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PREFACE.

During the last five years I have been repeatedly solicited by various
persons to write a Treatise on Vision and Optical Contrivances adapted to
Remedy its Defects. I found, however, that, to treat the subject in the
scientific manner which its importance demanded, a much longer period
would be occupied than I could conveniently spare for the object. Upon
again, however, being pressed this year, and having been assured that such
a work would be acceptable to the public, I determined to publish my
Lectures upon the subject, divested, as far as possible, of scientific tech-
nicalities. I consented also upon the express condition that the book should
be published at the lowest possible rate.

I feel bound to return public acknowledgment to my kind friend Mr,
KexNepy, for checking and making various mathematical caleulations con-
nected with the ﬁ;uhj ect, and extt:ndiug, at intervals, over a period of some
years. 1 have also to thank my excellent friend Mr, Jonx BeapNeLL, for
revising the proof-sheets: and, lastly, my warmest obligations are due to
the publishers, for rendering me every assistance in the necessary Experi-
ments, by placing at my disposal all the means which their extensive

Manufactory is so eminently enabled to afford.

7, Fixspury Circus,
Oct. 18k, 1847,



EXPLANATION OF THE PLATE.

. Healthy eye, shewing the form of the cornea.

2, Short sight from great dilatation of the anterior chamber of the cornea after Ammon.
3. Conical cornea.

4. Far sight.

5. Diagram shewing the muscles which move the globe of the eye. a @ @, Recti or straight
muscles, &, Inferior-oblique muscle.

6. Vertical section of the human retina and hyaloid membrane. A, Hyaloid membrane.
A, Nuclei on its inner surface. ¢, Layer of transparent cells connecting the hyaloid and
retina or grey nervous matter with its capillaries. 1. Its fibrous lamina. 2. Its vesi-
cular lamina, g, Granular lamina. 3. Light lamina frequently seen in Jacob’s mem-
brane (after Todd and Bowman).

7. Arteria centralis retinae, and the central spot of Soemmering (after Soemmering).

8. Drawing of the retina expanded over the vitreous humour, with the lens in situ, exhibit-
ing also the arteria centralis retine and central spot of Seemmering.

9. Lens, natural size,
10. Outer view of the iris and ciliary processes, after an injected preparation by the author.
11. Optic nerves, shewing the decussation of the fibres (after Arnold).
12, Membrana pupillaris, from a preparation injected by the author.
13. Eye, exhibiting the arcus senilis of old people.
14. Diagram exhibiting the relative position of anterior chamber (), the lens (8), ciliary
processes (¢).

15. Magnified representation of choroid, ciliary processes, and iris. @, Capillary net-work at
the back part of the eye. &, Iris. ¢, Ciliary processes (after Arnold).
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LECTURES ON VISION.

LECTURE L

NORMAL VISIUN.

(2-8.) Physical requisites for healthy vision.—(9-12.) Range of vision.—(13.) Optic nerves,
—(14, 15.) Modification of vision by the use of two eyes.—(16-18.) In judging of dis-
tance.—(19.) Estimation of magnitude ;—(20, 21.) of height.—(22.,) Estimation by one
eye.—(23.) Sense of measurement.—(24.) Inversion of image.—(25.) Single vision of
the two eyes. — (26, 27.) Estimation of position and relation of objects.— (28.) Power of
vision.—(29.) Sustainment of impressions.—(30.) Action of convex lenses.—(31.) Ad-
justment of vision for various distances.—(32, 33.) Mechanism of adjustment ;—(34, 35.)
for near objects ;—(36.) for distant objects.—(37, 38.) Vitreous and aqueous humours
and ciliary processes, their use in adjustment. — (39.) Oblique vision.— (40.) Rate of
adjustment.—(42.) Iris.—(43.) Estimation of motion.—(44.) Colour.—(45.) Time re-
quired for perception of vision.—(46.) Recapitulation.—(47.) Light.—Conclusion.

(GENTLEMEN,

(1.) I mavE in my former lectures described to you the various diseases
which attack the numerous tissues composing the eye ; I have shewn you how
they may injure its delicate fabrie, and it only remains for me now to point
out the various abnormal conditions of vision which arise either from the
effects of traumatic injury, the alteration of structure produced by disease,
from the decay of age, or from original congenital defect.

(2.) Before, however, I enter upon this important part of my subject,
allow me briefly to recall to your mind the physical conditions necessary
to vision, the parts of the body which are required for that purpose, and
the leading phenomena presented in its normal state.

(3.) For healthy vision various physical conditions are essential. In the
first place, we require a nervous expanse, the retina, to receive a perfect
image of the external object ; and, moreover, to this nervous expanse must
be continually supplied bright arterial blood, for if the supply of bright
arterial blood fail, vision fails, as blood and nerve are conjointly necessary
for this purpose.

(4.) Having a nervous expanse supplied with arterial blood, an appa-
ratus is required to cause a perfect image of the object to fall upon the
retina, which apparatus 1s made up successively of cornea, aqueous hu-
mour, lens, and vitreous humour, the combination of which may be re-



8 NORMAL VISION.

garded as aone perfect achromatic lens, which is free in great measure from
the indistinetness usually consequent on spherical aberration.

(5.) The eye by itself, however, will give us no vision; it is requisite
that the picture of the object formed upon the retina should be carried to
the brain, where the physical impression becomes mental, is perceived, is
registered or remembered, and tends to supply ideas or leads to action.

(6.) The arterial blood supplied to the retina is thought by some to be
carried by the arteria centralis retinw®, an injected specimen of which I
now shew you. I can but think, however, that the choroid really supplies
that fluid for the purposes of vision, it being a tunic, as you well know,
composed of one vast mass of vessels, The delicate arterial trunks on
the surface of the retina appear to me to be destined rather for the nutrition
of the vitreous humour,

(7.) The other parts of the visual apparatus are but subservient to
these, such as the pupil, or curtain which regulates the amount of light
admitted into the eye; the ciliary processes, to adjust the eye to different
distances; the lachrymal gland, to secrete tears to lubricate the surface;
the nasal duct, to carry off' those tears; the muscles to direct the eye to any
given object, and the eyelids, eyelashes, and eyebrows, to serve as a
defence to the organ, and to protect it from injury.

(8.) The following is a view of the parts shewn by a vertical section
of the eye.

(9.) The range of vision of each
eye is bounded by the projecting
parts of the face: thus, upwards, it is
limited by the eyebrows, downwards
by the chcek ; and, from actual mea-
surement, I find that in my own case
it amounts to 149°. Doubtless, this
measurement may vary a little in dif-
ferent persons, but perhaps not to any
important extent. In the same way
lateral vision is bounded by the nose
mternally, and the cheek externally;
and this range also extends to about 149°, If the eye be fixed, or steadily

* Vertical section of the Eye.—a a a, Sclerotic coat, or white of the eye. & b, Comnea, or
glassy port through which we see. # # r r, Retina, or nervous expanse : the choroid lies be-
tween the retina and sclerotic. o, Optic nerve. In the diagram it appears to be in the axis
of the eye, but in reality it is about the yi5th of an inch from the axis on its inner side,
and a little above the median line.  In the axis is a spot called the foramen of Soemmering,
which is in fact the point of most distinet vision. e f; Iris, or curtain. d, Anterior chamber,
or aqueous humour. ¢, Lens. g g, Ciliary processes, for the adjustment of the eye to distanee.
@ v, Vitreous humour.
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NORMAL VISION. 4]

directed towards one point, it is sensible of the presence of objects over a
vertical range of about 121° and a lateral range of 149°,

(10.) Although it be true that vision exists with more or less distinet-
ness over this range, all parts are, nevertheless, not equally sensible ; one
very small portion affording us perfect vision, while the remainder only
enables us to appreciate the presence of objects; and at that spot where the
optic nerve pierces the sclerotic, there is hardly any appreciable vision.

(11.) Perfeet vision is only obtained over a range of about 2° 18/,
which, in practice, you will find to be in the relation to the distance of the
object viewed as 1 to 25; that is to say, that at twenty-five inches dis-
tance you will be enabled to read a word one inch long without the slight-
est motion of the eye; and at twelve inches distant a word of half an inch
may be read in the same way. Where the optic nerve penetrates the eye,
the retina is insensible to light, which causes a total loss of vision over
about 6° 20’, the commencement of the insensible spot being 12° from the
centre of vision. As the result of this, there is a portion of the field of
view equal to one-eighth the distance of the object which is utterly lost;
and though it seems at first thought incredible, it is nevertheless true, that,
in regarding a range of hills eight miles distant, one mile of the range is
not perceived by the eye. In illustration of these principles, I have made
you a diagram, which, if you will hold twelve inches from your right eye,

Fig. 2.

Vision.

and your eye exactly opposite to the word vision, you will find that you
will perceive the entire word without the slightest motion of the eye, and
whilst you look steadfastly at the letter V you will observe that the black
circle will be totally lost, The lost circle is always to the outer side of
the ﬂlljmzt regarded, and ite extreme margin is about one-third the distance
of the object. TIn the range of hills before quoted, the end of the lost
mile would be two miles and two-thirds from the point steadfastly looked
at. Although perfect vision exists for only 2" 18/, good vision exists over
a wide range ; and architects inform me that in a perspective drawing of a
building 18° is allowed for a visual angle, and 4° more is also allowed for
the landscape on each side,

(12.) So much for the extent of vision enjoyed by one eye: but we
have two visual organs, and each plays an important part in the pheno-
mena of vision. They are set at a certain distance, or about two inches
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and a half apart, and give us collectively not only a more extended field
of vision, but a different perspective of various objects. The total field of
vision with two eyes is increased from 149° to 208° of which a variable
quantity, according to circumstances, is seen by both eyes at once, one
portion is alone seen by the right eye, and another by the left eye alone.

(13.) From the above facts we find that the inner part of each eye re-
spectively sees that portion of the field which is not seen by the other
organ. These remarks apparently militate against the views of physio-

Fig. 3, logists, who dwell upon the importance of the doubleness of
"“-j organs, though probably a compensation exists in the de-
% cussation of the optic nerve. It is generally agreed by

anatomists, that the outer parts of the two optic nerves pass
= to the brain without decussation, but that the inner fibres
pass over to the opposite side. Now, the two outer parts see conjointly the
same object, and, therefore, if the inner portions of the nerve of each eye
pass over to the opposite, a really double impression would be conveyed
to the brain ; that is to say, that the sum total of the ficld of vision would
be represented in each side of the brain, where any further combination
might be effected.

(14.) As each of our two eyes is an optical instrument, a camera obscura
placed at an interval, it follows that we take a different view of objects
from each side, and that a different image is formed of objects in each
eye. You may try the experiment with two camere obscure, which are
analogous to eyes, and you will perceive that the image in each differs in
form, because a different perspective is produced. In this manner a cubie
body placed three inches off in
the median line between the eyes,

i / - would shew the difference of per-
A ///_/1 spective afforded by the two eyes;

‘ or, rather, I may say, we see more

/ of a body, since we are able, with

= the use of two eyes, to see the
three siles of a cube. Professor
Wheatstone has shewn many cu-
rious facts of the kind, in an in-
| strument which he terms the
@ L B Q;) stereoscope.

(15.) From the above facts we
now know that it is impossible for any painter to delineate a picture in the
manner in which we see it with both eyes, because two eyes give us a
view of three sides of a cube, and he can paimt but two. I conceive it
possible, that, for objects at moderate distances, painters may, in some
cases, take a certain liberty with perspective, and depict the two perspec-

Fig. 4.

———
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tives, but it certainly cannot be attempted with near objects. Paintings
in true perspective represent the effect of vision with one eye, and there-
fore appear more natural when one eye is closed, a fact well known to
those who spend their time in picture-galleries in admiring the triumphs
of high arl.

(16.) I have already told you, that, from our two eyes not being in the
same place, we see objects from two positions,—a most important circum-
stance in practice, because by this arrangement we are in a condition to
judge of distance and magnitude.

(17.) To estimate distance, the interval between the two Fig. 5.
eyes may be considered as a base line, (fig. 5,) which sub- i
tends the angle at which the object (a) is placed, and at each /

end of which we can estimate the angle: a knowledge of
the amount of these angles will enable us to appreciate the
position of the object. I have here made a little card
instrument, which I term an ophthalmometer, and which
will illustrate my position. It consists of a piece of card- Q—@
board six inches square, at two points of which (4, 8) is a

small aperture, or sight, which apertures form the centre of two radii of a
quadrant, each of which is graduated. Two other pieces

of moveable card are so arranged that they can be et
adjusted across the two circles in a line with the object ll_f"'f"*
(x), when the angles can be read off. Ilaving the two / \
angles and the inclosed side, we can readily calculate, i
according to trigonometrical principles, the distance of ,mff'|
the object (fig. 6). / o \‘:"-. |
(18.) To illustrate the means by which we estimate 4;-"/ 3
distance by taking a view of an object from two places, i il'.r:.

the ophthalmometer may be simplified by making an
angle, always a right angle, and estimating the angle at the other termi-
nation of the base line, by making one side fall in a line
with the object. Instead of estimating the angle, the Fig. 7.
distance may be found if we know the relation which X
the second line has to a B (fig. 7).

(19.) So much for our estimate of distance, And I
have now to consider how we obtain our ideas of mag- /
nitude; and, in reality, the subject may be discussed in
a few words ; for, as we can estimate the distance from
one point of an object, so can we also estimate the dis-
tance from a second point, when we can estimate the
distance between these two points. T must shew youa al
diagram how this is accomplished ; and I may mention,
that the idea, although it might easily have occurred from mathematical

~J
b
'\I-I_I
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=
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12 NORMAL VISION.

considerations, was first brought distinctly to my mind from looking at
apillar in a beautiful screen erected by Sir John Soane, in the

Fig. 8. court-yard of the Bank of England, through a window. In
this way it will be seen that two angles are taken of an ob-
Ject, (x ¥,) one with each eye ; and, from the magnitude of these
angles, taken in conjunction with the distance between the
eyes, we are enabled to estimate the distance from x to ¥, or
the width of the object.

(20.) Height i1s more difficult to estimate than either mag-
nitude or distance, because we must first estimate either the
distance or magnitude of an object before we can obtain accurate notions
of height. This fact is well seen in the case of the Monument and church
near London Bridge; for in some positions there is considerable difficulty
in comparing their heights, although considerable difference exists between
them ; and i one position the Monument will appear the highest, in another
the church, or, in a third, they may both seem to be of equal altitude.
To estimate the difference, you must, in reality, obtain an accurate notion
of either the distance or magnitude of the object, when their relative
height will immediately become apparent.

Fig. 9. (21.) Without entering into trigonometrical dis-
= quisition, I can prove to you that we really have
the power of estimating heights, Ly adopting the
same means which are employed by nature. For
this purpose I have selected an object, (x z,) which
by the processes before mentioned was found to
be three feet distant, when, by measuring the vertical angle, I am enabled to
ascertain that the object is two feet high, by ordinary trigonometrical
caleulation.

(22.) So much for the knowledge which may be obtained from the con-
joined use of two eyes; but you will find that we may obtain, although not
so efficiently, a knowledge of the distance of objects with one eye alone,
For that purpose, however, we must have one
part of the object of some previously known
magnitude; for instance, if it be a building,
the size of the bricks should be known, and
e then we should be in a eondition with one eye
==\ to appreciate the height, breadth, and distance.
Let me demonstrate this fact to you by piling up six square blocks, each
an inch square, two abreast, and three in height. From knowing that
these blocks are an inch square, you first find the angle formed by one
brick, afterwards the angles respectively of its width and breadth, when
you will find it to be three inches high, two broad, and in this particular
case one foot distant.

«
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(23.) From what I have said of the functions of the eye, you will be
prepared to ask by what means are these delicate angles known? and to
this question I reply, that the angles are formed by the eye-ball moving
either downwards, upwards, inwards, or outwards, through the mechanism
of the muscles. Now, these muscles, especially the internal rectus, are
supplied by enormous nerves, and I can but think that it is by the con-
sciousness of the action of the museles through these nerves, that we know
the angles which enable us mentally to obtain the measurements. Phy-
siologists would reply that the third pair of nerves are nerves of motion,
not of sense ; but it appears to me that the idea of motion is obtained
through the nerve of motion, and hence this pair of nerves would be
nerves of distance and magnitude, besides their strictly motive power.
This sense of distance and magnitude would not differ from our sense of
other motions taking place in various parts of the body, though perhaps it
forms one of the most exalted instances of this character. DBesides the
muscles of the eye, muscular movements of the head, trunk, and other
parts of the body, have sometimes to be estimated by the brain.

(24.) Thave frequently told you that the eye is a camera obscura, to which
the entire refracting media act as a lens. As a matter of necessity, the
image is inverted ; the top of an object is seen by the lower part of the
eye, the bottom by the upper. Nevertheless, it is so arranged that the
idea of vision is perpendicular to a digit of the point of the retina ex-
cited, and thus, when the nervous expanse is acted upon, the ohject ap-
pears in its proper place in its true position, and the entire mass does not
seem fo be in any way distorted.

(25.) It is upon this power of viewing objects in Fig. 11.
their true position, that the illustrious Porterfield cor-

I N
rectly considered that we did not see two objects, or, [
L

P .th

L

rather, that we obtained single vision with two eyes,
Now, I may add, that we mentally know that two
objects cannot be in the same place at the same
time ; and, therefore, if the two images formed in the eyes are both to our
reason in the same spot, it of necessity happens that we see but one, and
not two objects. In the same manner, when we hear a sound with both
ears, we hear one sound and not two sounds; when we smell an odour by
our two nostrils, we appreciate but one odour; if we taste with our two
gastatory nerves, we notice but one flavour; and so also if we feel an ob-
Ject with both hands, we feel but one object, not two objects. It is right,
however, to mention that there are not found wanting physiologists who
have devised various circuitous explanations for a eircumstance which
to me, and, I hope, to you, appears perfectly perspicuous.

(26.) For objects to appear in their true position, they must be viewed
m such a manner that the axis of either eye is directed towards the same
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spot ; and, perhaps, it is for this reason, as well as for the estimate of angles,
that perfect vision is confined to a mere spot, or rather to the small angle

which I before mentioned to you.
Fig. 12. A pretty experiment demonstrates that single vision de-
pends upon objects being seen in their true place; forif we

S regard a star or gas-light at a distance (a, fig. 12) with both
| | . =

1 i eyes directed towards it, we see but one star. If however,
: i we suddenly look at B, an object but two or three inches off,
i w | the rays of light can still fall upon the retina, but in such
B

ifl '-\5 a manner that the direction vertical to a tangent causes
~ one star to appear at al, and the second at a2. Itisa
marvellous sight to observe one star divide into two and
shoot away into their false positions, if the experiment be well performed.

