i CASES IN MIDWIFERY, arranged, with an Introduction and Remarks

by Epwarp Coreman, M.D., F.R.C.5. 8vo. cloth, 7s. Gd,
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MR. CURLING, F.RS.,
| SURGEON TO THE LONDON MOSFITAL-

OBSERVATIONS ON DISEASE;‘S OF THE RECTUM. Second

Edition. 8vo. cloth, 5s,

A PRACTICAL TREATISE {}N- DISEASES OF THE TESTIS,
Ei‘tl:';llll'-i:;TlC CORD, AND SCROTUM. Second Edition, with Additions. &vo,

MR. JOHN DALRYMPLE; F.R.5, F.R.CS,

PATHOLOGY OF THE HUMAN EYE. Complete in Nine Fasciculi:

imperial 4to., 20s. each; half-bound morocco, gilt tops, 91, 15s.
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DR. DAVEY,

% FOEMERLY OF THE COUNTY OF MIDDLESEX LUNATIC ABYLTUMS AT HANWELL AND

COLNEY HATCH-

ON THE NATURE AND PROXIMATE CAUSE OF IN-

SANITY. Posi 8vo. cloth, 3s.
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DR. HERBERT DAVIES,

SENIOERE PHYSICIAN TO THE ROYAL INFIEMARY FOE DISEASER OF THE CHEST.

. ON THE PHYSICAL DIAGNOSIS OF DISEASES OF THE

LUNGS AND HEART. Second Edition. Post 8vo. cloth, 8.

MR, DIXOM,
SURGEON TO THE ROYAL LOBDON OPHTHALMIC HOSPITAL:

l A GUIDE TO THE PRACTICAL STUDY OF DISEASES OF

THE EYE. Post 8vo. cloth, Bs. 6d.

NEURALGIA: its varions Forms, Pathology, and Treatment. Tz

I
| DR. TOOGOOD DOWRNING.
|
' JackSONIAR Prize Essay rom 1850. Bvo. cloth, 10s Gd.

ety

; %I DR. DRUITT, F.R.C.S.

THE SURGEON'S VADE-MECUM; with numerous Engravings on §
*

Wood. Sixth Edition. Foolscap 8vo. cloth, 125, 6d.
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FHYSICIAN TO THE NOERTHEEN HOSPITAL, LIVERFOOL, ETC.

SKETCHES OF BRAZIL; including New Views on Tropical and

European Fever; with Remarks on a Premature Decay of the System, incident to Eure-
peans on their Return from Hot Climates.  Post 8vo. cloth, 8.

DR. JAMES F. DUNCAMN.

POPULAR ERRORS ON THE SUBJECT OF INSANITY EXA-

MINED AND EXPOSED, Foolscap 8vo, cloth, 4z, 6d.

DR. JOHN G. EGAN,

FORMERLY SURGEON TO THE WESTMORELAND LOCE HOSPITAL-

SYPHILITIC DISEASES: THEIR PATHOLOGY, DIAGNOSIS,
AND TREATMENT : including Experimental Researches on Inoculation, as a Diffe-
rential Agent in Testing the Character of these Affections. 8vo. cloth, 9s.

SIR JAMES EYRE, M.D,

THE STOMACH AND ITS DIFFICULTIES., Third Edition.

Feap. Bvo. cloth, 2s. 6d.

! PRACTICAL, REMARKS ON SOME EXIAUSTING DIS-

T EASES. Second Edition. Post 8vo. cloth, 4s. 6d.

MR. FERGUSSON, F.R.S,,
PROFESSOR OF SURGERY IN KING'S COLLEGE, LONDON.

A SYSTEM OF PRACTICAL SURGERY; with numerous Illus-

trations on Wood. Third Edition. Feap. Bvo. cloth, 125 6.

DR. ERNEST VON FEUCHTERSLEBEM.

DIETETICS OF THE SOUL. Translated from the Seventh German

Edition. Foolscap 8vo, cloth, 5s.

DR. D. J. T. FRANCIS.

o CHANGE OF CLIMATE; considered as a Remedy in Dyspeptic, Pul-

monary, and other Chronic Affections; with an Account of the most Eligible Places of
Residence for Invalids In Spain, Portugal, Algeria, &e., at different Seasons of the Year;
and an Appendix on the Mineral Springs of the Pyrenees, Vichy, and Aix les Bains.
Post 8vo. cloth, s, 6d.
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}!’: C. REMIGIUS FRESENIUS. i

ELEMENTARY INSTRUCTION IN CHEMICAL ANALYSIS,
AS PRACTISED IN THE LABORATORY OF GIBSSEN. Edited by LLOYD

Quarrrarive; Fourth Edition.  8ve. eloth, 9s.
QuaNTiTaTive. Second Edition. Bvo. cloth, 15s.
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MR. FRENCH, F.R.C.S.,
SURGEON TO THOE INFIRMARY OF ST. JAMES'S, WESTMINSTER.

THE NATURE OF CHOLERA INVESTIGATED. Second Edition.

Bvo. cloth, 45
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MR. FOWNES, PH.D., F.R.5.

L
A MANUAL OF CHEMISTRY : with numerous Illustrations on Wood.
Fifth Edition, Feap. 8vo. cloth, 12s, Gd.
Edited by H. Bexce Joxes, M.I,, F.R.8,, and A. W. Horxaxx, Pu.D., F.R.S

¥
é CHEMISTRY, AS EXEMPLIFYING THE WISDOM AND

BENEFICENCE OF GOD. Second Edition. Ft_':lp.. &vo, cloth, 4. 6d,
? INTRODUCTION TO QU:"LLI'L"L'I‘I", F ANALYSIS. Post 8vo. cloth, 2s.
§' CHEMICAL TJ"‘LBLLS. Folio, price 2s. 6d.
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DR. FULLER,
ASSISTANT PHYSICIAN TO §T. GEORGE'S HOSFITAL.

ON RHEUMATISM, RHEUMATIC GOUT, AND SCIATICA:

their Pathology, Symptoms, and Treatment. Second Edition. 8vo. cloth. Jn the Press.
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DR. GAIRDMNER.

ON GOUT; its History, its Causes, and its Cure. Third Edition. Post
#vo. cloth, 8 G,

8t

M R. GALLOWA Y.

. THE FIRST STEP IN G]IL}HSTHY Su:m:{] Edition. Fcap. 8vo. ?

cloth, 55

y
é A MANUAL OF QUALITATIV E ANALYSIS., Post 8vo. cloth, 4s.
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MR. ROBERT GARNER,

SURGEQON TO THE NORTH STAFFORDSHIERE INFIEMARY, ETC.

EUTHERAPEIA : or, AN EXAMINATION OF THE PRINCIPLES
OF MEDICAL SCIENCE, including Researches on the Nervous System. Illustrated
with 9 Engravings on Copper, and Engravings on Wood, 8vo. eloth, 8s,
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DR. GAVIN.

