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PREEACE;

Tue title of this little work indicates its chiefl
features, but does not cover its ground com-
pletely. Its first object was to communicate
a series of aids to precision in the use of
prisms, worked out during several years,
which it is hoped will be of some service
in this difficult by-way of ophthalmic practice.
They have, however, been introduced by
a sketch of the simplest properties of prisms,
and supplemented by a brief account of their
chief clinical uses. For the sake of brevity,
results are given rather than the geometrical
processes by which they were obtained,
while the mathematical formule are either
suppressed or relegated to foot-notes.
When possible, home-made appliances are
suggested in preference to expensive appar-
atus. Some failure in prescribing prismatic

spectacles and combinations has perhaps
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arisen, in the past, from the lack of precise
methods and tables to work by ; encouraging
exceptions must stimulate the desire to
extend their number, but it will not be Sup-
posed that the precision aimed at in these
pages is necessary in the majority of refraction
cases. It is chiefly anomalies of convergence,
faulty tendencies of the ocular muscles, and
the needs of the increasing neurasthenic class
of patients that are kept in view. In these
last cases, spectacles cause discomfort, how-
ever perfectly refraction may be corrected.
unless the lenses are also suitably placed in
respect of convergence, and sometimes even
then, for a time.

Part of the manuscript was kindly read
over by my friend, Dr. PourLerr WELLS, to
whom I am indebted for one or two valuable
corrections, and, indeed, for suggesting the

need of a book on prisms.

July, 1880.
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Pary IL—PRISMS.

A._SIMPLEST PROPERTIES OF PRISMoS.
.—GEOMETRICAL PROPERTIES.

IN Ophthalmt)logy, as in Opties, the
essential thought of a * prism” is a
wedge of transparent material, having at
least two plane faces parted by an angle.
This angle'ma}r be of any size, and is
spoken of as the ““angle of refraction.’

fig. 1.—A rectangular prism.

In /4. 1 we see the prominent features
of a rectangular prism — the kind most
commonly used by students of optics. The
“yefracting angle” is d a ¢ ; the plane faces,
a b de and a b ¢ f are named “ refracting
surfaces,” and the line @ & in which they
meet, or would meet if prolonged, is called
the “edge.”



8 PRISMS,

The sections ¢ @ ¢ and 6 ¢ f being
made in planes perpendicular to the refract-
ing surfaces, are named “principal sections”
The remaining surface @ ¢ ¢ f is the “éase.”

429, 2,—The same prism in section.

When pﬂqmﬁ are designated ¢ square,”
‘rectangular,” ¢ circular,” and so forth, it is
of course understood that these expressions
do not, as indeed they could not, apply to
the angle of the wedge, but to #4e shape of
the two refracting surfaces. Clinical prisms
are almost universally circular to admit of
their insertion in the same trial-frame as the
lenses : the design in F%g. 3 shews how a
circular prism is related to, as though it were
cut out of, a rectangular one.

fizg. 3.—A hypothetical illustration to shew the relation of a
circular prism to a rectangular one.
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Fiy. 4.—A circular prism.

2-—OPTICAL PROPERTIES OF PRISMS.

When rays of light traverse a prism they
undergo “ refraction,” by which they are bent
from their previous course and emerge in a
new direction. In Fzg. 5 this is illustrated.

Fie. 5.—Refraction through a prism. Incident ray e, emergent
e Fan L 5
ray f; incident ray in opposite direction & ; emergent ray g.

An “incident ray ” (e) is seen to impinge on
the face A4 C, but here in passing out of the
less refracting medium—air—into the more
refracting medium—glass—it is bent fowards
the dotted line 7, which, being perpendicular
to the surface, is called the *“ normal.”

The ray, after traversing the prism, emerges
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from the other face .4 2, but since, while
doing this, it is now again entering the less
refracting medium, it is bent away from the
normal, 7. The ray thus experiences a double
deflection, the combined effect of which is
that it is turned from its previous course
through an angle about half that by which
the refracting surfaces are separated. It is
important to notice that since the deflec-
tions take place only at the surfaces, the
thickness of the prism, or the distance from
its edge at which it is traversed by the ray,
does not affect the result, provided the angle
between the surfaces remains unchanged.
Thus in the figure, the rays ¢ /4 and ¢ f are
equally deflected, though the former is much
nearer the edge of the prism than the latter :
the greater the angle (/5 A C) between the
faces, the greater is the deflection of both
rays.*

Mmvivum  DEeviation.—When the points
of incidence and emergence of a given ray
are equi-distant from the edge of the prism,

—

* For the index of refraction, the law of sines, etc., the
reader is referred to the text-books. Their study is not
essential for our subject,



THEIR SIMPLEST PR OPERTIES. 1T

as in the figure, the 7ay is said to traverse
the prism in the “direction of minimum
deviation :” or, to put it another way, the
prism is said to be (in reference to the ray)
in its ‘¢ position of minimum deviation.” By
this it is meant that the ray under these
conditions suffers less total deviation than if
it passed through the prism in any other
direction.t With weak prisms, however, and
only slight departures from the * position of
symmetry,” the difference is so trifling that
it may be neglected in ophthalmic practice.
DiseersioN.— By dispersion, or “‘chromatic
.berration,” is meant the breaking up of light
into its constituent colours. It is a property
possessed in greater or less degree by all
prisms, since the differently coloured rays,
being unequally refrangible, are deflected

+ This is beautifully defined, in an experimental way, by
Deschanel : “ When a beam of sunlight in a dark room 15
transmitted through a prism, it will be found, on rotating
the prism about its axis, that there Isa certain mean position
which gives smaller deviation of the transmitted light than
positions on either side of it: and that when the prism is in
this position, a small rotation of it has no sensible effect on
the amount of deviation. The position determined experi-
mentally by these conditions, and known as the position of
minimum deviation, is the position in which the ray passes
symmetrically.”



12 PRISMS.

through different angles, the violet rays (or
more correctly the lavender, if they are really
part of the spectrum) experiencing the
greatest deflection, and the red the least.
while the paths of the rays of intermedjate
colours are spread out between these two
extremes. The whole solar spectrum can
thus be received upon a white screen arranged
to intercept a pencil of light which has
traversed a strong prism. This property of
dispersion, so valuable in spectrum analysis,
and to which also are due the various tints of
dawn and sunset, is a serious disadvantage
in the ophthalmological use of prisms, from
the coloured margins it appears to give to
objects, and the want of definition it occasions,
just in proportion to the strength of the prism
used.

It is only fairly weak prisms, therefore,
that can be clinically employed with much
advantage. The dispersive power of crown
glass is so much less than of flint glass that
it 1s invariably employed for clinical purposes.
Achromatic prisms can be made by cementing
together two prisms, one of crown, the other
of flint glass, with the apex of one to the base
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of the other, since the ratio between the
refractive and dispersive power is different
. the two. kinds of glass* But though
suggested long ago, such combinations have
been precluded by their weight from clinical

USseE.

2—CLINICAL PROPERTIES OF PRISMS.

The only clinical use of prisms is to change
the direction of the rays of light, but this 1s
fruitful in its secondary applications. They
always produce an optical illusion ; in other
words, they make objects appear in a different
position from that which they actually occupy.

Clinical prisms, as we have seen, are
generally circular; their thinnest point 1s
called the “apex,” and their thickest part
the ‘base.”

An imaginary line between the apex and
base is called, for convenience, the “base-apex
line.” All objects viewed through a prism
appear displaced in a direction parallel to this

% The dispersive power of crown glass is to that of flint
glass as 33 to 52 ; whereas the refractive power 1s about as
31 to 32, though it varies greatly with different specimens,
and must be determined for each.



14 PRISMS.

line, and always towards the edge, by which is
meant the line in which the two plane surfaces
would, if prolonged, meet. It is customary
to say that objects appear displaced towards
the apex, an expression which, if a little
less correct, is still very convenient, provided
it is not misunderstood. The accompanying
diagram (/7¢. 6) will make it clear, and a

b

&

£4g. 6,—To shew how an object at O appears displaced, not in
the direction & towards the apex a, but in the direction ¢ towards
the edge & ¢, and parallel to the ‘“ base-apex line,” a f.

glance back to F7¢. 3 may assist in under-
standing what is meant by the “edge,” for
since the refracting surfaces of the rectangular
prism are extensions of those of the circular
one (supposing the latter to be in place) the
line in which they meet is the “edge” of
both prisms. Thus, to give an experimental
example, if we look at a vertical line on
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the wall, as x x in Fig. 7, through a prism

Fig, 7.—To shew the apparent displacement of lines through a
Prism,

held several inches from the eye, with its
apex at @, we observe that the part of
the line seen through the prism appears
displaced towards its edge. The reason is
apparent from a glance at /7g. 5 (on p. 9),
where the ray 4 ¢ from an object at L 1s
deflected by.the prism towards its base, sO
that it appears to come from % or, in other
words, it enters the eye in a direction as if
it came from £, so that the object is mentally
projected there. Since the refracting surfaces
of any prism are of necessity inclined to each
other by the same angle in every part of their
area, it follows that the apparent displacement
of an object is equally great, through whatever
part of the prism it is viewed. Thus in
Fio. 7 the lines x x and y y appear equally
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displaced. By this property prisms may be
at once distinguished from lenses, or combina-
tions of lenses and prisms.  With a lens, lines
viewed through different sides of its optical
centre appear displaced in opposite directions ;
with a concave lens, both lines appear de-
flected towards the centre, and with a convex
one both away from it. As regards direction
of displacement, the edge of a convex lens is
well known to act like a prism with its edge
outwards, while that of a concave lens acts
like a prism with its edge inwards, though in
cach case the degree of displacement increases
with each approach from the centre to the
edge. By viewing a distant line through an
unknown lens, hard by its edge, and opposing
to 1t lens after lens from the trial case till the
line appears unbroken, the strength of the
unknown lens can be determined to within
a quarter of a dioptre, and the same principle
1s utilised in the now general practice of
viewing some object through a moving lens,
to observe whether the apparent movement
of the object is with or contrary to that of
the lens, which in the former event is con-
cave, and in the latter convex.
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To return to prisms, we have seen that
they appear to displace objects in the direc-
tion of their edge. Since an eye tends to
be diverted towards the (apparently) new
position of the object, it follows that Ze
line of fixation is also displaced towards
the edee, and in working with prisms these
two clinical properties are all that need be
remembered.  F7g. 8 illustrates both: a

Fip. 8.—A prism before an eye, in monocular vision.

prism is placed before one eye, tkhe other
being covered, and it is evident that the object
O appears displaced to /, and the line of fix-
ation 7 is diverted from O to /,—both in the
direction of the apex . The line # C in
which the false image lies is called the “line

of projection,” since it marks the direction in
2
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which the picture on the retina is mentally
projected.

With binocular vision, as in #7gs. 9 to 12,
the conditions are not quite so simple. In
all these figures the ruled lines shew the
actual course of the rays from the object O,
and the dotted lines are the lines of projec-
tion. They almost explain themselves: in
all it will be seen that the object appears
displaced towards the edge of the prism,
though in some (FZgs. 9 and io) there is
0

Figs. 9 and 10.—Prisms not overcome, and therefore causing
diplopia.

diplopia, since the object is seen in its true
position O by the unclad eye at the same
time that its false image /# is seen by the other
in the direction of the edge of the prism,
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which is directed inwards in f7g. 9, and
In Figs. 11 and 12

outwards in /Fzg. 10.
D
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Figs. 11 and 12.—Prisms overcome ; no diplopia.
there is no diplopia ; it has been corrected by

the desire for single vision, and the two

images are fused into one. Still, the united

image appears in a false position, though the

angular displacement of the line of pro-
jection p p, is only half that in the
previous examples. The diplopia is corrected
by a rotation of the eye so as to receive
again upon its fovea centralis the picture of
the object which the prism had dislodged to
another part of the retina; thus in these two
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figures the line of fixation z C, has come to be
in line with the rays of light coming through
the prism from the object, and since both
eyes receive a picture on the fovea, vision is
single. In /Z%gs. 9 and 10 there is 7o definite
line of fixation for the right eye, since it is
fixing nothing, and it is clear that the picture
must fall on the retina away from the fovea,
though with every effort to unite the images
and bring the axis of vision » C, into the line
of the rays, the position of the picture on the
retina will vary, and the images will move
towards or from each other.

Prisms set with their edge inwards as in
Frgs. 8, 9, and 11, are called adducting
prisms, and those with their edge outwards
as in fzgs. 10 and 12, are called abducting
prisimes.  The former, when vision is binocular
and without diplopia, by increasing the neces-
sary convergence of the eyes, make objects
appear nearer than they actually are, and the
latter make them appear too far away. Thus
in /g, 11 the real object O, appears to be at
/, where the two lines of fixation intersect.*

T r—

# Exceptions to this I have pointed out in Journal of
Anat. and Phys. vol. 21, p. 21, but it is not desirable to
enlarge on it here, or to enter deeply into the physiology of
convergence, which would need a book to itself.
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As Hering has shewn, convergence occurs as
if for the cross and both eyes are turned
towards 7 by an impulse of the conjugate
innervation which turns the two eyes to the
left : it is the mental cognizance of Zzzs effort
which imparts corresponding obliquity to the
line of projection, p p. The prism, therefore,
does not test the strength of either rectus,
since convergence is a single action affecting
both eyes equally, but it estimates by how
much convergence can be made to exceed
accommodation, or wice wversa. The two
functions are so confederate that there are
limits to the amount by which either can be
increased or diminished without the other.
Prisms should be placed as close as possible
to the eye, then their angles of deviation
nearly express the diplopia, or corrective
squint, they occasion, or the sum of both if
both are present. '
One of three events therefore may happen
on placing a prism before an eye. (1), If
vision is monocular, one false image is seen,
whose distance from the actual position of
the object 1s unvarying, and dependent en-
tirely on the deviating angle of the prism,
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g, 8. (2), With binocular vision the
prism may be too strong to be overcome, in
which case there is diplopia with an inconstant
distance between the images, which approach
each other spasmodically with every effort to
overcome the prism. (3), The diplopia may
be overcome and the object appear single,
though its position in space is misjudged
through an angle practically equivalent to
half the deviating angle of the prism.

