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THE LIGHT - SENSE. 
a 

DEFINITION;- The Light -Sense is one of the three Visual 

Perceptions or Sul- 'senses of which the Sense of Sight 

consists,--(the other two being the Colour-Sense and the 

Form -Sense. ) It is the power the retina, or the visual 

centre, has of perceiving gradations in the intensity of 

illumination, without reference to the colour, or size, or 

form, of the object from which the illumination comes 

(Swanzy's "Handbook," and Freeland Fergus on "The Light 

Sense in relation to Navigation.") Whether this power 

resides in the retina or the visual centre, we cannot 

say, for we aro almost wholly ignorant as to what part of 

the sensory system it is in which changes determining the 

specific nature of sensations take place (Rivers, in Schaefer's 

"Text Bock of Physiology," 1900, Vol. 2,p. 1052. 

PHYSIOLOGY;- The estimation of the Light -Sense is attended 

with not a little difficulty, and the results as reached in 

ordinary clinical examinations may be considered doubtful 

as to their mathematical accuracy, when we remember how 
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great ie the personal element that enters into the recog- 

nition of the sensation by the patient. 

?ea.surements made ry trained observers upon .rained 

subjects are naturally- more roll_ lee but, obviously, the 

number of such subjects is limited, and practically, of 

course, they are seldom available .except yhen physiolor:- 

ically sound. 

But even in their case, there are sources Of fallacy. 

Captain Abney, in his paper read-before the Royal Socity 

on "The Sensitiveness of the Retina to Light mnd Colour "' 

(1897), pointed out that the sensitiveness .of the eye (his 

own, and. his trained assistant's ), varied considerably at 

times, due, in all probability, he thought, to the 

state of health, mental and bodily, of the observer. 

Only as the eye became practised to observation, he said, 

did the liability to variation very largely disappear. 

Besides the condition of body and mind, there are in the 

phyeic,lo ;ical examination} as well as in the pathclo«ical , 

a number of circumstances which may influence the character, 

quantitative and qualitative, of the sensations;for example, 

the nature and duraticn of the previous stimulation of the 

retina, the size and position cf the area stimulated, the 

duration ofhstimulus, and the rate at which th: individual 

stimuli succeed one another, the nature cI the stimulation 

of other parts of the same retina, of the other retina, and 

even oY other sense- cr£gans,(Rivers, in. Schater's "Physiology," 

c.s before) . 



The nature of the previous stimulation is intimatel' 

associated with what is called "the adaptation of the 

retina, " - adaptation, that is, to different degrees of 

illumination or to darkness. 

On complete exclusion of light from the eye, the retinal 

sensitiveness to lig,-it increases. The increase at first 

is rapid, the sensitiveness being multiplied fifteen to 

twenty times in the first two minutes. Later, the increase 

is less rapid, until,in twenty minutes, the maximum is 

almost reached. Still the sensitiveness continues to 

increase for two hours, and then, according to .Aubert, 

it is thirty -five times greater than at first. Charpen- 

tier,however, puts the maximum amount of increase at 

one thousand times, and also points out that the increase 

is not affected by differences in the size of the pupil 

(Rivers, in Schäfers' "Physiology" Vol.1. , p. 1056). 

Abney's observations were made after the eye had been 

placed in darkness for at least twelve minutes. 

In estimating the sensibility of the eye to light, 

there are two directions from which the subject may be 

approached. 

1. Beginning from complete darkness, one may determine 

the smallest amount of light capable of being perceived; 

this is the threshold of sensibility, Or- 

2. Beginning with a certain perceived amount of light 

one may increase it, or diminish it, until it is just 

perceived to be different; this is the threshold of 

discrimation. (Rivers,in Schäfers' " Physiology," Vol.2, 
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p. 1053.) 

If the threshold of sensibility (which is Rivers' s 

term for any of the senses), be called, in the case of 

the light- sense, the Light-Minimum (L.M. )I then the thres- 

hold of discrimation may be called the Light -Difference, 

(L.D.) 

In estimating the light- sense, there are various 

considerations, which have a direct bearing upon the 

results. It is extremely difficult, for example, 

especially in measuring the L. M., where one is beginning 

from darkness, for the patient to keep the axis of the 

eye in a line with the spot where the light will be seen 

as soon as it is sufficiently strong. Even in the most 

willing observer, the eye is restless, and may roam round 

while the increase of illumination, not yet perceived, is 

taking place; and it may be, that at the instant when 

the eye could perceive the light, if it were directed 

straight upon it, it is, instead, directed to a spot 

many degrees distant; and so an unexpected region of the 

retina receives the stimulus of the l ight. When the 

retina has not undergone adaptation, there has been found 

a gradual diminution of sensitiveness, from the centre 

to the periphery; but after adaptation, the threshold is 

the same in the central ( except, however, the f ovel ) 

and the peripheral parts of the retina. 

Some observers, however, notably Schoen have found 

a marked difference in the light- sensibility of the nasal 

and temporal halves of the retina, -the temporal being 



the less Sensitive. 

The fovea is generally admitted to have a higher 

threshold of stimulation than the surrounding parts of 

the retina. The fact that faint stars are best seen 

when observed indirectly, is given in illustration of 

this. Still, the eye looks instinctively at a lumin- 

ous point, in such a way as to see it most distinctly, 

(Rivers, in Schäfers' "Physiology," Vol. I1, P P. 1086, 

1083. ) 

The only enquiries as to the light -sense at various 

ages, which I have found, are those of Wallace Henry, 

who, using a photometer of his own invention, and examin- 

ing his subjects clinically, after five minutes' adapta- 

tion to darkness, reported on the light -sense, in regard- 

to the L.M. , in fifty healthy eyes. The figures show 

that the L. Y. is slightly less in early and middle life, 

and that it gradually increases with the advance of years. 

(Wallace Henry's own statement that the light perceptive 

power is greatest in early and middle life, is. obviously 

just another way of stating the sameact, as in my text). 

Further, nine cases which he examined, in which one eye 

was healthy, while the other was either totally blind or 

had been removed, indicate as far as they go, that the 

loss of an eye renders the L.M. of the remaining eye,when 

healthy, less than usual ( "The Ophthalmic Review," Feb. 

1896. ) 

PATHOLOGY;- 

Since Berry's\paper on "Defects of the Light and 
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Colour Senses, "included in his "Subjective Symptoms in 

Eye Diseases," (1886,) there has not been much to add 

to his statement of the extent of knowledge of the light - 

sense in pathological conditicns. Berry's summary was 

to the effect that Bjerrum had demonstrated that in dis- 
anal 

eases primarily involving the choroid^retira, there is a 

tendency to imperfect perception of light;--in other 

words, to increased L.T'11. But, in diseases primarily 

involving the nervous elements in the retina or optic 

nerve,there is a tendency to imperfect recognition of 

changes in the intensity of illumination, - in other 

words, to increased L.D. 

Henry's paper on "The Light Perceptive Power," which 

has been already referred to, was published in 1896, and 

contained results quite in accord with those of Bjerri ;v. 

For example, in optic neuritis and optic atrophy there 

was not shown much variation from normal in regard to the 

L.TT., but in choroido -retinal atrophy, glaucoma, hemeral- 

opia, and retinitis, there was very marked increase 

in the L. T . 

Amongst the subsidiary reports of Henry is a table 

contrasting the form -sense (tested by Snellen's types for 

distance, without correction of refractive error, if any) 

and the L.1 ., from which it would appear that, though the 
6 6 

form -sense might vary from6 to 60 ,there was no marked 

variation in the L.I. Unfortunately, the cause of the 

defective form -sense is not given:-- possibly some of the 

eyes would have come up to normal had they been tested 
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with glasses, and possibly some were diseased, and others 

amblyopic without obvious lesions 

In association with this may be taken Henry t s state- 

ment, that it has been said that eyes, with a hypermetro- 

pia of four dioptres or over, have an increased L.M., and 

his own observation,that in the few myopes he had examined. 

there was certainly a diminished L.M. 

Henry gives no evidence of having examined many cases 

of toxic amblyopia, but he found in those he did examine, 

that the L.M. was not affected. The cause of this, he 

thought, might be, that the fibres of the optic nerve, 

which pass to the light -sense centre, are of a nature 

less prone to degenerate than those which pass to the form- 

sense or colour -sense centre. It has been proved, how- 

ever, advanced cases ambl©pia, ' the 

papille-macular bundles of the optic nerves are structur-- 
S Wa n 3 y's 

ally affected ('Handbook ", Edition 5, P. 441 ), so possibly 

the cases referred to were early. 