(27.) We judge of the relation of objects to each other, and whether
they be horizontal or vertical, by the position taken by ourselves, as well as
by the position of known surrounding objects,

(28.) There is a limit to vision: we cannot see objects which are below
a certain size, or, rather, which do not subtend a certain angle; thus, the
largest object may be rendered invisible by removing it to a sufficient dis-
tance, and conversely the smallest may be rendered visible by increasing
the visual angle. The inverted telescope will render objects invisible by
diminishing the angle; and the microscope renders objects, which were
previously invisible, apparent by increasing the angle. Doubtless, persons
differ in the extent to which they can perceive objects: many cannot see
below 40”; but I find that I can see the round head of a pin one-twentieth
of an inch in diameter, at fifty feet distance, which will only afford an angle
of 177, and I have even been able to see a fine platinum wire under cir-
cumstances which did not afford an angle of more than 4.

(29.) When we regard an object, we are enabled to receive a sustained
impression, that is, we may look at it steadfastly, and see it for some time.
This sustained impression only exists in the centre of the eye, and for
strong contrasts of colour: at the sides of the eye it is intermittent it
becomes invisible, then visible again, a property which Sir D. Brewster first
indicated. Even in the centre of the eye, after a long period, it will at last
fail or fade away.

(80.) Inasmuch as I have avoided the details of mathematical disqui-
sition, so shall I also avoid the minutiw of optical science further than
to demonstrate briefly to you the manner in which images are formed
by convex lenses. It is a property of these lenses to bring parallel rays
which fall upon them to a focus, or point, ( £, fig. 13 ; 4, fig. 14,) and the dis-
tance between this point and the lens is called the focal distance. Divergent
rays will cause the focal distance (fig. 16) to be lengthened according to
the amount of divergence ; and convergent rays will cause the focal distance

. =
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to be shortened according to the amount of convergence : hence, rays
from a form a focus at B, those from ¢ at n, and 1 may state that these

Fig. 13. Fig. 14.
=i &
s e

B Iy

different foci are called conjugate foci. The rays of light from an
entire object, after passing through the lens, form a perfect inverted image
at the foecus, or point where the rays meet. The rays diverging from a
fall at o, those from r at G, and from ®» at £. Oblique rays falling upon

Fig. 15. Fig. 16.

convex lenses do not form their focus at the same place as those rays which
are parallel to the axis, a peculiarity which is termed spherical aberration.
Rays less oblique would focus at x, (fig. 17,) while those more oblique would
have their focusat . Rays of different colours, moreover, have a different

Fig. 17, Fig. 18.
(] - 4
. 7
o :. : L : R
- 7 K
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refrangibility ; the red rays, for instance, would collect at r, (fig. 18,) the
violet at #, whilst the cirele at @ & is the circle of least aberration. This
variation for different colours is called chromatic aberration.

(31.) The eye being a camera obscura, it follows, that an object which
would be apparent at a long distance, would not give a distinct image on the
retina if it were near; and, in fact, a different adjustment would be re-
quired for each distance. T have here a camera obscura, and T can shew
you that only at one distance can a distinet image be formed. Many have
been the theories which have been framed to explain this adjustment for
near and distant objects. Some have attributed the result to the action of
the straight and oblique muscles, others to the iris; and others, again, have
even erroneously denied that any adjustment was necessary.
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(32.) Now the mechanism of adjustment i1s decidedly complex, though
in result it is simply accomplished by the lens moving backwards and for-
wards; that is to say, for near objects, il moves towards the comnea, for
distant objects it moves from it.

(33.) In reference to this adjustment, we may observe, without reference
to minute forms, that the eye consists of the segments of two circles, united
at the external edge of the cornea, and, moreover, we find that the cornea
has a contractile power, which causes it to shrivel when cut out from the
eye. Now if youwatch the little images formed on the cornea by reflection,
you will find that they are smaller when the eye looks at distant objects
than when the eye regards near objects; consequently, the cornea becomes
less convex, or has less refractive power at that period. In conducting this
experiment, you must take care that the comparison of the image is made
on the same spot of the comea, otherwise you may be deceived, inasmuch
as the cornea is not a perfect segment of a sphere, but is probably an
ellipsoid. From the above facts it is manifest that the form of the globe
of the eye changes during the adjustment, an effect which may be readily

-produced by the ciliary processes becoming fuller of blood,
(34.) Now if the ciliary processes become fuller of bloed, pressure would
Fig. 19, be made in two directions; in the first place, pres-
sure would be made outwards against the elastic
spring of the cornea, and perhaps the ciliary mus-
cle, and pressure would be made inwards, towards
the centre of the vitreous body, which would pro-
duce a resultant force, having the tendency to
carry the lens directly forwards, the cornea and
back part of the sclerotic being either fixed or
having a slight tendency to have their distance
elongated, (fig. 19.)

(35.) To illustrate my position I have made a model,
consisting of four pieces of card, connected at the extre-
mities by a movable joint, (fig. 20,) and you will at once
perceive that if I separate them at ¢ and b, 5 would move
towards a, which will explain the mechanism of adjustment
to near objects, which is thus essentially an active operation.

Fig. 21. (36.) For adjustment to distant objects,
the ciliary processes have only to disgorge
their blood, and then the elastie force of the
eornea would act upon the aqueous humour
so as to produce a resultant which would
carry back the lens, which is in reality a
passive operation, or one not requiring our
own exertions, (fig. 21.)
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(37.) This explanation of the adjustment to distance gives a particular
use to the vitreous and aqueous membranes, which heretofore have never
had a distinet necessity for their existence shewn. It gives also a use to
the ciliary processes, which could hardly be supposed to have been made in

vain,
(38.) My mode of explaining the adjustment of the eye to distances

possesses one feature fraught with interest, for I have already told you that
the cornea becomes less refracting, and that the lens advances towards the
cornea when we look at near objects. In consequence of this arrangement,
which must take place exactly to the same amount according to the theory
advanced, the anterior surface of the lens would always be in the same
relation, as far as concentricity is concerned, with the posterior surface of
the cornea, an arrangement eminently caleulated to ensure distinet vision
by allowing the rays of light to pass through the refracting humours in the
same direction,

(39.) On studying these effects, I observed, that, if the distance between
the lens and the back part of the retina became lengthened, the distance
from the lens to the lateral part of the retina was very slightly altered
which led me to infer that adjustment could not take place so perfectly
for oblique vision ; and I found on experiment, that, whether the centre of
the eye was adjusted to convergent, divergent, or parallel rays, objects could
be nearly equally well seen by the comparatively imperfect powers of the
extreme lateral limits of vision; and from this cause we are always conscious
of objects moving at a distance, although we are steadfastly regarding a
near object.

(40.) In all cases adjustment from near to distant objects takes a cer-
tain time, shorter in some individuals than others. In suddenly changing
the adjustment from divergent to convergent rays, or vice versd, the object
comes into view at first apparently covered with a mist, but which speedily
clears away and leaves it in its proper brightness. My optometer, fitted

. with half a lens shews this property well. The time required for adjust-
| ment, although small in healthy persons, yet generally equals two or three
seconds,

(41.) By this faculty of adjustment, we can, in some degree, estimate
the distance and magnitude of objects when not too far distant; and in illus-
tration of this fact, I can calculate the distance of near objects by the
camera obscura by finding its point of adjustment.

Fig. 23,
g |
o b &
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(42.) Asin the camera obscura stops (A B, ¢ b, E F, fig. 22) are inserted to cut
off the most oblique rays; so in the eye is the iris, or curtain, placed, which
not only excludes the most oblique rays but also regulates the amount of light.
By its power of cutting off' the most oblique rays spherical aberration is
diminished. Irom its excluding rays of light from the eye an excess of rays
is prevented from entering that organ and acting injuriously on the retina,
Light reflected from any body will, after passing through a minute pin-hole,
form an image of that body on any screen without the intervention of a
lens (fig. 23). The iris also diminishes materially the angle of aperture
for objects situated laterally, and hence contributes to prevent the necessity
for adjustment to distance where they are so placed.

(43.) Our organs of vision enable us to judge whether an object be at
rest or in motion, We appreciate motion from being obliged to move the
eye to have a distinet image of the object; and in this case you also per-
ceive that our sense of motion in the muscles gives rise to the idea of
motion. The limited field of distinet vision must much contribute to the
accuracy of our idea of the motion of a body. You may observe many
curious effects of apparent rest and motion on the river steamers, whether
other boats are at rest or in motion around you. To judge of motion in
other bodies you must either be at rest or know your own rate of progres-
sion, or you may be led into curious errors. Motion directly towards or
from you is a phenomenon very difficult toappreciate, but you will find that
binocular vision assists you materially to judge of the effect. Besides our
estimate of motion by the muscles of the eyveball, we must also take into
consideration the action of the muscles of the head in some cases: hence,
our idea of motion as deduced from our sense of muscular movements is a
very complex affair.

(44.) The eye, in its normal state, is influenced by the seven colours of
the spectrum, appreciates each colour, and views white light uncoloured.
By the optical apparatus objects are depicted apparently free from spherical
aberration, and act upon the retina. It is indeed a beautiful sight to
observe the inverted image which is formed upon the retina of an animal,
and which may be seen by scraping away the back part of the sclerotic.

(45.) After the image is formed upon the retina it takes a certain time
for the 1dea of vision to be consummated, which has been determined to be
the one-eighth of a second, on which account an object in rapid rotatory
motion appears as a circle, because the impression endures till the object
acts again,

(46.) With healthy eyes, then, we see objects when they subtend a certain
angle, and are illuminated with either of the seven prismatic colours, We

perceive them in their true position, and are enabled to judge of their mag-
nitude, distance, form, position, relation, and their state either of rest or :

motion. For distinct vision the object must be viewed by the centre of the

- |
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eye, which must have its refracting media so adjusted that a perfect image
is absolutely formed on the retina.

(47.) Magendie has pointed out that, although the optical apparatus be
complete, yet vision is not perfect without the action of the fifth pair of
nerves, a point of much interest, and one which requires full consider-
ation. I cannot leave this part of my subject without recalling to your
attention the consideration of the cause of vision. We have found that
we see by the material mechanism of the eye, we have observed that vision
is produced by light,—what is light? the light which may excite your re-
tina may not excite mine. Take it by another test, by its heating properties,
and we find that we heat by rays of the spectrum where light is not—Dby its
chemical effects, and we can effect decomposition where darkness only reigns.
Light is that action or force of matter which acts upon the human retina
and gives us vision, or, in other words, light 1s that which is seen by the
eye. Without light we can have no idea of vision ; without taking vision
as the test we have no idea of light; if the light which excites our eyes
differs, our mental conceptions cannot perfectly agree. The eye is but des-
tined to be acted upon by light ; otherwise in its special nervous apparatus it
possesses no marked peculiarity, being capable of excitement by force, elec-
tricity, and even perhaps heat. When the retina, however, has been acted
upon by light, that agent loses its physical character and becomes nervous :
how that nervous impression is carried to the brain, is appreciated, is re-
membered, is acted upon, are subjects which I leave for your meditation ;
and subjects indeed they are, to use the quotation of my former respected
teacher, the great physiologist, Dr. Todd, “ which angels loved to dwell
upon,”
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LECTURE IL

ON DISEASED STATES OF VISION.

(48.) Veiled sight: its nature ; origin; from disease; external injury ; stings of insects;—(50.)
from polypus; boil; cancer; melanosis, &c¢.;—(51.) from cedematous conjunctiva; pterygium;
—(52.) from alteration in humours; interstitial deposition in cornea;—(58.) from effusion of
blood in anterior chamber; lymph; pus, &c.;—(54.) from cataract; its treatment when
partial; belladonna; atropine; eye-shade;—(55.) from glancoma; alteration of vitreous
humour.—(56.) Diagnosis.—(57.) Destruction of the eye.—(58.) Artificial eyes, by Gray;
—{59.) by French artists; serious defect in the French eves; its mischief.—(60.) Material
and durability of.—(61.) Mode of adaptation; fixing; use of pressure,—(62.) Insertion of;
principle of retention.—(63.) Great resemblance to the healthy eye; deception; singular
instance of.—(64.) Importance of this invention.—(65.) Dimness of vision: description of;
its causes; its sitnation.—(66.) Night blindness: nature of; causes.—(67.) Day blindness:
nature of; albinos; cataract, &c.; remedial agents; scrofula.—(68.) Vivid sight.—(69.)
Diminished vision: deseription of; mischief done by improper spectacles; test of the exist-
ence of this condition.—({70.) Intermittent vision: nature of; treatment.—(y1.) Persistent
vision : its nature; canses.—(72.) Colourless vision: its origin.—(7 3.) Coloured vision: jaun-
dice ; other causes : many-coloured vision.—(74.) Painful vision; undue sensibility of retina;
photophobia.—(75.) Description of skew-sight; causes of.—(76.) Excentric vision; dis-
criminated from squint—(77.) Slowly adjusting vision: pathology of; treatment.—(78.)
Partial adjusting power, as shewn by optometer; the two eyes not always uniform inj its
simulation of short and long sight; illustration.—(79.) Immutable sight; improper glasses.
(80, 81.) Presbyopia and myopia: general remarks on their range ;—(82.) causes; altered
focal distance.—(83.) Far sight in old age; its condition; other causes,—(84.) Far sight
from removal of lens; natural power of compensation.—(85.) Short sight: its nature;
causes; altered curve of cornea.—(86.) Effect of studious habits; treatment.—(87.) Impro-
per use of spectacles.—(88.) Diserimination between myopia and errors of adjustment.—
(89.) Irregular vision: nature of.—(90.) Double refraction: instance of—(91.) Double
sight: nature and causes of; temporary strabismus; external pressure; double pupil; divi-
sion of cornea.—(92.) Treble vision: how occurring.—(93.) Manifold vision.—(94.) Half
vision; instances of ;—(95.) another instance.—(9G.) Confused vision: its causes.—(97.)
Moving vision: description; causes; inebriation; intense cold.—(98.) Distorted vision:
nature of—(99.) Perverted vision: explanation of; how produced.—(100.) Uncertain
vision: nature of; cause of.—(101.) Contracted vision.—(102,) Imperfect sight; monocu-
lar sight; great importance of early operation in squint.—(103.) Apparent spots in vision;
retina; their distinctness.—(104.) Probable causes of ; condition of arteria centralis retinge;
dilation of choroid veins; treatment.—(105.) Blindness;—(106.) great variety of its
causes;—(107.) from failure of circulation ;—(108.) from pressure on nerves and arteries ;—
(109.) from causes acting on the brain; influence of the fifth pair of nerves;—(110.) from
other diseased bodily actions; hysteria.—(111.) Voluntary blindness; general remarks on.
—(112.) Peculiarities of vision dependent on various conditions of the mind.

(48.) In my last lecture I called your attention to the functions of the
eyes, and the powers which we enjoy through their agency; and I shall
now describe to you the abnormal conditions of vision which arise from
VATIOUS Causes,

(49.) You already know that for perfect vision a perfect image must be
formed upon the retina; consequently, any opaque body interposed between
the retina and the object would veil the object, and disordered vision would

1 |
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be a cause of veiled sight., Veiled sight, as a result of disease, may de-
pend upon the union of the lids, or upon the union of the lids with the globe,
in either of which cases the rays of light would be intercepted. Sometimes
the patient cannot raise the upper lid, and is then unable to see till either an
operation is performed, or the part is raised by a small piece of sticking-
plaster fixed upon the eyelids or eyebrows. At other times the eyelids are
continually twinkling, which produces an intermittent veiling of sight.
Again, the eyelids may be puffed out with blood,—a circumstance which
generally happens from the fist being smartly applied to that situation, or, if
you can believe vulgar report, from falling against the handle or nozzle of
a pump. The eyelids are occasionally distended with sevum after the stings
of bees, wasps, or horets, or the biting of gnats, and the sight continues
veiled whilst the swelling lasts.

(50.) I once met with a polypus growing from the conjunctiva, which
extended over the eye. This, however, I speedily snipt off, and restored
vision. In another case, I successfully operated upon a singular and exten-
sive growth from the upper lid, which extended down the cheek, and veiled
the eye. DBesides these cases, there are a variety of others, as inflam-
mation, boil, cancer, melanosis, fungus, encysted and steatomatous tu-
mours, which extend before the eye, and cause an interruption to perfect
vision. Some of these cases of veiled sight, originating in the eyelids, are
alarming to the patient, although but of little consequence in themselves,
as surgery possesses the means, in the majority of cases, of rectifying the
mischief,

(51.) Veiled sight may have its origin in the conjunctiva; which, in
some cases, when greatly wdematous, will overlap the cornea, thus obstruct-
ing, and sometimes completely veiling the eye. In purulent ophthalmia it
is of very great importance in some cases to know whether the sight is
merely veiled, or the organ destroyed; for, if only the former, the eye may
perfectly regain its former condition. The peculiar growth, called a ptery-
gium, may take place over the cornea and veil sight.

(52.) We frequently find veiled sight originating in the various refract-
ing humours of the eyes, which may cease to transmit light from being
either altered in structure, and losing their transparency, or from having
adventitious matter deposited in their texture. The cornea is apt to be
the subject of interstitial deposition, in which case it becomes opaque. For
these permanent opacities, which remain after all improvement has ceased,
there is, unfortunately, no good surgical remedy; for we cannot substitute
glass for this texture, nor have the curious attempts to transplant the cor-
nea of animals into man been here successful.

(53.) In the anterior chamber blood is sometimes effused; but it gene-
rally soon vanishes. Lymph, pus, the dislocated lens, hydatids, and animal-
cules are sometimes found in this locality to veil sight. The iris having
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become fixed to the cornea, the anterior capsule of the lens, or its pupillary
margin, may be entirely closed.

(54.) Cataract is a very common, but, fortunately, a remediable cause of
veiled sight. It occurs most frequently in elderly people; but occasionally
also in young persons. It consists in an opacity of the lens or capsule, or
of both combined. Where this opacity is partial, we frequently give our
patient vision for a long period by dilating the pupil so as to unveil some
part of the retina; and by this proceeding patients may sometimes go for
years without requiring any further operation. The extract of belladonna
is generally employed for this purpose ; although I prefer in all cases to use
a weak solution of atropine, of which one grain to two or three drachms of
water, with a drop or two of acetic acid, will amply suffice. It is singular that
this remedy never loses its power by use, and, therefore, may be continued
for an indefinite period. A gentleman, employed in the Bank of England,
who has an incipient cataract, obtains distinet vision by wearing a shade,
which protects the eye from the light, and thus keeps the pupil dilated so
as to afford him useful sight. Other contrivances may be used to obtain
the same result, such as tubes set in spectacle frames.

(55.) Changes in the vitreous humour comparatively seldom veil sight;
yet the disease called glaucoma is thought by some to be an instance of
this kind; but the imperfection probably depends upon other changes in
the eye. The vitreous humour occasionally has blood deposited in its cells,
and sometimes a curd-like substance exists to veil sight.