B.—_MARKING THE APEX.

Circular prisms, as usually sold, have their
apex and base indicated by a slight scratch
from a diamond. It is to be feared, as we
shall see, that experimental work with prisms
has hitherto been frequently vitiated by the
prevalent inaccuracy in marking the apex—
a defect to which, as far as I am aware,
no attention has yet been called. An
obvious consequence of inaccurate marking is
that prisms may not be quite squarely set in
the trial-frame ; yet the slightest departure
from precision in this particular alters the
experiment. For example, if it be desired to
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set a prism of 15°d, with its edge exactly in
or out, an aberration of the base-apex line
through only a ninetieth part of a circle has
the effect of not only lessening in a trifling
degree the desired horizontal deflection which
.+ is the aim of the prism to produce, but also
of introducing a new and unsuspected vertical
deflection of more than 1. This 1s shewn
in Fig. 13, where the actual flame o, appears

Fig.13. Shewing the effect of setting a prism by a wrong mark.
The marked apex 15 towards &, and the true apex is towards a, sO
that the flame o, which should appear at &, appears at a.

displaced to a ‘nstead of &6;—the ftme
base-apex line being ¢ @, though the prism
'« marked ag if it were o &; hence @ 00 is
the angle of error in setting the prism. At
twelve feet distant the flame would appear
more than two and a half inches higher than
it really is.* Now it is well known that

*The unsuspected vertical deflection of a ray of light by a
prism whose base-apex line is supposed to be horizontal, or
the unsuspected horizontal deflection by a prism whose base-
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vertical diplopia greatly embarrasses the
fl€Uromotor apparatus, and in some persons
it cannot be overcome at all when greater

than one degree, so the prism in the previous
"e}-:periment may be put down with the verdict
that it is too strong to be overcome, when
really it is the concomitant accidental vertical
diplopia created by it which cannot be
overcome, or at least the effect of which
vitiates the experiment,

If any surgeon will take the trouble to test
the marks upon his own prisms he will find
how frequently they are misplaced ; the test
can be easily made by the following simple
device. Draw upon a sheet of paper two fine
straight lines intersecting each other exactly at
right angles as in Z%. 14, and hold the prism
vertically above them so that on closing one
eye the supposed apex apparently coincides
with the point of intersection of the lines, and
the prism only appears to touch the horizontal
line at that point, and does not in the least

apex line is supposed to be vertical, may be found in any
particular case, by the following formula, si7. 2 = sin. D +
sz, 7; where x is the angle required, D is the deviating angle
of the prism, and » the angle of accidental rotation from
exact rectitude.
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overlap it on either side. If the prism is
correctly marked, the vertical line appears

unbroken as in Fzg. 14, but if not, the part of ===\

the line seen through the prism appea%;
| I

|
|
|
| |
1.

Fig. 14. Mode described for  Fzg. 15.  Appearance with a
testing the apex of a prism. badly marked prism.

disjointed from the rest, and displaced as in
Fip. 15, towards the side of the real apex. It
only remains to rotate the prism till the
unbroken appearance of /7g. 14 is gained;
then the point on the prism’s edge in apparent
coincidence with the point of intersection of
the lines may be regarded with confidence as
the real apex. The cross lines can be per-
manently provided on a large card suspended
upon the wall of the consulting room in
connection with that for testing the deviating
angle, and they will be found useful for many
purposes. For opticians it is suggested to
have a diamond half embedded in a plate of
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glass fixed horizontally above cross-lines
similar to those already employed, or merely
above one vertical line if the horizontal one
be graven on the glass. The diamond would
be brought in correspondence with the point
of intersection of the lines, so that after finding
the apex a slight push of the prism would
mark its true position.

A still better form of the apparatus would
be one with two shoulders cemented on
the glass plate, to grip the edges of the
prism instead of using a horizontal line, and
to have the diamond held in a sliding arm
to make a perfectly straight scratch. Greater
distance of the prism from the vertical line
magnifies the phenomenon, and makes the
test more delicate. The true base of a prism
can be found and marked in just the same
way as the apex, and if prisms thus manu-
factured come into use, one of the many
causes of experimental inaccuracy will be
removed.
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G —PRISMETRY.*

For measuring the refracting angle of a
prism (that is, it will be remembered, the angle
by which its refracting surfaces are parted),
several instruments exist already, named
Goniometers,t of which it i1s easy to make

# This name will be given to the measurement of the
deviating angle of prisms ; that of Goniometry being already
applied to the measurement of their physical angles.

+ A home-made Goniometer for clinical prisms can be
easily made by mounting a prism-holder (a lens-holder will
do) by a pivot on the centre of a small circular dial of wood ;
a long-hand of a clock is fixed to the upright pivot of the
prism-holder, and the dial is graduated with degrees, or
simply fitted with a common protractor as found in any box
of mathematical instruments. The procedure is as follows :
Place the prism to be tested in the holder, with base-apex
line horizontal, and support the whole instrument on a table
or stand opposite the window. Now set the indicating
clock-hand at zero of the scale, and rotate the dial itself
till a vertical sash of the window, as seen reflected from one
face of the prism, appears (to an eye placed between the
prism and the window, but lower than the former,) exactly
to coincide with a chosen spot or line on the opposite wall.
Now, leave the dial 7z sfafu guo, but rotate the clock-
hand till the same window-sash is seen reflected from the
other face of the prism, and is brought in line as before with
the other two points. The index-hand will now be found
pointing to the degree on the scale which describes the
refracting angle. The only precaution necessary is to be
sure that the observer’s eye occupies the same position in
making the two observations. Another way to measure the
refracting angle is to adapt the legs of a pair of compasses.
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an adaptation suitable for ophthalmological
prisms. But these acquaint us only with the
geometrical—not with the optical properties
of prisms; what the surgeon needs alone to
know is not their refracting angle, but their
deviating power over a beam of light, It
has been noticed already that this ““angle of
deviation” is in each case about half the
angle of refraction—with weak prisms rather
less, and with strong ones rather more, than
half (DoNDERs),—but apart from this differ-
ence, and from the uncertainty of always
In practice ensuring the exact position of
minimum deviation, the refrabtive index of

to the two faces of the prism, then either use a protractor,
or measure the distance between the points of the legs, by
placing them on a millimetre rule. If the length of the legs
is known, the angle required is found by dividing the length
of the legs by half the distance between their points, and
doubling the angle of which this is the sine. But the dial
mode first described, or that with the protractor, needs no
calculation. Having thus, by one or other way, measured
the refracting angle 4, we may measure the deviating angle
L, by one of the modes given in the text, and then ascertain
the refractive index of the glass of which the prism is com-
posed by dividing the sine of half the sum of the two angles
by the sine of half the refracting angle.
sin. QgD
2

Thus ; L — A

SIn e
l",

=
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different specimens of crown glass varies so
much that, as Donders* truly observed of the
angles of deviation, “If we wish to know
these accurately, it is necessary to determine
the deviations for each glass separately.”
To do this with certainty and ease two
simple methodswere contrived some years ago,
one most suitable for the student or surgeon,
the other for the optician. The first can be
made without expense, and employed without
artificial light. It consists simply of a strip
of cardboard suspended horizontally near the
right-hand corner of a consulting-room wall,
and at such a height from the floor as to be
about level with the eyes of the observer.
On the wall adjacent to that on which the
cardboard is hung, and which enters into its
right-hand corner, a permanent mark is made
at the distance most generally convenient for
making the observations, The card itself is
marked, as in Fg. 16, in degreest for this

# “Accommodation and Refraction of the Eye ” (Sydenham
Society, p. 132).

+ Really, of course, in tangents of degrees. A paper scale
of this kind was affixed in May, 1886, to the wall of Messrs:
Pickard and Curry’s workshop, having been sent them by
the author for measuring the deviating angles of their prisms.
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distance. All that is necessary to measure

_?'ﬁ ﬁﬁ- Jn

ZFg. 16. The author’s first mode of prismetry,

the deviating power of a prism is to hold it
opposite the already mentioned mark on the
wall* with its apex to the left, and so that its
upper border appears just beneath the line of
degrees as in the figure. The vertical border
of the card appears necessarily displaced
towards the edge, and points upwards to the
numberwhich expressesin degrees, at once and
without calculation, the required deflecting
angle of the prism. In the figure this is seen
to be 3°.  One precaution alone needs to be
observed ; if the lower edge of the cardboard
seen through the prism appears disjointed
from the level of the rest,as in #7¢. 17, the apex
of the prism is not pointing exactly to the
left, but is either too high or too low, according
as that part of the broken line seen through

> The distance nt‘ the nbservms eye behind the prism
does not affect the result in any way.
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the prism s above or below the remainder.

Fig. 17. A prism not held truly.

A slight rotation is therefore necessary to
correct this, till the lower border of the
card-board appears at one level, as in
Fag. 16.

The distances between the degrees of the
card depend, of course, on the chosen distance
at which it is found most convenient to hold
the prism, and this would depend on the size
of the room and other conditions. The
distance of the observer’s eye from the prism
is of no consequence ; any student can easily
mark a piece of cardboard for himself from
the accompanying table which gives the
distances from the right-hand border of the
card at which the several degrees are to be
marked upon it, assuming the prism to be
held at a uniform distance of six feet (first
column), or two metres (second column).



32 PRISAMS.

TABLE 1.
For marking a card in tangents of degrees at 6 ft. (column A);
or 2 metres (column B).
A B A B
I 125 in. | 3'49 cm. g° 11°'4 in. | 31'29 cm.
2-‘."- 3*5 33 593 b} ,IDQ 12°6 7 34°73 1
3: 37 || 101407, T2 rAo . {486,
40 ED n 13‘95 13 ]-29 153 n 41.58 ¥y
5 03w i07ds 5 ias? Sligee Sl agsen
el 77, 2ol S T g B 1 B s
7 884 50l 2arag s, MllrE Sl Tgsae S Cerine
6f x0Tz o, | 27:83 5, (69 (2064w, || Exag o

For a different range, the measurements
would of course differ in proportion ; thus,
should it be decided to always hold the prism
at 3 feet, the distances would be half as
great as in the table; if at 12 feet, twice
as great. It is clearly an advantage, when a
patient enters with prismatic spectacles, for
the surgeon to be able to ascertain their
strength without calculation or artificial light;
and such spectacles will no doubt come into
more frequent use, since convergence is be-
coming more precisely studied.

The second method affords a much prettier
demonstration of the deviating angle of prisms,
but needs a more definite illumination than
diffused daylight. It consists of a strip of
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wood, as in /7g. 18, laid flat on a table or coun-
b

Fig. 18. Second mode of prismetry.

ter with a shorter strip 4, fixed at right angles
to its further end in such wise that while
horizontal in its length its plane is vertical.
Upon the longer strip a cylindrical lens ¢,
is fixed erect, with its axis vertical, so as to
throw a line of light from the gas flame g
upon the strip 4, which is marked in degrees*
so that a prism held before the cylinder ¢,
with its base-apex line horizontal, at once
makes the bright line move to that degree
which indicates the deviating angle. The
flame can either be fixed to the main strip or
be quite separate, and it is well, if the light is

*# Strictly speaking, “in tangents of degrees.”

3
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poor, to combine with the cylindrical lens a
spherical one of such strength that the source
of light shall be at its principal focus.*

An important proposal has been made by
Dr. Edward Jackson, of Philadelphia, that
all ophthalmological prisms should be marked
with the angle by which they deviate rays of
light, and, in consequence, it was recom-
mended by a committee of the American

Ophthalmological Society in Septembt:r of
the year 1888, that :

A mudlﬁcatmn in this method was suggested by Messrs.
Pickard and Curry (to whom it was given about the same
time as the other), viz.: to curve the graduated scale into
an arc, in order to save the calculation of tangents in its
manufacture. The following footnote appeared in an essay
at the time : “Since the only clinical use of prisms is to
deflect the rays of light which traverse them, and since the
index of refraction varies with the different specimens of
glass, the usual method of marking prisms is not very satis-
factory for exact purposes. After consultation with Messrs.
Pickard and Curry, they have now a quick method of
testing the declinating angle of their prisms” (Journal of
Anatomy and Phys., Maddox, Oct., 1886, p. 32).

It will be seen, however, from this extract, that it was only
for “exact” (z.e. physiological and experimental) purposes
that the need was thus expressed for the marking of prisms
with their deviating angles. Dr. ]acLsons subsequent pro-
posal has prominence gwen to it in the text, because it
embraces all prisms used in ophthalmology : its acceptance
by Messrs. Pickard and Curry was due to the energy of Dr.
Landolt, last year.
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(1,) Prisms ought to be designated by the
number of degrees, ‘minimum deviation,”
they produce.

(2,) Where intervals of less than one
degree are desired, half degrees and quarter
degrees should be used.

(3,) To indicate that degrees of deviation
are meant, the letter & should be used ; thus
prism 2°& will indicate a prism that produces
a minimum of two degrees.

The committee consisted of Drs. E. Jack-
son, S. M. Burnett, and H. D. Noyes, and
their decision was conveyed by Dr. Landolt
to the Heidelberg Congress in the same year.

It is almost certain, therefore, that prisms
thus marked will soon come into general use.
and they will greatly simplify calculation.