Henry had two case of marked anaemia with extreme 

dilatation of the pupil, and in these there was increased 

L.M. In connection with these, Eales suggested that the 

dilated pupil in marked anaemia might be due to defective 

light- sense. 
-7- 



T'2, PRESENT INQUIRY. 

STPABI SRUS; - 

I have now rdferred to all the results I am acquaint- 

ed ith,of observations upon the light- sense, in either 

healthy or diseased eyes. 

So far as I am aware, no effort has been made to 

examine the light-sense in the eyes of squinters, nor 

indeed in any little -understood eye affection, with the 

Possible, 

exception of toxic amblyopia. 

In our present state of knowledge-or ignorance-of 

the whole subject of strabismus, it seems worth while to 

attempt to contribute a little solid fact to the few facts 

that are known, in the hope that, with the increase of 

knowledge, some universally- accepted theory may finally 

be propounded; and who knows then, but that the nineteenth 

centurJ herapeutics of strabismus may undergo a radical 

change? 

Amongst the questions that oppress one, in regard to 

strabismus, are such as these: - 

Thy does a squinting eye frequently have defective 

acuity of vision? is the defective vision dependent upon 

the squint, or the squint dependent upon the defective 

vision? 

What causative relatien can there be between refract- 

ion and squint, seeing that high hypermetropia, low 

hypermetropia, emmetropia, and myopia, may any of them be 

associated with convergent strabismus or with divergent 
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strabismus? 

If the answer to these, a.nd other, questions rests in 
more 

the eye itself, or in thecentral parts of the visual 

apparatus : - as distinct, that is, from the muscular and 

muscular - innervation apparatus, it is quite conceivable 

that the examination of the light -sense may yield some 

useful knowledge. The ordinary methods of examination, 

including the ophthalmoséope, dont help us, (for I em ex- 

cluding cases of gross lesion);does the photometer yield 

anything? 

THE PHOTOMETER:- 

And f first, one must decide which photometer to use. 

A good photometer should supply, it seems to me, 

three desiderata: - 

1. It should permit of the light- sense, pure and simple, 

being measured, without either assistance or hindrance 

from the form - sense. 

2. The nearer its source of light is to invariableness, 

the nearer does it approach perfection. 

3. It should permit of the estimation of the two ele- 

ments of the light- sense; -not only of the L.M., but also 

of the L. D.,--and therefore should permit of the compari- 

son of two luminous surfaces or points. 

All the photometers, that I have seen or had describ- 

ed to me, come short in one or more of the above qualifi- 

cations. 

For example, Izard and Chibret ' s photometer, which 

Swanzy described as the most convenient clinical method 



of testing the light sense, in the .5th edition of his 

"Handbook, "has, for the source of light,the sky, --a 

source which, Henry justly observes (0p. c it. ) is anything 

but constant in this country. 

Again, Foerster's photometer, in which the source 

is the light of a standard candle, passing through a sheet 

of paper, end illuminating two pieces cf white paper ir 

the interior of a box, into which the observer looks, may 

be admirably adapted for estimating the T.H., if it is 

constructed as descried by Berry in his paper already 

referred to. But evidently it is not always so construct- 

ed, for Henry (op.cit.)criticises the one supplied to him, 

On account of the observer'sbein_g required to recognise 

a word. placed in the inside of the instrument. And, 

further, Foerster's photometer is not applicable to the 

estimation of the L.D. 

Henry's own instrument has received the imprimatur 

of Swanzy, in the seventh edition of his "Handbook." Ir 

this photometer, the source of light is a standard candle, 

and the variation in the intensity of the illumination is 

produced by the removal of opal discs of standard density, 

the size of the illuminated area always remaining the 

same. But it is constructed only for determining the L.ß.4, 

is 

and not adaptable for determining the L.D. 

Bjerrum's test-types grey. letters on a white ground, 

construc t ed on the same prirc iple as Snell en's test-types- 

have the fatal objection that, with them the form -sense is 

confounded with the light- sense. 
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Masson's discs, which are the means t sually employed for 

the examination of the L.D. are confessedly not intended 

for the examination of the L.M. 

A NEW PHOTOMETER:-. In the absence therefore, of any 

entirely satisfactory instrument, I have designed and con- 

structed a new photometer, - -- -which possesses all the desid- 

erata I have enumerated on p.27 so that,with the one 

instrument,' have been able to examine both the L.M. and 

the L.D. 

In designing it, I have not hesitated to make use of 

what seemed good in the principles of construction of the 

older photometers, and, at the same time, I have avoided, 

I believe, the deficiencies and faults of them all. The 

now photometer, therefore, is a composite one, which does 

not claim to be a special creation but the natural evolution 

of its predecessors. Henry's instrument, the latest of these, 

has suggested the most points, as was to be expected. 

The new photometer consists of a wooden oblong box, 

measuring, inside, 87 c.m. long, 2.0 c.m. wide, and 20 c.m. 

high, and having one end open. 

Fig, L 

It is divided transversely by two partitions, y,z 

(see fig. 2,p4 the firstly, 13 c.m. from the closed end, 



x. and the second, z 34 c.?n. from the same end (x) 

leaving about 33 c.m. between the second partition,z, and 

the open end. Each partition reaches right across the 

box, and from 

Fig. Z. 

x y 3 

A 

Ba 

Bb 

C 

Ground -rlan 
of rbotorn cite 
(not drawn (, 

scale) 

floor to roof. The box is thus divided into three com- 

partments. Compartment B is then divided into two again, 

B a and B b , by s, longitudinal partition, p., which 

extends from y to z, and from floor to roof, as before, 

so that the ground plan of the whole box presents the 

appearance shown in figure 2, above. 

The roof of the box stops short at ycompartment 

A being open to the air therefore (though it can be 

closed at will when the instrument is not in use). 

In the partition y are two circular apertures, 

symmetrical as to position, each of which opens into one 

of the cavities,Ba and Bb, fig.4,beJew. The centre of each 

aperture is 12 c.m. from the 

x j 3 

O A 

B a 

B b 

K 

C 

Q49pam of horijont>I sech.n Vh u96 abauF tilt militia eF t6t b.x. 
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_- " View of p, look- 

ing from x, about the middle f tho box t-0- eho' oir- 

cular apertur -a4i, t'loor,and :.o c.m. from the centre cf 

the partition p. (see fig. 4,p.I2. Into each aperture 

is fixed an iris-diaphragm, opening in the usual way to 

50 m. fn. diameter. As, however, the manufacturers could 

not supply a diaphragm of such size, which would also 

close down to zero, I had to be content with a diaphragm 

closing down to b .m.m. diameter; and so that the aperture 

might be perfectly closed, when the handle of the diaph- 

ragm was turned down, I placed a piece of plane glass 

behind each diaphragm, having precisely in its centre a 

cylinder of wood, 5 m.m. in diameter, which sufficed to 

close the opening entirely (m,n, in fig. 4,p.1?.). Opposite 

to the handle, (or pointer) of each diaphragm, 

CO 

Fi 
9 

r 

Di.>thec9rM (rarFly ortn) 

W1-11 stale. 
ronttr (or handle 

near to 

drawn, on the partition yi_a scalcorrespcnding to the 

number of millimetres of the varying (diameters of the 

diaphragm as it is opened,- from 5 m.m. to 50 m.m. 

In partition z (see fig. 3,13.0,10 c.m. from the 

floor, and 13 m.m. from the centre of partition p, one on 

each side, are two small circular apertures,,i,k. , each 

of which is 4. m.m. in diameter, and is hacked b;, a ;;iece 

of opal glass. 
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The compartments,B a and B b , therefore, are symmetrical; 

and each has,at the far end, a large aperture, capable of 

being closed to zero, and of being opened, circularly, 

to any diameter up to 50 m.m. (the central disc of dark- 

ness, 5 m.m. in diameter, being constantly present); and, 

at the near end, a small aperture backed by a piece of 

opal glass. 