(56.) Such are all the situations at which sight may be veiled; and, if
we ascertain that no change exists either at the eyelids, conjunctiva, cor-
nea, iris, aqueous humour, lens, capsule, or vitreous body, we know that the
imperfection of vision is not a case of veiled sight. In all cases of veiled
sight there is more or less consciousness of the presence of light; because
organic bodies are not generally so opaque but that they will allow a few
rays to pass, and thus allow the sufferer to distinguish between strong light
and absolute darkness.

(57.) In certain conditions of the eye the patient becomes sightless: in
fact, wherever the retina and choroid are destroyed, vision is utterly lost.
A patient becomes sightless whenever total destruction of the eve ensues,
The globe, after severe inflammation, or extensive traumatic damage, is apt
to be so much injured that it collapses, shrivels up, becomes unnourished,
and wastes away.

(58.) These cases exhibit a most unsightly appearance, especially where
one eye is destroyed; and the ingenuity of man has been taxed to provide
a remedy, in the shape of a false or artificial eye. The only maker in Eng-
land 1s, as far as I have the means of knowing, Mr. Gray; and to such ex-
quisite perfection has he brought this art, so completely rivalling thereby
the appearance of the healthy eye, that I have known the incipient surgeon,

iy



DISEASED STATES OF VISION, 24

off his guard, to declare a false eye to be a remarkable instance of fixed
pupil.

(99.) Our worthy neighbours, the French, although great adepts at little
contrivances of this kind, are behind us in the manufacture of artificial eyes,
Their form is not generally so perfect as that of Mr. Gray’s, nor is their
material so good. Moreover, there is a slight defect in all which come to
this country, but which you would never discover unless you were told of its
existence; in practice, however, this defect is of so much importance, that
you should absolutely forbid their use, on account of the serious results
which ensue therefrom. This defect is simply a slight roughness, of about
the quarter of an inch extent, upon the edge of the eye, which, when insert-
ed into the orbit, acts as a file upon the conjunctiva, and causes inflam-
mation to arise, and granulations to spring up, which may ultimately even
preclude the further use of this admirable invention. Fig. o4,

(60.) These artificial eyes are made of soft enamel :
and glass, and are tinted so as exactly to correspond
with the colour of the sound eye. Owing to the fusi-
bility of the glass, its composition is such that after a
time it is acted upon by the tears, and thus the eye
requires to be renewed every one or two years,

(61.) The artificial eye sits comfortably on the collapsed globe, and
moves as freely-as a sound eye. It can be readily taken out and replaced,
so that it is the constant practice to remove it at night. If the globe be
shrunk to a very small tubercle, a very small eye must at first be employed.
If the globe be larger, a larger eye may be used. In cases where it will
not readily adapt itself to its new locality, a little pressure may be used fo
assist it; and I have devised a little instrument, which was made for me by
Mr. Ferguson of Smithfield, which may act very usefully for such cases. It
consists of a false eye, to which a spring is attached. This passes round
the head, and reacts upon the tubercle, which forms a comfortable bed.

(62.) Some persons entertain the ridiculous idea that a painful operation
is required for the insertion of a false eye; but the principle by which the
eye 1s held in its situation is the same as that of a boy's sucker, which is
held by a pressure equal to fifteen pounds to the square inch, from the pres-
sure of the atmosphere; and, as in large eyes the eye hugs the globe so
tightly as to be inconvenient, little superficial eminences are contrived by
Mr. Gray, to prevent the undue force, which would render the withdrawal
of the eye a considerable difficulty. Where the patient needs but a very
small eye, it should always be well cupped, to prevent its sliding from its
proper position,

(63.) Great nicety is required in the adaptation of false eyes; but the
artist so exactly imitates the colour of the sclerotic, which is whitish, bluish,
or yellowish, the tinting of the iris, the size of the cornea, and centres it in
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so faultless a manner, that you must take care and not be enamoured with
the beauties of a false eye unwittingly, and afterwards find, to your astonish-
ment, that the object of your choice ecarefully puts by her soft and captivat-
ing eye in a little cotton-wool before retiring to rest. Do not think that I
am in jest in recommending you to beware of a false eye, for I have just
heard of a case where a fair lady wore a false eye, which her husband never
detected before marriage, and even up to the present time, when two years
have elapsed, he has not discovered it. Before marriage she never dared
tell him, and afterwards she feared to avow her concealment. I actually
once met with a case, where a fair damsel, having two eyes with irides of
different colours, desired a false eye to cover the colour of that which she
disapproved.

(64.) You will confer great good by pressing the use of false eyes in all
suitable cases of lost eye; for, in the working classes of society, a lost eye,
from its unsightly appearance, stands greatly in the way of the sufferer’s
obtaining occupation, and in the upper it frequently forms a bar to social
intercourse, * :

(65.) The essentials to vision being present, we have various abnormal
conditions to study. In the first place, vision may be dim, and really you
will find that there is a disease which may truly be called dimness of vision.
By dimness of vision I mean, that the ordinary amount of light does not
seem sufficiently to excite the retina; in fact, even in strong light the retina
appears to be imperfectly stimulated to action, Such a state you will fre-
quently find in those who try their eyes to a great extent with minute work,
as, for instance, sempstresses, watchmakers, engravers, compositors of small
types, and other trades requiring constant and minute use of the visual
organs. This dimness of vision is in some persons confined to the axis, or
part dedicated to distinet vision ; hence, I have met with gentlemen who
could not see a star unless they looked at it obliquely, when it became in-
stantly apparent. Central dimness of vision, I believe, is a common affee-
tion; and it is an interesting fact, that Sir John Herschel, in the use of his
great reflecting telescope, discovered that many faint stars were often ren-
dered visible by being viewed obliquely.

(66.) Somewhat similar to dimness of vision we obzerve a class of cases
which come under the denomination of night blindness, It is sometimes
called hen bhindness, because 1t 1s said that hens cannot well see at dark.
Night blindness generally arises from intense excitement of the retina,
either from the reflection of the sun from the water, which is so injurious
to sailors and fishermen, or from the reflection which takes place from
white chalky cliffs, or ground covered with snow. Few can imagine the
distress oceasioned by the refleetion of light from snowy mountains, at high

* False eyes are sometimes used for horses, as well as for man, and the appearance of the
deformity of a collapsed globe may thus be corrected.
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altitudes, unless they have actually experienced it, and this may be a fre-
quent cause of night blindness. In these cases the sufferer sees perfectly
well in the day-time, but loses his power as dark sets in. Good quotes
a case recorded by Guthrie, wherein it is related that a party of Russian
soldiers, whilst labouring under this affection, cut each other to pieces
unconsciously, when ordered to attack the enemy.

(67.) In opposition to night blindness there is an affection of vision termed
day blindness, because the party sees well in the dusk, but has very imper-
feet vision in the strong light of day. The deficiency of pigment in the
eyes of albinos renders vision by daylight less distinct than at night.
Many cases of day blindness depend upon the sight being veiled in the
centre of vision, as in cases of partial cataract, opacities of the cornea, &e.
When an opacity exists in the centre of vision, the contraction of the iris
will cut off' the power of sight; but on its dilatation from the light being
diminished, the rays are admitted over a surface beyond the range of the
ﬂl}ncit}', an effect which may be imitated by belladonna, stramonium, or
their alkaloids, atropine, and daturine. During the progress of active dis-
ease, I need hardly again mention that day blindness is common, and cer-
tainly the manner in which the scrofulous child hides its head all day long,
and only comes forth at night, is abundantly curious.

(68.) In opposition to dim sight, before mentioned, we have occasionally
vision preternaturally vivid. Plenk declares that he has known persons
who could see the stars at nn:ncrn-r;'ln:,u I have, however, never myself seen
an instance of such exalted vision ; and, as in fact, the stars are barely visible
during the darkness of an extensive solar eclipse, such instances must be
rare indeed.

(69.) In some instances I have observed cases of defective or diminished
vision in which the ordinary visual angle was insufficient to excite the eye,
so that it required to be enlarged for that purpose. I have met with such
instances on several occasions in young men, who evidently were unable to
see objects of the ordinary visible magnitude, but required the assistance
of convex glasses to enlarge the visual angle, In general I could not
satisfy myself exactly whether the abnormal state was congenital or
acquired, but certain I am that the powerful spectacles thrust upon them
by inecautious opticians were the very instruments best calculated to aggra-
vate the disease. When patients are affected with this malady, they can-
not see objects which are visible to ordinary mortals; they cannot read
very small type at any distance or by any light; and the best mode of
testing their condition is to try the power of sight with very small type.
This condition is also to be met with in old people ocecasionally; and in
these cases we observe that they are neither short-sighted nor long-sighted,
nor is there any defect in the power of adjustment. “They simply require
the object to be magnified, to render it perfectly distinct.
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(70.) When discussing the functions of the eye, I pointed out that in
health we are enabled to regard an object and obtain a sustained impression ;
in some cases, however, vision is but transient and becomes mtermittent,
and although the patient look steadfastly at the object, it vanishes, it re-
turns again, it vanishes, and again it becomes visible. Sir D. Brewster
first demonstrated that vision in the more remote part of the retina was
always transient; nevertheless, in the centre it ought normally to be con-
tinuous. This malady, which is in some cases of great moment, may
generally be remedied by quinine, iron, and mutton chops; in some cases,
however, you cannot benefit it. This affection is rendered much worse
when the object regarded is nearly of the same tint as those surrounding it.

(71.) An opposite condition of vision to that last described is to be
found in persistent vision, where the objeet seen remains too long upon the
retina, When the sun is regarded steadfastly, its impression is retained
upon the retina; and those who have tried the dangerous experiment have
continued to see the sun when they ceased to look at it, and they have
found it impossible to go into any spot where the image would fade away,
The darkest cellar was not darkness, for the sun was there, and the im-
pression has been known to last for two or three days and nights. In the
healthy eye the object does not remain impressed upon the retina for more
than the one-eighth of a second, and if it remain for a longer time the case
is one of persistent vision.

(72.) An object should be represented to our mind invested with its real
colour; white light should appear white, coloured light should appear of its
normal colour; but instances occasionally occur where parties are unable
to distinguish all the colours of the rainbow. Owing to visual defect, a
person has mended a hole in a green coat with a piece of scarlet cloth,
conceiving that it matched perfectly. Sir J. Herschel has ascertained, by
examining with great accuracy a party so affected, that the eye was acted
upon by all the colours of the rainbow ; and that, consequently, the disease
must have its origin in the sensual organs being incompetent to distin-
ouish the difference.  This inability to distinguish colours might be called
colourless vision. My excellent neighbour, Mr. Renton, the artist, informs
me that he once met with a gentleman, who, having perfect sight in all
other respects, could not distinguish any colour, as colours only gave the
idea to his mind of light and shade. Such a case is extreme and unusual ;
but, had he been educated as an engraver, he doubtless would have areatly
distinguished himself, as in that branch his defect would have been a benefit
to him. I have also lately heard of a pupil, who, on being desired to paint
a green tree, made use of vermilion for the purpose, and was well pleased
with his performance.

(73 ) In contradis#inction to colourless vision, we find persons, who, under
some circumstances, see objects coloured; thus, the jaundiced patient sees
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everything yellow. Coloured vision also arvises from looking at the sun
through a coloured glass when the complimentary colour becomes predomi-
nant. A still further extension of the last condition of vision may be ob-
served where the patient sees many colours. This state may arise from
various causes, such as the presence of little pieces of opaque matter on
the lens or in any part of the eye, which will decompose the white ray
and render it coloured. These instances would constitute cases of many-
coloured vision.

(74.) There is a disease called painful vision, which is found in various
cases. In some instances preternatural sensibility exists from the state of
retina: in other cases it arises from active disease in the eye. At one
time it is a merely unpleasant feeling ; at another it is exalted to absolute
pain, constituting painful vision, or, as it has been termed by some writers,
photophobia. |

(75.) Ordinarily we direct our eyes towards the object to be seen,
but in some cases the lateral portion of the retina appears alone to be
capable of appreciating objects; the peculiarity is termed skew-sight. It
is one of the most remarkable abnormal conditions of vision, and it is truly
curious to observe the sufferer roll the eye about to obtain a side glance of
the object viewed. A central opacity in the cornea will cause the patient
to be skew-sighted; but in other instances the centre of the eye appears to
have lost its power of distinet vision. :

(76.) I have, in some few instances, seen cases where distinet vision
appeared not to be in the axis of the eye, but at some other spot removed
from it. ‘Where these cases of excentric vision exist, the patient, in view-
ing an object, appears to have a peculiar squint, which, however, is not
likely to be benefited by an operation,

(77.) In my former lecture I entered minutely upon the consideration of
the mode of adjusting the eye to vision, and mentioned that some little
time was requisite to effect that change: I have now to mention that in
some instances the adjustment is performed but feebly, and requires a much
longer time for its performance ; this, therefore, is a case of slowly adjust-
ing sight. IFrom physiological considerations we may infer that the ad-
justment to nearobjects takes place from the entry of blood into the eiliary
body, and pathology shews that in feeble, weakly states it takes place more
imperfectly. Where slow adjustment exists, I generally find that quinine,
ivon, meat diet, fresh air, and exposure to the light of the sun, constitute
the best remedies. It is an affection by no means uncommon,

(78.) My optometer shews that it frequently happens that the power of
adjustment either in one eye or in both takes place but partially, and even
that this power may vary in the two eyes of the same individual, Some-
times this partial power is restricted to near ohjects, whilst distant objects
are not perfectly seen. In other instances adjustment only takes place over
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a range more distant, whilst near objects are not perfectly seen; and, again,
there are a third set of cases where the adjustment takes place in the
middle part of the scale. These cases are important, because they are apt
to be confounded with true short sight and long sight, which have for their
origin a different cause. If we suppose four lines, one for normal adjust-
ment, and the other three for abnormal, we shall be in a condition to un-
derstand how the range in both cases is contracted :—

Healthy adjustment

Near partial ad- } Far partia
justment adjustment.

Middle partial adjustment

These conditions are exactly similar to those of a camera obscura, which
has its lens so fixed as not to allow the motions sufficient extent for the
different adjustments. A fixed state of pupil does not interfere with ad-
justment, for I have found it to be quite perfect, or even slightly better
than that of the other eye, when it has been universally adherent to the
capsule of the lens,

(79.) There are also cases, not so frequent as the last, where the faculty
of adjustment to different distances is entirely lost or absent—a condition
which has been called by the great Dr. Young immutability of sight. I
have seen a few such eases at various times; but for all these conditions of
imperfect vision, the unlucky patients consult rather the ironmonger, the
pedlar, or other venders of glasses, than the surgeon, who is rarely called in
till the former worthies have rendered the case almost hopeless by impro-
per glasses,

(80.) I have now to speak of two very important conditions of vision,
namely, presbyopia, or far sight, and myopia, or near sight; conditions
which arise from the refracting power of the eye being so arranged, in rela-
tion to its distance from the retina, that a perfect image does not fall upon
the retina where the object exists at normal distances. In my physiological
observations I stated that the eye should adjust itself to objects situated
between five inches and infinite distance : but in far sight the eye cannot
see objects so close; in fact, in some instances not within three feet dis-
tance, or even not within a more extensive range ; and in near sight there
are cases where the eye only properly sees objects between two or three
inches and nine or ten inches,

(81.) In these cases the faculty of adjustment is generally perfect, or, at
any rate, not necessarily imperfect, and it is the range of adjustment in pure
cases of myopia and presbyopia which is alone interfered with, As in every
case of far sight and near sight a difference exists, it is impossible to map
out minutely the different ranges of distance at which objects are visible
in each case, though the accompanying diagram will in some degree illus-
trate the three great classes, near sight, healthy sight, and far sight :—
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Near sight.
Healthy sight.
Far sight.

EFE-r

(82.) The cause of both near sight and far sight is an alteration in the
length of the eye in relation to its refracting power. Thus, in near sight,
from the length being too great, we find the picture would be formed be-
fore the retina (fig. 25). In far sight, on the contrary, the distance is too

short, and hence the picture would be formed behind the retina (fig. 26).
In either case the indistinetness of vision arises from the rays not being
brought to a true focus or point on the nervous expanse.

(83.) Far sight generally, indeed almost invariably, occurs as a process
of natural decay in declining years, and the party first finds that he must
hold objects at a greater distance to render vision distinct. In this case the
whole eye seems to shrink, the anterior chamber becoming smaller, and the
cornea flatter, and, coinciding with this defect, the power of adjustment is
frequently impaired; so that thus we have a double disturbance of the fune-
tions of vision. The talented Wardrop has pointed out that feebleness
sometimes leads to presbyopia; no doubt sometimes by the absorption of
the aqueous humour, though more commonly, according to my own expe-
rience, by diminishing the power of adjustment, and thus constituting a
case of partial far adjustment, with which we must be careful not to con-
found it.

(84.) Far sight occurs to a greater or less extent when the lens is re-
moved, either by operation, as for cataract, or from any other cause. In some
instances the far sight is very slight, especially if the iris can perfectly con-
tract to a pin's point. In other cases, however, far sight exists to a great
extent, requiring very deep glasses to supply the defect. It is important in
these cases not to begin glasses too soon; for the longer their use is delay-
ed the better will it be for the patient, as Nature accommodates herself well
to the abnormal state. It is really astonishing how her powers of compen-
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sation will conquer acquired defeets, if we do not impertinently meddle with
her.

(85.) Short sight, or sight where the image is formed before the retina
in some part of the vitreous humour, is a disorder which, doubtless, 1s some-
times congenital, and which consists in the too great refracting power in

relation to the distance of the nervous expanse. More frequently it comes
on as a result of some condition of the body, or from the continued use of

the organ for the observation of near objects. In some instances, the an-
terior part of the cornea, which ought to remain as a fixed point, appears
to give way, and to be prolonged forwards, producing that condition which
is usually called conical cornea, and which is apt to increase till vision is
comparatively useless, from the impossibility of properly bringing to a focus
the image upon the retina.

(86.) It has been observed that those who work in the fields, or soldiers,
are not short-sighted; whilst, on the other hand, those who devote them-
selves to literary pursuits are almost invariably afflicted with this infirmity.
The natural mode of overcoming this acquired difficulty 1s to place the
party under circumstances opposite to those which produced the defect,
The literary man should regard distant objects; and, instead of spending all
his time over some work, printed, perhaps, with defective type, bad ink, or
faulty paper, should spend a fair portion of every day in perusing the more
profitable works of nature, which are situated at all distances, and of which
the lines, colours, and harmonious combinations are faultless, and beneficial
to the eye, and furnish the means of exercising healthy vision. The study
of morbid vision demonstrates the necessity of dividing our attention be-
tween the books of man and works of nature; and, if there be some who
dare violate this great principle, they may rest assured that their vision will
be impaired, and their mind distorted.