Possibly, however, if 1 may be allowed to
suggest it, a still better plan would be to have
all prisms marked with metre angles and
their fractions, so as to correspond with
lenses in the trial case, a metre angle being
~ the chosen unit of convergence just as a dioptre
is that of accommodation. The only disad-
vantage is that the metre angle is an
inconstant quantity. It is the angle by which



36 PRISMS.

each eye has converged from direct par-
allelism while fixing a point in the median line
at the distance of one metre. Its size, there-

fore, depends on the distance of the centre of
rotation of the eye from the median plane, for

it is this line which subtends the angle. Its
average in adults is taken by Nagel as 1° 50",
It is useful to have a scale, as in Fig. 16,
marked in metre angles according to this
average, as well as a scale marked in degrees,
so that by holding any prism up to view, its
strength in either unit can be seen without
calculation.

In Table II the measurements are given
by which such a scale can be made by anyone
for himself, on a strip of paper or cardboard.

TABLE II.

For marking a card to be used at the distance of two
metres, for telling the strength of a prism in metre
angles.

Metre I Metre

Angles. Angles.

OF5 T s 3'2 ‘CIn. 50 32°3 cm.

re 64 55 356

I'5 5 96 60 389

20 1 12°8 13 6'5 422

23580 43 160 70 456
jo 5 19°3 5 75 49'0

e . 80 E2Tal sl

40 257 85 558

45 5 [ 2900 ax Gl 9’ 59°3 »
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D.—_PLANENESS OF SURFACE.

Little need be said of this, though in buying
prisms it is well to examine the planeness of
the important “ refracting surfaces”; 1t is often
very defective, and this slightly contributes to
the difficulties of using prisms. Moreover, since
plane faces are rarely ground with the same
accuracy as spherical ones, it is better when
combinations of lenses and prisms are pre-
scribed to have both surfaces spherical instead
of one spherical and the other plane, except
when very strong lenses are employed, in
which case they are better sometimes plano-
convex to diminish spherical aberration.

E—ADJUSTMENT OF PRISMS IN THE
TRIAL-FRAME.

If the apex and base of a circular prism are
correctly marked, there is no difficulty in
setting it with the base-apex line either
exactly vertical or horizontal. But if there
should be any doubt about their precise
position, the following simple expedient will
at once enable us to detect and correct any
malposition. If the base-apex line is wished
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to be horizontal as with the right hand prism
of F2¢. 19, hold the trial-frame a few inches

Fip. 19. Two prisms in a trial-frame.

from the eyes, so that, as represented in the
figure, the upper extremities »z 7 m m, of
its sockets coincide to all appearance with a
horizontal line @ é ¢, upon the wall : if this
line upon the wall appears continuous, the
prism is correctly set, but if that part of it
visible through the prism appears disjointed
from the rest as & in /9. 19, the apex is
either too high or too low, according as’ the
apparent disjointment is upwards or down-
wards. In the figure the apex is too high
and the correction is therefore easily made
by rotating the prism so as to depress
the apex till the line appears continuous. If
the base-apex line is wished to be vertical, as
with the left hand prism of the same figure
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the horizontal line on the wall must be sup-
plemented by another at right angles to it, as
¢ f in the figure: again adjusting the frame as
before to the horizontal line of sight, the
rectitude of the prism is nOw indicated by the
appearance of the vertical line. If ufs course
appears undeviating the setting is faultless,
but if, as in the figure, the part seen through
the prism is dissociated from the rest, the apex
.« shewn to be too much to the same side,
and it therefore needs readjustment.

F._TEMPORARY TRIALS.

Before prescribing prisms or their combi-
nations, it is well, when practicable, to let the
patient wear a trial pair at home for a few
evenings first, for sustained action alone
affords a true indication of whether they will
suit. Prisms and lenses can be bound in an
ordinary trial-frame by a strip of gutta-percha,

Fig. 20. Rectangular prisms in a frame as suggested in the text.
This frame may be obtained from Messrs. Pickard and Curry.
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but as accidental rotation is very apt to occur,
some other contrivance is desirable when
prisms alone are in question. /g 20 repre-
sents a device I once suggested* for the
purpose of holding rectangular prisms, which
I find can be made quite as cheaply as circular
ones. The small size of the prisms, while yet
allowing sufficient lateral range of movement
for the eyeballs, would contribute to the
manifest desideratum of lightness. No time
is wasted in exact adjustment of the prisms,
as their shape not only secures a correct
position at once, but removes any possibility
of subsequent displacement. Each prism has
a longitudinal groove in its upper and lower
surface, so that it need only be pushed in
between the wires till caught by the elbow.
So light a frame as this could be worn
together with an ordinary pair of spectacles,

*1 find since that Mr. Chas. Wray, F.R.C.S., of Croydon,
has had a somewhat similar frame made with the ad-
dition of a spirit level. Dr. Stevens says, “ It is my custom
to keep on hand a large number of spectacle frames of uni-
form size, and a quantity of plain prism- glasses of 1°, 2°,
and 39 which can be, without loss of time, slipped into the
frames. With these I am able, in a few moments, to arrange
temporary prisms for a patient.”—(Archives of Oph., June,
1888, p. 184.)
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when it is desired to try for a few evenings
the joint effect of prismatic and spherical
glasses.

These prisms would also be exceedingly
useful for those cases of paralytic strabismus
in which partial or complete recovery may be
expected, and for which prismatic spectacles
are prescribed.  The necessity, if this
treatment of such cases is to be successful, of
prescribing weaker prisms as the case im-
proves (for without this they actually retard
recovery), makes it desirable to have a set of
test prisms, a pair of which can be worn for a
few days or weeks, and be exchanged for
another pair if they cause discomfort, or when
they need to be weakened owing to pro-

gressive recovery.




ParT II.

BPIECENTERENGHOR SEENSES:
AND COMBINATIONS OF PRISMS WITH LENSES.

INsTEAD of combining a prism and a lens,
where it is wished to obtain the effect of both,
it is very frequently possible to get the same
result by simply decentering the lens, a
process which, though already well known,
may be simply explained.

The ‘“ optical centre ” of a lens is that point
in it traversed by all rays which, after entering
the lens, emerge from it in a direction parallel
to their former course. * All rays which do
not traverse the optical centre are bent from
their former course to a degree which depends
on the distance from this point, at which they
pass through the lens—the greaterthe distance
the greater the deflection. In other words, a
lens, in every part other than the optical
centre, has the effect of a prism upon any

# This one “property”is all that is necessary for our
present purpose, hence it is mentioned, instead of giving a
correct definition. See footnote, p. 45.
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single ray of light,—the effect of a weak
prism near the optical centre, and of a
stronger and yet stronger one with every
further removal from it, and this equally with
concave as with convex lenses. It is evident,
therefore, that by shifting a lens so as to
bring a more peripheral part into use, a
prismatic effect can be obtained just as much
as if a prism had been cemented to the lens
in its former unshifted position. Such dis-
placement of the optical centre can be effected
in one of two ways, the prismatic equivalent
of which is identical, but each of which
possesses an advantage of its own. First,
the lens may simply be dzsplaced as it is, rim
and all, by lengthening or shortening the
spectacle-frame ; or, secondly, the frame
remaining unchanged, the lens can be
decentred in its rim as shewn in Fzg. 21.

Fig. 21. A decentred lens.
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The dioptric strength, or refraction-correcting
power, of this lens is exactly the same as that
shewn in F7g. 22, inasmuch as their surfaces

o<_G|0

/

Fig. 22, A lens normally centred.

have the same radius of curvature, but it is
as though it were cut peripherally, as shewn
in F7g. 23, from a largerlens ¢ &, so that its
optical O, and geometrical G, centres do not
coincide as in an ordinary lens. A brief study
of Fig. 21, which gives the lens @ 4, of Fig. 23

F4g. 23. Peripheric lenses cut out of a larger one.

in section, will show that the effect of cutting
it eccentrically out of a larger lens is exactly
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the same as if a smaller lens of the same
strength had been split to admit a prism
between its two halves. Without altering its
dioptric power then, a prism has been virtually
introduced. The geometrical centre of a lens
is the point midway between all edges, as &
in Fygs. 21, 22 and 23. The opfwal centre
on the other hand, lies between all points* on
the two opposite surfaces of a lens which are
parallel to each other and which therefore
have no more prismatic or deviating effect on
a ray of light entering by one and emerging
by the other than a plate of glass would have.
[t is needless to say that it lies in the thickest
part of a convex lens and the thinnest part of
a concave one.t IFor determining its position
in any particular lens, an apparatus will be
described further on. A lens is said to be
normally centred when the optical and
geometrical centres coincide as in /fg. 22 ;

but to be decentred when, as in /Fzg. 21,

** Strictly, of course, points cannot be parallel, but only the
tangents to the curve at the points. But the text will be
easily understood.

T It lies in the principal axis of a lens,—the line joining
the two centres of curvature ; and divides the line of centres
in the ratio of the radii of curvature.
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the optical centre O, and the geometrical
centre (, are apart, the amount of decen-
tration depending on their distance apart.
The two points may be so far removed from
each other that the optical centre may come
to lie outside the lens altogether. Such would
evidently be the case with the small lens ¢ f
in F7o. 23, since the optical centre is at O.
Fig. 24 shews this small lens in section, and

a.D

Fig. 24. A lens with its optical centre O, far outside itself.

it is evident at a glance that opposite surfaces
are nowhere parallel, and that one or both of
the surfaces would need to be prolonged
considerably before any point could be found
in the one parallel to a point in the other ;
were this done a line uniting the points would
pass through the optical centre O. We have
seen that the effect of decentering a biconvex
lens is equivalent to splitting it into two
halves, and inserting a prism between them
(b @ ¢ in Fig. 21). The strength of this
virtually interpolated prism depends on, first
the amount of decentration, and second the
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dioptric strength of the lens. A strong lens
needs decentering to a less extent than a weak
one to produce the same effect. Table I1l.
not only illustrates this but enables us to find
the exact prismatic effect of decentering any
lens. All that is required is to fix on the
number of millimetres (in the highest
horizontal row of figures) by which a lens is
known to be decentred, and the prismatic
effect is found in the column beneath, opposite
the dioptric strength of the lens. Conversely,
should it be required to know how much to
decentre a given lens in order to combine
with it the effect of a certain prism, the eye
runs along the horizontal line of angles
opposite the known strength of lens till that
angle is found nearest to the strength of prism
required, when the number of mm. at the
head of the column will indicate the
decentering necessary.

The word ¢ decentering” 1is generally
applied to the removal of the optical centre
away from the geometrical centre of the lens,
but we have already said that the prismatic
effect is the same if the whole lens, rim and
all, be simply displaced, as by lengthening or
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shortening the spectacle frame; in other words,
it makes no prismatic difference, so long as
the optical centre is moved, whether the
geometrical one remains in sfafu quo, or
whether it is shifted equally itself. How are
we then to decide between these rival modes,
in any given case ? Decentering of any kind
has the disadvantage of being attended with
proportionate increase of weight, as much as
if a prism were inserted : the lens of /f7g. 21
is very evidently heavier than that of F7g. 22.
This fault is entirely avoided by the alter-
native of displacing the entire lens (instead
of only decentering the optical centre 2z the
lens), but, on the other hand, such displacing
entails, beyond certain limits, a limitation of
the field of binocular fixation. It may there-
fore be laid down as a practical rule that the
dislocation of the optical centre should be
effected by displacing the whole lens, rim and
all, as much as can be done without interfering
with the field of binocular fixation,* leaving
only the remainder (should any more be re-
quired) to be obtained by decentration proper,
that is by decentering the lens 77 its rim.

* 7.e. The range of lateral binocular vision.

4
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To take an example, let us suppose it is
desired to prescribe spectacles such that each
optical centre is 1o mm. nearer to the middle
line than the centre of the eye, and we
have found by the localiser that the centre
of each eye is 32 mm. from the median
(sagittal) plane. The effect of limitation of
the field of binocular fixation must be con-
sidered for each case, for its inconvenience or
otherwise depends on the distance of the
patient’s occupation; but, say that on consi-
deration, 5 mm. of dzsplacing for each lens is
all that is advisable ; that will make each
geometrical centre 27 mm. from the middle
line, and leave 5 mm. for decentering.

In prescribing the spectacles, therefore,
some such form as the following would be used.

1 |

Ri Li‘
Spherical. + 4D + 4D
Cylindrical. |
SNET 9 T PRI g S ST __|l
Geometrical centre. | 27 mm | 27 mm.
o ' |
: ok : 5 mmn. 5 mm.
Decentration. inwards. | inwards.




DECENTERING OF LENSES. 51

To " make suchiva pair v of lenses (the
optician mzg/4¢ first make two larger lenses
of +4 dioptres, and 10 mm. (ze. twice the
decentration) wider than the lenses required,
which would then be cut out peripherically
as in /Fzg. 23. But this would involve a
serious waste of time and labour, since pre-
cisely the same result may be attained by the
simpler plan of finding from Table III. the
prismatic equivalent of the decentering, and
then proceeding as he is accustomed to do
when ordered to combine a prism of that
deviating power, with a lens. He would
cut the prism required, and then impart to
its surfaces the required sphericity. Lest
any confusion should arise here between
the deviating and refracting angles it will
be well to repeat, that the angle of refraction
by which the two surfaces of a prism are
separated, and by which the workman first
cuts a prism, is twice the angle of deviation
which is given in the table, and marked on
the prismeters. In the example we have
taken, in which lenses of + 4 p are decentred
5 mm., a reference to Table III. shews
that the prismatic equivalent is 1° 10/,
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but this being the deviating angle must
be doubled to get the angle of refraction,
which will therefore be 2° 20". Two prisms,
each with their plane surfaces at an angle of
2° 20/ will now be made, and a sphericity of
+ 4 » be given to each surface. Having thus
shaped the decentred lenses, the workman
would next place them in a frame made with
the centre of each rim 27 mm. from the middle
of the bridge. The effect of such a pair of
spectacles on a patient with the centre of each
pupil 32 mm. distant from the middle line,
would be the same as if normal lenses of
+ 4 dioptres, each combined with a prism of
2° 18'd were placed exactly in front of the
two eyes; as may be easily seen from the
table; for 5 mm. of decentering + 5 mm.
(z.e. 32—27) of displacing, give a total ot
1o mm. for the alteration in position of the
optical centre. Under the heading of 10 mm.
in the table, opposite 4 b, is found the combined
prismatic effect, viz. 2 18. With this, of
course, the optician has nothing to do.
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Though it was thought well in passing, to
give an instance of how a decentred lens
may be prescribed, a better plan will be to
mention, not the decentering, but the prism
equivalent to it. This will save the optician
all calculation, with the attendant possibility
of a mistake.