In compartment A ( p_I1, fig.3), is placed a Priest- 
E 

ley Smith's candle- lamp, without the bull's eye, and fitted 

with one of Price's best stearine candles, specially 

prepared. It stands precisely midwaybetween the two 

sides of the compartment the wick being 3.5 c.m. from 

the wall x , and 9.5 c.m. from the partition y, the aper- 

tures m,n, just described, in the partition, having been 

so placed as to be precisely on a level with the flame of 

the candle when lit, the spring of the Priestle Smith 

lamp , of course, keeping the flame of the candle at a 

constant level. 

Behind the candle, covering the whole inside of the 

wall x, is a sheet of opal glass, to serve as a reflec- 

tor. 

C (fig 2, p.12.) is simply an oblong compartment, 

covered on the inside with dull black paint, and having 

the two apertures, j, k, at the far end, and the near 

end open. 

It is easy to see that this new photometer can be 

used to determine both the L. M. and the L.D. For, the 

candle having been lit, so long as the diaphragms are 
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are closed, no light will pass into the compartments,Ba, 

Bb,and so none will reach the opal - covered apertures, j,k. 

As soon, however, as either diaphragm, say, ni , is opened, 

no matter how slightly, a certain amount of light will 

enter Ba (fig. 3,pA, and impinge upon j . The amount 

of light entering Ba, and reaching j , can, within the 

necessary limits, be varied at will by simply turning the 

handle of the diaphragm; and, so long as the aperture, n, 

is kept closed, no light will enter Bb and impinge upon 

k. Immediately however, one begins to open n, light 

will enter Bb, and reach k, (fig.3,p.12.). And since the 

candle occupies precisely the same relative position to 

each aperture, the amount of illumination in each compart- 

ment, and therefore on each opal disc, is precisely the 

same, provided always the diaphragms are open to the 

carne extent. 

The advantage of the opal glass in the discs, j , k, 

as in Henry's Photometer, is that it diffuses the light; 

and, as the openings, j,k, are so placed, 2 c.m. apart, 

and at such a level,that they are not opposite the source 

of light, no matter how widely open the diaphragms may be, 

the light falling on the discs is only the light filling 

the compartments,Ba and Bb. 

The use of this photorreter, therefore, is quite 

simple. The candle having been lit, and one of the 

eyes covered, the patient is placed looking into the open 

end, and towards the apertures,j,k. If he has been pre - 

viously shown what he is likely to see, he will be pre - 
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pared to recognise a disc as soon as it emerges from the 

darknase. 

He is now directed to call cit the moment he can 

discern, no matter how faintly,one disc of light appearing 

on the wall z (tig.37p.1Z. ).The operator then slowly 

moves the handlb of the diaphragms, so as to oilen it grad- 

ually and admit light into the corresponding compartment. 

As soon as the patient calls out, the operator stops, and 

notes down the diameter of the aperture in the diaphragm. 

This represents the L.M. 

He then opens. the other diaphragm to an equal extent, 

and now the patient announces that he can see two discs, 

side by side. The examiner next informs him, that he is 

about to make one disc a little brighter than the other, 

and asks him to signify the moment he can discern even 

the slightest difference in the intensity of the illumin- 

ation, and to say which disc is the brighter. The oper- 

ator then continues to open one of the diaphragms still 

further, leaving the other as it was, and, proceeding 

slowly, only pauses when the patient calls out that he 

sees a difference, and that either the right or left 

disc is the brighter. The diameter of the larger aper- 

ture is next noted, and the L.D. is got by subtracting 

the diameter of 'the smaller from that of the larger aper- 

ture. For example, suppose a disc is first discerned 

when the diaphragm registers 7 m.m., --- this is put down 

as the L.M. When one of the diaphragms, in the second 

part of the observation, has reached 10m.m. diameter of 
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aperture, there is seen a difference in the intensity of 

illumination. The L.D. then equals 10 minus 7, or 3. 

For purposes of comparison it is well to have the L.D. 

as thus obtained, reduced to a fraction, proper or impro- 

per, of the L.M. To do this it is necessary to know 

the area of the aperture in the diaphragm for each dif- 

ferent length of diameter. The total area of aperture for 

the passage of light then, is the area of the circular 
in 

ring between the central cylinder, 5 m.m. diameter (p.13 ), 

and the free edge of the diaphragm when, in the present 

example, the aperture has a diameter of 7 m.m.. The rule 

for such areas is (vide Todhunter's "Mensuration ") : 

multiply the sum of the radii by their difference, and 
22 7 5 x 7 5 x 22_132 

the product by 7 That is (2.# (2 2) 

18.8571.... 

This is the L.I. in square millimetres. 

To estimate the L.D. one gets similartly the area 

of the circular ring,when the diaphragm is opened to 10 

m.m. diameter: 

10 + 5 10 -5) x 22 _ 825 - 58.9286.... 
2 ) -7 -7) -7 14 

Therefore, the L.D. is 58.9286 less 18.8571 = 40.0716; 
40.0715 = 40 about: 

and its proporl: ior. of the L.M. is 18.8571 19A. 2.11. 

This is the method I have adopted in comparing the 

L.D. of different L.M.' s. 

The points in this photometer which seem to me to 

specially commend it, are: - 

(1) It combines the means of estimating both the L.M. 

and the L.D. 
-17- 



(2) It has a constant source of light. 

(3) It requires the observer simply to say when he 

recognises an illuminated spot, so that the form - 

sense does not enter into, and confuse,the examin- 

ation. 

In every case the L.D. is estimated from the individ- 

ual L.M. The disc remains at the threshold of sen- 

sibility, and is therefore at every moment available 

for comparison with the one being more illuminated. 

Presumably the disc representing the L.R. seems the 

same to each observer, whatever its absolute illu- 

mination is, so that in every case the estimation 

of the difference begins from the same amount of 

illumination. Other instruments have a fixed 

minimum, which is likely to affect different patients 

in unequal degrees. There is a good deal of extra 

a 
labour involved in measuring the compare ive L.D., 

but I think it is repaid by the advantage of having 

more uniform results. 

A disadvantage is that the diaphragm needsa central 

plug; but this is merely a detail, and can be rectified 

when the makers attain to the construction of diaphragms 

that close to zero. 

It is an infinitely more comfortable apparatus for 

the patient to be examined by,than Henry's, which requires 

that he bury his head in the cloth hood, to prevent any 

light reaching him from the candle except through the 

opals. 
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In the new photometer the hood has not been needed -, be- 

cause the light of the candle is confined to the compart- 

ment A, and the patient runs no risk of its embarrassing 

him therefore. 

AMBLYOPIA_ : - 

In undertaking fills research I set before me these 

questions, which urgently need answers: 

(1) In the ambly- op is eye associated with strabismus, 

is there any difference in the light - sense? 

But what have I understood by ambly -opia? Berry 

( op. c it,) says , "When the visual acuity, after correction 

if necessary of any existing error in refraction, does 

not come up to the normal standard, there is said to be 

ambl,y- -opia. " 

"Ambly- -.opia may be the result of defects in any 

part of the visual apparatus," includinT nebulae of cor- 

nea, conical conea, lamellar cataract, etc.. 
1P 
Swanzy ( op, 

cit.) says, "Amblyopia is nowadays usually employed to 

signify defective vision due to disease or functicnal 

disturbance of the retina, optic nerve, or visual centre, 

but with healthy ophthalmoscopic appearances, or with 

signs only of optic atrophy. 
much 

But I have been more strict in regard to the cases 

I have classed under the heading of "the ambl,y:-opia of 

squint," than either Berry or Swanzy in the above quota- 

tions. I have only called an eye ambly.-opic,when, with 

Berry, I have found the visual acuity, after correction 

if necessary of any existing error in refraction, does 
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not come up to the normal standard, and provided also, 

and rip :idly, that there are healthy ophthalmoscopic 

appearances. In other words,I have only called an eye 

amblyopic when, after complete ophthalmoscopic examin -- 

a.tion, both of the fundus and the media acs far forward 

as the anterior epithelium. of the cornea, I have found 

nothing that, after a considerable experience of healthy, 

normal,eyes, I could describe as anything but normal. 

The ophthalmoscopic result having been noted as "nil" 

therefore, I have tested the form -sense, basing my 

correction cn the information derived from retinoscopy; 

and only if the visual acuity failed to come up to normal 

then, hay. e I called it amblyop ia,. 