ON FEIGNED AND FACTITIOUS DISEASES, chiefly of Soldiers

and Seamen; on the means used to simulate or produce them, and on the best Modes of
discovering Impostors; being the Prize Essay in the Class of Military Surgery in the
University of Edinburgh. 8vo. cloth, 9s.
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DR. GLOVER.

ON THE PATHOLOGY AND TREATMENT OF SCROFULA;

? being the Forthergillian Prize Essay for 1846. With Plates. 8vo. cloth, 105, Gd.
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DR. GRANVILLE, FR.S.
ON SUDDEN DEATH, Post 8vo. cloth, 7s.
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MR. GRAY, M.R.C.S.

PRESERVATION OF THE TEETH indispensable to Comfort and

Appearance, Health, and Longevity. 18mo. cloth, s,
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MR, GRIFFITHS.

CHEMISTRY OF THE FOUR SE_"{S{)VS—Spung, Summer,

Autumn, Winter. Illustrated with Engravings on Weed., Second Edition. l-untsmp
8vo. cloth, Ts. Gd.
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DR. GULLY.

THE WATER CURE IN CHRONIC DISEASE: an Exposicion of

the Causes, Progress, and Terminations of various Chronic Diseases of the Viscera, Nervous
System, and Limbs, and of their Treatment by Water and other Hygienic Means.
o Fifth Edition. lemp vo. sewed, 2. Gd.

THE SIMPLE TREATMENT UI' DISE&SE deduced from the

| Methods of Expectancy and Revulsion. 18mo. cloth, 4,
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DR. GUY,
PHYSICIAN TDO KING'S COLLEGE HOSPITAL.

HOOPER'S PHYSICIAN'S VADE-MECUM; or, MANUAL OF
THE PRINCIPLES AND PRACTICE OF PHYSIC. New Edition, considerably
enlarged, and rewritten. Foolscap 8vo. cloth, 12¢. Gd.
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GUY'S HOSPITAL REPORTS. Third Series. Vol. I, 8vo. 7s. 6d.

DR. MARSHALL HALL, F.R.S5.

PRACTICAT, OBSERVATIONS AND SUGGESTIONS IN MEDI-

CINE. DPost 8vo. cloth, 8z Gd,
DITTO, 2etond Series. Post Bvo. cloth, 85 Gd.

R B R R I e

MR. HARDWICH,
LATE DEMONSTRATOR OF CHEMISTREY, KING'S COLLEGE.

A MANUAL OF PHOTOGRAPHIC CHEMISTRY. Second

Edition. Foolscap 8vo. cloth, 6z Gd.

EA R E i R Pt

CAUSES, AND TREATMENT OF CURVATURES OF THE SPINE; with
Engravings., Third Edition. 8vo, cloth, Gs.

MR. HARRISOMN, F.R.C.S.

THE PATHOLOGY AND TREATMENT OF STRICTURE OF

THE URETHRA. #&vo. cloth, Ts Gd.

B R A A

MR. HARE, M.R.C.S.
PRACTICAL OBSERVATIONS ON THE PREVENTION,

MR. JAMES B. HARRISON, F.R.C.S. '

ON THE CONTAMINATION OF WATER BY THE POISON

OF LEAD, and itz Effects on the Human Body. Foolseap $vo. cloth, 3s. 6d.

e e B R T R R

MR. ALFRED HAVILAND, M.R.C.S.

CLIMATE, WEATHER, AND DISEASE; bveing a Sketch of the

Opinions of the most celebrated Ancient and Modern Writers with regard to the Influence
of Climate and Weather in producing Disease. With Four coloured Engravings. 8vo.
cloth, 7.

MR. HIGGINBOTTOM, F.R.CS.

ADDITIONAL (]BSER"E'ATIUNSI’. ON THE NITRATE OF SIL-

VER; with full Directions for its Use as a Therapeutic Agent. 8ve., 25, 6d.

AN ESSAY ON THE USE OF THE NITRATE OF SILVER !
IN THE CURE OF INFLAMMATION, WOUNDS, AND ULCERS. Second
Edition. Price bs.

Exicr~ot : S
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DR HEADLAMD.

ON THE ACTION OF MEDICINES IN THE SYSTEM.

I Being the Prize Essay to which the Medical Society of London awarded the Fother-
gillian Gold Medal for 1852, Second Edition. 8vo. cloth, 10s.

P gl Sl R Al

MR. JOHN HILTON, F.R.S, i
SURGEON TO GUY'S MOSTITAL

ON THE DEVELOPMENT AND DESIGN OF CERTAIN POR-

TIONS OF THE CRANIUM. Illustrated with Plates in Lithography. &vo. cloth, 6s.

DR. HINDS.

THE HARMONIES OF PHYSICAL SCIENCE IN RELATION

TO THE HIGHER SENTIMENTS; with Observations on Medical Studies, and on
the Moral and Scientific Relations of Medical Life. Post 8vo., cloth, 5s.

(e e

MR. LUTHER HOLDEN, FRC.S,
DEMONSTRATOR OF ANATOMY AT S5T. BARTHOLOMEW'S HOSPITAL.

HUMAN OSTEOLOGY : with Plates, showing the Attachments of the
Muscles. 8vo. cloth, 165,

s

MR. C. HOLTHOUSE,

ASBISTANT EBURGHEON AND LECTURER ON ANATOMY TO THE WESTMINSTER HOBPITAL.

LECTURES ON STRABISMUS, delivered at the Westminster Hospital.

Bvo. cloth, 4s.

a2y (ot
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DR. W. CHARLES HOOD,

BESIDENT PHYSICIAN AND SUPERINTEXDENT OF BETHLEM HOSPITAL. r

SUGGESTIONS FOR THE FUTURE PROVISION OF CRIMI-

NAL LUNATICS. 8vo. cloth, 55 6d.

o e

MR. JOHM HORSLEY.

A CATECHISM OF CHEMICAL PHIL{]SD?HY being a Familiar

Exposition of the Principles of Chemistry and Physics. With F‘nnnﬂngs on Wood, |
Designed for the Use of Schools and Private Teachers. Post Bvo. cloth, s, Gd. !

s,

]
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* DR. HEMRY HUNT,
MEMBER OF THE BEOVAL COLLEGE OF PHYSICIANS, LONDOXN.

ON HEARTBURN AND INDIGESTION. 8vo. cloth, 5s.
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MR. THOMAS HUNT, M.R.C.S.

THE PATHOLOGY AND TREATMENT OF CERTAIN DIS-

EASES OF THE SKIN, generally pronounced Intractable. INustrated by upwards
of Forty Cases.  fivo, clath, Ge.

DR. ARTHUR JACOB, F.R.C.S,
FROFESSOR OF ANATOMY AND FPHYSIOLOGY IN THE ROYAL COLLEGE OF SURGEONS IN IRELAND.

A TREATISE 0¥ THE INFLAMMATIONS oF THE EYE-BALL.

Foolscap &vo. cloth, 5s.