[t will be a simple proceeding for the
surgeon, after finding the total prismatic effect
it 1s desirable to produce, to deduct from it
the proportion to be attained by displacing
and set down the rest in the form of a prism
whose surfaces are to receive the needed
sphericity. To take a varied illustration, we
will suppose the lenses to be sphero-cylind-
rical. If the axis be vertical, the effect of a
cylinder on convergence is precisely the same
as that of a spherical lens of the same curva-
ture, but with each departure from the vertical
it acts like a weaker spherical lens till with
axis horizontal its effect is #zZ. A lens, there-
fore, of + 3 D sph., + 2 D cyl. axis vertical,
would affect convergence like a + 5 p sph. :
with axis /Zorizontal it would affect conver-
gence like a + 3 D sph. Let us take for an
cxample such lenses of + 3 » sph. and + 2 p
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cyl., axis vertical, the total effect on conver-
gence being that of a spherical lens of + 5 p.
Suppose it is wished to relieve the conver-
gence of each eye by 2° for an occupation
distance of 15 inches. It is decided, let us
suppose, that' 7 mm. of displacing can be
allowed without interfering with the required
field of fixation. But 2 mm. out of these
» mm. must be deducted as useless for the
purpose, since they only go to counteract the
excess of convergence, which lenses placed
precisely in front of the centres of the eyes
would occasion in near vision, for it is clear
that the lines of fixation would then traverse
the lenses internal to their optical centres.
With habitual vision for 15 inches, we have
to allow 2 mm. for this reason, and with
vision for 10 inches we have to allow 3 mm.
since only if the lenses were 2 mm. or 3 mm.
respectively, internal to the centre of the eyes,
would they have no effect on convergence, for
then only the visual axes would traverse the
optical centres. This position therefore forms
the zero, by departing from which in either
direction the convergence is affected. To
return to our example, after deducting these
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> mm., 5 mm. of effective displacing remain.
By Table I11. we find the priSmatic equiva-
lent of 5 mm. of displacing to be exactly 2°.
This is all we desired, and there is therefore
no need for decentering. Had it been desired
to afford greater relief to convergence, say
4°, then the remaining 2° should be prescribed
as prismatic combination. If the centre of
each eye be 32 mm. from the middle line,
then this, less the total 7 mm. of displacing,
would make the geometrical centre 25 mm.
from the middle of the bridge, and it would
stand thus :—

‘ R, L
Spherical. ! + 3 D + 3D
|
Cylindrical. [ 2o i 2D
axis vert. axis vert.
Geometrical centre. | 25 mm. 25 mm.
-t 1
Prismatic. 4 o2 o)
| { edge out. edge out.

——

The optician should understand that the
new marking is intended whenever the letter
“d” is appended. In this case, therefore,
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he would cut two prisms, each with an angle
of refraction of 4°, and impart to one surface
a sphericity of + 3 », and to the other a
cylindricity of + 2 b, setting them in a frame
with the centre of each rim 25 mm. from the
middle of the bridge.

To relieve convergence, prisms should be
“edge out;” while convex lenses should be
displaced inwards, and concave lenses out-
wards.

To meet excessive convergence, prisms
should be ‘““edge in ;” convex lenses displaced
outwards (only slightly practicable owing to
limitation of near binocular fixation), and
concave lenses inwards. It 1s with strong
lenses, such as those for aphakia and high
myopia, that care in the position of the
enses 1s of chief importance.

“ Orthoscopic Spectacles” as described by
Dr. Scheffler, have been so long known that
they must not altogether escape mention. In
these, accommodation and convergence are
affected in equal amount. The two lenses
have but one optical centre common to both,
just as though they were cut from opposite
edges of one large lens. The proof of their
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correct manufacture is that they throw a
single distinct image of a flame upon a wall.
They have generally been prescribed in a
few standard strengths, but they can be made
for any patient by combining with each of
his lenses a prism, whose deviating angle is
found in Table 111., opposite the description
of lens, and under the number of millimetres
by which the optical centre of each eye is
distant from the middle line. These spec-
tacles undoubtedly may have their place, but
it is better to ascertain the conditions of
convergence in each case and prescribe
accordingly, rather than to adhere to any
fixed combinations.




RAarT [IL—LOCALITSATION.
LOCALISING THE EYES.

[T will be at once evident from the preceding
section, that it is impossible to prescribe
spectacles of any kind with a view to produce
a definite prismatic effect without first know-
ing the precise distance of the centre of each
eye from the middle line, and in clinical work
the need must have been often felt for a quick
yet reliable objective test. Many subjective
tests are in existence already for the purpose
of telling, not the distance of eac/ from the
middle line, but the mutual distance between
the centres of the two eyes, (‘“interocular”
or “ intercentral ” distance) ; such as Smee's
“ yvisuometer " as used by Donders, Landolt’s
chiasmometer, Snellen’s frame, or Dr. John-
stone’s trial frame with the short tubes in the
two discs. Butan objective test is more desir-
able, and especially one for each eye, and
though it is true that single points have already
been placed before each pupil, such as, for
example, the intersection of cross wires, with a
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view to obtain this information, yet the very
principle of such a sengle “sight” or “bearing”
is fallacious. It affords no guide or guarantee
for the position of the observing eye, which is
therefore left to guess-work. For a test to be
true in principle, not only must the wvisual
lines of the observing and observed eye
coincide, but the line so composed must be
exactly at right angles to the line uniting the
centres of the two eyes, or at least if one eye
be examined with any angle of inclination,
the inclination must be the same in the
examination of the other.* It need hardly
be said that this cannot be ensured when
only a single point is used for a bearing. To
overcome this difficulty the writer has had a
little device made (Fig. 25), with two sights

VA

g, 25,
so disposed as to always be in a line at right
angles to any trial-frame in which itis placed.
One pupil is localised at a time, all that is

e

* On the principle of the parallelogram.
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necessary being to increase or diminish the
breadth of the frame till the two sights and
the centre of the pupil are in line as in /7.
26 ; the patient meanwhile is bidden to be

Fig. 26.

looking at the pupil of the surgeon’s observing
eye, by doing which the two visual lines (ze.,
that of the observing and that of the observed
eye), come to practically coincide. If the
patient 1s a child it is quite easy to excite its
interest in its own miniature reflection in the
surgeon's pupil while taking the observation,
adeptness in which needs a few trials to
become familiar with the parallactic motion.
The instrument is then placed in the other
rim of the frame, and the observation repeated
for the other eye.

By this method we comply with the two
afore-named conditions of accuracy; the
visual lines of the observing and observed
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eyes coincide, and of necessity they are both
at right angles to the trial-frame. The frame
must of course be one movable by a screw,
and marked in millimetres, so that the record
can be read off after localising each pupil.
The distance of the centre of each eye from
the middle line is in-each case /a/f what is
registered by the frame. It is true that the
present methods are considered sufficiently
exact for practical purposes, but there is,
nevertheless, a pleasure in working on correct
principles, and a number of small inaccuracies
in the different steps of testing and prescrib-
ing may amount together to a considerable
error. The frequent and careful use of
this principle will shew how many an
unsuspected difference exists in the position
of the two eyes, and will train the surgeon
who uses it to a quicker appreciation of
asymmetry and its amount. When ordinary
spectacles are prescribed for eyes placed
unsymmetrically, the prismatic effect is g1 eater
for one than the other, which may (or may
not) be deleterious, or even advantageous,
according to the nature of each case which,
therefore, needs individual investigation.
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Papm " IVE
ANAEYSIS "@F  SPRCTACLEES:

So far we have dealt with the synthetical part
of our subject, how to combine lenses and
(virtual) prisms. The analytical part must
now be considered. When a patient comes to
us with a pair of spectacles already in use, but
which cause discomfort, how are we to analyse
their prismatic effect, and find how the glasses
are centred ? One thing is clear, that we must
set ourselves to discover with all possible
accuracy the cause of the discomfort. It may
be due to the irritability of the patient's
nervous apparatus, but before deciding this
we must exclude the other alternative, that
the spectacles are not the best in every way
that could be given. The focal length of the
lenses is easily determined by the plans given
on page 16. The next thing is to measure the
distance between their optical centres, or,
preferably, the distance of each from the
centre of the bridge, and this may be done in
several ways. -If sunlight is procurable the
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spectacles may be held at their focal distance
from a card exactly parallel to the two lenses,
then the distance between corresponding
points of the two spots of light on the card
gives the required distance between the
optical centres. If artificial light be used, the
distance between the spots of light (more
strictly, between corresponding points in
them), must be multipled by the distance of
the light from the spectacles, and divided by
that of the light from the card. In this
experiment care must be taken that the light
and the bridge of the spectacles are in a line
perpendicular to the lenses and the card. A
modification of the Phakometer could easily
be adapted for this purpose. But incon-
venience attaches to the use of either direct
sunlight or artificial light, and if they can be
dispensed with the better. /F7g. 27 illustrates

"? S A .,]Ilﬂ.t;:un'm

i 1L
4
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| 11
Fig. 27. A simple way of telling the distance between the
optical centres of a pair of spectacles.

a rough mode of telling the distance between




64 PRISMS.

the optical centres.  The spectacles are held
horizontally, and some inches above a card
marked to one side with a vertical line z,
and towards the other side with parallel lines
v, at different measured distances from the
single-one. The observer, holding his left.
eye about a foot above, and as nearly verti-
cally over the left lens as he can judge, closes
the right eye, and moves the spectacle frame
from side to side till the line x, appears
unbroken by the left lens. Now, without
* moving the head, the right eye is opened and
the left closed, and that line which appears to
be least displaced by the right lens is the line
nearest its optical centre, and the number
-above it furnishes a rough estimate of the
required distance between the two optical
centres. To ascertain whether each optical
centre is midway between the upper and lower
border of its rim, each lens must be held
lengthwise over the left hand line till it
appears to run continuously. The principle
(though not new) of this test is so simple,

yet its imperfections so many,* that I have

# Besides its want of accuracy, it only gives the mutual
distance between the optical centres, and not the distance
of each from the middle of the bridge, and it is not available
when the optical centre lies outside the lens.
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constructed an ‘ Analyser” to secure the
former, without the latter; it is shewn
in /¢, 28. The two essential conditions
are that the lenses should be parallel
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Fig. 28. The first form of analyser.
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to the card, and that the line of vision in

looking through each lens should be exactly

vertical. The first is secured by laying the

spectacles on the plate of glass ¢ & which is

movable from side to side ;: and the second

by keeping the eye so that the line 4 is main-
5
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tained in apparent coincidence with the line
n p. The letters @ 4 indicate the narrower
strip, also movable, marked exactly across
the middle, with a transverse line 2. On
either side of the slides is a millimetre scale
with the zero in the centre. The broad slide
has a long line @ right across it opposite
the zero of its scale. The card #» s has
only one line upon it, exactly beneath the
central lines of the glass strips, and it can be
placed either in the bottom of the apparatus as
as in the figure, or in the grooves higher up, for
lenses whose focal length is shorter than the
height of the glass plates above the lowest
grooves. The card is generally used in its
lowest position, because distance of the line
upon it from the lenses, as we have already
seen with prisms, magnifies the phenomenon,
and makes the experiment more delicate.
The height of the upper surface of the
glass plates from the card in the lowest
grooves is about 43 inches.

To analyse a pair of spectacles, lay the centre
of the bridge on the line w, and place the
observing eye so that the lines x and 2 p
appear to coincide. Now move the broad
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slide bearing the spectacles till the line 7z p
appears undeviating through one lens; then
w points to the distance between the optical
centre of that lens and the centre of the
bridge. Repeat in the same way for the
other lens.

The geometrical measurements, as for the
breadth of frame and the rims, are made by
laying the spectacles still lengthwise, but half
on the broad slide and half on the narrow.
By keeping the line x at zero, and placing
any required point of the spectacles over
it, then drawing out the line w to the
other point, the latter line indicates the
required distance, on the scale % e. It is
well to have the narrow strip fixed by strong
pieces of watch spring # # like those for
microscope slides, or by a little screw at one
corner of the frame.

Lastly, by laying the geometrical centre
of a lens opposite the zero of the scale # e
the line 2 p will, if it be a decentered lens,
appear displaced through it. How great is
the apparent displacement? By answering
this we tell the prismatic equivalent of the
decentering without recourse to any table.
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We must use . another sight* fixed to the
narrow slide perpendicularly beneath its line
x, then by holding the eye so as to keep them
both in apparent coincidence (thus ensuring
a vertical line of vision) and moving them
till they appear exactly abreast of the apparent
displacement of the line 2 p as seen through
the lens, the prismatic equivalent of the
decentering is indicated by the degree on the
scale ¢ f to which x points. The special
applicability of this mode is when the optical
centre lies outside the lens. The principle
would, of course, be the same if instead of
moving the glass slide, the analyser were so
made as to let the card at the foot be moved
alongside a metric scale. When the lenses
under test are of shorter focal distance than
the height of the analyser, the card must be
placed in one of the other two pairs of
grooves : then, though the use of the scale £ ¢
is unchanged, it must be remembered that
when the card is in the grooves half way up,
each figure in the scale ¢ / must be multiplied

# Another way is to use a plane mirror instead of the card
» 5 and keep the line z in line with its reflection—a little
difficult sometimes,
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by two, and when the card is in the highest
grooves, as for cataract lenses, each must be
multiplied by four.* _

ANOTHER FORM OF ANALYSER.— The in-
strument already described is, perhaps,
most appropriate for surgeons, since no
artificial light is needed, and it is small and
portable. For opticians, however, who use
large numbers of spectacles and wish to
classify them, another kind is recommended,
which permits both the focal length and the
position of the optical centres to be tested at
one and the same time.