But even then, can one say of every eye that does not 

6 6 

read that it is amblyopic; and if an eye seeing -is 
f) 

passed. as non -amblyopie, what about one with 12, and 
6 6 

similarly with18, and 24. Obviously, it is necessary to 

draw the line, arbitrarily it may be,- somewhere,-- - 

the difficulty is to know where. It has seemed to me 

that, if I only recognised as amblyopic, eyes that failed 
6 

to see more than 18, I should be leaving a wide - enough 

margin. I have adopted this limit therefore, and when.- 

ever I have noted an amb10pic eye, it is one that read 
6 6. 

less than ITTor part oiT 
6 6 

Those eyes, however, that reached 12, but not---T, I 

have made a separate table for, as occupying a sort of 

middle position. 
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The first question (see p.i9 ) then is, it one eye 

differs from its fellow only in two recognised conditions, 
o 6 

namely, that it seas less thanT,while its fellow sees ó, 
and t1at it turns either in or out, is there any differ- 

ence in its light--sense either T.M. or L.D. as 

revealed by the photometer. In regard to the turning 

in or out, I have included not only those with present 

squint, but also those which have had squint, but in which 

it is not now present as the result of 

(a) Operation, 

(b) Wearing of glasses, or 

(c) Natural improvement. 

In those cases where the squint was not actually made out 

at the time of the photometric examination, the evidence 

of previous squint required, was 

(a) My personal observation and note at an 
earlier time; - 

(b) The observation and note of a colleague at 
the Liverpool Eyt and Ear Infirmary;-or 

(c) A clear and definite history from a person 
apparently reliable. 

(2)( see p 19 ),In the squinting eye of those people who 

have good visual acuity in both eyes, so that the only 

difference ordinarily recognisable is the squint (which 

may be permanent or occasional, or alternate,) is there 

any difference in the light -sense from that in the normal 

eye? 

(3) But there are some amblyopie eyes, ordinarily called 

"congenitally amblyopie " in which there is no evidence, 

either present or past, of strabismus. Do such eyes dif- 
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fer in their light -sense from their normal fellow? 

THE PHOTOMETRY:- 

The cases that I have examined to the end of answer- 

ing these questions, are divided, in each group, into 

two classes:- 

A. Those that wore the correcting glasses during 

the photometry, 

B. Those that were examined with the eyes naked. 

The wearing of glasses was adopted in accordance 

with a suggestion made by Henry. 

All the photometric examinations were carried out 

in a dark room, in which the patient had been sitting, as 

a preliminary, for at least five minutes ( vide Henry, 

o -p. c it.+ p 6, )? so that the eyes had undergone a c F rtain 

amount of adaptation. Had the examination been conducted 

without this precaution, on the ground that adaptation 

may alter the relative acuity of the light -sense from 

the normal, the results would hardly have been suitable for 

comparison, because the condition of the visual apparatus 

would have varied greatly, according as the time of exami- 

nation was morning, twilight; or evening with artificial 

light in the room. 

eyes 
In every patient, of. course, the two were examined 

separately, the one not under examination at the moment 

having a shade suspended in front of it, and so arranged 

as not to touch it, for pressure on an eye soon becomes 

painful, and would lead to unreliable results if the eye 
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were examined soon after in the photometer. 

In many cases, especially amongst the later ones, the 

examination was gone through twice, the full prelimin- 

ary five minutes' darkness being given each time; and 

in those cases in which there was a difference in the two 

results, which was practically always in the direction 

of greater acuteness, the second result alone has been 

introduced into the tables. 

It may be objected that the light -sense, however 

estimated, is sure to show fallacious records, seeing 

that so much depends on the mental acuteness of the indi- 

vidual. 

I am fully conscious of the difficulty, nay, the 

impossibility, of attaining to what Berry called (op. cit, 

p. 74 )" mathematically accurate measurements "of the light - 

sense. put this is just the difficulty that every prac- 

tical oculist finds before him, when he sets out to mea - 

sure the form -sense, For example, a child on first 
6 

examination may read only W. yet,when he is tested again 
6 

two or three weeks later, he may easily come up to 18 

And, in the case of adults, it' is quite common to find 

a difference of a whole line of Snellen's types, in two 

consecutive examinations. If these variations occur, 

as I have found them to do in my own practice, it is only 

to be expected that in the much more elusive light -sense 

similar variations should be found. Put that is no rea- 

son for rejecting the results altogether; it would be as 
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reasonable to refuse to use Snellen's types to test vision 

with. 

I claim that the limits of error in photometry do 

"not transgress the bounds of practical utility" (vide 

Berry, op.cit,p 74 ). 

Iowever, I have found it desirable to exclude from 

examination all very young patients. Only a few who 

were not more than ten years old have been employed for 

the purposes of this paper, while the bulk of the patients 

were boys and girls in their teens. 
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TABULAR. STATEuENTS. 

The cases I have to report upon, consist in all of 
135; 90 wore correcting glasses, 45 were without glasses. 
They are reported on er under these heads following 

DIVISION 1. With glasses. 

Grcup.l. Convergent Strabismus with Amblycpie, - t4. 

n 

It 

2. ditto without ditto, lb. 

3. Doubtful Convergent Strabismus, with Ambly-) 
opia, ) 'i. 

4. ditto withcut ditto) 

5. Alternate Convergent Strabismus, v:ith double! 2. 
Amblyopia, 

6. Divergent Strabismus, with Amblyopia, b. 

7. - ditto without ditto - -- 

S. Amblyopiá without Strabismus, 13. 

DIVISION 2. Without glasses : - 

Group. 9 . Convergent Strabismus with Amblyopia, 

. - ditto without - ditto 
t, 10. 1 

Alternate Convergent Strabismus, without 
Amb ly op i e, 

Divergent Strabismus, with Amblyopia 
" 11. 4. 

-- ditto- with double Amblyopia , 

In addition I shall refer incidentally to:- 

Group.12. Toxic Amblyopia. 6. 

And in conclusion, I shall give a table of all the non - 

squinting eyes, which are normal, and their light-sense. 
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GPOTrP.1. Convergent Strabismus with Amblycpia 
ö 

(that is, visual acuity of less than 12- in tha 

squinting eye. ) 

I have arranged the 44 cases in various ways, in the 

hope that a glance at each table will show whether there 

is any rule or order of variation. 

TABLE. I. Convergent Strabismus, with Amblyop ia, arranged 

in accordance with the visual acuity of the 

squinting e:- 

In the third and fourth columns, the letters, C.,E., 

and L., indicate that the L.M. or L.D. of the amblyopic 

eye is respectively greater than,equal to,or less than, the 

L.M. or L.D. of the normal eyes 



Form Sense Register 
No. 

T.. M. L. T). 

Hand Movements 79- -G L 

Fingers 29 G Ti: 

50- E - G 

02- L- -G 
61 G E 

105 E G 

122 E E 
J 27 E (e!) 33- - G 0) 43- -G E 

78 E E 
103 E E 

6 _ 28 
60 35- G E 

36- L- -G 55- -G -G 
57- -G L 
70 G E 
75- -G E 
86 - L G 89- --G 0 ) 96- - G E 98- - G L- 

1'Z,3- -G - G 

6 46 E L 
S6 81- L - L 97- -G E 

100 E E 
102 E L 
111- - G L 
117- - G T, 

118 - L E 
124 I+.' E 

6 21--G F 
-2T- 41--G E 

42 -G E 
74 -r, Ir 
82 r - E 
95- E T, 

108- - CT E 
113- E T, 

116- -G (° ) 

6 32 E L 
18 63 - 

Total 17 - 18 - 9 16 - 15 - 9 



Three of the above cases, viz. Nos.27,33, and 89, are 

.0sr-o marked in the fourth column with a query. In each 

of them,after the first disc had been discerned, --- the 

L.M., --- the second disc, although the second diaphragm 

was turned to correspond to the first, was not seen; 

and although both diaphragms were -"then gradually and 

equally opened Until each disc had th.e full illumination 

of an aperture+ 50 m.m., the sec id disc was never seen 

at all. Consequently, it waa nct possible to estimate the 

L. D. 

TABLE 2. -- Convergent Strabismus with Amblycpia, 

arranged in accordance with the age of the 

patient:- 
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Age in years Regist er 
No. 