(87.) You cammot too highly estimate the value of attention, care, and
practice in rectifying the short-sighted state of the eye; and on several oe-
casions I have dissuaded the parents of young persons from precipitately
rushing to the opticians for short-sighted spectacles, and have frequently
had the satisfaction of observing that after a year or two the sight has very
materially improved; in fact, so as to render spectacles unnecessary,

(88.) You must be careful not to confound short sight with partial near
adjustment, for in reality the two states are different ; the diseases of vision
consequent on the impaired powers of adjustment being far more common,
from the improper use of the organ.

(89.) Irregular vision exists in a very few cases, Mr. Mackenzie asserts
that Mr. Babbage, the inventor of the celebrated caleulating machine, has
a defect of this character. Irregular vision depends upon the lens being
either of incomplete figure, or of its refracting power being abnormal in its
various parts. In irregular sight, one part of the retina may see an object
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at a given distance perfectly, whilst at other places it would be imperfect.
It sometimes happens that the vertical refraction of the rays differs from
the horzontal, so that the rays are brought to a focus at unequal distances.

(90.) Sometimes double refraction exists, either horizontal or vertical, as
though the refracting humours had two optical centres. 1 am acquainted
with a gentleman of distinction, who has an affection of this character in
both eyes, which causes him to see two objects when he looks at but one,
and a line appears double, like the last words of this paragraph :—

The extent of separation varies in different cases,
The extent of separation varies in different cases.

(91.) Sometimes a single object appears double. According to the law
of vision which 1 have already detailed, the defect always exists when the
figure of the object is so thrown upon the retina, that the real position of
it is not vertical to a tangent of the part of the nerve excited. Hence,
whenever the optic axes are not acting in exact accordance, double vision
ensues. When the axes of the eyes are not simultaneously directed to the
same object, the affection is termed squinting, or strabismus; and whenever
there is strabismus there will be double vision when both eyes are em-
ployed. Nature, however, practically gets over the difficulty by neglect-
ing the impression of one organ. A slight derangement of the stomach
will sometimes throw the eyes out of their {rue direction and cause squint-
ing. Double vision may always be produced by gently pressing the eye
out of its proper position with the finger. Double vision with one eye
may occur if two apertures exist in the iris, or if the cornea be divided in
the median line and the slit be not aceurately joined together in the pro-
cess of reparation. From my own experience, I should say, that, however ap-
parently exact the juncture of a slit in the median line of the cornea may
be, the conjunction, nevertheless, is never absolutely perfect.

(92.) Treble vision may occur in one eye in certain cases where three
apertures exist, or with two eyes if double vision exist in one, and the
position of the object as seen by the other is not in its true place. It is
however, a state far more rare than that of double vision.

(93.) In one or two instances I have met with manifold vision, the
party seeing numerous objects where one alone existed. This state of
vision would be invaluable to the miser, who values gold more for its
quantity than its utility.

(94.) In contradistinetion to double, treble, and manifold vision, we have
occasionally but half vision. The great Wollaston had once or twice this
affection, for, in looking at the word “Johnson” over the door, he only saw

son. This peculiar state sometimes occurs from indigestion, organic
disease in the brain, or other causes. The ease of Dr. Wollaston was one
of internal hemiopia; that is to say, he saw with the external half of the
retina, and not with the internal. But I have now a very curious case under
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my care at the Central London Ophthalmic Hospital, where the patient ean
read the name of Alfred if he looks steadfastly at the letter d. If, how-
ever, he regarded the letter A, he could only see Al and if he directed
his eve to the centre of the word, he perceived Alfr the rest being
invisible. In meeting two people in the street, he is only conscious of one
bemng present till he hears, to his astonishment, the other speak.

(95.) The case cited in the last paragraph differs from that of Wol-
laston, inasmuch as this one can only see with the outer part of the
eye. Many years back he received an injury to the left eye, which nearly
deprived him of its vision ; but the cause of the present ailment does not
satisfactorily appear., A friend of my own has often told me, that during
derangement of his digestive organs, he is subject, occasionally, for an
hour at a time, to a derangement of vision somewhat similar to that just
mentioned. In reading at such times, the half-inch of print directly in
the line of vision is invisible, so that he is compelled, as it were, to read a
little behind his direct sight all along ; and he tells me that the sensation
1s particularly distressing.

(96.) The quantity of light admitted to the eye is regulated by the
pupil; and if the pupil be excessively dilated, vision is not perfectly dis-
tinet in fact it is confused. If you refer to a diagram which I have before
shewn, you will see that rays passing through a pin-hole would fall upon a
sereen in such a way as to afford a perfect inverted image, a phenomenon
which I can shew by a camera without a lens. For near objects, much
illuminated, this contraction of the pupil appears necessary; and where
dilated pupil exists, the case is generally one of confused vision.

(97.) Moving vision, or that state where objects at rest appear to be in mo-
tion, is generally transitory, and will arise from any cause which will fuddle
the head. An extra glass of wine or spirits will generally make that appear
in motion which is in reality at rest. It is not always spiritous liquors which
cause giddiness; for instance cold will produce the same result, and vari-
ous states of the constitution will lead patients to infer that the object
regarded is passing away. If, when a person is in a state of semi-intoxi-
cation, you stand directly opposite to him, and slowly bend your body
laterally like a pendulum, and declare that he cannot see straight, it
will produce the most uncomfortable sensation, and he will believe that
he himself, and not you, are in motion ; and the ridicule of his ludierous
position will make him wish that he were a disciple of Father Matthew
rather than of Bacchus.

(98.) Distorted wvision will oceur when the regularity of the refracting
medium is interfered with, or when the curves of the various refracting
media are the least altered from any accidental or traumatic cause, hence
it will always occur in cases of irregular refraction.

(99.) In some cases the object isnot seen in its real place, but in some
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. other situation,—an event which always happens when the rays fall upon the
retina in such a manner that the object is not vertical to a tangent of the
part of the retina impressed. This instance of perverted vision may al-
ways be produced by moving the eye gently to one side with the finger,
when the object will appear in the wrong place. In the experiment of
directing the eyes to a new objeet, when the rays of a star can fall upon
the two eyes, this condition of morbid vision is explained, for neither of
the apparent stars is in its true place. An object always appears in a false
position when the impression does not fall in the axis of vision.

(100.) There is a curious state of vision which may be called uncertain
vision: it occurs when the patient cannot confidently judge of the distance
of objects, and at one time seeks to touch objeets which are yards from
him, and at another receives a violent blow by coming in contact with a
hard body which he believes to be distant. The incapacity to judge accu-
rately of distance occurs when a person loses suddenly the use of oue eye.
A chemist of reputation, who is an intimate friend of mine, met suddenly
with a severe accident, which, in a great measure, deprived him of the use.
of one eye, and he complained for a long period of the great inconvenience
he experienced from this cause. Elderly people are very apt to be thrown
down, from not being well able to judge of the depth or height of a step.

(101.) The field of vision, or rather the range of the limits of vision, is
in some instances contracted or lessened, and, with the power of using but
one eye, the range is much diminished; also, if either eye be only partially
veiled, the extent would be limited, and contracted sight would ensue.

(102.) Imperfect vision always exists with monocular sight. With one eye
we cannot thoroughly obtain a knowledge of solid or cuboid forms; and
hence it is highly important for squinting eyes, where integrity of vision
exists, to be set straight early in life. This admirable operation, if carefully
performed in proper cases, 1s perfectly successful, causes very little pain,
produces very little inconvenience, materially improves the appearance of
the individual, and often the sight of the eye.

(103.) One of the most common and at the same time one of the less
important, abnormal conditions of vision, is the presence of false spots,
which move when the eye moves, and which remain stationary when the
eye is fixed steadfastly on any object. We may presume that the spot
always exists on the same place of the retina. They have, moreover,
sharp, clear, defined margins, and therefore cannot be from opacities in
the vitreous body, lens, aqueous humour, or cornea; but must have for their
eause some condition acting directly upon the retina. At one time these
spots assume the form of threads, either single or contorted, so as to re-
semble a fine cobweb; at another, they assume the form somewhat of
spiders and flies, and are so distinet that frequently our patients can make
drawings of them for our instruction or their own amusement.
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(104.) T am inelined to hold :vith the learned Mackenzie, whose most
valuable work I particularly recommend for your perusal, that the discase
probably exists from some abnormal econdition of the arteria centralis retine,
orits veins. In this disease the choroid veins are frequently dilated, which di-
latation may often be observed in sempstresses, engravers, watchmakers, and
all other persons who enervate the eye by working upon minute objects. By
attending to the general health you may frequently lessen the disease, but
seldom entirely remove it. False spots,as I have hitherto described them,
are dark, as though vision were prevented at certain places. In some cases,
however, the converse is observed, and the patient has false sight of illu-
minated objects, or, rather, I may say, false illuminations. 1 have at this
hospital a case now under my care, of a man who is afflicted with this dis-
eased state of vision. False light always appears when a blow 1s inflicted
over the eye, or a current of electricity is transmitted through the eye or
surrounding parts. These luminous nuisances occur also during disordered
states of the stomach or liver.

(105.) In a former part of this lecture I have described to you the
various cases in which veiled sight occurs; and I there mentioned that in
almost all instances, although vision was lost, yet a partial translucency
generally allowed more or less appreciation of strong light. I have also
called your attention to cases of impossible vision, where the eye was
destroyed, and I have yet to consider various other circumstances which
prevent vision, or, in other words, render the patient blind.

(106.) Blindness has its origin from so many causes, and forms such an
extensive subject, that whole treatises may be written upon it alone; I
shall, therefore, content myself by singly recapitulating the leading condi-
tions under which we have ¥ wisdom at one entrance quite shut out.”

(107.) In the first place, amaurosis or blindness may ensue from causes
emanating in the blood : thus,if the vital fluid in the system be diminished
to a certain extent, blindness takes place; and I need hardly, in this place,
inform you, that, after extensive hemorrhage, blindness is a bad symptom,
When the action of the heart fails, no blood is sent to the eye, and tem-
porary blindness ensues; and, lastly, if the qualities of the blood be vitiated,
as in certain cases of anemia, plethora, &c., the same condition arises.

(108.) I have told you that blood and nerve are requisite for vision; and,
therefore, if anything press upon the nervous or vascular coats, vision is pre-
vented. Blindness is frequently produced from pressure upon these parts,
either acting within the eye or upon the outer part of the sclerotic. Blind-
ness may also ensue from causes preventing the conveyance of the im-
pression to the brain, and hence it may arise from causes emanating from the
optic nerve, optic track, or optic commissure,

(109.) Blindness may be dependent upon changes in the brain itself, or
causes acting upon the brain, as the pressure of fluid in hydrocephalus, or
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from extravasation of blood or other similar causes, In my former lectures
I have noticed the mysterious and interesting influence of the fifth pair of
nerves over vision, and we find that any canse which interferes with their
action produces blindness. The curious influence which® an action on one
nerve has in influencing another is well seen in the nerve of vision, for we con-
stantly find that irritating matter in the stomach impairs the sense of sight.

(110.) The various diseased actions which the body at times assumes,
will produce blindness, In hysteria utter insensibility to light sometimes
ensues. During the existence of the inflammatory process, a patient is also
commonly unable to tell light from darkness. Several abnormal states of
the body may produce blindness. During collapse vision is very imperfect.
The state of coma renders the patient for the time fotally blind, and during
fits he 1s unable to see.

(111.) We also meet occasionally with cases of voluntary blindness, and
this even among scientific men, who are unable, during the fit, to see a
fact which happens to be disagreeable to them, magnify it ever so big; or
if they do see it, they will distort it to suit some preconceived idea, or to
support some imaginary theory. Cases of obstinate blindness are also not
very uncommon in workhouses, where the law provides a cure in the shape
of the treadmill. This seems to be far too homeopathic in some cases, as
it produces but a transitory benefit, and the patient comes out as blind as
he went in; a misfortune much to be deplored, not by himself, who is a
gainer by his malady, but by the community, who have to support him in
his blindness, and who are contaminated by his bad example,

(112.) It is not within the province of this lecture to consider cases of
insane thought, where the mind sees that which never happened, nor to
dwell upon cases of poetic fancy, where the imagination conjures up
places, persons, or things for study, amusement, or contemplation. But as
in the physiclogy of the eye we are upwards led to the consideration of the
mystery of the personality of mind and life, so the pathology of the same
subject elevates the thoughts to the consideration of the properties of that
mysterious mind, which re-acts upon the organs of sense, and causes them
to restore bygone events, which made a deep impression at the time of
their occurrence. Our immortal Shakspere makes conscience bring to
light a past event, and the murderer’s accomplice to exclaim, “ Yet here ’s
aspot!” That which is seen he endows with odour ; and she calls out,
“Here 's the smell of the blood still!™ And the nodse which occurred at the
same time as the event which re-appeared, he expresses by “There is
knocking at the gate!” Lastly, as if to render the visual apparition com-
pletely perfect, he makes her to act upon the apparition, and endeavour to
wipe out the ideal dye, and to exclaim, “ Qut damned spot!” on which the
doctor, in amazement, declares, “ More needs she the divine than the

physician.”
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LECTURE IIL

ON SPECTACLES AND OTHER OPTICAL AINUNCTS TO VISION.

(113.) Optical contrivances as remedial agents.—(114.) Spectacles: constituent parts of,
frames, material used for,—silver-gilt, steel, German silver, brass, and horn.—(115.) Con-
struction,—the saddle ; apertures, adjustment of the centres of ; Visuometer, deseription
of—(116.) Mode of using.—(117.) Viewing distant objects with.—(118.) Form of
apertures.—(119.) Frame-shafts. — (120.) Spectacle lenses, materials used for: amber,
glass, pebbles, eoloured glasses.—(121.) Use of spectacles for modifying light ; various
colours ; form.—(122.) Remarks on the various uses of coloured glasses.—(123.) Their
use in hay-fever ; influence of light and heat in this disease.—( 124.) Importance of paral-
lel surfaces in these glasses.—(125.) Veils, advantages of. —(126.) Wire-gauze as a pro-
tection in railway travelling ; to artizans.—{127.) Lenses: optometer, description of.—
(128.) Adaptation of lenses to various degrees of refraction.—(129.) Lenses which shorten
foeal distance, varions kinds of these.—(130.) Use of these lenses in old age.—(131.)
Proper period for commencing their use ; proper power.—(132.) Superiority of the menis-
cus lens for these cases: periscopic and pantoscopic spectacles.—(133.) Pernicions effects
of the use of lenses for distant objects.—(134.) Peculiarity of glasses required after cataract.
{135.) Impaired power of adjustment.—(136.) Caliscopic spectacles.—{(137.) The various
lenses employed to lengthen focal distance.— (138.) Adaptation of lenses to short sight.—
(139.) For near and for distant objects.—(140.) Great importance of the caliscopic or con-
vergent spectacles.—( 141, 142.) Effects produced by the non-coincidence of the centres of
lenses with the pupils. —(143.) Importance of this adjustment.—(144.) Carelessness of
opticians.—( 145.) Focal-lengtheners in cases of conical cornea.—(146.) Single eye-glasses
as toys; for practical purposes,.—(147.) Superiority of double eye—glussca.—-{lllﬂj Cases of
disordered vision where refracting power of eye is not altered.—( 149.) Reading lenses in
these cases ; plano-convex lenses, mode of using ;—(150.) disadvantages attending ;—
(151.) means of overcoming., Amplifyer.—(152.) Construetion and use of.—(153, 154.)
Peculiar short sight, use of amplifyer in.—(155.) Mode of adapting it to these cases.—
(156.) Its adaptation in the form of spectacles,—(157.) Irregular refraction ; cylindrie
lenses.—(158.) Microscope and telescope.—(159.) Single lens ; theory of its action.—
(160.) Forms of lenses used ; Stanhope lens.—(161.) Parallel and divergent rays.—
(162.) Power of sight in myopia—(163.) Compound microscope.—(164.) Galilean teles
cope.—{165.) Opera-glasses, construction of, mode of using.—(166.) The common tele-
scope, construction cf.—(167.) Reflecting telescopes and microscopes.—(168.) Achromatic
condition, &e.~—(169.) Permanent injuries to vision from improper glasses.

(113.) WEe have considered the duties which the eye ought to be capable
of performing in a state of health; we have studied the variation in its
powers which is produced by disease ; and it now remains for us to consider
how far these abnormal conditions can be ameliorated by the use of optical
contrivances,

(114.) Of these contrivances, 1 shall first consider spectacles; instru-
ments so important to mankind, that I shall enter somewhat minutely into
the description of the several parts of which they are constructed. Spec-
tacles first consist of frames made of various materials, which enable the
optical part to be kept in a suitable position before the eyes; and upon their
correct manufacture the utility of the entire instrument to the wearer much
depends,  The material of which the frames are composed 1s usually
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- silver, German silver, brass, steel, or horn, according to the fancy of the
~ wearer. Silver frames, especially when gilt, are elegant, accommodate them-
~ selves well to the head, and do not readily become contorted. They are
~ heavier than frames made of steel, a metal which is now most frequently
~ used for this purpose, and which 1s sometimes employed extremely thin for
the purpose of saving weight. These require care to prevent their falling
out of shape, Frames made of German silver, brass, and horn, are only em-
ployed where economy is an object, preference being always given to silver,
silver gilt, or steel.

(115.) The frames, of whatever substance composed, have two apertures
to receive the glasses, a saddle to fit the nose, and two elongated portions
to grip the head. The saddle for the nose, which, by the way, gave rise to
the dispute, whether spectacles were made for the eyes or nose, is varied
materially, according to the dimensions of that organ; and, at one time,
merely rests upon the organ, and, at another, requires a peculiar curvature
to enable it to fit the part. The centre of each aperture of the frame should
be exactly opposite to the axis of vision of its respective eye; and the ad-
jJustment of the exact centre of the glass to the optical centres is so im-
portant in practice, that I have contrived an instrument to measure the
width accurately between these centres (fig. 27).

It consists of two tubes, so arranged that they can Fig. 27.

play perfectly parallel, and admit of approximation
and separation. At one extremity of each tube
cups are fixed to fit the globe, and at the other
a hole of about the one-eighth of an inch is left,
through which vision is allowed. At the cup
another aperture is made, as small as we can con-
veniently see through; and at the distant end a diameter is struck by a
moving bar, which revolves on one tube, and plays into a revolving joint
placed on the second tube, and from which the measurement can be read
off to the one-twentieth of an inch. The apparatus requires to be made
with considerable exactness, and care must be taken that all the paris
are so finmly constructed that the motions of the tube are perfectly
parallel.

(116.) When we desire to measure the width of the eyes, the party has
but to look through the tubes at any white surface : at that point where the
two circles of light are most distinct the true width between the visual
axes is indicated. This instrument, with even ordinary care, indicates the
width with minuteness, and, considering the facility with which it can be
made, and the little trouble required for its use, is an instrument, the em-
ployment of which we are not justified in neglecting in any case requiring
the aid of glasses,

(117.) I have called the instrument itself the wiswometer, a term which
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may, perhaps, be objectionable to the classic, because it is compounded of a
Latin and a Greek root; though, in my opinion, it is preferable, on grounds
which I need not now consider, to other names which I constructed from
the Greek alone. When the instrument is employed to look at distant
objects, the rays from which are virtually parallel, as, for instance, the sun,
moon, or other heavenly bodies, or even terrestrial objects situated a few
hundred feet distant, it will be found that the object appears double at all
points except one, which is the exact width of the optical centres. In using
the instrument in this manner, or, rather, I may say, by bringing the two
images exactly to correspond so as to form but one, the distance between the
centres of vision may be learnt to the one-hundredth of an inch without error.