A plan of it is shewn in Fz¢. 29. Upon a
horizontal strip of wood £ /, is fixed an
equatorial portion of a large lens (preferably
plano-convex, as in /zg. 31, to lessen spherical

*For the guidance of opticians it may be said that the scale
e / can be marked either in millimetres or in degrees ; if
the latter then the height of the lenses above the card must
be 53'3 mm. or some multiple of that number, for the degrees
to be one millimetre from each other, or some multiple of a
millimetre. But if marked in millimetres the height of the
lenses above the card should be 100 mm., so-that by a table
of tangents affixed to the analyser the degree can be found.
This is the most exact method, especially for strongly
prismatic lenses, but being rather less simple is not
mentioned in the text.



70 PRISMS,

aberration). /7. 30 represents in miniature
how this rectangular piece is cut from the

“|

Fip. 30.—A lens, with the
equatorial zone marked
by dotted lines.

4% Fig. 31.—Plano-convex lens.
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Fip. 32.—An Analyser made
with a trial-frame.

$

Fiz, 29.—Second kind of Analyser,

equatorial band or zone of the large lens: it
should be as long as the broadest spectacles
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used. At its focal distance is placed a flame
L, so that parallel rays of light are thrown
upon a screen s s, which is fixed to the
traveller # and is provided with a metric
scale, running right and left from the central
zero at ¢ A small wooden nose 7z is
provided to support the bridge of the specta-
cles, and two wires @ w, fixed to the under
surface of the strip of wood, so as not to
interfere with the movements of the traveller,
support its limbs or temple-pieces. Two
movable stenopzic slits, (in default of which,
the large lens should be blackened except in
two vertical stripes,) greatly increase the
definition of the focal points £/, which indicate
upon the metric scale the distance of each
optical centre from the middle of the bridge.
After laying a pair of spectacles in position,
the traveller is moved till distinct images are
thrown on the screen; then the dioptric
strength or focal length is read off from the
flat strip which is marked both in dioptres
and inches, and the position of the optical
centres is read off from the screen. /F7g. 32
is to shew how a temporary style of the
instrument can be made by placing in each
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side of a common adjustable trial-frame a
lens in conjunction with a prism.* But
rectangular reading glasses can often be
obtained in shops, and the portions not to
be used can be covered with asphalt or with
black silk plaister.

THE EFFECT ON CONVERGENCE

OF DISPLACED OR DECENTRED LENSES.

This study will cause embarrassment if
allowed in any way to be confused with those
of previous pages, and, perhaps, for that
reason, the less said on it the better, It must
be clearly borne in mind that the prismatic
equivalent of decentering a lens, and the
effect of that decentred lens on convergence

* The lenses chosen should have a focal length equal to
the most convenient distance of the flame, then by Table II.,
prisms should be selected nearest to the strength indicated
opposite the dioptric description of the lens in or near the
columns headed by 28 mm. or 30 mm. After setting them
in position with the apices of the prisms exactly outwards
the final correction is made by adding to each couple a
vertical stenopeic slit, and holding the whole combination
exactly athwart direct sunlight, so as to throw two fine images
upon a card held at the focal distance of the lenses. The
trial-frame is then adjusted so that the two images exactly
coincide. Their action now is the same as that of the large

lens.
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are two distinct things, though at first sight
they appear the same. Suppose we decentre
a lens, or what is the same thing, suppose we
place a normally centred lens precisely before
one eye and associate a prism with it. We
might anticipate that the angle of deviation
of this prism would exactly express the effect
on convergence. But it is not so. /£ig. 33

Fig. 33.—A. The right eye is louking at a distant object
thruu;:h a lens displaced inw ards, »¢m and all, by a distance o d;
d ¢ ¢ is the effect on convergence. B is the same eye looking
through a lens of the same focal length, but decentred i its rim h}'
the same distance o 4. The dotted lines indicate the prism that
would be equivalent to the decentering, and the effect on conver-
gence is the same as with A.

B, represents a decentred lens, the action of
which is precisely similar to a prism and lens,
for, as said before, it is as if the lens were
split in two, and the prism shewn in dotted
outline were inserted between the two halves.
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Now it will be evident at a glance, that the
angle ¢ & f is the deviating angle of the
virtual prism, while the greater angle, & ¢ ¢ is
that which represents the effect on conver-
gence. It makes no difference to the effect
on convergence whether a lens is decentred,
or displaced to the same amount as in /zg. A.

There is one exception to the discrepancy
between the prismatic equivalent and the
effect on convergence, and that is when the
lenses are convex and the object of fixation is at
their focal length. Within that distance the
effect on convergence is less, and beyond it
more, than the prismatic equivalent. But
with concave lenses it is always /Zess.




ParT V.

A BRIEF OUTLINE OF THE
CHIEF CLINICAL APPLICATIONS
OF PRISMS.

TuERE are seven uses of prisms in the con-
sulting room which may be described first ;
then five more uses as worn by patients will
follow, making in all twelve clinical appli-
cations.* Prisms are—

A—OF SERVICE IN THESNCONSUIETING
ROOM.

1.—To measure the absolute minimum of
convergence (7°). This is generally a negative
quantity, and then the minimum of con-
vergence of the visual axes is identical with
their maximum of divergence. Its measureis
therefore taken by finding the strongest pair of
prisms, with their edge outwards, compatible
with single vision of some distant object, as

# In working with prisms, we are happily not concerned
with the angle alpha, either in testing or prescribing.
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shewn in /7o. 34. The deviating angle of

£77g. 34.—The absolute minimum of convergence.
each prism expresses the ‘“absolute minimum

of convergence” for each eye. The figure
also makes clear that the visual axes meet
behind the head during the experiment, and
their point of intersection is still called ** the
far point of convergence,” though its position
is negative instead of positive. If a single
prism be used, since its effect is distributed
between the two eyes, its angle of deviation
must be mentally halved for each. Re-
moteness of the point of fixation during
the experiment is an important consideration
if it is desired to reach the a@bsolufe mini-
mum, for the knowledge of the object
being at a great distance favours the
evolution of diverging energy, and in normal
eyes the sympathy of convergence with the
very beginnings of accommodation (even for
instance for six metres) is very great.” If

* Investigations, &c., Maddox, “Jour. Anal. & Phys.”
Vol:iXX., p. 574.
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lenses are worn in the trial frame, for! ame-
tropia, of sufficient strength, the experiment
can be made by separating them if concave,
or approximating them if convex, till double
vision occurs, and then the prismatic effect
can be calculated from Table IIL.

Thus, if the distance between the optical
centres of lenses of —4 D be increased till it
is 16 mm. greater than the distance between
the centres of motion of the eyes, we divide
the 16 mm. between the two eyes, for clearly
each lens is displaced 8 mm., and therefore
by the table there is 1950 of divergence for
each eye, or just one metre angle. It is
expressed by saying that the absolute mini-
mum of convergenceis —1°50. Dr. Stevens
finds that with vision for six metres, the
normal power of the abducting muscles is
measured by a prism of 8° or, possibly, 9°.
He first corrects any existing ametropia, but
does not appear to calculate for the prismatic
effect of the lenses during the experiment.—
(Archives of Oph., June, 1883, p. 163.)
Schweigger also gives 8° as the average
strength of prism in Z.,and quotes Schuurman
as giving 5°6°as the average prism in /7., and
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11°6° in /. In making this test with M, re-
fraction should first be corrected, and the
effect of the lenses on the direction of the
visual lines calculated for by Table III.  In
H., the test should be made both with and
without lenses.

2.— l'o measure the absolute maximum of
convergence (p°). Find the strongest adduct-
ing prisms, as in /7g. 35, compatible with

Fig. 35.—The absolute maximum of convergence.
single vision of a test type or printed page
held as close to the eyes as accommodation
will permit.

This test, though described for complete-
ness, is not easily enough made with ordinary
prisms to be much used, or to replace in
practice the old established custom of advanc-
ing a finger towards the root of the nose till
one eye deviates outwards, or the use of Dr.
Landolt’'s Dynamometer in which the finger is
replaced by a line of light. The two last tests,
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however, it may be suggested, do not give the
« gbsolute maximum of convergence,” for as
soon as the point of fixation passes within the
binocular near point of accommodation, diffu-
sion circles appear on the retina, and increase
rapidly in size with every approach till the eyes
resign the impossible task of accommodation
—_then the ciliary muscle relaxes, and with it
the convergence.

Just as in absolute hypermetropia, efforts
of accommodation cease as soon as the im-
possibility of obtaining sufficient definition 1s
realised. These tests discover only, I believe,
the point of ¢the reswgnation of ciliary
effort. Even were the accommodative efforts
to persist, it*is scarcely to be expected that
two pictures on their respective retina, each
composed of a mass of diffusion circles,
should excite the desire for fusion in its full
strength, as clearly defined pictures would.
At first sight the highest adducting prisms
compatible with single vision of a test type
held at the absolute near point of accommo-
dation would seem to give the true ‘‘absolute
maximum’ of convergence ; but here there
1s a new difficulty, for the chromatic disper-
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sion of the prisms spoils the definition of the
pictures on the retine, though truly it might
be avoided by using a monochromatic light.*
By adding the result of this test to the
already ascertained ‘‘ negative convergence,”
we get the ‘“absolute range (amplitude) of
convergence " (a°), of which, according to Dr.
Landolt, not more than one third or one
fourth can be continuously in exercise for
comfortable vision.

3-— Lo measure the “relative range of
convergence” (af). For this we find the
strongest pair of abducting prisms, as shewn

£7g, 36.—The relative range of convergence.

* Such light may be obtained of a pure yellow by placing
common salt, or of a pure red by placing some salt of
strontium, upon the wick of a spirit lamp of which the
flame is kept steady by incombustible gauze.
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in dotted outline in F%g. 36, and then the
strongest pair of adducting prisms, as shewn
in continuous outline, compatible with single
distinct vision of an object or type at some
chosen distance. The distance most suitable
is that at which the patient’s daily work 1s
done (occupation distance), and for which
spectacles are most required.

The abducting prisms measure the negative
part of the range (7{), and the adducting
prisms its positive part (#5). This test would
probably be the most valuable of any, if the
best ratio between the negative and positive
parts were well worked out for different dis-
tances of vision; meanwhile it may be
gathered in large part from Fze. 57 of
Donders’” ¢ Anomalies, etc,” At twelve
inches, for instance, the subject of his
experiments had a relative range of nearly
seven metre angles, the negative and positive
parts being equal. At eight inches the rela-
tive range is slightly greater, but its parts
are still equal. At six inches the positive
part exceeds-the negative. For distances
greater than twelve inches the chart is incom-

plete on the negative side, but the positive
6
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part is at 24 inches, 3 full metre angles, and
at 72 inches about 24 metre angles.

Since the relations between convergence
and accommodation become temporarily alter-
ed by prolonged efforts to overcome strong
prisms, all observations should be taken as
quickly as possible ; hence the rectangular
trial-frame of /7zg. 20 would be better than
an ordinary one, since no time is wasted in
setting a prism.

(¥4

The principle of ‘rotating prisms,” as
introduced in America some years ago, should
be a valuable one ;* but as I have not yet
tried them, more cannot be said now.

In testing the ranges of convergence it is
undoubtedly best to use pazrs instead of
single prisms; then the deviating angle of
each gives the result for each eye. Should,
however, a single prism be used, its deviating
angle must be halved for each eye; and
should the pair be an odd one, that is, with
one prism stronger than the other, half the
sum of their deviating angles must be taken

for each eye. The prismatic relief found

* These prisms are cogged edge to edge so as to rotate,
ne before each eye, in opposite directions at equal rates.
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desirable to give by any of these plans would
of course apply to each lens in the spectacle
frame.,

4.— T o dissociate convergence and accommio-
dation. This is done by placing a weak
prism with its edge upwards or downwards
before one eye. One of 4° (29d) is generally
strong enough to create vertical diplopia
which cannot be overcome in distant vision :
but for near vision, a stronger prism must be
used. Graefe's was 15°

In this way the stimulus to convergence is
suppressed, and the eyes take that position,
relatively to each other, which is due to the
central association (in the nerve centres) be-
tween convergence and accommodation.
Accommodation is in normal exercise and
creates a definite proportion of associated or
sympathetic convergence, which it is the
purpose of the test to estimate. To give a
simple illustration, we may compare the
centres for convergence and accommodation
to the'two legs of a tuning fork ; the slightest
vibration in one provokes vibration in the
other. It is a perfect instance of irradiation,
which appears to be a necessary accompani-
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ment of all nerve-cell energy, but which is
here economically gathered into a mutual
channel between two confederate functions
which are always associated in daily work.
If the two images in this test appear in the
same vertical line, the associated convergence
1s just equal to the accommodation ; if they
are not in the same vertical line the diplopia
1s of course either homonymous or heterony-
mous. In the former case convergence is in
excess of accommodation, and we say there
is ‘““ relative convergence” ; and in the latter
there is a deficit of convergence, and we
say there is “ relative divergence.”*

* By an easy paper experiment communicated to the
“ Roy. Soc., Ed.” (Proc. 1883-4, p. 433), for the author by
Prof. Crum Brown, any one may convince himself that with
dissociated distant vision some convergence of the visual axes
is generally, though not always present. This was called “the
initial convergence.” With accommodation for nearer dis-
tances, “associated or accommodative convergence” is
added to it till the “point of coincidence,” where accommo-
dation and convergence are abreast. For distances nearer
than this there is generally relative divergence, which, after
gradually reaching its maximum, again declines to a second
point of coincidence near the near point of accamnmd.atinn,
and speedily gives way towards the absolute near point to
relative convergence. These and kindred points will be
found worked out in the “Jour. of Anat. and Phys,”
vols. xx. and xxi, in papers already referred to. The results
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The point of fixation may be, according to
Von Graefe's suggestions, either a distant
flame, or a vertical line with a dot situated
upon it on a card. In the latter a fallacy has
been shewn, from the fact that the redupli-
cated line still creates a desire for single
vision of those portions which overlap.*
When a light is made the point of fixation,
a double prism, like that in /7g. 37, makes it
much easier to detect the condition present

Fig. 37.—A double prism. From “ Jour. Anat. & Phys.,”
Vol. XX, p. 496.

by Ubfa(jl'vi11g whether the central imagtn

which is seen by the unclad eye, appears to

were obtained by the “ visual camera”; and to obtain similar
ones 1t 1s essential to employ a method of the same kind
which takes note of the tiniest aberrations, and allows thein
full time to occur in a field entirely dark but for the two
points of light.