L. Y. L. r. 

9 97- G le 

10 116- z, -G 
123- G -G 

11 36 L _ r, 

-G 74 L 
75- -G E 

G 10.5 .1, 

111- -G I, 
12 61- G 1, r 

96- -G E 
13 43- G 1+: 

50 G E 79- G I. 
95 E L 

102 E L 
113 E L 

14 32 E L 41- -G E 
63- -G L 70- G E 

122 E E 
16 29- G E 

52 G - L 55- G -G 
118 L E 

18 21- - G E 
27 E (?) 89- G L 

98 I, G 

19 35 - -G E 
81 - ' L I. 

2.1 33- Cs (.1) 
78 E E 
82 G E 

22 42 E -G 
23 46- E L 
25 57- -G L- 

108 E G 

27 124 E E 
31 103- E E 
35 117- - G L - 

36 86 L- -G 
41 28- E - G 

46 100 E E 
17 - 18 - 9 16 - 15 - 9 
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Table 3.--- Convergent Strabismus, with Amblyopia;- those 
6 

patients seeing only "Fingers, " "Ta, " or t> l arranged 

in accordance with their ape: 

Form-sonse Age No. L.M. L.D. 

Fingers 105- G 11 E 
12 61 - T E 

00- G 13 E 
14 7. 2 2- E E 

G 16 - 29 E 

32- G 16 L 
Ja 13- -43 G E 

7f, 21 - E E 
31 103 E E 

6 123- 10 -G G 

6Ö G 11 36- L 
-75 - 11 -C E 

12 96- E G 
14 - 70- -G E 
16 -55- G -G 
18 -98- G T 

19 30 G E 
-57- T.- - G 25 

36 86 L - G - 
G 41 28- E 

8 - 7 5 11 - y - 0 

Table 4.- Convergent Strabismus with Amblyopia, arrang- 

ed in accordance . ;rith the glasses worn. In each case the 

spherical glass only is noted, although, where a cylinder 

also was used, the fact is mentioned: 
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T AB L E. 4. 

Glass worn No. L.M. L.D. 

- 3 7 0- - 7 E 
plane 122 F E 

l'-1 ? 1- - CT F 
42 ' -rr 

11.1- T, -G 
-f - 1, wit r - c:,/ 5.'7 - rr L 

+ 1.25 97- -G E 
4 1.75 29--G I: 
-f- 2 63- -G L- 

78 E E 
103 E E 

-}- 2, with -e7 33 G 0, 
E G -1-2, with -F- cy .96 - 

-}- 2. 251 with+c,y 28-- E G 

-}2.5 41--G E 
75- -G E 

-1- 2. 57 wi t'.1+ c y 46 - E I, 
82- E G 

100 - - E E 
+ 3 52 O I, 

55- -G G 

61 G E 
79--G 
81 

I, 

'=:9--G z) 
105 E G 

108 - G E 
117- - G I. 

-}- 3 , with --i- c,y 35,-- G E 
124- E E 

-1- 3.25 27 E (7) 
-}- : . : 36 - L- - G 

43- -G E 
50- G E 
98- -G L- 

102- E L 
113- E L 

-!- 4 116 
-1- 5 32 E L 

74- G L 
+ 5. 5 95 E T, 

-I- 6 86 L- - 
118 L F 
123- -G G 

17 - 18 -- 9 16 -- 15 - 9 
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The summary cf these is, that of the 44 cases, the 

(a) L.M. of the squinting amblyopic eye was equal to that 
of the normal in 1$, 

(b) L.M. of the squinting amblyopie eye was greater than 
that of the normal eye in 17 

(e) L.M. of the squinting-- ditto less than 
that of the normal eye in - 4. 

Thus there was no absolute rule found as to the L.M, 

though a slight majority of the eyes ( 13+ 9,= 27, out of 44) 

appeared to have, at least, normal L.M. while in 13 there was 

defective L.M. 

(d) L.D. of the squinting amblyopic eye was equal to that 
of the normal, in 

(o) L.D. of the squinting amblyopic eye was greater than 
that of the normal, in 

(f) L.D. of the squinting-- ditto -- was less than 
th, t of the normal, it 

1137 

w.iile,from various causes, it was not determined in t. 

That is, the L.D. was defective in 16 out of 40 cases, 

in the others (lot 9 _ 24) being normal or more acute. 

As, however, many of these results, put dovvn as F-reater 

or less, were not far from equal, I have thought it well to 

prepare yet another table, including only those cases which 
the 

showed a marked difference in either the L.W. or^L.D.l or in both. 

21 only out of the 44, are qualified for inclusion hare, 

and they are arranged in three divisions,as follow: 



TABLE 5.--Convergent Strabismus with blyo .: , havin - 
a marked difference in the Light -sense. 

In which element 
of 1 ight- $ense 

NM. L.M. L. n. 

1.Both L.R. and L.D. 52 
b7 

123 --G 
I. -G 

- G 

G 

L- 

1- 0- 2 :. - 0- 0 

2 In L.?F. alone 41- -G 
43-- -G 
â1--rT 
70- - G 
7, T, 

, 

1- L 
11?--G 

c - J ti 
n 

3 In L. I). alone 28 rT 

4Ü- T. - 

52 - r. 

55- G 
79-- T. 

82- -G - 

8ó- - -G 
95- - - --_ L - - 

(J8- -G 
102-- - L 
105 - --- G 

'I - 0 - 

From this it appears, that in ti out ci 10 (divisions 

1 and 2 ) the L.R. i:, markedly defective, w.ile in 4 out 

of the 10l it is more acute. On the other hand, in ten oit 

of 14 (divisions 1 and 3 ) the L.P. is defective, while in 

4 out of the 14, it is more acute. 

I have one more tabulation of this group of 44 to 

display,- consisting of 13 cases in which the second 

disc was not at once seen when equally illuminated with the 

first. For exarr1Ule, the L.M. was noted, say at 8, but when 

the second diaphragm registered 8, 
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the second disc was not visible. In such 

cases both diaphragms were equally increased in aperture, 

until both discs were seen. 

Of these 13,-2 said that the two discs seemed to be 

four. 

The other 11 are arranged in two different way$, and 

without comment. 

TABLE 6. -Convergent Strabismus with Amblyopia, in which 

the second disc vas not on at once when made equally 

brilliant with the first disc : - arranged in accordance 

with the form -sense in the squinting eye. 

Form -Sense No. L.M. L.D. 

Fingers 105- E -G 
Ja 27 E did not see second at all - 

33- r ditto 
103 E E 

r^, 

r0 
36- 
5'7- 

L - -G 
-G L- 

89 -- G did not see: second at all 
98-- Ti- - G 

123 - G G 
6 81- L T. 

100 - - -- 36 E - - E 

TABLE 7-Convergent Strabismus with Amblycpia, in which the 

second disc w_s not seen at once when made equally brilliant 

with the first disc:- arranged in a.ccoraanc e vith the 

patients' ages - -- 
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Age No. L. M. L.. 

10 123- G G 

11 36 L- -G 
11 105 E G 
18 27- -----E --- - -did not see second at all 
18 .- -G-- - Ditto 
18 98 L- -G 
19 81 L- L 
21 33- G did not see- Second it all 
25 57 L- - G 
31 103 E E 
46 100- E E 

TABLE 8. --Convergent Strabieinus with Amblyopia in w!iick 

the second disc was not seen at once when made equally 

brilliant with the first disc,and in which,fir_ally, the two 

discs seemed to be four. 

Form-Sense Age No. L.Y. L.D. 

6 16 G 

L 35 

-55- 

117- 

-G 

60 
6 

36 -G 

Group 2. (p.25 ).--The next group is that containing. the 

cases of convergent Strabismus, without amblyopia, 
6 

those seeing, that is, more than 13 with the squinting eye- 

18 cases. 

-35- 



Table - Convergent Stro *biemvs without Amblyc,.fa, 

arranged in order of examination. 

No. L. Ar.. 

lç E G 
17 -G - T, 

E 
24- C 

25 T t 

49- n E 
51- 
56- E 
60- r; 

Cs 

G 

L l. 71 
72 rr E 
83 E E 
85 G E 
94- G G 

99 L 
115 E 

4 - -- 5 - 7 - 

It is thus seen that of the 18 cases with strabismus,the - 

¡a) L.Y. of the squinting eye was equal to that of the normal eye in 9, 

,b) ditto greater than ditto 4, 

ditto less than ditto b. 