BLE N Eieples LG Gk

DR. JAMES JAGO, A.B. CANTAB.; N.B. OXON.:
FPHYSICIAN T0 THE ROYAL CORNWALL INFIRMARY.

OCULAR SPECTRES AND STRUCTURES AS MUTUAL EXPO-

NENTS. Iustrated with Engravings on Wood. Bve.  fa fle Press,

T

DR. HANDFIELD JONES, F.R.S.

ING MORBID CONDITIONS OF THE STOMACH. Coloured Plates, 8vo. eloth, 95,

wrara

DR. HAMDFIELD JOMES, F.R.S, & DR. EDWARD H. SIEVEKING.

A MANUAL OF PATHOLOGICAL ANATOMY. TDlustrated with

numerous Engravings on Wood. Foolscap 8vo. cloth, 12s. Gd.

§ ]
§ PATHOLOGICAL AND CLINICAL OBSERVATIONS RESPECT- %
? b

B e )

MR. WHARTOM JOMES, F.R.3,
PROFESS0E OF OPFITHALMIC MEDICINE AND SURGERY 1N UNIVERSITY COLLEGE.

A MANUAL OF THE PRINCIPLES AND PRACTICE OF

OPHTHALMIC MEDICINE AND SURGERY ; illustrated with Engravings, plain
and coloured. Second Edition. Foolscap 8vo. cloth, 125, Gd.

11.
THE WISDOM AND BENEFICENCE OF THE ALMIGHTY,
AS DISPLAYED IN THE SENSE OF VISION: Leing the Actonian Prize Essay
for 1851. With Illustrations on Steel and Wood. Foolscap Sivo. cloth, 4= 6d.

Pomps e Sy et

DR. BEMCE JOMNES, F.RS.

% ON ANIMAL CHEMISTRY, in its relation to STOMACH and RENAL
%

DISEASES. 8vo. cloth, Gs.
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MR, KNAGGS.

UNSOUNDNESS OF MIND CONSIDERED IN RELATION TO |
THE QUESTION OF RESPONSIBILITY IN CRIMINAL CASES. 8vo. cloth,

MR. LAVWRENCE, F.R.S.

A TREATISE ON RUPTURES. The Fifth Edition, considerably

enlarged. 8vo. cloth, 16s :

B L R R

MR. LAWRENCE, M.R.C.S.

THE DIAGNOSIS OF SURGICAL CANCER. The Liston Prize

Essay for 1854, Plates, 8vo. cloth, 4s. 6d.

BR. HUNMTER LANE, F.L.S.

A COMPENDIUM OF MATERIA MEDICA AND PHARMACY;

adapted to the London Pharmacopeia, 1851, embodying all the new French, American,
and Indian Medicines, and also comprising & Summary of Practical Toxicology. Second

Edition. 24mo. cloth, 5s Gd.

AR A, B e

MR. EDWIN LEE.

THE WATERING PLACES OF ENGLAND, CONSIDERED

with Reference to their Medical Topography. Third Edition, Foolscap 8vo. cloth,
s, G,

THE BATHS OF FRANCE, CENTRAL GERMANY, & Third

Edition. Post 8vo. cloth, 6z Gd.

1o <2 S ot

111

THE BATHS OF RHENISH GERMANY. Post 8vo. 2s. 6d.

MR, HENRY LEE, FRCS,
SURGEON TO THE LOCK HMOSPITAL.

PATHOLOGICAL AND SURGICAL OBSERVATIONS; including

an Essay on the Surgical Treatment of Hemorrhoidal Tumors.  8vo. cloth, 7s. 6d.

g ol il

DR. ROBERT LEE, F.R.S.

CLINICAT, REPORTS OF OVARIAN AND UTERINE DIS-

EASES, with Commentaries. Foolscap 8vo. cloth, 6s. 6d.
1T,

GLINIGAL MIDWIFERY ; comprising the Histories of 545 Cases of

Difficult, Preternatoral, and Complieated Labour, with Commentaries. Second Edition.
Foolseap 8vo. cloth, 5s,

I1I.

ua;
PR#?TIGAL OBSERVATIONS ON DISEASES OF THE i

ERUS. With coloured Plates. Two Parts, TImperial 4to., 75 Gd. each Part.
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MR. CHURCHILL'S PUBLICATIONS,
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MR. LISTON, F.R.S.

PRACTICAL SURGERY. Fourth Edition. 8vo. cloth, 22s.

T T S e

LONDON MEDICAL SOCIETY OF OBSERVATIONM.

WHAT TO OBSERVE AT THE BED-SIDE, AND AFTER

DEATH. Published by Autherity, Second Edition. Foolscap 8vo. cloth, 4s. 6d.

T e

MR EDVWARD F. LONSDALE,
SURGEON TO THE ROVAL ORTHOPEDIC MOSPITAL.

OBSERVATIONS ON THE TREATMENT OF LATERAL CUR-

VATURE OF THE SPINE, Becond Edition. Gvo. cloth, Gs.

M., LUGOL.

ON SCROFULOUS DISEASES. Translated from the French, with

Additiens by W. H, RANKING, M.D., Physician to the Suffolk General Hospital.
fvo. cloth, 10s. Gd.

MR. JOSEPH MACLISE, F.R.C.S.
SURGICAL ANATOMY. A Series of Dissections, illustrating the Prin-
cipal Regions of the Human Body.

The singular success of this Work cxhausted the First Edition of 1000 Copies within six
months of its completion,

The Second Edition, now in course of publication, Fasciculi I. to XI. Tmperial folio,
Ss. each.

S R R R A L

MR. MACILWAIN,

ON TUMOURS, THEIR GENERAL NATURE AND TREAT-

MENT. 8vo. cloth, 5s

B

s

DR. MAYNE.

AN EXPOSITORY LEXICON OF THE TERMS, ANCIENT
AND MODERN, IN MEDICAL AND GENERAL SCIENCE, including a com-
plete MEDICAL AND MEDICO-LEGAL VOCABULARY, and presenting the
correct Pronunciation, Derivation, Definition, and Explanation of the Names, Analogues,
Synonymes, and Phrases (in English, Latin, Greek, French, and German,) employed in
Science and connected with Medicine. Parts I. to IV, price 5s. each.

o

T

DR. WM. H. MADDERM.

THOUGHTS ON PULMONARY CONSUMPTION ; with an Appen- |

dix on the Climate of Torquay. Post 8vo. cloth, 55
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ME. CEURUHILL,S PUBLICATIONS.
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' DR. MARTIN.

THE UNDERCLIFF, ISLE OF WIGHT: its Climate, History,

and Natural Productions. Post 8vo. cloth, 10s. Gd.

MR, J. RANALD MARTIN, F.RS.,
LATE PRESIDENCY SUEGEON, AND SURGEON TO THE NATIVE HOSFITAL, CALCUTTA.

THE INFLUENCE OF TROPICAL CLIMATES ON EURO-
PEAN CONSTITUTIONS. Originally by the late Jaxes Jomxsox, M.D., and now

entirely rewritten; including Practical Observations on the Diseases of European Invalids
on their Return from Tropieal Climates. Seventh Edition. 8vo. cloth, 16z

D e

DR. MASOMN,

INVENTOR OF MASON"S HYDREOMETER.