* Noyes, ‘ Treatise on Diseases of the Eve,” New York,
1882, p. 88.
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the right or left of the imaginary line between
the other two, which are false images seen
through the prism. The degree of deviation
can be measured by finding the additional
prism, edge in or out, required to bring the
images into a vertical line, as suggested by
Graefe ; or the first prism may be rotated
till the images are vertical, and then from the
strength of the prism and the degree of turn-
ing, a calculation can be made of the devia-
tion.*

For near vision the double prism may also be
used, as in the figure, or with a device marked
on a card, which measures the deviation at the
same time ; but I have come to prefer a single
prism, mounted with its edge upwards on
one end of a strip of wood along which a

108 TES T :-'x 28456783
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Fig. 38.—A metric device for a single prism. The lower
row 1s marked on a card, and the upper is its false image.

* The sine of the angle through which the false image was
displaced, is the multiple of the sines of the angle through
which the prism has been rotated, and the angle by which it
deflects rays of light. Sin. x = sin. A sin. 7.



CLINICAL APPLICATIONS. 87

traveller bears the same device, which now
appears only doubled as in /7g. 38 instead of
trebled. It is of course desirable to make
this test at the occupation distance of different
patients, and if the scales are marked in
degrees or metre angles a different one is
necessary for each distance; if marked in
mm., and provided .with an indicator capable
of being lengthened or shortened, one 1s
sufficient, but a calculation is necessary.
What is the due significance to attach to
this test? It clearly does not decide the
strength of one rectus, for convergence is a
single function affecting both eyes equally.
It is true that each rectus is a link in the
chain of convergence, and »ay be the weak
link, but that would shew itself best in testing .
the lateral movements of the eyes. Neither
does it afford a pure test of the strength of
convergence ; for the converging innervation
might respond in power to its proper stimulus
and yet fall short of this test from its central
communication with accommodation being
abnormal or affected by disease. Neither
does it entirely test the freedom of communi-
cation between the centres; for that might
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be perfect, and yet the test exhibit failure
from some imperfect link in the chain of con-
vergence. It really tests all in a joint way,
'so that its full value only comes out when it
1s made for both near and distant vision, and
1s conjoined with some of the previous tests
to interpret the exact import of its revelations:
the way in which these vary slightly accord-
ing to the time of day, the state of the
sympathetic system, and other conditions, has
been described elsewhere.*

s.— o disclose any Zendency to vertical
diplopia (hyperphoria). Accommodation and
convergence are dissociated for this purpose
by a prism with its edge oufwards, and slightly
stronger than can be overcome—say one of
6°d.” In this test especially, precision in the
setting of the prism is essential, since imperfect
setting can produce in a normal patient an
apparent difference in the height of the two
images. This is shewn in /Fzg. 13.

Interesting cases of latent vertical diplopia,
with very successful correction, have been

recorded by many, especially in America.

e

# ¢ Investigations,” &c,, J. A. P., vol. xx., p. 568.
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In making the test, the object should be a
flame at the distance of 6 metres, and the
full prismatic correction should then be given.

Instead of a single prism, a double prism
with its axis horizontal, like that in /7g.
37, may be used, and it is not difficult for
the patient to tell whether the central of
the three images is equi-distant between
the other two. DBetter still is a stronger
double prism with each refracting angle
of 10°: this is used with its axis vertical
instead of horizontal so that the three images
appear in one horizontal line, and the patient
is asked to say whether the central one is
higher or lower than the line between the
other two.

Yet a fourth, and perhaps easiest way of
making the test is to use an ordinary stereo-
scope,® marked before one eye with a vertical
line graduated in degrees up and down from
a central zero point, and before the other eye
with a horizontal line exactly level with the
zero point just mentioned. On looking into
the instrument, the horizontal line appears to

““Ophthalmic Review,” An Abstract, &c., Dec. 1886, p. 348.
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lie across the vertical one: if it crosses it at
zero there is shewn to be no tendency to
vertical diplopia; but if otherwise, the latter
1s present, and its amount is expressed by
the figure which the horizontal line crosses,
and which the patient is asked to read off.
The stereoscope must be held horizontally
and with care.

All these are “diplopia tests,” or “equi-
librium tests,” since they depend on the
dissociation of the eyes by the artificial
creation of diplopia. But Stevens has
shewn the desirability in these cases of also
finding the highest prism, edge up, compatible
with single vision, and the highest prism, edge
down.®

6.—Prisms have sometimes been used to
measure strabismus, or to measure the degree
of any existing diplopia, but for this they are
useless.

Not so, however, when the purpose is to
ascertain &y what proportion diplopia must
be lessened to place its entire correction just
within the control of the innervation con-

e

* ¥ Archives d’Ophthalmologie,” XVI ; 0; p. 544.
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cerned in the preservation of single vision.
[t suffices to find the weakest prism, with its
base-apex line parallel to the line between
the two images, which enables single vision
to be effected. The deviating angle of this
prism informs us of the proportion of the
diplopia which is éeyond control, and when
this proportion is deducted from the whole
diplopia, the remainder is the proportion
which can be brought wzder control. It is
sometimes advisable to prescribe prisms just
strong enough to bring the diplopia well
under the control of * the fusion innervation”
(as it is sometimes named) but no stronger,
so as to exercise the neuro-motor mechanism
till its strength is regained. Compare p. 41.
For homonymous diplopia the edge of the
prisms must be directed inwards, and for
heteronymous (crossed) diplopia, outwards,
or, in simpler words, *“ place its apex in the
same direction as that in which the eye "
deviates ; thus, if the eye turns outwards, the
apex of the prism must be turned outwards :
if the eye turns in, the apex must be inwards
also.”—(Juler).

7.— Lo decide Zkhe presence of binocular
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vision. The fact that a prism before an eye
deflects the line of fixation has been turned
to account by Graefe, in cases of suspected
malingering, to see whether an eye /Zas suc/
a thing as aline of fixation, or in other words
whether it is a seeing eye. The following is
perhaps the fullest plan. After fixing the
patient’s attention, we may first place a strong
prism, say of 30° (edge in or out) before the
sound eye. If, while doing this, the other
betray no associated movement, vision 1is
almost certainly binocular, for nothing
but fixation could preserve it from ac-
companying the deflection of its fellow,
except in paralytic cases. Should it move,
however, nothing is proved beyond the
expected fact that its fixation power is less
perfect than that of the other. |

The same prism is now similarly placed
before the doubiful eye ; if while doing so the
other display an associated movement, vision
is not only binocular, but the impugned eye
is the best of the two, at least for the distance
of vision employed at the time: but if there be
no associated movement nothing is proved.

Lastly, on placing a prism of about 10°
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| before the doubtful eye, and guickly withdraw-
ing the prism, we closely watch the eye from
which it is taken ;: for a corrective movement,
if detected, at once tells us that its line of
fixation has been deflected by the prism, and
that it /Zas therefore a line of fixation and
iIs a seeing eye.

The subjective test, in which the patient’s
statements have to be relied on, is, for obvious

e

reasons, often unsatisfactory, though it

—

possesses the peculiar advantage of convinc-
ing a by-stander from the patient’s own

| mouth, and of thus relieving the surgeon

E-_

from the sole responsibility. It consists n
placing a prism first before the unsound eye,

and asking whether any object, preferably a
flame, appears double. The reply 1s almost
certainly negative. The prism is next placed
before the sound eye, and the question
repeated, ‘“ Do you now?” * If incautious,
the patient may admit that though he sees
nothing with the bad eye, he sees double
when the prism is held before the good one.
A refinement has been introduced in America
by first placing the edge of the prism partly
over the pupil of the sound eye, to shew the
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patient that vision may be double with that
eye alone, when the other is covered by the
hand. A stereoscope, however, with a circle
on one side, and a cross on the other: or
Snellen’s coloured test-types, afford better
subjective tests than any with prisms.

B.—PRISMS MAY BE WORN IN
SEECTACEES.

1.—To relieve any strain befween conver-
gence and accominodation (esophoria or exo-
phoria). The existence and nature of the strain
must, if possible, be first made out. An ideal
investigation would include, after the usual
study of accommodation : (1,) The total range
and region of convergence ; (2,) Its relative
range, with vision for occupation distance ;
(3,) The effect of dissociating the two func-
tions with both near and distant vision. But
with present methods, to attempt all these
makes too great a demand on time, except
for a few cases in order to form a ground-
work for others; and in general, those tests
must be selected which are most suitable for
the case. How, when refraction also needs
correction, to apportion the desired relief
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between displacing on the one hand, and
decentering or the addition of a prism on
the other, has been shewn in the previous
section on ‘ Decentering of lenses.” There
is little to be gained from prisms stronger
than 29d.

Dr. Noyes' plan is to ‘“first decide the
proper working distance, and the correcting
glass which for this point is required, and
with it ascertain the muscular error,” by dis-
sociation, &c. He adds, *“To give prisms
equal to one half the amount of error is
usually sufficient,” and says, further, “ We
must sometimes order prisms for permanent
wear, either with or without a refractive
correction, and this is indicated when a
muscular error has been detected in testing
for the distance of 20 ft. Here the correction
of weakness of the externi, or of vertical
diplopia, is of the utmost importance, and
the full correction must be prescribed
It is sometimes extraordinarily gratifying to
see what relief is obtained by suitably-chosen
glasses.” What he terms “insufficiency of
externi for distance, and of interni for near

lllll

vision,” implies, he says, general muscular
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weakness, and indicates constitutional treat-
ment, and Dr. Dyer's “invigﬂraﬁt plan.”
This consists in giving the patient four
squared prisms, of about 24° 5° 10° and 15°
respectively : twice a day for ten minutes he
is to fix a flame or door-knob at 20 ft., and
exercise abduction and adduction (really
relative divergence and convergence), begin-
ning with the weakest prism, and mounting
the ladder to the strongest. Dr. Noyes'
following remarks are so apposite that we
conclude this subject with them : ¢ The true
purpose of prisms for constant wear, or for
working, is found in those cases in which the
difficulty lies in want of balance between
opposing groups by which one set predomi-
nates too much over the other, not in those
cases where the muscular power as a whole is
below standard. Weakness of all the muscles
is seen in that tremor or jerkiness which the
eyeballs show when fixed in some extreme
position, or in the sudden jump which the
globe makes on reaching a certain point, as
the eyes follow the finger slowly from one side
to the other. The jump comes when another
combination of muscles is required by the
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change of ‘fixation, and means that all do not
conspire to an equable and smooth action.”—
(Noyes, 0p. cit., p. 94.)

2.—Torelieve any Zendency to vertical diplo-
pa (hyperphoria). The existence and amount
of the latent diplopia may be determined by
one of the methodson p. 88. Then a prism
whose deviating angle equals, or nearly equals,
the angle of diplopia may be ordered. Since
the degree is generally small, it is not often
worthwhile to distribute the correction between
two prisms. If the image seen by the right
eye appears highest, a prism should be worn
before that eye with its edge downwards, just
strong enough to bring the highest image to
a level with the other: or the same prism
with its edge upwards before the left eye
would amount to the same thing.

Obligue tendencies (hyperesophoria and
hyperexophoria) are best resolved into their
component horizontal and vertical elements,
to allow the first to be studied in connection
with convergence, and the second to be
studied independently ; but instead of pre-
scribing  separately the required horizontal
and vertical prisms, a single prism is to be

7
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ordered of such a strength and so inter-
mediate in the direction of its apex as to have
their combined effect. For formule, see p. 112.

3.— 10 correct persistent and incurable
diplopea, if of sufficiently small degree. This
is done by letting the patient wear a prism
whose angle of deviation is equal to the
angle of the diplopia, and whose edge is in a
direction contrary to the displacement of that
false image which is seen by the eye before
which it 1s worn.