This result is similar to that of the amblyopic eyes 

Table 1, etc, p.32 )1 14 out of 18 cases having a normal 

or more acute L.M., and 4 out of 18 being defective. 

Yet, on the whole, there is less difference between the 

two eyes in this group than between those in the first 

group. 

-3h_ 



(d) L.D. of the squinting eye was equal to that of the 
normal eye, in 7 

(e) L.D. of the squinting eye was greater than that of 
the normal eye, in 9 

(f) L.D. of the squinting eye was less than that of the 
normal eye in 2. 

That is, again, the L.D. was defective in Y out of 
1 2 

18 cases, or 2, as compared with a like defect in 7 Of 
the amblyopic eyes (p.31 ). 

TABLE.-- -10.Besides the above eyes, there were 4 cases of 

Alternate Convergent Strabismus, in which the visual acuity 

of each eye was equal. 

No. of one eye 
L.71. 

of same eye 
L.P. 

77- - - - - -E - - - -G 
106 - -- - - E- - - -E 

120 - -- - - -E - -- -G 

1- 3- 0 2- 2- 0 

There is thus a tendency to equality in the light - 

sense of the two eyes. 

In one case of Table 9 (p.36 ), No. 24, the second 

disc was not seen as early as the first. 

In Table 9, those cases, 6 in number, in which the 
6 3 

squinting eye saw only 17T, or a part of IT, have been separ- 

ated, and arranged 

(1) In accordance with the age of the patient, and 

(2) In accordance with the glasses worn. 

They can thus be considered as an appendix to Group 1. 
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TABLE 11.Convergent Strabismus, in which the squinting 
6 ô 

eye saw only 121or partly, arranged in accordance 

with the age of the patient: 

Age No. L.M. L.D. 

11-- --72-- - -E - - - -G 
14-- --17-- - - - I- - G 
14- - -83- - --E - - - - - --E 
16- - --71 - - - --L - - - -E 
18- - - 49 - - L+'+' - - - -G 
18-- -56 E - -- - E -- - -- 

0 - 4 - 2 J - 3 - 0 

TABLE 12- Convergent Strabismus, in which the squinting 
6 6 

,eye saw only-127 or 12 partly, arranged in accordance 

with the glasses worn: 

Glasses worn No. L.M. L.D. 

plane,with -1- cy- 
+ 11 with + cy- 

56 E E - 
72 E G - 

1-2 83 F 
E - G 

E 

E 
+2.5 
-1-2,5F ith + cy- 

49- 
71 L 

L -G +5 17 

0 - 4 -- 2 3 - 3 - 0 

In these the L. T,. in the squinting eye is either equal 

to that in the normal eye, or more acute; while the L.D. 

is either equal or defective. 

The., next table contains those cases of the second 

group, in which the two eyes have equal form- sense. 
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TABLE 13- Convergent Strabismus, in which the two eyes 

have equal visual acuity; --- 

ro. L. . of Sq: 
eye 

L. r, 

17- -G L- 
49 - G E 
56- E E 
71- - L- - E 
72- E G 
83- E E 
94 G G 

L- 99- -.. E 

1- 4 3 4- 4- 0 

Here again,the L.M. is either ( except in 1 out of 8 

cases) equal to or more acute than that in the non- squint- 

ing eye, while the L.L. is either equal fE or defective. 

For the sake of comparison 7.ith Table 5 (p.33 ), 

I have selected from these. cars ofeonvergent strabismus 

':.ithout amblycpia, those in which there is .a. marked 

difference, 3ither in both L.M. and L.P., or in only one. 

Out of the 18 cases, 10 come into the next table. 
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TABLE 14 -- Convergent Strabismus wit,lc.ut Ambylopia, having 

a marked difference in the Light -Sense. 

In which element of 
light-sense 

No. L.'1. L. D. 

(I }Both L.M. & T,. D. - 24- G. -G. 

1 - 0 - 0 1 - 0 - 0 
(2) In 1.N. alone- 17 L - 

69--G 
71 L 
99 L 

1 - 0 - 3 

( 3 ) In L. D. alone- - 14- G 
25 - G 
49- -i 
85- - r, 

94- - G 

5 -- 0 - 0 

Those in which the L.M. is marlsediy different (divi- 

sions]. and 2 )I show that in 3 out of 5 cases, it is more 

acute. Those in which the L.D. is markedly different, show 

that in 6 out of 6 ( divisions 1 and 3 ), it is defective. 

Groups 3 and 4 contain 4 cases of doubtful convergent 

squint,- doubtful,becFuse no squint was made out at the 

time of photometry by myself,' or at any previous time by 

myself or colleagues, but in which there was either a note 

of "tendency to squint," or a history. 

I have arranged these in three divisions; - 
(1) Permanent squint with Amblyop ia. 

(2) Permanent squint without Amblyopia. 

(3) Alternate squirt without Amblyopia. 
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TABLE 15- Doubtful Convergent Strabismus, with Amflyopia. 

No. L. ?V. I , ? . . 

40 E L 
n- i. - 0 0- 0- 1 

TABLE 16- Doubtful Convergent Strabismus, without Ambly- 

opia. 

No. L.T. F T,. n. 

44 - L 
G -CT - 1- 0 - i 1-° 1. - 0 

No. 44 did not see the second disc, with either eye, 

as soon as it was equally brilliant with the first. 

TABLE 17.Doubtful Alternate Convergent Strabismus without 

Amblyopia,-- the visual acuity being equal in both eyes. 

No. L. M. c f 

one eye 
T.. P. 

92- G E 

1 - 0 - 0 0 - 1 - 0 

The cases in this group are too few to be of value; 

and indeed they show as great a variety in the measurement 

of the light -sense as is possil-.e in 4 cases. 

In Group 5, I have 2 cases of alternate ccnverrrent 

strabismus with double amblyopie, that is, each eye saw 

6 

less than TZ. In each case, the visual acuity is different 
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in the two eyes; I have therefore taken the worse eye as the 

one to rank with the amblyopie eye in the tables. 

TABLE 18, Alternate Convergent Strabismus with Double 

Amblyop ia. 

o . L. . . L. 1- 

19- 
20 - 

-r 
G 

L- 
- 

1- 1- 0-- 0- 0 

In Case 20, the second disc was not seen at all, 

even with the less amblyopic eye; while the first disc was not 

seen with the more amblyyopie one. 

In this group, again, the cases are too few to r.e of 

value for comparison. 

Group 6 contains of divergent strabismus 

amblyop is of the squinting eye. 

TABLE. 19- Divergent Strabismus vith Amblyopia,arranged in 

accordance with the age of the patient: 

Age No, L.1\4-. I,e n- 

- 47- L- -G 12 
- 16- T 

G 16 
- 66- -G -r 17 
-110- E 18 -G 

50- - 54 - L -G 
3 - - 

TABLE 2O-°Div rgent Strabismus with Amblyopia, arranged in 

accordance with the glasses worn: -- 
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Glasses vorn No. L.'F. I. T). 

- 11 -110- 
66- 

L 

-G 
-G 
-G 
- G 

E 
plane 
+ 0. 75, with + 
+ 1, with + 

3 

cy 
cÿ 

47 
-G 

- 16 L 

- E 
-E- 54-- -G 

3 - 1- 1 3- 1- 1 

No. 47 did not see the second disc at once, when the 

second diaphragm was turned to the same aperture as the 

first. 

From tables 19 and 20, it- appears that: - 

(a) L.M. of the squinting amblyopie eye was equal to that 
of the normal, in 1, 

(b) L.M. of the squinting amblyopic eye was greater than 
that of the normal, in 

(c) L.M. of the squinting amblyopie eye was less than that 
of the normal, in 1, 

0)L.D.of the squinting emblyopic eye was equal to that of 
the normal eye in 1, 

(e) L.D. of the squinting amblyopie eye was greater than 
that of the normal, in 3, 

(f) L.D:: of the squinting amblyopie eye was less than 
that of the normal, in 1. 

So that in both the L.M. and the L.D. there is a 

tendency to defect. 

Three of these cases presented a marked difference in 

the L.M. and the L.D. 

TABLE 21. Divergent Strabismus with Amblyopia having a marked 

difference in the light-sense:- 



In which element of 
Light -sense 

No. L.M. L.D. 