ON THE CLIMATE AND METEOROLOGY OF MADEIRA:

Edited by James Sueripan Kxowies; to which are attached a Review of the State of
A Agriculture and of the Tenure of Land, by Grorce Peacock, DD, F.RL.S.; and an
? Historical and Deseriptive Account of the Island, and Guide to Visitors, h'. Jourx DRIver,
Consul for Greece, Madeira. 8vo. cloth, 18s.; royal fve. £1, 11s, Gd.

DR. MASSY
ON THE EXAMINATION OF RECRUITS; intended for the Use of

Young Medical Officers on Entering the Army. 8vo. cloth, 5

DR. CHARLES D. MEIGS,

PROFESSOR OF MIDWIFERY AND THE DISEASHE OF WOMEN AXD CHILDREN IN JEFFERSON
MEDICAL COLLREGE, U.8.

A TREATISE ON ACUTE AND CHRONIC DISEASES OF

THE NECK OF THE UTERUS. With numerons Plates, coloured and plain, 8vo.

cloth, 25s.
L LA LU L LA
DR. MEREI,
LECTURER ON THE DISEASES 0F CHILDREN AT THE CHATHAM STREET BECHOOL OF MEDICINE,
MANCHESTER.

ON THE DISORDERS OF INFANTILE DEVELOPMENT AND
RICKETS: preceded by Observations on the Nature, Peenliar Influence, and Modifyi ing
Agencies of Temperaments. 8vo. cloth, 6s.

mmmpp—r

h MR. JOHM L. MILTON, M.R.C.S.

PRACTICAL OBSERVATIONS ON A NEW WAY OF
EiE;?:ﬁl‘:;? GONDREHEA. With some Remarks on the Cure of Inveterate Cases.
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DR. MILLINGEM.

ON THE TREATMENT AND MANAGEMENT OF THE IN-

SANE; with Considerations on Public and Private Lunatic Asylums, 18mo. cloth,
| As. fid,

"'——5&*‘%{}

SERERAEMBIOE R

DR. MONRO, |
FPELLOW OF THE ROYAL COLLEGE OF PIIVSICIANS. |

| REMARKS ON INSANITY: itsLNﬂ,t-ure and Trmtment. 8vo. cloth, 6s.
AN ESSAY ON STAMMERING. 8vo. 2. 6a

III.

REFORM IN PRIVATE LUNATIC ASYLUMS. 8ve. cloth, 4s.

DR. MOBLE.

ELEMENTS OF PSYCHOLOGICAL MEDICINE: AN INTRO-

DUCTION TO THE PRACTICAL STUDY OF INSANITY. Second Edition. Bvo.

R LA LA

DR. J. NOTTINGHAM,
SURGEON TO THE 5T. ANNE'S EYE AND EAR INSTITUTION, LIVERFOOL.

PRACTICAL OBSERVATIONS ON CONICAL CORNEA, AND

on the Short Sight, and other Defects of Vision connected with it.  8vo. cloth, 6s.

§ [
cloth, 10s.
% THE BRAIN AND ITS PHYSIOLOGY. Post 8vo. cloth, 6s. %

i MR, MOURSE, M.R.C.S,

. TABLES FOR STUDENTS. Price One Shilling.

1. Divisions and Clazses of the Animal Kingdom.

2, Classges and Orders of the Vertebeate Sub-kingdom.

4. Classes of the Vegetable Kingdom, aceording to the Natural and Artificial Systems.
4. Table of the Elements, with their Chemical Equivalents and Symbols.

-

MR, THOMAS W. MUNM,
TEACHER OF PREACTICAL ANATOMY AT THE MIDDLESEX HNOSPITAL.

A DEMONSTRATION OF THE ARTERIES OF THE UPPER
:‘]\_lN PETFLR“'JI;F IEE!iTRE}'i[II!TY :1 or, 3 New Classification of those Vessels facilitating
eir Study. Feap. 8vo.  Just ready.

MR. NUNMELEY.

:
i A TREATISE ON THE NATURE, CAUSES, AND TREATMENT ¥

OF ERYSIPELAS. #&vo. cloth, 10s 6d.

: L
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@®rfory Evitions.— Edited by Dr. GREENHILL.

I. ADDRESS TO A MEDICAL STUDENT. Second Edition, 18mo. cloth, 2s, 6d.
II. PRAYERS FOR THE USE OF THE MEDICAL PROFESSION. Second
Edition, ¢loth, 1s. Gd,
ITI, LIFE OF SIR JAMES STONHOUSE, BART., M.I). Cloth, 45 6d.
IV. ANECDOTA SYDENHAMIANA. Second Edition, 18mo. 2s,
V. LIFE OF THOMAS HARRISON BURDER, M.D. 18moe. cloth, 4=
¥VI. BURDER'S LETTERS FROM A SENIOR TO A JUNIOR PHYSICIAN,
ON PROMOTING THE RELIGIOUS WELFARE OF HIS PATIENTS. 18mo. sewed, Gd.
VII. LIFE OF GEORGE CHEYNE, M.D. 18mo. sewed, 25, 6d.
VIII. HUFELAND ON THE RELATIONS OF THE PHYBICIAN TO THE
SICE, T0O THE PUBLIC, AND TO HIS COLLEAGUEZ 18mo. sewed, 9d.
IX. GISBORNE ON THE DUTIES OF PHYSICIANS., 18mo. sewed, ls.
X. LIFE OF CHARLES BRANDON TRYE. 18mo. sewed, ls
XI1. PERCIVAL'S MEDICAL ETHICS. Third Edition, 18mo. cloth, 3s.
XII. CODE OF ETHICS OF THE AMERICAN MEDICAL ASSOCIATION. &d.,
XIIl. WARE ON THE DUTIES AND QUALIFICATIONS OF PHYSICIANS.
Bdl

XIV. MAURICE ON THE RESPONSIBILITIES OF MEDICAL STUDENTS.
9d.
XV. FRASER’S QUERIES IN MEDICAL ETHICS. 9d.

" A

MR PAGET,

LECTURER ON PHYSIOLOGY AT 57. BARTHOLOMEW'S HOSPITAL.

A DESCRIPTIVE CATALOGUE OF THE ANATOMICAL

MUSEUM OF ST. BARTHOLOMEW™S HOSPITAL. Vor. I. Morbid Anatomy.
Bivo. cloth, 5s.

DITTO. Vel II. Natural and Congenitally Malformed Structures, and Lists of the
Models, Casts, Drawings, and Diagrams. J5s.

1o B Eipe —ot

B R

MR. LANGSTOM PARKER,
SURGEON T0 QUEEN’S HOSFITAL, BIRMINGHAM,

THE MODERN TREATMENT OF SYPHILITIC DISEASES,

bath _P‘rirrmry and Secondary; comprising the Treatment of Constitutional and Confirmed
Syphilis, by a safe and successful Method. Third Edition, 8voe. cloth, 10s.