4.—To train the neuro-motor fusion-
apparatus to overcome by degrees a curable
diplopia, as in paralytic strabismus, or diph-
theritic, or other pareses. Thus Donders
wrote, “We may further, in paresis of a
a muscle, so far meet the disease by means
of a prism, that in order to make the double
images which have been brought near one
another run together, the muscles will become
powerfully tense which, for the alleviation of
the paresis, appears to be no matter of indiffer-
ence”.* If one rectus alone be paralysed,
the prism should be worn before the eye of

e ki ﬁnon'lﬂliﬂs,’” &C., I]- 134'
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that side, but if a conjugate innervation be
affected, each eye should be supplied with a
prism. In either case their strength should
be such as to relieve that proportion of the
diplopia which is beyond the control of the
fusion function, but not strong enough to let
the whole diplopia be overcome without a
slight and harmless effort. At regular inter-
vals the diplopia should be measured, to note
its gradual decrease, and to order weaker
prisms accordingly, which will still stimulate
the paretic structures, till they regain control
of the diplopia altogether, without the further
need of prisms.

An undoubted difficulty in this treatment
consists in the variations of the relative
positions of the images in the different
parts of the field of fixation. Schweigger
seems to go a little too far in saying,
“The correction of diplopia by prisms is
indicated only when there exists secondary
contraction of the antagonistic muscle, and,
as a consequence of that, diplopia throughout
the entire field of vision,” and * the prisms
should be chosen of such a strength as to
correct only that part of the diplopia which
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is due to this contraction of the antagonist.”
—(*“ Handbook of Ophthalmology,” trans. by
Farley, 1878.) See the Appendix, p. 110.
5.— T o relieve convergence for near work in
some cases of short sight, where it is impractic-
able to remove the occupation distance, by con-
cave lenses alone, far enough to avoid excessive
converging effort. But this application of
prisms is very limited, owing to the weight,
to the illusory properties, and to the chromatic
aberration of the prismatic combinations.
Any tendency to divergent strabismus would
be aggravated by this method, and even
without that tendency being noted, such
spectacles should be very carefully guarded
from any attempt to employ them in distant
vision, even if necessary by surrounding the
desk or other scene of work by a light screen
at such a distance that the visual axes can
never become divergent. For the same
reason distant vision spectacles should have
their optical centres no further apart than the
centres of rotation of the eyes; otherwise
they cause actual divergence of the axes, the
muscular strain of which is perhaps as
detrimental, to the coats of the eyes as that
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of excessive. convergence. I have seen a
myopic patient, in whom spectacles prescribed
by one of universally recognised skill caused
discomfort for years, and were then improved
upon by a pair selected at random by himself
from a common store : no doubt the refraction
was perfect, but the optician had received no
intimation of the position of the lenses, and
for myopic ckildren especially, spectacles are
very apt to be too wide. In some patients,
the movements of the elongated eyeballs are
so hampered, that convergent strabismus
appears in distant vision, and divergent
strabismus in near vision. In such cases, if
the two kinds of strabismus are not too exten-
sive, the distant vision spectacles may well
have their lenses decentred (not displaced)
outwards, and those for near vision be dis-
placed (and, if necessary, decentred also)
inwards. Displacing is, for distant vision,
less advantageous than decentering, since it
interferes with the binocular field of fixation
which it is here important to preserve.
Schweigger says of prismatic spectacles for
the muscular asthenopia of myopia that
“ They may be used with special advantage
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when it is possible to employ a working
distance of at least 1o or 12 inches.”—(0p. cit.,
pi I72.)

There are other applications of prisms,
such as to wear a pair with their edges in-
wards to enable hypermetropes to accommo-
date more easily (a sure way to develop
convergent strabismus), and Culbertson’s
Prisoptometer, in which a double prism is
used to reveal anomalies of refraction, but
they need not detain us. Another interesting
use of prisms is to make manifest the presence
of what Dr. Stevens calls ¢ habitual uncon-
scious diplopia.” The suppressed picture of
a flame, as has been long known, becomes
often manifest on placing a weak prism before
the eye, even though it be in the direction of
correcting the diplopia.  In other directions,
however, it mazght be acting by creating
diplopia. Lastly, it may again be mentioned
that prisms should never be prescribed with-
out a fair preliminary trial.
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TrrL attention was kindly called to it by Mr.
Charles Wray, F.R.C.S., I was not acquainted
with the work of Dr. Stevens of New York,
whose thoughtful papers in the “ Archives
d’Ophthalmologie” (vi. 6), and the “Archives
of Ophthalmology ” (vols. xvi. and xvii.), well
repay perusal. They deal with the subject
of faulty tendencies of the ocular muscles,
not so much from the optical standpoint, as
with a view to afford surgical relief by a
modified form of tenotomy. He has intro-
duced a new nomenclature, as follows :—

I.—GENERIC TERMS.
Orthophoria.— Tendency of the visual
lines to parallelism.
Heterophoria.—Tendency of these lines
in some other direction.

II.—SPECIFIC TERMS.
Heterophoria can be divided into—
1.—sophoria.—- Tendency of the visual
lines inward.
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2.—Fxgphoria.—Tendency of the lines
outward.

—Hyperphoria (right or left).—Ten-
dency of the right or left visual
line to place itself in a direction
above that of the opposite side.
“’This term does not imply that
the line alluded to is too high, but
only higher than the other, with-
out indicating which of the two
1s defective.”

J

o

e

IIL.—COMPOUND TERMS.

Tendencies in oblique directions can be
expressed in the following manner :—

1.—yperesophoria.— Tendency upward
and inward.
- 2.—Hyperexophoria.—Tendency upward
and outward. The designations 7zg/¢ and
left must be added to these terms. He says,
“In registering the respective elements of
these compound expressions, [ employ the
sign L. For example, if we wish to indicate
that the right visual line tends above its
partner by 3° and that it has a tendency in-
ward of 4° these facts are inscribed as
follows : Right hyperesophoria: 3° L 4°."—
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(*“ Archives d’Ophthalmologie,” vi. 6, p. 542.)
The Zendencies of the visual lines thus classi-
fied must not be confused with actual devia-
tions, as in strabismus. In strabismus, to
which he gives the name of /eterolropia
(rpomos, a turning), there is habitual (conscious
or unconscious) diplopia, but in /Zeferophoria
(popos, a tending,) the visual lines only Zend
to deviate, and are restrained from doing so
by extraordinary fusion effort, so that bi-
nocular vision is habitually maintained, but at
the expense, often, of headaches and other
nervous symptoms. These faulty tendencies
are, in short, what have long been known as
“ dynamic (or potential) squint,” (Von Graefe),
or ‘‘latent squint ” (Alfred Graefe).

Dr. Stevens retains the old expressions
abduction and adduction in their usual sense,
as representing the diverging and converging
action of an eye, by which it overcomes a
prism with its edge out and in respectively,
and contributes the new term ‘‘sursumduc-
tion” for the overcoming of a prism with its
edge up or down, and says, “ It often happens
that the images can be united when a prism is
placed before an eye with its base up or down,
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but that diplopia occurs if the prism is in-
verted, or if it is placed in its first position
before the other eye.” The standard distance
at which he makes his tests is 20 feet, with
the head in the primary position, and any
error of refraction corrected, though it does
not appear whether the effect of the lenses is
accounted for. He says, ““ The usual power
of the abducting muscles in orthophoria is
measured by a prism of about 89, or, possibly,
9%" and of the adducting muscles by one of
50°, while the powers of sursumduction are
normally measured by a prism of 3°. In
manifest strabismus, diplopia is generally
difficult to demonstrate, owing to habitual
suppression of one of the images, but a red
glass before one eye, or a weak prism, may
make it evident.

Dr. Stevens believes that hyperphoria
rarely exceeds 4°, and if any case appears an
exception to this, hypertropia is to be sus-
pected, and the suspicion is made almost a
certainty if combined with it there is a lateral
deviation of more than 6°. Esophoria of
more than 10° or exophoria of more than 8°
is not likely to be found with maintenance of
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binocular vision. (‘ Archives of Ophth.,”
June, 1888, p. 163.) His experiments are
made with an apparatus called a‘“ Phorometer.”
[t consists of a vertical standard, supported
by a tripod, and adjustable for differences of
stature. It bears a hinged arm, which may
be horizontal, or be used at any inclination
notified by a scale of degrees, or it may be
folded down altogether. At the hinged
extremity it is provided with a spirit level,
and in a groove along its upper surface,
carriers bearing prisms can either slide or be
removed at will. Instead of simple rectangular
prisms, two discs can be used, each consisting
of six prisms united at their apices, so that
on rotation, prisms of increasing strength
come before the two visual apertures. A
tablet, marked with a small cross on one side,
and a larger one on the other, is held by a
rod at the distance of half a metre from the
prisms, or at any other desirable distance.
He first places the patient in the primary
position, 6 metres distant from a flame, with
the ocular muscles relaxed, and any refractive
anomaly corrected ; and then tests for hyper-
phoria by a prism, edge out, stronger than
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can be overcome. If the two images are at
different heights, hyperphoria is demonstrated
and 1s measured by that prism which, with
edge up or down, brings them to the same
level. He next tests for esophoria or exo-
phoria by a prism, edge up or down, too
strong to be overcome, and measures the
amount of deviation by the prism which, with
edge in or out, makes the images vertical.
Evyes, therefore, are characterised as eso- or
exophoric, etc., when they are shewn to be so
by tests made at the standard distance of
20 feet, and for the results of near-vision
tests, Dr. Stevens proposes to speak of
“exophoria zn accommodation,” etc., but this
i1s scarcely precise enough, and it will be better
to mention the exact distance of the test, and
speak of exophoria at 20 feet, esophoria at
10 inches, and so on.

I have drawn up the following series of
prismatic tests, for cases of suspected nerve
trouble from heterophoria.

A.—WITH FLAME AT 20 FEET.
1.-—With prism of 10° edge out, or a
stereoscope, test for hyperphoria (p. 88).
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».—With prism of 4°, edge up, test for
esophoria or exophoria (p. 83).

3.—Find highest prism, edge out, com-
patible with single vision (p. 75).

4.—Find highest prism, edge in, compatible
with single vision. (Rarely necessary. )
(p. 106).

s.—Find highest prism, edge upwards,
compatible with single vision (pp. 105, 106).

6.—Find highest prism, edge downwards,
before the same eye, compatible with single
vision (pp. 105, 106).

B.—WITH FIXATION FOR ° OCCUPATION
DISTANCE. "

1.—Find highest pair of prisms, edge out,
compatible with single vision (p. 80).

2.—Find highest pair of prisms, edge in,
compatible with single vision (p. 81).

3.—With a prism of 10°, edge up, test for
esophoria or exophoria at working distance,
using a device to measure the amount, as In

Fig. 38 (p. 86).

C.—WITH FIXATION FOR THE ABSOLUTE NEAR
POINT OF ACCOMMODATION.
FFind the highest prisms, edge in, compa-
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tible with single vision of test-types, or
use Landolt’s dynamometer (p. 78). (The
usual ‘“finger test,” the “cover test,” the
lateral movements of the eyes, and the
distance of each eye from the middle line, are
observations which should not be omitted.)
As to prescribing prisms for recent paralytic
strabismus, Dr. Noyes puts the matter well
in the following quotation: “ Double vision
which concerns fixation 10° above, and for
all the field below the horizontal meridian, or
which concerns the median region of fixation,
is the most distressing, and calls loudly for
aid. The office of prisms is usually confined
to these regions, namely, on the median line,
or for parts on or below the horizon. In fact,
to extend their influence over the whole field
1s 1mpossible, because the relations of the
double images become entirely different in
its different parts, and it is impracticable to
adapt the prisms to these changes.”—(0p. czt.)
Dr. Stevens makes an important observation
to the effect that slight vertical tendencies
(hyperphoria) may modify the adducting or
abducting power considerably, and mentions
cases in which marked esophoria in distant
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vision, and exophoria, or even diplopia, in
near vision, disappeared after some co-existing
hyperphoria had been remedied by a slight
tenotomy. We have seen that Dr. Noyes
had attributed these conditions to general
weakness of the ocular muscles, and it is well
to bear both causes in mind. Dr. Stevens
finds that the whole of a faulty tendency is
rarely revealed by a test with prisms, and
that part still remains latent, which indeed
might have been expected; and says that
“instances of even approximate balancing of
the eye muscles in anisometropia are rather
exceptional,” and also that hyperphoria is
generally associated with monocular ambly-
opia, which he attributes to mental suppres-
sion of one image during occasional periods
of diplopia. This reason appears scarcely
valid, for however legitimate it may be to
speak of “amblyopia ex anopsia” in cases of
complete and long-standing strabismus, we
can scarcely suppose that intermittent diplopia
could bring it about. = Yet were the diplopia
persistent, the case would not be one of
hyperphoria, but of hypertropia. The cause
is more probably to be found in the same
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unilateral defect of development as that to
which the anisometropia and the hyperphoria
itself are due. Dr. Stevens prefers to per-
form a very delicate tenotomy for cases of
heterophoria rather than to prescribe prisms,
Dr. Webster, following in his footsteps, also
performs tenotomy, but only when all other
means have failed and the nervous conse-
quences of the anomaly are serious. He
places the eye under the influence of cocaine,
and tests the muscular equilibrium by prisms
at intervals through the operation.—(* Oph.
Review,” vii. 363).

An account of some ingenious devices for
testing the conjugate tendencies of the eyes
will be found in papers by Dr. Ward A.
Holden, of Cincinnati, in the ““ Archives of
Ophthalmology,” Sept. 1887, p. 295, and
Dec. 1387, p. 403.

REsurLTaANT PRISMS, as recommended on
p. 93, are prescribed as follows. ILet R be
the deviating angle of the prism required to
combine the effects of a vertical and horizontal
prism: let V be the deviating angle of the
vertical prism, and H that of the horizontal
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“ Can be unreservedly recommended to Practitioners."—Lancet,

“One of the most remarkable examples of publishing enterprise, and of its kind without
an equal."—Med, Press o Circ.