Fig. 28. (118.) The form of the apertures varies
=, under different circumstances; generally
in England they are employed of an
oval form, and in America octangular.
For reading and speaking sometimes one
half is cut away, (fig. 28.)

(119.) The part by which the spec-
tacles are held to the head is apt to grip the temples, which is very incon-
venient, and apt to cause pain. In the better spectacles it is elongated by
means of a folding-joint, which is sufficiently long to form a gentle spring,
and which, by pressing slightly on the side and back of the head, maintains
the glasses in their proper position in perfect security.

(120.) The refracting or optical part of the spectacles is made of glass,
pebble, or Brazilian quartz, and, it is said, occasionally of amber: this last
substance, however, is soft, easily scratched, not perfectly clear, and very ill
adapted for the proposed purposes. When glass is used for refracting pur-
poses, it should be perfectly colourless, homogeneous, free from specks, veins,
or air-bubbles; and whenever the glass manufacturer finds that he has made
a peculiarly fine pot of glass, he generally reserves it for optical purposes,
Pebbles should also be free from specks or veins. They are superior to
glass, inasmuch as they do not scrateh, but retain their polish. They are
dearer, however, than glass, being much more difficult to work on account
of their hardness. Sometimes, for particular purposes, we employ coloured
glasses, such as those which have a green, blue, or neutral tint.

(121.) Spectacles are sometimes employed for the purpose of regulating
the quality or the quantity of the light. For this application the neutral
tint, blue, or green are most to be preferred, whilst the red and yellow are
the worst. According as we desire to exelude more or less light, so do we
select a glass possessing more or less colour.

These coloured spectacles are invaluable for the partial exclusion of the
bright rays of the sun in the months of May, June, and July, especially
when white chalky cliffs, or surfaces of water, heighten the effect by their re-
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flection. Asby practice we may bring the eye to see in the most feeble lights,
so should we only employ these contrivances to cut off the sun's rays when
the light is either too dazeling or distressing to the eye. When these
glasses are worn, the spectacles should have two side parts of the same
coloured glass, as, by this contrivance, the protection is ensured to the
entire retina.

(122.) Coloured glasses should on no account be worn on a dull day, in the
dusk of the evening, nor, as a general rule, with artificial lights, or their pre-
seryative power in strong lights would be impaired
by accustoming the eye to the impressions of feeble
illuminations. Some persons who have delicate or-
gans commonly employ spectacles of lightly-tinted
glass for reading or writing; though even here, as a
general rule, they should be avoided. Coloured
glasses are of great value to protect the eye from
the brilliant reflection of the snow in mountain
passes; they are also constantly employed by the chemist when he uses
the oxy-hydrogen or voltaic light, for which purpose they can scarcely
be too deeply coloured. They are employed by the mariner when taking
his observations of the sun; and they are used when the eye has lately re-
covered from inflammation, and is liable to be injured by excess of light.

(123.) For some years I have employed coloured glasses for that singular
malady known under the name of Iay Fever. This curious disease is
greatly aggravated by intense brightness of the sun, when combined with
heat, and assisted by dust. Light will not cause the malady alone, heat
will not produce it alone; but light and heat appear to me to be the agents
which operate most powerfully in producing it ; and the presence of dust of
every kind, such as the dust from the roads, the minute portions of chalk,
or the pollen of flowers, much heightens the malady. You will find that a
pair of dark-green spectacles will wonderfully alleviate the distressing symp-
toms which are incidental to this complaint. They should be worn only in
the middle of the day, when the rays of the sun are unpleasantly powerful ;
and they should be studiously put aside whenever the sun is clouded.

(124.) In all cases where coloured glasses are employed, the two surfaces
should be perfectly parallel, or more or less distortion will ensue. Glasses
with parallel surfaces have no action on rays which strike the glass perpen-
dicularly to the surface, though those which fall obliquely are reflected. In
looking through them the object is neither increased nor diminished.

(125.) To exclude light we do not invariably employ tinted glass;
we sometimes use gauze made of wire or other materials. Ladies
placed under circumstances requiring the aid of contrivances ealculated to
diminish light, instead of using spectacles, prefer to employ a very thick
veil, which they sometimes even double. This contrivance is, perhaps,
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much better than the employment of spectacles; because the veil can be
so arranged that the air shall have free access to the eye.

(126.) Protectors of iron gauze are used for excluding E'orcign bodies

during railway travelling. Occasionally we have
to treat cases of injury done to the eye from red-
hot cinders having flown into the organ. Whilst
the poor are exposed to this damage in the open
third class carriages, it is a question requiring
some consideration, as to whether legal proceed-
ings against the company in every case of mis-
chief, would not be a far better preservative than
rallway spectacles,

This Ophthalmic Hospital, from its locality in Gray’s Inn Lane, is placed
near very large factories in the great manufacturing district of Clerken-
well. Scarce a week passes without persons applying to have small pieces
of iron removed from the cornea; and I have often thought that this mischief
might be prevented by the workmen using a covering of magnetised gauze,
although, generally speaking, artizans have a great dislike to all incum-
brances.

(127.) We frequently desire to alter the relation which exists between
the power of the refracting humours and the distance of the retina; and
for this purpose we employ lenses which magnify or diminish, or which, ap-
plied to the eye, lengthen or shorten its focal distance. Before any kind
of spectacles are adopted which either magnify or diminish, it is very ne-
cessary that we should have a thorough knowledge of the optical properties
of the eye the defects of which we seek to remedy by optical contrivances.
To effect this object I have
contrived an  optometer,
which should mvariably be
employed by the optician
before spectacles are sold to
the applicant. The instru-
ment consists of a convex
lens, to which a graduated scale is affixed, of such a length that convergent,
parallel, and divergent rays may be brought within a reasonable scope, and
thus the eye may be tested by it.

(128.) To suit all cases of refraction, I employ a geometric series of
lenses :—1 of 20, 2 of 10, 3 of 5, and 4 of 2} inches focal length. No. 1
is only required for short-sighted persons; No, '4 for parties who have
lost the lens of the eye; No. 2 is the best standard for both concave and
convex glasses; No. 3 is employed for long-sighted persons.

Fig. 30,
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The graduated bar is twelve inches long, and an adjusting plate is so
contrived that a piece of small print may be inserted for examination.
By calculation I bave found the point at which vision should be most
distinct for each case ; and if any deviation from that exists, a correction
is required by some optical contrivance,

If the point of distinet vision be further removed, the case is one requiring
the use of convex glasses to bring the vision of the object to its normal po-
sition.  If the point of distinct vision moves nearer to the object, it re-
quires concave glasses to restore it to its normal place. 1 have calculated
the above table of the powers of convex and concave lenses, required to
corre " defects in various cases,

The range of adjustment in the healthy eye is very great. In No. 1 it
is from 2% to 20 inches; in No, 2, from 2 {0 10 inches; in No. 3, from
1% to 5 inches; and in No. 4, from 14 to 2}, The point of most distinet
vision is, according to my own experiments, about 10 inches: but it will
vary with trifling conditions of the health, and an extra glass of wine the
preceding night will lengthen the distance, To allow for any deviation of
this kind, I have given three calculations: one for the nearest point at
which objects are visible, namely 21 inches; the best point for vision, or
10 inches; and infinite distance, or parallel rays. When you have selected
the spectacles by placing them before the glass of the optometer, the point
of vision should be the same as with the healthy eye. Thus the optometer
gives three tests of a proper selection of lenses.

The optometer® at once demonstrates any absence of power in the faculty
of adjustment to distances, or whether the eye simply requires magnifying
to increase the visual angle.

* To make the calculations required for the optometer, the following formula may be used.
If b inches be the ordinary distance of distinct vision in a healthy eye, and if a lens, the focal
distance of which is # inches, be placed close to the eye, an object which to the healthy eye is

S o : [ :
most distinctly visible at & inches must be removed to 3 :: inches. For let @ = required
i

- = a = = . 1 l- lI E‘ + "

distance of most distinct vision when such a lens is used, then — = — + Pt o and
iy k] n

Rt bn

B

Ee. Letbh=10
= 10 focal distance.
10 __ 100
e TET T
then @ = 5, distance of most distinet vision.

Ezr. Leth =10 Bl e

= 2

‘When the eye is either short- or long-sighted, this point of most distinct vision becomes
nearer or more distant. The following general formula enables us readily to ascertain to
what extent such an eye varies in its refractive power from that of a healthy one,
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(129.) Having described to you the mode of ascertaining the state of the
particular eye requiring optical assistance, we have to consider in detail the
appliances to be used for correcting the error. Of these I shall point out
circumstances to be observed with glasses which shorten the focal distance
of the eye, and which I shall call in my work focal shorteners. Now focal
shorteners may consist of any lens which ecan
bring parallel rays to a focus, as such a glass Fig. 32.
will heighten the refracting power of the eye,

o E F = H
and shorten its focal distance. Lenses which
thus act are spheres (u), plano-convex lenses
(D), double convex (E), crossed lenses (¥), and

meniscl (G) ;.the double convex and menisci being almost exclusively em-
ployed for spectacles.

(130.) Focal shorteners are required for states of vision arising from
various causes, of which stands pre-eminently forward that which comes on
with old age. The eye cannot see near objects well, because it cannot
focus them upon the retina, as the image would be formed at some distance
behind it. As soon, however, as we add a focal shortener, the image is
formed upon the retina, and the patient sees. When once this change be-

Let & = distance at which a diseased eye sees most distinctly when looking through a lens,
of which
n = the focal distance,
and b = distance of most distinct vision in healthy eye without lens,
and y = required focal distance of additional interposed lens to enable diseased eye to see
most distinetly at the same point as a healthy eye;

then ; = b;:“ — {1;, and y = e +°i:‘_bn is the formula for all cases, when a positive
result indicates a convex lens, and a negative result a concave lens,
Ex. Leta= 3 300 _ — 7% =required focal distance of concave
b= 10 thcnl"‘:sﬂ‘{_aﬂ_luu_ lens,
n =10
Leta= 5
b = 10 then y = infinity or unrefractive glass,
= 10
Letn = 10
a= 6 then y = 30, the focal distance of required convex lens.
o= 10
Letn = 2%
a= 2 then y = a, or unrefractive glass.
&=10
Letn = 2§
a = 1 then y = — 2, or focal distance of concave lens required for most dis-
& =10 tinct vision.
Letn = 2%
a= 4 then y = 4, or focal distance of convex lens,
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gins it generally increases, and never diminishes, The rate of its progres-
sion, however, is uncertain; and, though the glasses require to be ex-
changed every two or three years for those of higher powers, no rule can be
civen for the frequency or extent of the change. Kichener has, indeed,
given the following table, which is really of little value, because some-
times persons will see perfectly well at 100 years of age, and not be in
the shightest degree long-sighted.

Age. Convexes. Age. Convexes. Age. Convexes. Age. Convexes.
40 i 55 20 Lifi] 14 80 9
45 30 5 18 70 12 85 8
30 24 60 16 75 10 90 7
100 6

(131.) When the far sight of advancing years becomes apparent, spee-
tacles should at once be employed; nothing is gained but inconvenience
and damage to the organ from not using them, because m their absence the
eye would either not be able to perceive minute objects, or only by strain-
ing itself to the utmost. When glasses are commenced, the lowest power
which is applicable should be selected; or, rather, I should say, that a
power somewhat below that required for most distinet vision should be
employed.

(132.) Formerly double convex lenses were invariably employed for focal
shorteners. The great Dr. Wollaston, however, pointed out that menisci

Fig. 53 were far better adapted
for that purpose; and,
from the extensive range
of wvision which they
afford, he termed them
periscopic  spectacles.
Since his time these
spectacles have been still
further improved, and
received the name of
pantoscopic  spectacles.
Pantoscopic  spectacles
are meniscl, and there-
fore periscopic; but the
olasses are arranged in
a position highly favour-
able for the intended
§ purposes.

“ The wvertical extent
of the field of vision
varies in different persons, depending either upon the form of the eyebrows
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and cheek, or upon the prominence of the eyes themselves. In my own
case I find, by direct measurement, that whilst my head remains stationary,
I can see objects ranging over 149 degrees, by moving the eyes as far as
possible. The extent is thus differently divided by the two kinds of
glasses—

COMMON CONVEX. PANTOSCOTIC,
Range above Spectacles . 86 . . . L
LTy t\llm“.gh d{'-ﬂ o " G? L] [ - - ﬁ'i'
s below do. - aln . . . 10
149 149

“ An interval not far short of 5 must be allowed as an interval of indis-
tinet vision covered by the rim of the spectacle, half of which must be sub-
tracted from the field of vision above the glass, half from that part oceupied
by the glass. In the common form of spectacle 5" must, in a similar man-
ner, be subtracted from the rim at the bottom of the glass, In the pan-
toscopic form, however, the lower interval falls at the extreme limit of the
field, and 1s therefore of no consequence,

“From these measurements we at once perceive that the pantoscopic
differs from the common spectacles, on account of the great extent of the
field of vision above the range occupied by the lens, in which objects may
be seen in their natural condition, They differ, moreover, from the small
extent of field which exists below the bottom of the lens; and, in fact, this
would not have any existence, as the pantoscopie lens rests upon the cheek,
did not the rounded and receding form of this part of the face have a small
interval at the outer margin of the spectacle.

“As a consequence of this arrangement, the pantoscopic spectacles
occupy that part of the field actually employed in the examination of near
objects, whilst that part not required for that purpose is left uncovered
for the wearer to examine distant objects.”

These glasses were first introduced to my notice by Messrs. Horne and
Thornthwaite, who requested my opinion as to their eligibility before they
would sell them. Having minutely examined them I reported favourably
upon them ; and to that report I may now add, that, as these glasses allow
vision over their top for distant objects, the sight will be materially pre-
served by their use, and perhaps the time will come when no other form
of spectacles will be employed for the far-sightedness of advancing years.

(133.) I can hardly over-rate the injury which the far-sighted eye sustains
from looking through the glass at distant objects; and I therefore warn
you to caution your patients from pursuing such a course where they em-
ploy the commeon form of spectacles. Where patients, however, pay you
your fee, and pretend to desire your advice, and take their own course after
all, you will find that the effect of the malpractice is to cause the eye to lose its
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faculty of adjusting itself to distant objects, and the patient,instead of em-
ploying one focal shortener, will be compelled to use two of unequal focal
power, one for near objects, one for distant objects, and, at last, he will be
quite unable to dispense with this double optical contrivance.

(134.) After the operation for cataract, where the lens is removed from
the eye, it is necessary for the eye to have a focus-shortener to take its place.
In these cases we require two pairs, one for distant objects, less powerful
than the other, which is required for near objects. In these cases, distant
objects require the aid of glasses as well as near objects, and therefore the
ordinary spectacles are better adapted than the pantoscopic. In some of
these cataract cases a very deep power is requisite to compensate for the
loss of the lens, so much so as to render the lens, unless of enormous bulk,
so small as to require a black circle to be let in the frame into which the
lens is inserted. Whenever the eye is placed in a medium denser than the
air, its power of refraction is diminished. Hence, if we plunge our heads
under water, we require powerful focal shortening glasses to correct the
effect of the water, and render the image distinet. If we were to plunge
our heads into water exactly of the same refracting power as the cornea,
the rays of light would suffer no alteration in the original direction in
passing through that structure,

(135.) When the faculty of adjusting the eye to distances is impaired,
without any change of physical structure, focus-shorteners are had recourse
to by some parties. Beware, however, how you proceed in these cases, for
they require much caution ; and our object should rather be to restore the
power than to tamper to the defect; and much mischief is frequently
effected through the cupidity or ignorance of the spectacle-seller.

(136.) In all cases where we use focal shorteners for near objects, as for
reading, writing, &c,, it is as well so to arrange the glasses that the dis-
tance of the object to be viewed forms the radius of a circle, to which the
glasses should be tangential to points of which the chord of twice the are
should be the width of the eyes, or nearly two inches and a half. These
convergent spectacles I have termed caloscopic spectacles, because the ap-
pearance of the object is rendered more beautiful and distinet, from the
rays passing vertically from the object to the eye.

(137.) I have now to consider another important part of my subject,

Fig. 34, namely, the application of focal lengtheners, a result which

. & ¢ may be obtained by plano-concave (a), double concave (),

or meniscl (c), the convex surface of which consists of a

] I ) segment of a larger circle than the concave. Ido not wish

you to take anything for granted; I wish you to observe with

your own eyes that an image in the camera, which is indistinet, because the

screen is too near to the lens, may be made perfectly distinet, when a focal
shortener of any of the above kinds is placed before the glass.
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(138.) In short-sightedness the image is formed anterior to the re-
tina, and a focal lengthener is required to cause it to fall into its proper
place. I must now refer yvou to my former lecture on the different cases
of short-sightedness; and when you think it advisable to use glasses, begin
with those which barely suffice to effect the desired object, and in all cases
leave the eye some work to do, otherwise the eye will gradually accommo-
date itself to the glass, and require a continual increase of its power. Very
great mischief is inflicted on patients by allowing them to employ glasses
too deep, and on that account glasses should always be used of such a power
that some range of adjustment is left for the eye.

(139.) Short-sighted persons should have two pair of spectacles, one to
be used for near, the other for distant objects, and the glasses should be so
arranged that the light from the object shall pass perpendicularly through
the lens to the eye. Short-sighted glasses for reading should be directed
towards a point about fifteen inches distant ; for distant objects, they should
be on the same plane, or, to divide the error over every possible distance,
a slight convergence may be allowed.