L e has S LT

DR. THOMAS B. PEACOGCK, M.D,
ASSISTANT PHYSICIAN TO ST. THOMAS'S HOSPITAL, ETC.

ON THE INFLUENZA, OR EPIDEMIC CATARRHAL FEVER

OF 1847-8. 8vo. cloth, 5s. Gd.

S S o )

DR. PEREIRA, F.R.S.

SELECTA E PRAESCRIPTIS. Twelfth Edition. 24mo. cloth, 5s.

¥. MR. PETTIGREW, F.R.S.

ON SUPERSTITIONS connected with the History and Practice of

Medicine and Surgery., 8vo, cloth, Ts.
. e - =
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i MR. PIRRIE, F.R.8.E., i
REGIVS FROFESEOR OF SURGERY IN THE UNIVERSBITY OF ABERDEEN.

" THE PRINCIPLES AND PRACTICE OF SURGERY., With

numercus Engravings on Wood.,  8vo. cloth, 21s.

e e

PHARMACOP®EIA COLLEGII REGALIS MEDICORUM LON-
DINENSIS. B-.-.!:u, cloth, 85 ; or 24mo. 5z
TMPRIMATUR.

Hic liber, cni titulus, Prarsacop®is CorLecrr ReeAnrs Meprcorus LoNDINERSIS.
Datum ex Adibus Collegii in comitiis censoriis, Novembris Mensis 14 1850,

JoHARNEE AvRroN PARts.  Preses

—

PROFESSORS PLATTNER & MUSPRATT-

TIE USE OF THE BLOWPIPE IN THE EXAMINATION OF

MINERALS, ORES, AND OTHER METALLIC COMBINATIONS. lllustrated
by numerous Engravings on Wood., Third Edition. 8vo. cloth, 40z, 6d.

#.* This Edition has been most carefully revised by Professor MusPrRATT, and received
from him considerable additions.

S e

THE PRESCRIBER'S PHARMACOPEIA ; containing all the Medi-

cines in the London Pharmacopeeia, arranged in Classes according to their Action, with
their Composition and Doses. DBy a Practising Physician. Fourth Edition. 52mo.
cloth, 2s, Gd.; roan tuck (for the pocket), 3s. Gd.

P P P
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DR. JOHN ROWLISON PRETTY.

| AIDS DURING LABOUR, including the Administration of Chloroform,

the Management of Placenta and Post-partum Hamorrhage. Feap. Sivo. cloth, 4s. 6Gd.

SIR WM. P¥YM, K.C.H.,

INSPECTOR=-GENERAL OF ARMY HOSPITALS.

. OBSERVATIONS UPON YELLOW FEVER, with a Review of
. “A Report upen the Discases of the African Coast, by Sir Wx. Burxerr and
! Dr. Brysow,” proving its highly Contagions Powers. Post 8vo. Ga.

B RS R

DR. RICHARD QUAIM,

FEAYSICIAN TO THE HOSPITAL FOR DISEASES OF THE COEST, BROMPTON.

g MATERIALS CONTRIBUTED TOWARDS A BEITER UNDER-

STANDING OF THE NATURE, DIAGNOSIS, AND TREATMENT OF
TUBERCULOUS DISEASES OF THE LUNGS. 8vo. Preparing.
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DR. RADCLIFFE,

ASSISTANT PHYSICIAN TO THE WESTMINSTEE NMOSFITAL:

EPILEPSY, AND OTHER AFFECTIONS OF THE NERVOUS

SYSTEM which are marked by Tremor, Convulsion, or Spasm: their Pathology and
Treatment, 8vo. cloth, 5s.

PROTEUS: OR, THE LAW OF NATURE. 8vo. cloth, 6s
THE PHILOSOPIIY OF VITAL MOTION. svo. cloth, 6s.

st

DR. F. H. RAMSBOTHAM,

PHYSICIAN TO THE ROYAL MATERNITY CHARITY, ETC.

THE PRINCIPLES AND PRACTICE OF OBSTETRIC MEDI-

CINE AND SURGERY. Illustrated with One Hundred and Twenty Plates on Steel
and Wood; forming one thick handsome volume. Third Edition. 8vo. cloth, 22s.

P e b e e

DR. RAMSBOTHAM,
CONSULTING PHYSICIAN TO TOE ROYAL MATERNITY CHARITY.

PRACTICAL OBSERVATIONS ON MIDWIFERY, with a Sclection

of Cases. Second Edition, 8vo. cloth, 12s,

DR. RAMKING & DR. RADCLIFFE.

HALF-YEARLY ABSTRACT OF THE MEDICAL SCIENCES;

being a Practical and Analytical Digest of the Contents of the Principal British and Con-
tinental Medical Works published in the preceding Half-Year; together with a Critical
Report of the Progress of Medicine and the Collateral Sciences during the same period.

Volumes I. to XXIL., Gs. Gd. each.

DR. DU BOIS REYMOND.

ANIMAL ELECTRICITY; Edited by H. BENCE JONES, M.D.,
F.R.8. With Fifty Engravings on Woed. Foolscap 8vo. cloth, 6s.

DR. REYMNOLDS.

CORD, AND THEIR APPENDAGES. #vo. cloth, 8s,

THE DIAGNOSIS OF DISEASES OF THE BRAIN, SPINAL
S - s

s
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i DR. EVANS RIADORE, F.R.C.S5, F.L.S.

I.
ON SPINAL IRRITATION, THE SOURCE OF NERVOUS-
| NESS, INDIGESTION, AND FUNCTIONAL DERANGEMENTS OF THE
| PRINCIPAL ORGANS OF THE BODY. Post Gvo. cloth, 5s. 6d.

THE REMEDIAL INFLUENCE OF OXYGEN, NITROUS

OXYDE, AND OTHER GASES, ELECTRICITY, AND GALVANISM. Post
dvo. cloth, Hs. G,

I11.

ON LOCAL TREATMENT OF THE MUCOUS MEMBRANE

OF THE THROAT, for Cough and Bronchitis. Foolseap 8vo. cloth, 3s.

R

MR. ROBERTOMN,

FORMERLY SENIOR SURGEQN TO THE MANCHESTER AND SALFORD LYING=IN IIOSFITAL.

ON THE PHYSIOLOGY AND DISEASES OF WOMEN, AND

ON PHRACTICAL MIDWIFERY. 8vo. cloth, 125

-

DR. W. H. ROBERTSOMN,

FHYSICIAN TO THE BUXTON BEATH CHARITY.

THE NATURE AND TREATMENT OF GOUT.

Bvo. eloth, 10z, Gid.

1o 2Py ~oi—
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A TREATISE ON DIET AND REGIMEN.