*The edition for 1887 proved so papular that a reprint of it has lately been ealled for, and
there can be no doubt that the work for the present year will also be \r;ridely referred to by
medical men and | harmacists, not only in this country but abroad, The scope and the inten-
tion of the * Annual’ are alike admirable, . . «+ There are many admirably written articles
to be found in it, calculated to be of the frnnteat value for reference to medieal men and
pharmacists. , ., , Generally speaking, the articles are both conecise and comprehensive
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Medical Jaumg;‘[* ¥ o here samples of the rest”—] I’WIHE‘IEI
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LECTURES ON BRIGHT'S DISEASE. By Roserr
SavNpsy, M.D, Edin., F.R.C.P. Lond., Physician to the

General Hospital, Birmingham

*'We perused with enjoyment and profit this valuable work,"—Practitioner.,

~ “Ttisa book which no &rauﬂtiopar shonld be without, as thongh it is 8o conecizse, yet there
is no subject connected with albuminuria on which the most recent information is not to be
had, together with a very full bibliography of all recent works on each branch of the subject,
which those desirous of fuller information may consult. This bibliography has not been
constructed from a library catalogue, but every work has evidently been WEIFI‘-&H.{I and studied
by the author, and is so referred to in the text that the student will have no difficulty in
selecting the treatises that will be uzeful to him in hisinguiries. . . . Thereis no ambignit
in regard to Saundby’s opinions, which are enunciated with as much clearness and distine
ness ag brevity. . . . It would be difficult to point out another work in which the history,
classification, and etiology of albuminuria is comprised in fifteen pages; and yet no one, we
think, could rise from the perusal of these fifteen Pﬂ*-:es without having acquired clearer and
more distinet views of the different pathological theories that have been propounded to
account for the varions forms of kidney disease from the days of Bright down to the present
time. And yet these theories are so concisely described that no one, not in his dotage, is ever
likely ngain to forget them. . . . We have great pleasure in recommending this K as a
most handy and useful one for the consulting room, one which may be picked up and re-
ferred to on any subject connected with the diagnosis and treatment of albuminuria, with the
certainty of obtaining the most recent information regarding it. Ifis beautifully printed, and
the illustrations are distinct and accurate. It isaltogether a work of which both author and
publisher may be proud as a work of art."—Edinburgh Medical Journal.

“We have no hesitation in pronouneing the volume a most excellent one, and in every way
deserving the confidence of the profession."—@Glasgow Medical Journal.

% Tt is well known to the profession that Dr. SauxpeY has long been an earnest worker in the
elucidation of questions connected with Bright’s disease. We may say at once that we have
rend the book with great pleasure and profit, and WE VERY WARMLY RECOMMEND ITS STUDY BY
THE PROFESSION. The size of the work is so modest (200 pages) that on that ground alone it
invites perusal, and the volume recommends itself from the fact that it will easily find a nook
on the ﬁlbra,rr shelves, As might have been expected from Dr. Sauxpey, the matter, taken
hoth from personal observation and wide genera rending, is acourate, w z:]i digested, and con-
cisely and perspicuously arranged. For those who wish to follow up the various points
discussed there 1s a hibliﬂg'rn){‘th given at the end of each chapter, and the text is illustrated
by many excellent and useful figures. . . . Considering, therefore, the prevalence of the
dizenses diseussed. their importance, and the hazy notions held by many regarding them, we
believe that this little work will supply & great want, and will meet with the large measure of
snccess which it deserves. We may add that the book is most excellently and carefully
printed.—Illustrated Medical News, April 6th, 1889,

“Tn a brief notice like the present it is obviously impossible to give even a faint idea of the
clear, careful, and altogether excellent manner in which the very complex series of questions
comprised under the general term ‘ Bright's Disease’ are here descanted npon. Certainly it
is not top much to say that ¥0 SUCH SUCCINCT AND COMPREHENSIVE résumé OF THE SUBJECT
HAS EVER APPEARED FROM ANY PEN, WHETHER BRITISH OR Fonrelew, always, of course, ex-
cepting the initial papers of Dr. RIcBARD BRIGHT upon this obscure malady, which, in their
time, were of es em‘af merit. . . » Somuchisaccomplished within the mm¥nan of the volume
before us, that it will amply repay perusal, and certainly deserves to find a front place in the
library of every practitioner and medical student. . . . Very important and practically un-
answerable is ’51& author's line of argument which demolishes the not infrequent error ?:‘;
those persons who rashly ascribe every pronounced case of albuminuria to " Brig t's Disease,
—Monthly Magazine of Pharmacy.

# The author has long been known as an authority on everything pertaining torenal disease;
and his views on rennlgputhﬂinzy. and his methods of testing for lﬁjﬁumen. nare now uc:r:epuacfi
by those most competent to judge of such matters. . . . . A marked and useful feature ﬂt
this hook is the copious hihlingmphﬂ which follows each chapter, and which is well broug -
up to date. Dr. Saundby manages, howeyer, in each chapter to give all the pith of the ?ma.
important papers, and thus saves the reader the trouble of referring to the papers thems.el "Ef'*
Being, as is well known, well }mated in foreign medical literature, especinlly Gm'lzmmhle ﬂn
able to furnish his reders with information from the original sources, not at second- r;n y
a5 is but too often the ease with text-book writers who sometimes are either ignorant o
German or too lazy to take the trouble of verifying guotations. . . . . This boo I"I'H.?EI-EI 3
long-felt want, and will, we believe, have as large n cirenlation as it deserves. The type m:h 1
paper are very good, and. when necessary, original illustrations are introduced into the tex
—Birmingham Medical Review, May, 18808,
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Just Published, Third Edition, 6th Thousand, Revised and LEnlarged. 2.,
post free.  Small Bvo, Pocket size, Oloth, Upwards of 80 Illustrations.

ELEMENTABY BANDAGING AND SURGICAIL DRESS-

ING : with Directions concerning the IMMEDIATE TREATMENT
OF CASES OF EMERGENCY. For Students, Dressers, Nurses,
Ambulance Societies, &e., &o. Mostly condensed from * Pye's Surgical
Handicraft.” By Warrer Pyr, F.R.C.S., Surgeon to St. Mary’s
Hospital ; late Examiner in Surgery at the University of Glasgow, &c.
Has been adopted by the St. John Ambulance Association.

Norices 1o THIRD EDITION,

“The popularity of Mr. Pye's Manual is proved by this third issue. The author writes
well, the giugmms are clear, and the bhook itself is very small and portable, although the
pr%)er and type are good, which is rarely the case in publications constructed for the pocket.”
—British Hedpicrll Juu*rnai, April 18¢h, 1889,

“That it is a popular work, justly appreciated by those for whom it was written—
dressers—is evident from the faot that the third edition is called for within three yvears of
the original one.”—Hospital Gazette, March 16th, 1889,

“One of the most useful little works for dressers and nurses. The information which it
containg is exceedingly valuable in cases of emergency, The author truly says that it is ‘a
very little book," but it is large in usef ulness."—Chemist and Diruggist, April 37th, 1889,

“The directions are clear and the illustrations are good."—TLaneet.

“This useful little manual hasg already reached a third edition. Tt has evidently been

E.t pﬁ&i’uted by those dressers and nurses for whom it was first issued."—Bookseller, April
by H

BSE“A third edition of Mr. WALTER Pyr's admirable little manual.”"—Seotsman, March 18th,

Forty-Fifth Thousand.

WRIGHT’S REGISTERED POCKET CHARTS for Bed-

side Case taking,  Compiled by Rosrrt SmvrsoN, L.R.C.P.,
L.R.C.S. These Charts supply a long-felt want in the Profession by
providing a method of recording important cases without loss of time
and with little trouble, The advantages of the Pocket Charts over
the Case Books in ordinary use are very great. Prices, Post Free :—

00 CHARTS, folded for Pocket Case - - - 2/6
Ditto on Cards, Eyeletted Flat - - - G-
1 PocrET CasE, limp roan, to hold 50 Charts, complete v
with Indelible Ink Pencil - - - - 2/6
1 Guarp Boox, half bound, gold lettered, to hold 200
complete Charts - - " 6/-

50 CHARTS, 1 GUARD Boog, and 1 P{)GI{T;T Gasm-, complete 10/6
OnArT HOLDERS, for hanging at bed heads, 1/- each or 9/- per dog,

Special Quotations to Hospitals taking not less tham 250 Charts, unfolded.

‘“ A very convenient arrangement, , . The price of the Charts, which
are very complete, is most moderate.”— Byit. Med, Journal,
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Demy 8vo, 546 pages, Cloth 10[6, post free, New Hamdy Edition of Pyr's
HANDICRAFT, with 238 Illustrations. Revised thraugr?zuu# by the Author,

and written up to date. Contains much new matter and many new
tllustrations.

SURGI{JAL HANDICRAFT: A MANUAL OF SURGICAT,

MANTPULATIONS, MINOR SURGERY, Erc. For the use of
General Practitioners, House Surgeons, Students and Surgical Dressers.
By Waurer Pye, F.R.C.S., Surgeon to St. Mary’s Hospital and the
Victoria Hospital for Sick Children ; late Examiner in Surgery at the
University of Glasgow. With Special Chapters on Auvrar Surcrry,
TEETH EXTRAOTION, ANESTHETICS,, &c., by Messrs. Frerp, Howarp
Haywarp, and Miris,

ExTrACTs FRoM PrEss NoOTICES OF SECOND Eprrion,

__'Mr. Pye has reduced the size of his volume considerably, and has made some alteratio
in the text by excision and addition; he has thus added to'its value, and also put it wiihli::g
the reach of a much wider circle of readers.”—The Lancet.

*: We had oceasion to notice favourably the first edition of this manual of surgical manip-
ulations, minor nur%exy, and other matters connected with the work of house-surgeons and
surgical dressers. The work is a very practical and useful one, and the author is to be congra-
tulated upon its success. The student, too, will not be sorry to find the present edition less
costly, a8 well as more full of information, and also more portable. The book is certainl
worthy of its author’s reputation, and can be safely recommended."—British Medical Journal.

“ My, Pye has written a volume full of interesting information, which iz not confined to
a mere haphazard chronicling of instruments ancient and modern, Throughout the work
the author rigidly weighs the pros and cons of most that he alludes to, and by this means
makes it eminently more readable and less formal. He very wisely dwells upon the import-
ance of the faculty of improvisation, which is Fenemll;r a fair indication of the practical
man, in conftradistinetion to him whose strength lies in a good memory. To minutely review -
such n work as Mr. Pye's is akin to impossible by reason of its wide scope and variety of
detail, but the student, house-surgeon, and junior practitioner will find by its ;{eruaa.l quite a
store of useful facts and suggestions. The illustrations are numerous, excellent, and well
chosen.—Provincial Medical Journal,

““A new edition of this practical work, in so short a time after the first, is strong evidence
of its appreciation by the public, and is a source of congratulation to the author. It was
reviewed in the London Medical Record (November, 1884,) and certain suggestions made in that
review have been acted upon with, we think, manifest advantage to the work, The author
has materially added to the usefulness of the hook by slightly reducing its bulk, and yet, by
using rather more condensed type, has been enabled to put more material into a smallér com-
pags. The time which has elapsed since the first edition is too short to have been attended by
any startling novelties in surgery, but My, Pye has made judicious use of recent additions to
surgical literature, and the Manual of Surgical Handicraft is likely to prove an useful and
11-:1111.11&1‘ addition to the student's librqrﬁ. The present edition is an advance upon the
original one, and that is speaking very highly in its favour."—London Medical Record.

“Such a ruEid sale of the first edition is in itself a strong testimony to the favour with
which the work has been received by the profession. The book can be recommended as a
really useful one, confaining mueh practica information, described in a clear and interesting
way. Hecentaunthorities have been consulted, so as to bring the matter well uﬁ to date. The
illustrations are excellent, and have all the vividness of good life portraits. The presence of
special chapters on subjects not nsually treated of in works of this kind iz a distinet advan-
tage. The present edition is bound in a smaller and more convenient form than its ]iredeceasur.
and is cheaper, It is likely to meet with a rapid sale."—Edinburgh Medical Journa

* The subjects cover the whole range of surgery. The book is an exceedingly good guide
for those for whom it seems to be intended, and it furnishes not only them but the general
medieal practitioner with an exeellent book of reference for an emergency which may arise.
The matfer is well chosen, the style is clear and pleasant, the il ustrations are many of them
new, and the methods of treatment described are fully up to date. It is different in its scope-
from any book on minor Eurﬁerr with which we are acquaeinted, and it compares favourably
with them all.*—New York Medical Journal,

** This useful work is said to be especially designed for Hospital Internes. It conld be
stndied with advantage by practitioners. The man who has his time fully occupied with the
demands of an exacting practice is not apt to give much thought to surgical cases, save under
very peculiar circumstances, It don't pay; the responsibility is too great—the remuneration
too uncertain. Yetif it be some detail of dressing, some method of manipulating, or some of
the new variations of daily procedure constantly eoming out, about which he seeks informa-
tion, the nbove work will be about the only one we know of that will satisfy his requirements.”
— The Cleveland Medical Gazelte.

* We are pleased to greet this new work upon surgical dressings, the more especially as it
is the most comprehensive work of the kind with which we are acquainted,”—American
Western Medical Reporter.












e T
e

e

o
= i ':.,:'I-": 7
e /f# e
f:: x;;ffz;{’:}ff/yf/ﬁ%f
-
e e ;.',;-'y,-f_,z.’z.ﬁf,;’.i’ .
s e e f.-;.',f;z“f.-'/ﬂ

i

o~
A e A 4z "’FJ}:
o
o
2

ﬁ .__,-"x.-";"-'

o

s
-
e

e

o
.

A
A
ey
A,

e
s
i
R

Ry
e
3

W

o
e

.r_l_yf;_éf

e

-
e
.
.

i:? == ’A”/

r
"

o

i
il

o

7
e
.-.-'.-ffg

e

R

ey i\
e
e