(140.) These convergent spectacles I have before introduced to your
notice under the term of caloscopic spectacles, and I believe that their ex-
tensive application will save the vision of hundreds. From my own expe-
rience, I should say that nearly two-thirds of all who use focal lengtheners,
or concave glasses, practically employ but one eye, because their specta-
cles have been so made that they could only adjust one glass to the axis of
vision. In the manufacture of these spectacles care should be taken that
each glass converges equally to the part viewed ; and for this purpose I have
pointed out one or two contrivanees, which I do not think it necessary to
deseribe here, The necessily of this mode of arranging glasses™must be
immediately apparent if you look through the lens obliquely at a book;
for in one position you will increase the length of the letters, and in the
other you will separate them,

(141.) Where focal lengtheners are employed, it is of very great conse-
quence that the centre of each glass should be exactly central to the pupil
of the eye. I'rom neglect of this point alone I have been consulted, on
numerous occasions, by gentlemen of sedentary habits, who neglect the use
of one eye and employ but one organ for vision. You will now, gentlemen,
perceive that the laborious and tedious minuteness with which I have
dwelt upon the functions of the two eyes has not been thrown away; for, in
this case, you find, that, from the careless application of glasses alone, ex-
tensive damage has been effected, and thousands of persons now exist who
have been cut off from the full enjoyment of the beauty of external objects
by the ignorance or carelessness of spectacle-sellers,

(142.) By using spectacles, the glasses of which are either too wide
apart or too narrow, double vision is produced, to prevent the embarrass-
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ment of which the impression of one must be neglected, a result which is
generally accompanied by a very slight squint. If you carefully examine
many persons of sedentary habits who use focal shorteners, you will be
astonished to find how extensive bas been the damage which I am directing
you to avoid. The same person who would scorn fo buy the ready-made
coat constructed at random, and not accurately fitted to his person, will,
nevertheless, take the ready-made spectacles, apparently forgetting that the
same personality which requires his coat to be accurately adjusted to his
person extends to all parts of the body, and requires a pecular adaptation
for contrivances intended to fit the eyes.

(143.) I can tell you in a few words to adapt accurately the width of
the spectacles to the width of the eyes, so that perfect vision may be ob-
tained by both eyes at once; but you will find, in practice, that each case
will require great care : the width, however, heiug once accurately ascer-
tained, the same spectacle frames will last as a pattern for the rest of a
man's life, as there is very little chance of the distance between the eyes
expanding or contracting. To obtain, however, any good result from this
careful adaptation, it must be done when spectacles are first employed, for,
after mischief has resulted, your labours will be comparatively ineffectual
to restore binocular vision.

(144.) From henceforth I do hope that the visuometer, which I shewed
you at an earlier part of this lecture, will prevent, in great measure, a re-
petition of the mischief; but I must caution you to look sharply after the
optician, or, with all your care to adapt the width of the frame, he may
carelessly insert the glasses in such a manmer, that the optical centre is
not in the centre of the frame aperture.

(145.) Focal lengtheners are contra-indicated in conical cornea, and in
young persons, when the defect suddenly appears. In my former lectures
I have explained to you the good results which attend the judicious exer-
cise of the eye, and I have only again to enforce that spectacles are only
to be employed for short-sighted persons, when all other means of rectif}:-
ing the defect of vision have been tried and have been found to fail.

Fig. 35 (146.) So much for the consideration of the
employment of focal lengtheners in the shape
of spectacles for short-sighted persons; but for
this purpose eye-glasses are also frequently
employed. The single eye-glasses, so fre-
quently seen to be worn by the Regent-street
axquisites, or, as “Punch” would have it, by the monkey-men, if used
simply as a vulgar token of recognition, hardly come within the provinece
of our consideration as surgeons. If these toys be glazed with plain glass,
the damage which may result will be rather moral than physical; and if
they be glazed even with focal lengtheners, I do not know that there isany law
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to prevent a man from damaging his vision if he pleases; nor do I see
how such damage, when effected, can seriously interfere with their pur-
suits, Where eye-glasses are required, they should be made on the prin-
ciples already detailed, and should never be employed except absolutely
essential.

(147.) The great objection to the employment of single eye-glasses is
the effect which they are apt to produce upon one eye, in causing its focal
distance to be shorter than that of the other, an inconvenience which may
act seriously in some cases, On this account a double eye-glass should
always be preferred; and, independently of this effect, you must always
remember that binocular vision gives a more perfect form, renders the
picture brighter, and causes the object to appear in its proper distance
and magnitude.

(148.) The treatment of those cases of disordered vision in which the
refracting power of the eye is not altered, and in which the eye simply re-
quires the object to be seen under a greater visual angle, demands particu-
lar consideration. In these instances we have but to cause the object to
be magnified, and the party sees perfectly. Ordinary spectacles are not
well adapted for these cases, inasmuch as they do not afford to parties so
afflicted distinct vision at convenient distances, Every convex glass ar-
ranged as a pair of spectacles would give at no particular point perfect
clearness ; but this point is extremely close for glasses which magnify suffi-
ciently to be of real service. I find that ealculation and experience coin-
cide in assigning the following as the distinet point for convex glasses of
different focal lengths :—20 in. at 63, 10 at 5, 5 at 31, and 2% at 2 n.

It will be seen that these distances are inconveniently near for the ordi-
nary oceupations of writing and reading, and thus lenses of such power
cannot be conveniently employed for that object.

(149.) To obviate this inconvenience reading-glasses are used, which are
large lenses fixed in a frame, and held at a
distance from the eye, and at a suitable dis-
tance from the object; and in this way lenses
of higher powers can be advantageously em-
ployed. For this particular object a decided
preference must be given to the plano-convex lens, which is to be used with
the plane side towards the object. The utility of thus turning the plane
side towards the object arises from its affording in that position a large @{l
uniform field, in which objects are perfectly distinet to the extreme margin
or edge of the lens. If the plano-convex lens be reversed, so that the con-
vex side be directed towards the point, distinet vision is only afforded at
the centre. :

(150.) Reading-glasses of such construction are found in practice to be

extremely inconvenient, because if both eyes are directed to the object
Iy

Fig. 36.
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simultaneously, it is either doubled or rendered very confused, because two
eyes cannot regard one object through a lens without its appearing double.
Sometimes, indeed, the impression of one eye is instinctively neglected, and
then but one object is seen ; nevertheless, in all cases and under all cir-
cumstances, if we really see any object through a lens with both eyes
simultaneously, the two objects must appear in different places, and conse-
quently double. In my peregrinations about London I have been surprised
at seeing glasses labelled “ Binocular,” at some apparently respectable
shops, which well indicate the knowledge possessed by even the better
order of spectacle-sellers,

(151.) It becomes practically a serious and important affair to get over
the indistinctness of these reading-glasses; and by far the best mode with
which I am acquainted iz to place a large plano-convex lens in a tube about
eight inches long, with its plane surface directed towards the object. The
tube tapers to the ocular end, which has an aperture suitable for vision. The
working-men amuse themselves by calling these tubes ear-trumpets for the
eye, because they fancy that they are somewhat of that form, but the name
which I have assigned to the instrument is “ the amplifier.”

(152.) In the manufacture of this instrument it is important that the lens
be large, and, at the same time, that the tube should be constructed as
slightly as is consonant with proper strength. It is very useful at times to
fix it upon an universal joint attached to a reading-desk ; and its employ-
ment will enable many elderly persons to read small print comforiably, who
had previously been unable to attempt 1f. To healthy persons the ampli-
fier is really a charming instrument. At first sight you may really fancy
that there is nothing of importance in it; but the exquisite beauty with
which it brings out the noble workmanship of the ancient coins or the
modern triumphs of Wyon's art, entitles it to a place in every numismatic
cabinet. Flowers, insects, and small plants appear of singular beauty
through this really magical tube.

(153.) One of the most difficult classes of cases to treat, and cases which in
reality frequently oceur, are those in which the eye is very short-sighted,
and at the same time has its power of seeing diminished; that is to say,
the object must be magnified to render it distinet. For years these cases
used to consult me, and I tried all the combinations which oceurred to my
mind without being able to give relief; that is to say, I could not think of
any means which could be employed to render an object, such as a page of
print, distinet to the party so afflicted. I used to tell them that neither
medicine nor surgery, neither science nor experience, has found a remedy
for their special case. Every person so sent away was a great annoyance
to me, for I thought it a disgrace to the surgeon not to be able to furnish
a remedy. One day, however, 1 thought of using a concave glass sufficient
to compensate the defect in the ordinary refracting power of the eye, and
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then I found that my amplifier before described answered admirably for
the particular case, and enabled the party to see with facility.
- (154.) I only wondered that such a ridiculously simple appliance had not
occurred to my mind on any former occasion ; and the only consolation for
my oversight was, that neither surgeon, philosopher, nor optician had to my
knowledge ever employed it, and it is always a very difficult and most
trying effort of the mind to resolve a point to its utmost simplicity. Thus
there is reason to hope that my simple contrivance may be hereafter very
much simplified.
(155.) In practice, to render the short-sighted amplifier perfect, the
- concave lens must be fitted at the upper part of the tube, which thus is
rendered a species of opera-glass.
From the number of persons whose sight is short and whose vision 1s
- diminished, I believe that there are multitudes in real want of this instru-
ment, did we but know how to find them out and render them assistance.
(156.) The consideration of the amplifier will lead you at once to under-
- stand that it is possible to make a pair of spectacles composed of a pair of
- little amplifiers, the concave glass being nearest the eye, and of a focal
- length exactly sufficient to correct the defect of its refractive power. The
convex lens must consist of a glass of power sufficient to magnify the object
- viewed, which for ordinary distances can, unfortunately, be but small. It
~ is also necessary that the tube be made as light as possible, and the other
- parts strong to bear the additional weight. Such spectacles are only appli-
~ cable to the slighter cases of dimiuished vision occurring with short-
. sightedness. For severe cases the amplifier before described can alone be
employed.
- (157.) For irregular refraction I find it recorded that the Astronomer
- Royal devised lenses having a cylindrical curve on the one side and a
- spherical on the other, which would magnify or diminish more in one
- direction than the opposite. I have, however, never seen such a lens; and
3 although I wrote to the party who is aid to have constructed them, did not
~ obtain an answer to my inquiries. Cylinders magnify in one direction, but
~not in the other; so that, in regarding print through their agency, the print
is distorted into the form of the writing over marine-stores, provided the
cylinder be parallel with the lines, If it be placed transversely, then the
letters are made to appear ridiculously wide, and separated from each other
by great intervals. An ordinary convex lens, placed obliquely, has the
same effect,

(158) I feel it necessary to make a few observations upon certain
adjuncts to vision which we employ, not for the purpose of rectifying
diseased sight, but of rendering objects visible which are so small, that at
ordinary distances the angle they subtend is insufficient for vision, or which

are placed at so remote a distance that the angle is diminished below the
D3
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powers of sight. To increase this angle we employ two varieties of instru- -
ments, one of which is called the microscope, and is adapted for near:
objects; the other, set for distant objects, is termed the telescope.

Fig. 31,

(159.) The simplest form of microscope which can be employed is a |
simple lens. 'When the object is placed at its principal focus, the rays |
diverging from each point of it are rendered parallel (fig. 13); and when
these rays are brought to a point upon the retina, they form an image which
is rendered very much larger than without its assistance, because the ray
could not come straight from the object, but must have passed through the
first lens, and in this way the visual angle is in reality much larger.

(160.) The lenses which are principally used for magnifying-glasses are
spheres, double convex, and single convex lenses. Sometimes lenses are |
employed with such a thickness of glass in relation to its sphericity, that
the object is in focus when placed in contact with the glass, a property
which renders it very useful for very small objects. A lens of this cha-

Fig. 38.

Sy (o

racter is called the Stanhope lens, and generally has the spherical lens next
the eye less convex than that which is directed towards the object. Sir Du
Brewster has used half spheres in such a way as to cause them to have the
same magnifying power as whole spheres; and there are other kinds of
glasses which are occasionally employed for that purpose.

(161.) The eye, however, does not see objects most distinetly. In objects
where the rays from each point are parallel, or nearly parallel, it is neces-
sary that they should have a certain amount of divergence, such as those
which come from a point about ten inches off. For this reason the object
to be magnified is not placed exactly at the focal distance of the lens, but
as much nearer as will allow for this peculiarity.

(162.) Many ophthalmic surgeons assert that short-sighted people see
invariably things magnified, because they are visible at a much nearer dis-
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tance than in ordinary healthy vision. It is most certainly true that a
larger image is formed on the retina, but it appears to me by no means
certain that the image reallyappears larger, because, if all parts of the eye
are dilated, then no apparent difference of size would be afforded to the
‘mind. I cannot myself affirm that I have ever seen a short-sighted person
who could distinguish an object which I myself could not see; and, in
fact, very frequently their sight is even less perfect. Without, however
passing a very decided opinion upon the fact, I shall take every opportu-
nity of directly examining it.

(163.) Two or more lenses may be combined together, and  £%- 39-
still eonstitute a simple microscope, the two glasses merely %

-acting as one lens. The action of the compound microscope,

- as far as the eye is concerned, is similar to that of the simple,

lmt, in the manner in which the effect is produced, differs, inasmuch as the
image of the object reversed is received upon another lens, which still fur-
- ther magnifies it before the rays impinge upt:-u the eye. The manner in
- which the object is illuminated is important in the use of this instrument.
~ A set of achromatic lenses, to condense the light of a reflector, is not ex-
4 tc-llc-d but I have used a lens formed like a Stanhope, but one-eighth of
an im:h short, for this object, and which is now commonly sold at my pub-
- lishers. Sometimes it may be advisable to view objects under a simple
4 ' light instead of a compound, and I have recommended a small contrivance,
containing a yellow, blue, red, and green glass, that delicate objects may
- be examined under lights of various colours.

- (164.) To give distinet vision of objects too far removed for
- perfect sight, we use telescopes of three general modes of con-
. struction. The first 1s the Gallilean telescope, which is always
- employed for objects at moderate distances, and is used as an
- opera-glass for the theatres, operas, &e. It consists of a com-
bination of a convex object-glass with a concave eye-glass, of sufficient

Fig. 40.

. fixed in a tube which allows of some motion for adjustment to various
- objects. Fig. 41.

- (165.) It is exceedingly desirable that opera-glasses should be binocular,
or that there should be one for each eye; but it is also important that
nse who employ them should be acquainted with the manner of using
them. The two sets of glasses are arranged upon a hinge to admit of a
"i roper separation to accommodate them to the distance of the object; and,
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when properly adjusted, the party should see but one circle of light. If
the glasses have no hinge, they are absolutely useless for the intended pur-
pose, or, rather, worse than useless, for, instead of improving single vision,
they afford double vision. I have observed that, practically, numerous
parties, who either use or sell binocular opera-glasses, do not understand
either the importance of, or the mode of obtaining, single vision by using
them.

(166.) The common telescope consists of two convex glasses, one nf
which, the object-glass, reverses the picture, whilst the eye-glass magnifies
this reversed picture. The object in this case is presented to the eye in-
verted, and, therefore, such a telescope is only employed for astronomical
purposes, or where light is defective, as at evening or mgh{:

In cases where light abounds, another set of glasses is usually mranrtetl
in the tube, so that the object being thus again inverted assumes its normal
erect position.

(167.) The visual angle may also be increased or dimimished by using a
concave or convex reflecting surface, as the case may be.  Upon this prin-
ciple reflecting microscopes and telescopes are made. The object, in these
cases, is placed between the focus and the centre. In this instance the
object is imverted.

(168.) For practical purposes, in compound microscopes or telescopes, it
is an object of considerable importance for them to be achromatic, or free
from the aberration of colour, and free also from spherical aberration, When
the instrument is completely perfect, it is called aplanatic.

(169.) The adaptation of optical contrivances, to amend disordered vision,
is one of the most exalted applications of high abstract knowledge for the
relief of the infirmities of man; thousands in the metropolis alone, and over
Great Britain tens of thonsands, are suffering from damaged vision, caused
by the improper use of glasses; and what would the sufferers not give if they
could but retract their first wrong step? Vision has been insiduously and
oradually damaged, and, therefore, the idea of its impairment has not been
suddenly or forcibly brought before their mind ; but had the defect come at
once upon them, they would have been amazed and terrified. It was once
my lot to severely injure my eye, and knowing my fear for its loss, I can
appreciate what others would feel under similar eircumstances, At that
time I totally regained my sight, through the kind and anxious attention of |
my former accomplished master and distinguished ophthalmic surgeon,
Mr. Lawrence. To him I feel that I owe a debt of gratitude which I can
never repay. If I, as a surgeon, as an ophthalmic surgeon, should, after |
the l'l'[hi} of many years, still feel this obligation, how deep a debt of grati-
tude will your patients feel for you, if; through your attention, their vision |
is preserved, improved, restored.
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For Vision

Choose good Glasses,
Evenly polished, perfect in figure,

and free from specks.

Adjust their power by the Optometer to
each eye separately, and take care that they
be not too deep.

Regulate their exact width by the Visuometer,
and the convergence according to the distance of
the objects to be viewed.

Take care also that the centre of the glass be exactly
centered in the spectacle frame.

Elderly people, who use focal shorteners or convex glasses,
should never look through their spectacles at distant objects, but
only over them.

Never wipe your spectacles with anything but the softest wash-leather,
which you should always have at hand for that purpose.

Speetacles should never be worn without the party having aceurately aseertained
the nature of the defect for which they are sought, as in some instanees they would
be very injurious.

Persons who have unequal refraction require very peculiar forms of lenses, as the ordinary
kinds are not adapted for that purpose.

If the spectacles are seratched, cracked, or damaged, or if the frames become twisted, they should he
changed for new ones ; and far-sighted persons require the power to be inereased every year or two.

A person having sclected a pair of spectacles, ought to be able to read this entire page, otherwise there is some
defect in vision besides that which arises from an abnormal condition of the refracting humours.
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LECTURE IV.

LIGHTS, AND THEIR INFLUENCE ON VISION.

(170.) Gold leaf, bromine, and abstract ;—(171.) photometers. —(172.) Continuons fmg
flickering flames,—(173.) Coloured lights.—(174.) Correction of lights by absorption ;—
(175.) by reflection.—(176.) Improper use of colonred lights. — (177.) Position of objects
to be illominated.—(178.) Rest of eves.—(179.) Production of artificial llg!lt.-flﬂﬂ.}
Naphtha.—(181.) Platinum, &e.—(182.) Candles : Palmer’s, Prite’a.——{IBE.}_Gﬂs.——UE-IJ
Gas-lights.—(185.) Arrangement of lights—(186.) Ventilation.—(187.) Final resumé.

(170.) IN my former lecture I have told you that light is that which 15
seen by the eye; and although light is not simple, but composed of several
colours, yet each colour is light, and can excite vision even when, from
some defect, our minds cannot appreciate the differences of these colours.

Moreover, as all colours are light, it follows that our eyes become tests
of light, provided that they be neither preternaturally sensible from long
exposure to darkness, on the one hand, or that the vision be rendered dim
from too great exposure to light, on the other.

To judge, at one time, of the relative illumination of any object or the
power of any light, and, at a second, of the sensibility of our organs to equal
lights, instruments are employed called photometers, of which several have
at various times been devised. A rough one, which I have found useful at
times, is made of gold-leaf, so arranged between two pieces of glass that I
could look through either one, two, three, four, or more layers. This instru-
ment is perfectly abstract, as it marks the amount of an opaque body
required to prevent the light from any object exciting the eye. In this
country I do not remember to have observed that the direct light of the
sun ever exceeded four layers, or somewhat less than the l.Jrlw_':lth of an 1nch
in thickness.