(1) In both L.M. & L.D. 47- 

54- 

66- 

-G 

L -G 

L- 

-G r. r 

2- 0- 1 2- 0- 1 

The tendency in each element is to defect therefore. 

There are also two cases of alternate strabismus with duu- 

Ile amblycpia, the worse eye being reckoned for compar- 

icon as the amblyopie one in the second case, while in the 

first the visual. acuity was equal in the two eyes. 

Table 22.-Alternate Divergent Strabismus with Double 

Amblyopia. 

No. L.N. L.D. 

26- -G in one eye G in one eye 

39 - E -G 

Group 7 contains 4 cases of divergent strabismus 

without amblyopia. 

Table 23.- Divergent Strabismus, without Amblyopia. 

No. L. M. L. D. 

18 

59- 

84 

121- 

E G 

- G 

-G 

L 

-G 

L- 

-G 

2 - 1 - 1 3 - 0 - 1 
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The divergence in No. 18 was due to the pressure of an 

orbital tumour. 

All the four were cases of marked difference ih the 

light- sense; in three the L.D. was defective, though in 

one more acute. 

Group 8 consists of 12 cases of unilateral amblyopia 

in which there was no evidence at all of strabismus, either 

past or present; and of one .case of double amblyopia,equal- 

ly without evidence of strabismus. I have arranged the 

unilateral ones in the three ways as before. 

Table 24.- Unilateral Amblyopia, without Stabismus, 

arranged according to the visual acuity of the amblyopic 

eye. 

Form-sense No. L. Y. I,. P. 

Ja 45 G L - 

58- - G L 

67- -G -G 

6 37- E -G 
60 

48 - L L 

80- G - (li 

90- L- - -E 
6 13- L -G 

36 
34 L- -G 

6 23 E -G 
274. 

3ó-- - G E 

88- G -I. - 

6 91 E E 

18 
8 - 2 - 3 3 - 4 - 5 

-Q - 



Table 25.- Unilateral Amblyopia without Strabismus, 
arranged according to the Zqe of the patient: 

Age No. L.1.7. L. D. 

11 - 91 E - - E 
13 - 34- - G L- 
14 G - 23 - E 
15 - 80- -G b) 
18 38 G É - 
22 '38- L - -G 
22 - U0- L- E 
23 -48- L- L 
29 la- L - G 

29 37 G - - - E 
29 -67- G -G 
39 -88- L -G- 
47 45 - - -G L 

8 - 2- 3 3- 4- 5 

Table 26.- Unilateral Amblyopia without Strabismus 

arranged according to the glasses worn. 

Glasses worn No. L. M. L. D. 

-45- 
58- 

G I. Plane - 
L 
L 13 

- G 

G plane , with - cy - - 
38- 

- 
G E plane ,with*cy 

90- 
- 

L- E - - 

-F- 1, i th -4- 88- G L w c y - - - 
-}- 1. 75, with- cy- 48 L- L - 

-7÷-2 80- G - - (z) - 91- E E - 23 - E G 

- G 

-}- 3. 5 
G 67- - 

37- G E + 4. 5 - - 
34 - L- - G -I- .5 - 

G 
C7 - 2 - 3 4' Z - .i 
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The sum of these shows us that the:- 

;. -k<<, in the amblycpic eye is equal to that in the normal eye in 2, 

ditto greater than ditto 8, 

ditto less than - -- ditto 3, 

in which we clearly see a distinct tendency to defect in the 

I.. -" -. 

in the amb ly op ie eye is equal to that in the normal eye in 

ditto - - -- greater than - - - - -- ditto 3, 

J. 

ditto - - -- - less than ditto 5 
in which there is no particular tendency to any other than 

normality. 

Table 27.- Double Amblyopia, without Strabismu , in 

which one eye was more amblyc r; is than the other: 

Form -sense Age Glasses worn No. L.V. L.D. 

í ( 6) 
-20- +5 -úl- -- - E- G 56 (24) - 

If one selects those cases from the above,in which 

there is a marked difference in one or both elements cf 

the light -sense, one finds this table: 

Table 28.- Amblyopia without Strabismus, having a mark- 

ed difference in the Light - Sense : - 

In lomont of L. M. L. D. 

-4'r- 



2 - 0 -° 1 

In which element cf 
the light-son.,e 

L. M. L. D. 

' i ) Both & L. D. 13- 

-- 34 

G L 

1.- 0 1 1 

(2) In L.M. alone -- - 37 - 

-58- 

- 90_ 

-G 

L 

(3) In L. D. alone- - 31 
- 45 - 

- 48- 

- 67- 

- 88 

G 

- T 

Thus,of 5 cases in which the L.M. is markedly different 

(divisions 1 and 2 ), it is greater in 3, and less in 2. 

While of 7, in which the L.D. is markedly different (divi- 

sions 1 and 3),it is greater in three,and less in 4. 

While the summary of Tables 24 to 27,p.47, suggested 

a defect in the L.M. , the L.D. remaining normal, thus 

being the opposite of those cases in which the amblyopie was 

associated with convergent squint (see p.33)ß this does 

not hold in the cases selected for gross variation, and 

so need not be pressed. 

Division 2.- The remaining cases are those in which the 

patients, though tested with glasses 1,ef'ore the distance- 

types, were examined as to the Light -Sense without glasses. 
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Group 9.- Convergent Strabismus, with Amblyof:ia. 

I have arranged these in the three different ways:- 

(1) As to the visual acuity of the Amblyopic eye.- 
(2) As to the age of the patient,and:- 
(3) As to the refraction , as determined by ret inosco py. 

The figures given as the result of the ret inoscop is 

examination are the measure of the lens with which the 

shadow was turned, a plane mirror being used throughout; 

astir natism has not been recorded in the tables. 
Table 29.- Convergent Strabismus, with Amblyropia, 

arranged in accordance v;ith the visual acuity of the 

amblyopie eye: 

Form--Sense Ivo. L.Y. L.D. 

Hand 125 - I,- -G 

Fingers 114- ---- ti) -G 
138- E G 

157 E - -E 
159- - E -G ----- -- 
160- -G--- --- E - 

12 L- E 
127 E E --- 
135 - - T. E 
136 -G E 
144- r, -G -- 
147 E E 

a 145 E ----- h 
149- -G 60 E 
152- ------- E -G 
161- L- -- E 

6 160- T - u 
142- G--- tq) - 

6 128- - -G -G- -- - 

141- -- E 18 -G 
154- r E 
156 T E 

9- 10 - 3 7- 1< - 

z 



Nos. 114 and 142, did not see two discs at any time. 

Nos. 12, 125, and 15, did not see the second disc at once. 

Table 30.- Convergent Strabismus with Amblyopia, arrang- 

ed in accordance with the age of the patient: 

Age No. L.',`. L. D. 

12 136- E G 
1b7 E E 

13 149- E ,r, 

152- -G E 
159 G E 
160- - G E 
161- L E 

14 142 G e2) 

15 12rÌ- E E 
144- E -G 

17 130 C -G 
18 146- E 
19 125- 

147- E E 
154- 

20 12- L E 
21 135- E L 

156- F E 
25 114- -G ti 
27 141- G E - 

35 128 -G -G 
38 138 E G 

9 -10- 3 7 -- 12 - 1 
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Table 31.- Convergent Strabismus with Ambl copia, 
arranged in accordance with the retinoscopy of the AmhTyop" is eye. 

Retinoscopy No. L. Y. T.D. 

- 0. 5 130- G -G 

-+ 0. 25 138- 
-{- 1. 5 142- G - (11 

4 2 125 - 
127 

146- 

L -G - 
E F 

E E 

+ 2. 5 149 

157 

E -G 

E E 

+ 3 144- -G E 

-}- 4 136 E G 

-}- 4 . 5 141- G T: 

+ 5 135- 

154 

156- 

E L 

E G 

E E 

+ 6 12b--G -G 

+ 7. 5 160--G E 

+ 8 159- E G 

+ 8. 5 147 E E 

+ 10 L- E 161 

+ 11 152- - - G - _ E 

8 -- 10 - 2 7 - 11 - 1 
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Of the 22: caatt : - 

(a.) L.M. of the squinting amb.lyopie 
of the normal eye in 

(b) L.M. of the squinting amblyopie 
that of the normal eye in 

(c) L.M. of the squinting amblyop is 
that of the normal eye in 

(d) L.D. of the squinting amblyop is 
that of the normal eye in 

eye was equal to that 
10 

9, 

eye was greater than 

eye was less than 
37 

eye was equal to 
12 

(e) L.D. of the squinting ambl : cpic eye was greater 
than that of the normal eye in 7 

(f) L.D. of the squinting amblyop ie eye was 1 e s s than 
that of the normal eye in 1, 

7 

a result not much different from that on p., where 
glasses had been worn during the photometry, the most 

1 
notable difference being in the fewer cases ( instead 

of 40 )in which the L.D. was more acute.1? 2 of the cases 

could not have the L.D. determined, because they never saw 

the two discs. 