Fourth Editions. 2 vols, pl:léit dvo, ::]nt_h, 122,

_ CDR. ROTH.
ON MOVEMENTS, An Exposition of their Principles and Practice, for

the Correction of the Tendencies to Dizease in Infancy, Childheod, and Youth, and for

the Cure of many Morbid Affections in Adults, Illustrated with numerous Engravings
1 on Wood. 8vo. cloth, 10s,

eerra s s

DR. ROWE, F.S.A.

NERVOUS DISEASES, LIVER AND STOMACH COM-

PLAINTS, LOW SPIRITS, INDIGESTION, GOUT, ASTHMA, AND DIS-
ORDERS PRODUCED BY TROPICAL CLIMATES. With Cases. Fourteenth
Edition, Fecap. 8vo. 25 Gd.

R A e e

o
DR. ROYLE, F.R.S. ?

i A MANUAL OF MATERIA MEDICA AND THERAPEUTICS.

With numerous Engravings on Wood. Second Edition. Feap. 8vo. cloth, 125 Gd.
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MR. CHURCHILL'S PUBLICATIONS.

MR, SAVORY,

MEMERE OF THE SOCIETY OF APOTHECARIES.

A COMPENDIUM OF DOMESTIC MEDICINE, AND COMPA-

NION TO THE MEDICINE CHEST ; eomprising Plain Directions for the Employ-
ment of Medicines, with their Properties and Doses, and Brief Descriptions of the
Symptoms and Treatment of Diseases, and of the Disorders incidental to Infants and |
Children, with a Selection of the most efficacious Preseriptions. Intended as a Source
of Easy Reference for Clergymen, and for Families residing at a Distance from Profes-
sional Assistance. Fourth Edition. 12mo. cloth, 5z

R ey

DR. SHAPTER.

THE CLIMATE OF THE SOUTH OF DEVON, AND ITS IN-

FLUENCE UPON HEALTH. With short Accounts of Exeter, Torquay, Teign-
mouth, Dawlish, Exmoeuth, Sidmouth, &c. Illustrated with a Map geologically eoloured.

Poszt 8vo. cloth, Ts 6d.

THE HISTORY OF THE CHOLERA IN EXETER IN 1832,

Tlustrated with Map and Woodcuts. 8vo. cloth, 12s.

~ e

MR. SHAWY, M.R.C.S.

THE MEDICAL REMEMBRANCER; or, BOOK OF EMER-

GENCIES : in which are concisely pointed out the Immediate Remedies fo be adopted
in the First Moments of Danger from Poisoning, Drowning, Apoplexy, Burns, and other
Accidents; with the Tests for the Principal Poisons, and other useful Information.
Fourth Edition. 32mo. cloth, 25, Gd.

. oo L
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DR. SIBSOM, F.R.5.

MEDICAL ANATOMY. With coloured Plates. Imperial folio. Fasei-

euli I. to TV. 5s each.
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MR. SKEY, F.R.5.

GPFII{JEEITE SURGERY; with Illustrations engraved on Wood. 8vo.
cloth, dos,

DR. SPURGIN.

LECTURES ON MATERIA MEDICA, AND ITS RELATIONS

TO THE ANIMAL ECONOMY. Delivered l:le:fnr-e tlw Royal College of Physicians.
fvo. cloth, 55 Gd.

DR. W. TYLER SMITH,
PHYSICIAN-ACCOUCHEUR TO ST, MARY'S MOSPITAL.

THE PATHOLOGY AND TRMLTMENT OF LEUCORRH(EA. ;

VWith Engravings on Wood. 8vo. cloth, 7s.

THE PERIUDUSGUPE a new Iustrument for determining the Date of \f
Labour, and other Obatetrie Ua.lr.:u.lutmm, with an Explanation of its Uses, and an Essay é
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on the Periodic Phenomena attending Pregnancy and Parturition.  8vo. cloth, 45
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DR. S8NOW.

ON THE MODE OF COMMUNICATION OF CHOLERA.

Second Edition, much Enlarged, and Tllustrated with Maps., 8vo. cloth, 7s

ON THE INHALATION OF CHLOROFORM AND OTHER

MEDICINES, FOR THE PREVENTION OF PAIN AND THE RELIEF OF
DISEASE. 8vo. Nearly ready.
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MR. SQUIRE,
CHEMIST ON HERE MAJESTY'S ESTABLISIMERT.

THE PHARMACOP®EIA, (LONDON, EDINBURGII, AND

DUBLIN,) arranged in a convenient Tasvrar Forar, hoth to suit the Prescriber for

comparison, and the Dispenser for compounding the iurmul:e, with Notes, Tests, and
Tables. &vo. eloth, 125,

J. STEPHENSON, M.D.,, & J. M. CHURCHILL, F.L.S.

MEDICAL BOTANY; oR, ILLUSTRATIONS AND DESCRIP-
TIONS OF THE MEDICINAL PLANTS OF THE PHARMACOPWEIAS; com-
prising a popular and scientifie Account of Poisonons Vegetables indigenous to (ireat
Britain, Edited by GILBERT BURNETT, F.I.S5,, Professor of Dotany in King’s
College,

In three handsome royal 8vo. yolumes, illustrated by Two Humlml Engravings, beau-
tifully drawn and coloured from nature, cloth lettered.

Reduced from £6. Gs. o £4.
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DR. STEGGALL.
STUDENTS' BOOKS FOR EXAMINATION.

A MEDICAL MANUAL FOR M’{}THEE:*,HIES’ HALL AND OTHER MEDICAL
BOARDS. Eleventh Edition. 12mo. cloth, 10s.

I
A MANUAL FOR THE COLLEGE OF SURGEONS; intended for the Use
of Candidates for Examination and Practitioners. Sccond Edition.  12mo. cloth, 10s.
IiL
GREGORY'S CONSPECTUS MEDICINA THEORETICE. The First Part, con-
taining the Original Text, with an Orde Verborum, and Literal Translation. 12mo.
cloth, 10s.

THE FIRST FOUR BOOKS OF EI'LMS, containing the Text, Ordo Ver-

borum, and Translation. Second Edition. 12mo. cloth, 8is,

*4* The above two works comprise the entire Latin Classies required for Examination at
Apulhﬂca.nca Hall.

A TEXT-BOOK OF MATERIA-MEDICA M'ID THERAPEUTICS. 12mo. eloth, 7s.

FIRST LINES FOR CHEMISTS AND DRUGGISTS PREPARING FOR EX-
AMINATION AT THE PHARMACEUTICAL SOCIETY. 18mo. cloth, 3s. Gd.
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; DR. ALFRED TAYLOR, F.R.S,
LECTUREE ON MEDICAL JURISPRUDENRCE AND CHEMISTRY AT GUY'S HOSPITAL.

A MANUAL OF MEDICAL JURISPRUDENCE. Fifth Edition.

Feap. 8vo. cloth, 125 Gd.
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ON POISONS, in relation to MEDICAL JURISPRUDENCE AND
MEDICINE. Feap. 8vo. cloth, 12s. 6d.

.
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MR. TAMPLIN, F.RC.S.E,
SURGEOQN TO, AND LECTUREE 0N DEFORMITIES AT, THE ROYAL ORTHOPEDIC HOSPITAL.