For abstract opacity I have also employed bromine; but it is such a
substance for acting unpleasantly on the system, that I have almost entirely
confined its use to experiments of comparison. I have a little flat cell
made to hold it, and I find that half an inch of bromine ig rather more than
equal to two layers of gold-leaf. I have sometimes considered that pure
water might possibly be used as a standard of abstract opacity.

(171.) Acting upon the idea of the bromine and gold-leaf photometers, 1
conceived the possibility of employing a piece of neutral-tint glass, the
form of a wedge, a certain thickness of which should be equal to a certain
thickness of these simple bodies; and by employing it we might be



LIGHTS, AND THEIR INFLUENCE ON VISION, a7

enabled to express the values of any light or any illuminated object by
the value of the opacity of bromine or gold required to render it
invisible.

In expressing results in thicknesses of gold and bromine, you must
remember that the one substance is green by transmitted light, the other a
deep red; and that, therefore, it will be desirable to determine, on a clear
day, with the sun in a certain altitude, and at a particular period of the
year, the exact relation which the opacity of gold bears to the opacity of
bromine: but the difficulty of determining this re-
sult with certainty is fully as difficult as that of
the determination of any other standard of weight
or measure., The glass used for the photometer
should be strictly of a neutral tint, and the amount of
thickness required to render any light invisible would
then be expressed by the amount, respectively, of gold or bromine it would
require to render the sun’s rays to such an amount invisible. In this way
monochromatic lights do not appear to interfere with a correct expression
of the result.

The wedge of glass, to render it permeable to light without distorting the
object viewed, is joined to another wedge of plain glass, so that the rays
pass directly through the glass, and no refraction may ensue. I apprehend,
that, when this instrument is brought fully to perfection, by ascertaining
the abstract point as carefully as we have our other units, it will be found
to be a valuable and universally applicable instrument, and it will exhibit,
with the greatest nicety, the amount of illumination of any definite object
and any given light.

In using the instrument the eye should be thoroughly protected from all
extraneous light, and thus the rays of light should Le admitted under an
angle of definite aperture. [ regret that this instrument is hardly ready to
be issued to the public, but they will be sold as speedily as possible. All
the instruments will be brought to one standard ; and thus, if extended ex-
perience may cause a little variation in our abstract comparisons, an allow-
ance may easily be made. This photometer will probably be found to be
the best pyrometer, as we are enabled to judge of the heat by the light.

(172.) The amount of light is important, for the eye should neither be
exposed to excess or :ieﬁcienc}'. Nature, however, is wonderfully accommo-
dating, and a party exposed to a very dim light, after a period, finds him-
self enabled to see, as the eye soon adapts itself to its new circumstances,
Rapid transitions from brilliant light to darkness, or, more especially, from
darkness to light are very injurious; so much so that it is asserted that
one of the Roman emperors thought it good fun to incarcerate hapless
victims in dark dungeons, to witness their being blinded from sudden ex-
posure to strong light. What is true of these great variations is true also
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of lesser variations; hence, a flickering flame, which continually varies in
intensity, should always be shunned as a destroyer of vision.

(173.) Colour is an important attribute of light, for the eye is destined
to be impressed by white light; and hence the light of day is preferable
to that of all artificial illuminators, because the harmonious combina-
tions of the primitive colours is agreeable to the eye. Simple colours, if
long continued, appear to act injuriously on the organ, and I always find
that the use of yellow, red, or blue flames produces most uncomfortable
sensations, To try these experiments, you may use a spirit-lamp, charged
with naphtha, impregnated with salt, for the yellow flame. For the red
you may substitute nitrate of strontia for the salt, and for green the nitrate
of copper.®

Experiments with coloured flames abundantly shew the multitude of
ideas which we obtain from the compound nature of light. Had nature
provided us with the means of appreciating one colour alone, the world
would be shorn of half its beauty. The eye is so susceptible of an har-
monions mixture of colours, that it instantly detects any defect in the com-
binations, and passes condign judgment at once, either upon the dress of
a lady or the painting of an artist, when they collectively do not make up
white light. The dress of a lady of taste, or the artist’s painting, if rapidly
revolved before the eye, should represent white light; and if any colour is
predominant, the effect is inharmonious. It is upon this point that the
French so far excel the English, for the Parisian will not hesitate to effect
an harmonious combination with the gayest colours; whereas the English
lady, from ignorance of the details of the principle, dare hardly venture
upon colours which have any positive tint,

(174.) In almost all our artificial lights there is a deficiency of the
blue, and a preponderance of the yellow and red rays; hence, artificial
lights are always more injurious than the natural light from the sun.
In all our operations we should rather endeavour to generate a good light
than to correct a bad one. When, however, we have produced an ex-
ceptionable light, we can correct its defect in two ways, by adding to
the light the rays which are deficient by reflection, or by absorbing those
in excess by transmitting it through a coloured medium. In this way a
blue glass has lately been patented, which absorbs the red and yellow rays
and transmits the blue. This glass, unquestionably, improves the colour
of the flame, but it has the disadvantage of lessening materially the amount

* The use of the following fires affords much instructive matter on the properties of coloured
flames. [Red,—mnitrate of strontia 40 parts; sulphur 13 ; chlorate of potash 5; charcoal 3.
(freen,—nitrate of baryta 70 ; sulphur 13; chlorate of potash 5; charcoal 3. Orange,—
nitrate of soda 5; charcoal 1; sulphur 1. White Indian Fire,—nitre 24; sulphur 7; realgar 2.
White,—nitre 48 ; sulphur 13}; antimony 7). Purple,—chlorate of potash 2, Rack,
oxide of copper 1; sulphur 1.
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of light. Microscopists, however, seem to be nearly universally agreed as
to the benefit of using these glasses. Coloured transparent media absorb
all other rays but those of the same colour as their own substance; hence;
we may always obtain monochromatic lights by absorption through coloured
glasses. These blue glasses have been patented by Mr. Burley.

(175.) If a reflector be employed to any light, whether natural or arti-
ficial, it only reflects its own peculiar colour; thus, a red substance reflects
red rays, a yellow yellow rays, a blue blue rays, a white all the colours of
the spectrum. When we desire to increase the illumination of any object,
we reflect light upon it in addition to these rays which pass directly to it ;
and hence, by reflection, we can modify the colour of objects.

All artificial lights have a preponderance of the yellow and red rays;
hence, by reflecting the blue rays, the object illuminated assumes its proper
colour. You must remember, however, that by this plan you do not ob-
tain as much light as you might by employing a white reflector, and from
this cause you only adopt that course’when you seek to improve the quality
rather than the quantity of the light.

(176.) The use of a blue reflector is superior in principle to the use of a
blue transparent medium for correcting inferior artificial lights, because in
the latter case we add to the rays emanating from the flame the colours
which are deficient, in the former we subtract those which are in excess.

At this place I must caution you against a practice which cannot be de-
signated by any other name than that of a fraud. It consists in exhibiting
for sale lace and other goods, which ought to have a perfectly white colour,
under a blue transparent glass; and you may sometimes observe windows
in show-rooms fitted with coloured glass for this object. Such goods are
also wrapped in blue paper, which reflects the blue rays upon them, and
causes them to appear of a much better colour than they really are; and,
in fact, a yellow object might appear white under such circumstances. I
have no doubt this practice has extended itself thoughtlessly ; but it cannot
be too soon abandoned, as it 1s no whit less dishonest to sell goods, the value
of which depends upon their colour, by coloured lights, than to sell those
of capacity by contracted measures, or those of weight by faulty scales.

This custom has become universal, and therefore a certain time is re-
quisite for its total eradication. It is imperatively necessary, to maintain
credit, that it should be abandoned, and that all goods, where colour is an
object, should be exposed to white light, that the glass through which the
light passes should be colourless, and that no reflection be allowed from
coloured surfaces which shall interfere with their proper appreciation.

The most perfect reflector ever devised, has been patented by Messrs.
Sedgwick and Taylor, of Piccadilly, under the appropriate name of the
diapharous reflector. It is constructed upon the principle of the total re-
flection of light which takes place from the internal surface of transparent
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bodies when placed very obliquely. It consists of a concave glass dish,
fluted on the outer side. This, when placed
over a flame so that it 1s in its focus, reflects
every ray of light impinging upon the in-
teral surface of the flutings obliquely, and
transmits all, falling perpendicularly to the
surface. As a result therefrom, the fluted
glass becomes the best or most powerful
reflector that can be constructed, and no
appreciable light is lost by absorption. As
the reflection takes place from the internal
surface of the glass, there is no possibility of
its being coated with dirt or other substance
calculated to interfere with the result; more-
over, by using pure white glass, white light
1s thrown upon the table; and if the flame
be viewed through the shade its intensity is
lessened, and it is rendered less injurious
to the sight. The reflected rays are taken from that place where they are
naturally in excess; and hence, the table is not only more brilliantly illu-
minated, but the light throughout the whole room is equalized. The only
care required in the employment of the shade is the necessity of placing
the light in its focus.

(177.) There 1s a certain position in which objects should be placed, in
relation to the centre of light from which it is illuminated, which is in the
highest degree important for the preservation of the organs of vision. 1
need hardly tell you that light is reflected from objects in such a way that the
angle of reflection is equal to the angle of incidence. It is upon this prin-
ciple that we obtain an image of an object from a looking-glass; and,
although we cannot obtain a perfect image from the surface of paper, yet
more light is reflected in that position. Wherever that reflection occurs
it is destructive to vision, whether you'sit by the sea-shore, and obtain the
reflection from the sea, or are fishing on the banks of a river, and have the
rays of the sun reflected to the eye, or are writing or reading from white
paper at the reflecting angle. Opaque bodies, as paper, &e., are found to
reflect a greater amount of light if the rays fall very obliquely; hence the
light ought to be placed nearly directly above the object viewed.

(178.) The centre of light in the flame should on no account be enabled
to fall directly upon the eye, especially obliquely upon the under surface of
the eye, or other lateral parts of vision, as in that position it is calculated
to do much mischief. I was much surprised lately to observe that at one
of our best libraries the light fell directly upon the inferior part of the eye,
and caused much distress; and at another large establishment the parties

Fig. 43,
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employed complained most grievously of all the lights being similarly placed.
This difficulty with artificial lights is usually overcome by an opaque shade,
so arranged, that, whilst it shields the eye, it allows the object to be illu-
minated; or, what is better, by the elegant glass shade before deseribed.

With the natural light of day, a north aspect, beyond all compare, is to
be preferred, inasmuch as in that situation you obtain the light from a clear
sky, and the direct rays of the sun never fall upon the object on which you
are engaged.

Whenever your attention is fixed upon any subject, the eyes should not
continue to regard the same object for a long period; and a short rest
should be frequently allowed, by directing’ your eyes to some more distant
object, of a colour calculated to act pleasantly on the organ. The vegeta-
ble world, in the shape of green leaves, affords that rest in the most perfect
manner; and, even if you live in the most confined situation of this most
murky metropolis, you may procure that repose by growing plants in the
Wardian cases, Engaged every night in reading, writing, or other occu-
pations trying to vision, I find the benefit, independently of the pleasure
which is afforded, by attempting to grow a few plants, even such as the gar-
dener might despise as the commonest weeds.

(179.) All artificial lights are produced by intensely heating solid mat-
ter, for without solid matter we camnnot have the effect of light, I have
entered so fully into these considerations in my “ Sources of Physics,” that
I must refer you to that book for further explanation upon the subject. I
may mention, however, that the combustion of pure hydrogen evolves no
light, because there is no solid matter to be heated; whilst hydrocarbon
gives off abundance of light, because the carbon is deposited in the solid
form, and becomes heated. “ The rapidity of the consumption of the car-
bon, or attracted matter, materially interferes with the colour of the flame.
If it is consumed with sluggishness we get a red flame; if with greater
energy, a yellow flame; but if still with greater energy, we obtamn a white
light; and, lastly, if the energy is further inereased, we have only a pale
and colourless flame.”*

(180.) The hydrocarbons, which afford a beautiful artificial light, are oil
of turpentine and naphtha. They are both so volatile, that they are almost
sure to cause an unpleasant smell in the room in which they are bumnt.
From an excess of carbon, however, unless they be most carefully con-
sumed, much smoke 1s eliminated. It is not an uncommeon thing to mix
turpentine with oil; and I have extracted as much as 33 per cent. from a
suspected sample. A little turpentine may, perhaps, however, be added
advantageously to oil, as it improves the colour of the flame, and renders
the oil more fluid. The camphine lamp has been found to afford the best
flame for photographic purposes.

* Sources of Physics, 365.
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(181.) I believe you will find that the best standard of light which can be
employed 15 platinum in a state of fusion, as the light is most intense, and
the colour most brilliant. Lime intensely heated by the oxy-hydrogen flame
also produces a most intense light, and is the light which we always employ
for all purposes requiring a very intense and a very perfect illumination.

(182.) Ordinarily we obtain light for practical purposes from candles,
oil, or gas. The old rush-light, made by simply dipping rushes in the skim-
mings of fat and bacon, is nearly lost, the ruthless hand of time, except in
very rustic districts, having brought to a termination the ancient chimney-
corner, with its concomitant rush-light suspended over-head. In common
candles no real improvement took place, till Mr, Palmer adopted means to
make the candle snuff itself, by placing a little oxide of bismuth along one
surface of the wick, which throws it out, and renders the light perfectly
steady. The tallow is prepared for these candles by subjecting it to a very
powerful hydraulic press, which presses out the elaine, which is employed in
the manufacture of soap. These metallic-wick candles are always burnt in
a tube ; and a party who visits Mr. Palmer’s extensive manufactory would
be at a loss to determine whether he should most admire the curious
machinery by which the candles are prepared, the value of the result ob-
tained, or the exquisite taste displayed in the designs of the more elegant
candlesticks. From the steadiness and excellence of the light, Palmer's
candles should entirely supersede the common forms. The following vari-
eties are sold :—

1 wick 6 to 11b. burns 9 hours, equal to 1 mould. E“’iﬂk Palm 10 to 11b,
5 o

2 " = = » L 6 to 1 Ih.
iy i 1b. B = - Bhal Common candles adapted to the
4 , 1510 121h. - = B poor, and give very great light.

There is a very beautiful candle, which has been contrived by Price, and
is known under the name of “Price’s Composite Candle.” It is of a pure
white alabaster colour, well adapted for the drawing-room, and it burns in
common candlesticks, The light is steady, brilliant, and well adapted for
illumination. These candles have nearly superseded the wax, from being
cheaper.

I must caution you against employing various candles which contain
arsenic in their composition. This deadly poison is added to certain can-
dles for the sake of rendering stearine amorphous, or non-crystalline, In
burning the arsenic is given off, and is imbibed by the lungs, and thus in-
jures materially the human frame. All candles which do not snuff them-
selves are hurtful to vision, inasmuch as the light is inconstant.

(183.) The oils in use are of two kinds, vegetable and animal. The for-
mer contain large quantities of stearine, which may be readily separated by
pressure. In consequence of the presence of stearine, they do not burn well
i cold weather; hence there are various contrivances to keep the oil hot,
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in the shape of hot oil lamps. If well managed, they give a good light,
and are economical ; but the trouble attending their employment forms a
great bar to their universal application. Of the animal oil lamps, the com-
mon Argand for sperm oil is an excellent, but, at the present time, very ex-
pensive light; and the solar lamp has also a high repute.

(184.) Gas is an excellent source of light, and its use is daily increasing
in private dwellings. There are so many kinds of burners at the present
moment, that I cannot spare time to describe them all. The following is

a small table, with the rate of consumption, which has been carefully ascer-
tained for me by Mr. Smith : —

Feet per Feet per Feet per Feet per
hour. hour. hour. hour.
12 hole Argand 5 Fish-tail, No. 1, 2 |Bynners,No.1l, 5 |Low’s. . . 5
15 ditto 6% ditto 2, 23 ditto 2, b5} | Small steel top,
Middle, 30 holes Gi ditto 3, 3% ditto 3, T or Shadowless G4
Large, ditto 7 ditto 4, 43 ditto 5, 10 | Bat'swing . 5
Radiant. . . 8 | Universal 10 | Bude, various.

The price of gas varies according to the consciences of the directors
of the works. With us it is Ts. shillings per 1000 cubic feet.

My excellent neighbour, Mr. Low, the distinguished gas-engineer, has
made a great improvement in the qualities of the gas by passing through
naphtha, to render it richer in carbon. I was called as a witness before the
Privy Council, when the question of the extension of his patent was con-
firmed, and I gave evidence to the effect that his invention conferred upon
gas the qualities of naphtha without the inconvenience, and, from the bril-
lianey and perfection of the light, was a vast improvement over the poor
gas usually distributed in the London streets.

(185.) The arrangement of lights is of considerable consequence. By
the ordinary mode of proceeding we illuminate the ceiling and the walls of
the room, and the part which ought to be properly lighted is generally com-
pletely in the shade. The light, from being vertical, passes with greatest
readiness perpendicularly through the glass to the walls of the room, whilst
those which attempt to pass obliquely to the table below are in great part
reflected. To obviate this difficulty, it occurred to me that the light should
be placed at about an angle of 45 degrees 1f placed about the centre of
the room, or, if near the ceiling, almost horizontal. In my own library
I am using a star, with three fish-tail burners, so arranged that the oas
passes out horizontally, a direction which causes the flame to assume a

. curve eminently ealculated to illuminate the table. An enormous inerease
~ of light is obtained by these means; and chandeliers and other forms of
~ lights are now sold upon this plan, at my instigation, by Mr. Smith of Fins-
bury Pavement. From the very great superiority of the illuminating

power obtained by this very simple arrangement, 1 feel but little doubt that
it will be very generally adopted.
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(186.) There is no mode of illuminating a room for company more in
accordance with my own taste than the employment of a powerful central
light, with great multitudes of wax or composite candles by the walls,
Where gas is employed, a certain amount of sulphurous compounds is al-
ways exhaled, which renders it advisable to carry off the produets of com-
bustion. Dr. Faraday has contrived an ingenious mode of effecting the ob-
ject, by using two glasses, and causing the foul air to descend between
them, and afterwards to ascend into a tube connected with the chimney.
The objectionis the double glass, extra trouble, and less perfect combustion ;
otherwise, all the foul air is perfectly carried off, and more light is produced
from the same amount of gas. The same result, but, in many cases, with
considerable saerifice of appearance, can be obtained by a tube placed over
the light, and conducted to a chimney; and there are several modes now
adopted, which also help to ventilate the room at the same time, which I
need not describe, because, according to circumstances, a preference would
be given to each of the different modes of proceeding,

(187.) The subjects of these lectures, however inefficiently treated, must
appear to you to be in the highest degree important, inasmuch as upon their
right understanding the sense of sight in many cases depends, Whether we
consider the eye as the medium which affords to us a glimmer of the
gorgeous firmament displayed in a starlight night, or which reveals to us
the existence of the innumerable beings shewn by microscopie aid ; whether
we estimate it from giving us a view of the cloud-capped towers, or rugged
rocks, or allowing us to observe the stillness and repose of the quiet lake;
whether we delight in the silent glade or woody glen, the shady dingle or
flowery mead, the foaming cataract, or wondrous glacier, the eye stands
forth prominently to declare its value to man. 'Without its aid light ceases
to confer knowledge, colour, pleasure, form, delight, The sublime and the
beautiful are merged in darkness; and the grandest view, the most perfect
form, the loveliest combination of colour, would be made to man in vain.
The exquisite harmonies of colour, form, proportion, invariably to be seen
in nature’s works may well be termed the “music of the eye;” and its
enjoyment indeed confers the highest of all sensual gratifications. As
much, however, exalted as mind is above matter, so is the pleasure of our
mental conceptions over sensual delights; hence, the blind have left still
the consolation of mental power, and can rejoicingly declare,

% So much the rather, then,
Celestial light shine inwards, and the mind
Through all her powers irradiate.”