LATERAL CURVATURE OF THE SPINE: its Causes, Nature, and

Treatment. 8vo. cloth, 4s.
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DR. THEOPHILUS THOMPSON, F.R.3.,
PHYSICIAN TO THE BROMPTON NOSPITAL FOR CONSUMPTION AND DISEASES OF THE CHEST.

% CLINICAL LECTURES ON PULMONARY CONSUMPTION.
[
|
|

With Plates. Svo. cloth, Ts, 6d.

HEMNRY THOMPSON, M.B. LOND. F.R.CS,
SURGEON TO THE MARYLEBONE AND TO THE BLENNEIM DISPENSARIES.

1oL ot ——

STRICTURE OF THE URETHRA: its Pathology and Treatment.

'Il‘hel In]sitia Jacksonian Treatise of the Royal College of Surgeons. With Plates. 8vo.
cloth, .

DR. TILT.

ON DISEASES OF WOMEN AND OVARIAN INFLAM-

MATION IN RELATION TO MORBID MENSTRUATION, STERILITY, i
PELVIC TUMOURS, AND AFFECTIONS OF THE WOMB. Sccond Edition. |
8vo. cloth, 9s. !
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THE CHANGE OF LIFE IN HEALTH AND DISEASE: a

Practical Treatise on Diseases of Women at the Critical Time. Second Edition. Feap.
Bvo. Preparing.

MR. TOD, M.R.G.S,

A DISQUISITION ON CERTAIN PARTS AND PROPER-

TIES of the BLOOD, With Illustrative Woodcuts. 8vo., 10s. Gd.
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DR. ROBERT B. TODD, F.RS, i
FAYSICIAN T0 KING'S COLLEGE HOSPITAL.

OLINICAL LECTURES ON PARALYSIS, DISEASES OF THE

BR 'LI\., and other AFFECTIONS of the NERVOUS SYSTEM. Foolscap fvo.

cloth,
| CLINICAL: LECTURES ON [“-F.HTM'S DISEASES OF THE
i' URINARY ORGANS, AND ON DROPSIES. Feap. 8vo. In the Press. :

MR, TUKE.

DR. JACOBI ON THE CONSTRUCTION AND MANAGEMENT
| OF HOSPITALS FOR THE TNSANE. Translated from the German. With In-
! troductory Observations by the Editor. With Plates. 8vo. cloth, 9s. !
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DR. TURNBULL,
FHYSICIAK TO THE LIVERFOOL SONTHERY NOSPITAL,

|
¢
% A TABULAR VIEW AND SYM)PSIS OF THE PHYSICAL

SIGNS AND DIAGNOSIS OF THE DISEASES OF THE LUNGS. With
Woodcauts, mounted on cloth, 55 boards.

AN INQUIRY HOW FAR Q{)\{Sl MPTION 1S CURABLE

WITH OBSERVATIONS ON THE TREATMENT AND ON THE USE Cll'
COD-LIVER OIL AND OTHER REMEDES. Second Edition. Svo. cloth, 4s.

|
|

L

DR. UNDERWOQOD.

| TREATISE ON THE DISEASES OF CIILDREN. Tenth Edition, |

with Additions and Corrections by HENRY DAVIES, M.I). 8vo. cloth, 15 i

L R e

VESTIGES OF THE NATURAL HISTORY OF CREATION.

Tenth Edition. Tllustrated with 100 Engravings on Wood. 8vo. cloth, 125, 6d.

BY THE SAME AUTHOR.

EXPLANATIONS: A SEQUEL TO “ VESTIGES.”

Second Edition.  Paost &vo. cloth, 55,

DR. VAN OVEMN.

ON THE DECLINE OF LIFE IN HEALTH AND DISEASE: |

|

|

I

|

:

|

|

|

|

|

l

|

I

being an Attempt to Investigate the Causes of LONGEVITY, and the Best Means crf
Attaining a Healthful Old Age. 8vo, cloth, 10, 6.
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MR. WADE, F.RC.S.,
HEENIOR SUBGEDON TDO THE WESTMINETEE DISPENEARY.

SIRICTURE OF THE URETHRA; its Complications and Effects.

With Practical Observations on its Causes, Symptoms, and Treatment; and on a Safe
and Efficient Mode of Treating its more Intractable Forms. 8vo. cloth, s

DR. WAGSTAFF.

ON DISEASES OF THE MUCOUS MEMBRANE OF THE

THROAT, and their Treatment by Topical Medication. Post 8vo. cloth, 4s. Gd.

arara

DR. WALLER,
LECTURER OF MIDWIFERY AT ST. THOMAS S HOSPITAL.

ELEMENTS OF PRACTICAL MIDWIFERY; oRr, COMPANION

TO THE LYING-IN ROOM, With Plates. Third BEdition. 18mo. cloth, 3s. Gd.

MR, HAYNES WALTON, FR.CS,,
SURGEON TO THE CENTRAL LONDON OPHTHALMIC HOSPITAL.

OPERATIVE OPHTHALMIC SURGERY. With Engravings on

Wood. Bvo. cloth, 184,
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DR. WARDROP.

ON DISEASES OF THE HEART. &vo. cloth, 12s.
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DR. EBEN. WATSON, A.M.,,
LECTURER ON THE INSTITUTES OF MEDICINE IN THE ANDEESONIAN UNIVERSITY, GLASGOW.

ON THE TOPICAL MEDICATION OF THE LARYNX IN
CERTAIN DISEASES OF THE RESPIRATORY AND VOCAL ORGANS.

A LA A R AL

DR. WEGG.

OBSERVATIONS RELATING TO THE SCIENCE AND ART

OF MEDICINE. 8vo. cloth, 8s,
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MR, T. SPENCER WELLS, F.R.C.S,
LATE ASSISTANT SURGECN 1IN MALTA HOSPITAL.

PRACTICAL OBSERVATIONS ON GOUT AND ITS COMPLI-

(iAﬂ'{]DNS, and on the Treatment of Joints Stiffened by Gouty Deposits. Foolscap 8vo,
cloth, Ss.
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DR:. WHITEHEAD, F.R.C.5,
SURGEON TO THE MANCHESTER AND SALFORD LYING-IN HOSPITAL.

ON TIE, TRANSMISSION FROM PARENT TO OFFSPRING

OF SOME FORMS OF DISEASE, AND OF MORBID TAINTS AND
TENDENCIES. Svo. cloth, 10s 64,

THE CAUSES AND TREATMENT OF ABORTION AND

STERILITY : being the result of an extended Practical Inquiry into the Physiological
and Morbid Conditions of the Uterus, with reference especially to Leuncorrheal Affec-
tions, and the Diseases of Menstruation, 8vo. cloth, 125

EEErE

MR, WILLIAM R. WILDE, F.R.C.S5.

AURAL SURGERY, AND THE NATURE AND TREATMENT

OF DISEASES OF THE EAR. &vo. cloth, 125 Gd.