Loxpox.—Printed by 8. & J. BExTLEY, WiLson, and FLEy, Bnngﬁr House, Shoe Lane.



Fn One F.l.lrlr.l' Shonf  TlNzfrafed with prmrerons I:'.I.lgrrrl'i.ﬂy.i‘ o Woad,— Priee G,

| ACCIDENTS AND EMERGENCIES ;

4

i A Guive for their Treatment,

BEFORE THE ARRIVAL OF MEDICAL AID.
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An interval must necessarily clapse between the ocenrrence of an accident and
the arrival of medical aid. For instruction how to act during this period, this
series of directions, with illustrations, has been printed; but except under such
circnmstances, it is very unadvisable for non-professional persons to undertake
the responsibility of mediecal practice,

ARTERIAL BLEEDING (1

Fig, 1. Arterial bleeding i= known from the ;
bright scarlet colour of the blood, and '
from its issuing in jerks. To stop it, put

; vour finger in the wound and press upon

3 the bleeding aperture, and as long as this

LA pressure is  properly applied, bleeding

S - cannot oceur (Fig. 1).  Or, tie a handker-

_'__‘_"'l" }',— '.“"__'_l__';.‘r'-’-: chief twice round the limb, above the

= injury, and place a piece of stick in it, and

e and turn till the pressureis so great that
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= =




ACCIDENTS AND EMERGENCIES.

the blood eannot flow (Fig. 2). Or, fold a piece of soft rag several times, and
Fig. 2.

¢~ Thissheet iz nsed by many public establishments, and is ordered to be kept at
the varions police stations, ald should be posted up in a conspicnouns place
in every sitnation where individuals are congregated together.

LONDON:
Published by J. CHURCHILL, Medical Bookseller,
Princes-street, Leicester-square.

OPINIONS OF THE PRESS.

“This is a sheet of instructions as to the best means of employing the interval which must
necessarily elapse between the ceenrrence of an aceident and the arrvival of professional aid. In
such eases, not unfrequently a life may be saved by simple remedial measures such as are here
given in the fewest possible words consistent with the clear understanding of the instruction
sought to be conveyed.

“We must add, that for its immediate ntility, this sheet greatly deserves a place in railway stations
and steam-boats, in police stations and union-hooses, and in all places where large assemblies
of persons are accnstomed to congregate, and where accidents are of proportionably probable
peenrrence.— flustraled London News.

Tt does not propoze to supplant the medical practitioner, but only to sapply his place where
hizafd cannot be immediately obtained, or where the nature of the case is very urgent and danger-
ons.""— Herweichk Warder.

“*This is printed on a large sheet of paper, and intended as a Guide for the Treatment of
Accidents before the arrival of medical aid, as in most cases an interval must elapse between the
occurrence of an accldent and the attendance of a medical practitioner. By a careful perusal of
the rules laid down, non-professional persons may administer relief in emergent cases.”—
Cheltenbam Journal,

“ A upzeful sheet, which will be found to contain some valuable medieal hints in cases requiring
prompt treatment before professional aid ean be procured.”— Bristol Mercury.

“ A Guide for the Treatment of Aceidents and Emergencies before the arrival of Medical Ald.
By Alfred Smee, Esq., F.R.5.—London: Churehill.—Mr. Smee deserves the thanks of the com-
munity for the publicatlon of his sheet, which contains simple directions for the treatment not
merely of all the usual accidents and emergencies — ilinstrated where necessary with wood-
euts — but also hintz on several diseases that flesh is heir to. The sheet onght to be hung up
in every house; a more nseful thing it is difficult to imagine."— Glowcester Chronicle,

“ The title of this chart explains itself — it requirez only a glanee at it to convines us of its
usefulness. For parties in the country, where medical aid is not within immediate call, it will
prove invaluable. It is in fact an accident chart, worthy a place In every family parlour,
library, or nursery. The public are greatly indebted to Mr, Smee for this nsefnl guide for the
proper treatment of accidents, ete.”— Biddgarater Times,

# We have here, in the form of a chart, fitted for suspending on the walls of any building a
series of simple directions, with explanatory diagrams, for the dmmediafe application of such
remedial means as may be most readily obtained, in cases of accidents and emergencies, such as
fits of varions kinds, choking, burs, scalds, etc. ete.  The directions are written by A. Smee,
Esq., F.R.8., and are likely to be eminently nseful to the public at large.”—Maidstone Jowrnal,

“ A brief and very clear direction is given, illostrated with engravings, of the immediate
treatment necessary for all deseriptions of accident; and so useful do we consider this sheet,
that wa shonld like to see it framed, and hung ap in every honse.”— Blackburn Standard,
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IN HEALTH AND DISEASE;

THE VALUE OF GLASSES FOR ITS RESTORATION, AND
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OPINIONS OF THE PRESS.

Those of the public who are affiicted with imperfeet vision, wonld find many valuable hints in
this work, and would, we think, realise a saving both in person and pocket by avoiding the em-
piricismn which the trade of an optician is open to, by taking as a guide Mr. Smee’s rules in the
selection of glasses to suit thelr vision.”—Bridgewater Times.

All the disturbances and dizeases which eyve-sight is heir to, together with divections for the
cure or relief of short sight, obscure, confused, double, or oblique vision, are given in this litile
book, which, from the great number of its fmets, figures, and disngrams, muost be extremely nseful
to professional or scientific readers.  All, indeed, who are anxions to preserve their eye-sight, or
are suffering from defective vision, may derive much necessary information from these leetures,
which Mr. Smee has rendered as untechnieal as the nature of the subject would admit. Ceca-
sionally, he enlivens his subject by anecdotes bearing on the sulject. The anthor has invented
some instruments to assist the wearers of spectacles in the choiee of the exact kind proper to be
worn in each individual case.”—Covendry Herald.

“ Thiz publication i3 the sabstance of lectures delivered at the Central Ophthalmic Hoapital,
and withont doubt contains a mass of information, found by acute professional observation and
practies, nseful not only to the Ophthalmic practifioner, but also to non-medieal persons.  The
great value of uninjured and vigorons powers of vision, can only be properly estimated by those
who are plagned or afflicted with weak sight ; but ifsuch persons who have no canse ofeomplaint
~ in this great matter, choose to study Mr. Smee’s book, and attend to its sngrestions, they may
certainly avoid many calamiiies affecting the viswal organs, which ignorance or carelessness
may otherwizse certainly indnce. Here also those who habitually wear spectacles, or use eye-
glasses, will find mnch advice, curions as it is useful, which will add to their own convenience,
b and avold dangerons ervors, Indecd, vision in health and disease, with all details connected
~ with those artificial aids tosight which philogophy has furnished us, are in this little book well
" explained by & man of some genins and much study.  We condially recommend Mr. Smee as a

" eafe adviser in & question of great importanee — the preservation of the human eye.” — Poole
and Dorchester Gazelte,

= “Tn this pamphlet are contained certain lectures delivered by Mr. Smaee, at the Central London
S Ophthalmic Hospital. They are practical as well as scientific. “The public will be most interested

in the practical part, —that is, in the lectures which treat of spectacles and other adjunets to
“wisiom, and lights, and their influence on vision.  Every one who uses glasses, will profit by the
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VISION IN HEALTH AND DISEASE.,

fnformation and advice contained in these lectures. Aboveall, one good may be obtained through
them — the being guided by unerring scientific roles in the choice of the assistance which
defeetive sight may derive from the use of apectacles.”— Weelly Times.

“ A very elever little work, containing a great amount of practical and theoretical knowledge
of the laws of vision; the anatomical illustrations of the wonderful mechanizm of the hnman eye,
are also very valuable, and may be understood by the plainest capacity.” — Reading Mercury.

# The pamphlet before ns contains the substance of lectnres delivered at the Central Ophthal-
mie Hospital, by Alfred Smee, F.R.5., a gentleman of zome eminence in London, from his prac-
tical experience on vision, and optical contrivances adapted to remedy its defects. The work,
which is illnstrated by numerons optical diagrams and wood-enrs; shewing the anatomy of the
eye, is divested of scientific technicalities, and, therefore, will be within the comprehension of
| the most general reader.”— Stockport Advertiser.

¢ Mr. Smee, Surgeon to the Bank of England, to the Central London Ophthalmic Hospltal,
and to the Royal General Dispensary, London, has already spread his fame thraghoot the workd
by his scientific inguiries, and now adds to his celebrity by the publication of this work, the sub.
stance of lectures delivered at the Ophthalmic Hospital. It shews vision in health and dizease,
treats upon the valne of glasses fur its restoration, and points ont the mischief cansed by their
abuse.  The book is not expensive, and ought to be perused by all who feel their sight to be
affeeted.  The faculty, also, might learn something from its tuition."— Nodfingham Guardion.

“ This pamphlet, which is illustrated by numerous engravings, contains the substance of a
course of lectures delivered at the Central London Ophihelnic Hospital, and treats of the value
of glasses for the restoration of vision, and the mischief cansed by their abnse. It will be read
with interest by those who are suffering from defective sight; and should not be neglected by
those who are at present blessed with perfect vision.”— Sanbery Guoardion.

“ Mr. Smee's book evinces a thorongh knowledge of the science on which he treats, and is no
less ereditable to hims=elf than it must prove serviceable to the public."— Taunton Courder,

*The substance of a series oflectures delivered at the Central London Ophthalmic Hospital,
The subject is treated scientifically, but being divested of technicaiities, is made intelligible to
the ordinary reader.”— Derdy Advertizer,

“ Ilustrated with wood-cuts.  This publication treats Iucidly on the diseased states of vision-
lights, and their influence on the sight, with a dissertation on the use of spectacles, ete. It may
be consnlted with advantage.”— Lynn Adverfiser,

#This work treats of vision, and the value of glasses for its restoration, and the mischief
cansed by their abuse. It is well and popularly written, and illustrated by plates and wood-cuts,
rendering the organs of sight intelligible to the most illiterate.  This work ought to be perused
by all who value their sight, and especially by those whose vision is impaired."— Glaspowr
Eraniner.

A practical and unsefnl pamphlet. The doctrines of optics are succinctly and clearly laid
down, and are profusely illustrated by diagrams."— Shegield Jris.

“ A little treatise containing the lectures of Mr. Alfred Smee, Surgeon to the London Ophthal-
mic Hospital, has just been published, and we are induced, from the novelty of the sabject, to
open its pages, and submit the same to our readers. We are glad to find that such an able
practitioner as Mr. Smee should have taken np this most important subject; and as this is the
| first work of the kind which has come under our notiee, we feel assmred that we are doing a pub-

lie serviee by drawing the attention of our readers to its pages. There is no greater blessing
than sight, and if onr friends will only follow the adviee contained therein, they may continue
thelr perfect vision to a “gresn ofd age.” The work is publizhed with diagran:s, nomerous wood-—
cuts and drawings, at an extremely low rate, and we cannot rize from these interesting pages,
without recommending its attentive perusal to all our medical and general readers.

“ Mr. Smee being surgeon to the Central London Ophthalmic Hospital, and an official in
| several other metropolitan medical institutions, his opinions are entitled to considerable weight.
| After treating very luminously on the physiology of that most delicate and Indispensable of the
| orpgans of the human senzation, the eye, he proceeds to state the resulis of his experience on the
* the value of spectacles for its restoration, and the mischief cansed by their abose.” The pam-

—_————————

phiet is profusely illustrated with cuts.”— Hull Advertiser,

“This is a treatise on vision, the value of glasses for its restoration, and the mischief cansed by
their abuse, being the substance of lectures delivered at the Central London Ophthalmic Hos-
pital, by Alfred Smee, Esq., F.R.8., Surgeon to the Bank of England. Mr. Smes has treated this
interesting snbject with great alulity and persplenity.”— Plymouth Times.

“ The importance of the vision ean searcely be over-rated. A popular treatise on the eye,
therefore, *divested as far as possible of scientific technicalities,’” cannot fail to command atten—
tion ; and Mr. Smee deserves the gratitude of all who value their sight, for the clear and explicit
manner in which he has entered upon the subject. The work is varionsly illnstrated, and from
the low price at which it is published, coupled with the name which Mr. Smee has achleved in the
scientific world, cannot fail, we think, to become a hand-book for the million."'—Lomndon Mereury.

“ This little pamphlet, which is published by Messrs. Horne, Thornthwaite, and Wood, tha |
opficians of Newgate-street, contains the substance of a course of lectures delivered by Mr. Smee, |
at the Central London Ophthalinic Hospital, on vision and optieal contrivances. The sabject i8
ome in which, with very fow exceptions, all are more or legs interested ; for there are not many |
individunals at the present day, whose vision can be sald to be in every respect so perfect as to |
render the nse of glasses unnecessary. To persons snffering from defective vision, the above
work will be found exceedingly nseful, as the anthor has treated the subject in & manner which,
although seientifie, s yet plain and intelligible to the general reader. The dircctions given it
the choice of spectacles are exceedingly valuable, and may be the means of preserving the si
of many persons who now, from the injndiclons nse of inappropriste or badly d
plasses, are producing gradually a premature blindness,” — Morning Post, December 2860, 1847,
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ITS USES AND PROPERTIES;

CONTAINIKG A FULL ACCOUNT OF THE

APHIS VASTATOR,

THE CAUSE OF THE DISEASE.

APHIS VASTATOR.
FROM THE “ YEAR-BOOK OF FACTS, 1847, MAGNIFIED 100 TIMES,

LONGMAN AND CO., PATERNOSTER-ROW.
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OPINIONS OF THE PRESS.

“ We rejofce, to see the name of Mr. Smee associated with a subject so all-important at the
present moment.  Amply qualified, both by habits and acquirements, for such an investigation,
the suthor has gone thoroughly into the subject, and with patient perseverance has endeavoured
to trace the mischief to its souree. The work is a vast fund of valuable and important Informa-
tion on this subjeet”— Morning Post.

* To ns the amount of evidence now brought to bear in favour of this Insect notion is perfectly
convineing ; and the most seeptical, as to the Potato-Disease being dependent on insect ravages,

must at least admit, that, to whatever cause they may choose to attribute this sconrge, the aphis
vastator will produce one in all respects similar."— Pharmacendical Tones.

** A careful study of the book will repay the reader for his trouble. The matter is evidently
ong of national importanee ; and the author, by throwing new light thereon, has rendered no
mean service to his conntry. —Nereich Mercury.

“ The above is a careful analysis of the most important portions of Mr. Smee's valuable work,
which will well repay the perusal of every investigator into the cavses of what may justly be
considered as a national scourge. The work is also illnstrated by several beautiful plates, de-
lineating not only the appearances presented by the potato plant in its varions stages of disease,
but also magnified deseriptions of the vastator, to the accuracy of whose representations we are
enabled to speak personally, having, by the courtesy of Mr. Smee, been eye-witnessess of the
destrover, as attached to the leaves of various plants."— Morning Herald,

# A. Smee, Esq., F.R.8., surgeon to the Bank of England, has furnished a work on the potato,
of the most useful description at the present moment. The facts which he describes, prove that
the disease is produced by a member of the aphides family, which, as significant of its destroying
properties, Mr. Smee calls * Vastator* (the destrover)."—Douglas Jerrold, Dec. bh, 1846,

“We have a strong conviction of the importanee of this work, the wide cireulation of which

jﬂmmt fail to be of the most essentinl importance to petato-growers in general.”—Farmers'
ournal,
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ELEMENT
ELECTRO-METALLURGTY:

ART OF WORKING IN METALS

BY

VOLTAIC ELECTRICITY.

LONGMAN AND CO., PATERNOSTER-ROW ;
HORNE AND CO., NEWGATE-STREET, LONDON,

“ As a practical and extensively nseful work, comprising evervthing that is yet known for the
guidance of the operator in the new art, we highly commend and recommend the above
production.”—Lilerary Gazelte.

“The experimenter in Electro-Metallurgy will find in this work full directions for his
proceeding, and the apparatus to be employed.”— Gentlanan's Magarie,

“Thiz book is by far the best yet published on the management of metals by the agency of
Electricity."— Folufechnic Jonrnal.

“ In conclusion, we can only express our unqualified approbation of its contents, and onr
astonishment at the immensity of facts he has accumulated.” Chemist.

“ A practically scientific treatise on the new and beautiful application of Electro-Metallurgy
to the mechanical and fine arts; the matter is condensed and well arranged ; the style is clear,
the directions are explicit.”— Speatalor.

“ Mr. Smee has, in our opinion, earried out this singular process far beyond any other indi-
vidual, and that he has made it applicable to cases which, judging from published docnments,
we shonld scarcely imagine the original discoverer could have foreseen. The treatise before us
is short, but it is full of practieal information. — Forbes' Medical Revime,  April, 1841,

“Mr. Smee's book is not a mere compilation from other men's labonrs, bat it consists princi=
pally of the resnlts of his own experiments, by which he has fully developed the laws of metallic
precipitation. To the manufacturer and the artlst, it must be invaluable, from the multiplicity
of information it conveys on the subjects of gilding, plating, making coins and medals, copying
seals and plaster casts, sealpture, printing and engraving. ‘The botanist may learn from it how
to make an imperishable Aorfus siccws.  We may conclude by recommending Mr. Smee's book to
all who wish for a compendious reswmé of the science of galvanism in general, as well as an ac-
count of his most intevesting application of it to the arts."— Medical Gozeffe, Jon 1841,

“ There is much that is new and valuable in this work, and the anthor has Inid down laws
regulating the reduction of the metals ; and has also given instroctions for obtaining such metals, |
either in & state of extreme hardness and brittleness, or with the opposite qualifieations of due- |
tility and malleability, or of any state between these; he has also shewn us (and we believe the |
fact was only previonsly known, as relates to copper, silver, and gold, and the two latter ve
imperfectly,) that any metal may be rﬂdumﬂ from its =alts to either of the above states, by fﬁ
lowing the instroctions which he glves."— Newton's Journal of Arts and Manufactures. Feb. 1841,

“The volume containd many practical observations, and will be read with interest by !.]l
engaged in the practice of this very pretty art.”— Tfe Times.
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