DR. WILLIAMSE, F.R.S.

PRINCIPLES OF MEDICINE : comprehending General Pathology

and Therapeutics. The Third Edition, 8vo.  Ready in February.
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DR. JOHN CALTHROP WwWILLIAMS,
LATE PHYSICIAN TO THE GENERAL HOSPITAL, NOTTINGIIAM.

PRACTICAL OBSERVATIONS ON NERVOUS AND SYM-
PATHETIC PALPITATION OF THE HEART, as well as on Palpitation the
Result of Organic Disease. Second Edition, 8vo. cloth, 6s.

DR. J. WILLIAMS.
L

INSANITY : its Causes, Prevention, and Cure; including Apoplexy,
Epilepsy, and Congestion of the Brain. Second Edition. Post Svo. cloth, 10s. Gd.

ON THE ANATOMY, PHYSIOLOGY, AND PATHOLOGY OF

THE EAR; being the Prize Essay in the University of Edinburgh. With Plates.
fivo. cloth, 10s. Gd.

P

DR. J. HUME WILLIAMS.

UNSOUNDNESS OF MIND, IN ITS MEDICAL AND LEGAL

CONSIDERATIONS. 8vo. cloth, 7s. 6d.

DR. JAMES WILSOM,

THE PRINCIPLES AND PRACTICE OF THE WATER CURE,
and HOUSEHOLD MEDICAL SCIENCE, in Conversations on Physiology, on

*athology, or the Nature of Disease, and on Digestion, Nutrition, Regimen, and Diet.
Second Edition.  8vo. eloth, 7s.
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MR. ERASMUS WILSON, F.R.3.

THE ANATOMIST'S VADE-MECUM: A SYSTEM OF HUMAN

ANATOMY. With numerons Illustrations on Wood. Sixth Edition. Foolscap 8vo.
cloth, 12¢, 6d.

11.
DISEASES OF THE SKIN: A Practical and Theoretical Treatise on
the DIAGNOSIS, PATHOLOGY, and TREATMENT OF CUTANEOUS DIS-
EASES. Third Edition. 8vo. cloth, 125

Tur samE Work; illustrated with finely-executed Engravings on Steel, accurately co-
loured. 8vo. cloth, 30s.
1T

HEALTHY SKIN: A Treatise on the Management of the Skin and Hair
in relation to Health, Fifth Edition. Foolseap 8vo. 25, 6d.

Iv.

PORTRAITS OF DISEASES OF THE SKIN. Folio. Fasciculi I.

to XIIL., completing the Work, 20s. each.

ON SYPHILIS, CONSTITUTIONAL AND HEREDITARY :

AND ON SYPHILITIC ERUPTIONS. With Four Coloured Plates. 8vo. cloth,
16s.

o

DR. FOREES WINSLOW, D.C.L. OXON.

LETTSOMIAN LECTURES ON INSANITY. 8vo. cloth, 5.
A SYNOPSIS OF THE LAW OF LUNACY; as far as it relates

to the Organization and Management of Private Asylums for the Care and Treatment of
the Insane. In the form of a Chart, varnished, mounted on canvas and rollers, price Gs.

1.

ON THE CAUSES, SYMPTOMS, DIAGNOSIS, AND TREAT-

MENT OF SOFTENING OF THE BRAIN, AND OTHER OBSCURE DIS-
EASES OF THE ENCEPHALON. 8vo. With Plates. [In the Press,

DR. G. C. WITTSTEIN.

PRACTICAL PHARMACEUTICAL CHEMISTRY: An Explanation

of Chemical and Pharmaceutical Processes, with the Methods of Testing the Purity of
the Preparations, deduced from Original Experiments. Translated from the Second
German Edition, by STEPHEN DARBY. 18mo. cloth, 6s.

MR. YEARSLEY.

DEAFNESS PRACTICALLY ILLUSTRATED; being an Exposition

of Original Views as to the Causes and Treatment of Diseases of the Ear. Fourth
Edition. Foolzeap 8vo., 2= Gd.

ON THE ENLARGED TONSIL AND ELONGATED UVULA,

and other Morbid Conditions of the Throat. Fourth Edition. 8vo, cloth, 5s
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“ We here give Mr. Churchill public thanks for the positive benefit conferred on the
Medical Profession, by the scries of beautiful and cheap Manuals which bear his imprint.”—
British and J‘bm@ﬁm Medical Review,

| .

| MGBE_E&TE SALE 73,000 COPIES. |
! DR. BARLOW. .
| A MANUAL OF THE PRACTICE OF MEDICINE. 5

Foolscap 8vo. cloth, 12s. Gd.
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‘ DR. GOLDING BIRD, F.R.S, and CHARLES BROOKE, M.B. Cantab, F.R.S.
' ELEMENTS OF NATURAL PHILOSOPHY; |

| Being an Experimental Introduction to the Study of the Physical Sciences, with numerons
Ilustrations on Wood. Fourth Edition. Feap. 8vo. cloth, 12s. Gd.

DR. CARPENTER, F.R.S. !
A MANUAL OF PHYSIOLOGY.

With numerous Ilustrations on Steel and Wood. Second Edition. Feap. 8vo. cloth, 125, Gel.

P L T L

MR. FERGUSSON, F.R.5.E,
A SYSTEM OF PRACTICAL SURGERY.

With numerous Ilustrations en Wood, Third Edition. Feap. Bvo. ul:rl]l, 125, Gd.

R R R P R

MR. FOWNES, PH.D,, F.R.S.
A MANUAL OF CHEMISTRY.

With numerous Ilustrations on Wood, Fifth Edition. Feap. 8vo. cloth, 12z Gd.

Ry T T T BB

MR. WHARTON JONES, F.R.8.
A MANUAL OF OPHTHALMIC MEDICINE & SURGERY.

With Coloured Engravings on Steel, and Tlinstrations on Wood.
Second Edition. Feap. Bvo. cloth, 124, G,

S R

Dr. HANDFIELD JONES, F.R.S, & Dr. EDWARD H. SIEVEKING.
A MANUAL OF PATHOLOGICAL ANATOMY. 5

Iustrated with numerous EI!g!‘E'LL'.lI]HR on Wood, TFoolscap Bvo., cloth, 125 Gd. |
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DR. ROYLE, F.R.8.
A MANUAL OF MATERIA-MEDICA.

With numerous Tlustrations on Wood. Sccond Edition.  Feap. 8ve. cloth. 125 Gl |
DR. ALFRED TAYLOR, E.R.5. |[
A MANUAL OF MEDICAL JURISPRUDENCE.
Fifth Edition. Feap. 8vo. cloth, 125 6d.
BY THE SAME AUTHOR.
ON POISONS.

Feap. 8vo. cloth. 125 Gd.
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MR. ERASMUS WILSON, F.R.S. ?
THE ANATOMIST’S VADE-MECUM ;

A Sveream or Hosax Axaromy. With numerous Illustrations on Wood, Sixth Edition.
Feap, #vo. cloth, 12s, Gd.
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