I have, as usual made a spearate table of those 

amongst the above cases, in which there was a marked differ- 

ence in one or both elements of the Light- sense. 

Table 32:= Convergent Strabismus with Ambl :ropia, 

having a marked difference in the light- sense. . 
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Table ,32. - 

In which element of 
the Light-Sense 

No. L.71% L. D. 

(i) Both 

+, 2) L. M. 

(6) 
L, D. 

L. M. & L.D. 125- 

130- 

--G 

-G -G 

L- 

1 - 0 - 1 2 - 0 - 0 

alone 12 

128- 

159- 

L 

-G 

-G 

2 - 0 - 1 

alone 135- 

136 

138 

154- 

-0 

- G 

-G 

L 

3 - 0 - 1 

5 cases had the marked variation in their L.V. (divisions 

1 and 2,)T- in 3, it was greater, and in 2 less. 6 cases 

had the variation in their L.D. (divisions 1 and 3,)r- in 

5 it was greater, in 1 less. In this summary then, 

there is a general agreement with the summary on p.33, --- 

showing a tendency to defective L.D. 

The next Froup (10) contains those cases having con- 

vergent strabismus but no amblyopia, -13 cases in all, 

arranged in the same three ways as before. 



Table 33.- Convergent Strabismus without Amblyoni a arranged in 

accordance with the visual acuity of the squinting eye: 

Form-sense No. L.M. L.D. 

6 
17 148 G E 

- 151 -G E 

- 153 E E 

- 162 E E 

6 

TS - 126 - G E 

134 - G E 

139 L E - - 

-G - 140 E 

6 

6 - 131 E E 

143 E E - 
-G E -150 

E E - 158 
4 - 7 - 1 2 -10 - 0 

Table 34.- Convergent Strabismus without Amblyopia, arranged in 

accordance with the age of the patient: 

Age No. L.M. L . D . 

11 L E 139 

E G 140 

E - G 148 

G E 150 

E E 158 

E E 162 

COnEinued 
fr 



O 

5 
C 

C 
O 

Age No. L.M. L.D. 

13 131 E 

151 -G 

E 

E 

14 126---- - G E 

15 143 E E 

16 . 134 -G E 

27 153 E E 

4 - 7 - 1 2 -10 - 0 

Table 35.- Convergent Strabismus without Amblyopia, arranged in 

accordance with the retinoscopy of the squinting eye. - 

Retinoscopy No L.M. L.P. 

-0.5 150 G E 

+ 0.5 143 E E 

2 158 E E 

-t-3 140 

126 

153 

G 

E G 

E 

E 

-4- 3.5 131 E E 

+4.5 134 

148 

G 

E G 

E 

+ 5 162 E E 

4-5.5 139 L E 

+ 6 151 G E 

4 - 7 - 1 2 -10 - 0 
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Table 36.- Alternate Convergent Strabismus, without Amblyopies, 

in which the visual acuity of the eyes was equal. 

Form -sense Age Retinoscopy No L.M. L.D. 

6 

ú 15 -F 2.75 129 G in one E 

In this group (tables 33 -36) there is no marked variation from the 

normal, for the:- 

(a) L.M. of the squinting eye was equal to that of the normal eye in7, 

(b) ditto greater than 

(e) ditto less than 

(d) L.D. ditto equal to 

(e) ditto greater than 

(f) ditto less than 

ditto - 4, 

ditto 1, 

ditto 101 

ditto 21 

ditto 0. 

The tendency observed in the former group, 2, (p. 36 )7 -to equality 

of the L.I.Z., is here also, and in addition a tendency to equality of 

the L.D. 

Only 2 cases in this group show a marked variation in the light - 

sense between the two eyes, and these two cases incline, if anything 

to the sane view. 

Table 37.- Convergent Strabismus, without Amblyopia, having a 

marked difference in the light sense : - 

In which element of 
the light- sense No. L.F.T. L.D. 

(2) L.M alone L 139- 

-G 151 

1 - 0 - 1 
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Group it contains 3 cases of divergent strabismus with Amblyopia, and 

1 with double amblyopia, which I have arranged in the usual manner. 

Table 38,- Divergent Strabismus with Amblyopia, arranged in 

accordance with the visual acuity of the squinting eye:- 

Form-sense No I L.M. L.D. 

Ja 68- 

L 

6 

133- 36 

6 

- G E 

fg 132 L 

2 - 1 - 0 1 - 1 - 1 

No 133 did not see the second disc at once, with either eye. 

Table 39,- Divergent Strabismus with Amblyopia, arm anged in accord- 

ance with the age of the patient:- 

Age No La4 L.D 

-G -G 

E 

L 

23 -68 
G 26 -133 - 

E 31 -132 . 

0 1- » 1- ] 

Table 40- Divergent Strabismus, with Amblyo-oia, arranged in 

a ordance with the retinosco.i y of the squinting eye: 
Retinoscapy 

-0.25 

4-2 

No 

132 

-133 - 

L.12 

E 

E 

L.D 

L 

1 - 1 - 0 

-57- 



Table 41.- Divergent Strabismus, with Double' Ambly.opial. 

the eye having the less visual acuity being taken for com- 

parison with the amblyopic eyes in other tables : - 

.Form-sense !_ge Retinoscopy iVo.. L.M. L. n. 

6 

21 1.75 155 L, E 13.2 

The cases in this group (Tables 38 - -- 41) are too 

few to permit of any generalization upon them, but any ten- 

dency they have to abnormality is in the directicn of 

defective L.M. 

2 only have any marked difference in the light- -sense 

of the two eyes: 

Table 42.- Divergent Strabismus, with Amblyopia,having 

a marked. difference in the light- sense : - 

In which element of 
the light -sense 

No. L.M. L.P. 

(1) Both L,M. & L.D. 68- -G --G 

1- 0- 0 1- 0 -- 0 

(3) L.D. alone 132 -- - T. 

0 - 0 - 1 

Conclusions.-- One is now in a position to draw conclusion. 

I have put together all the cases of convergent 

strabismus with amblyopia, examined Ls to the light -sense 

either with or without glasses, which show a marked differ- 

ence in their light -sense ( groups 1 and 9). 
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Table 43.- Convergent Strabismus, with'AmblyoNiayhavinF 

a marked difference in the light -sense of the tv,o ryes; 

(Tables 5 and 32) 

In which element of 
the light -sense 

No. 

(i) Roth.L.M. <4c L.D. 

(2) L.M. alone 

L.D. alone 

52 
57 

123 
125 

130 

L.M. 

1 - 0 - 2 

1 - 0 - 1 

- 0 - 0 

2 - 0 - 0 

2 - 0 3 5 - 0 - 0 
12 

41 
43 
61 
70 
74 
81 

117 

128 

159 

0 0 - 1 

5 - 0 2 

2 - 0 0 

o 

28 
46 
52 
55 
79 

7 0 - 4 
82 
86 
95 
98 

102 
105 
135 
136 

- 0 - 1 

138 
154 

10 _ 0 - 
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That is, of 15 cased ( Divisions 1 and 2 ), in which the 

L.M. is affected markedly, 9 have it increased, and 6 have 

it diminished. 

On the other hand, of 20 cases ( divisions rl and 3 ), 

in which the L.D. is similarly affected, lb have it 

increased, and 5 have it diminished. 

In like manner I put together those cases of conver- 

gent strabismus, without amblyopia, in which there was a 

marked difference in the light -sense of the two eyes. (Tab- 

les 14 and 37 ). 

Table 44.- Convergent Strabismus, without Amblycpia , 

having a marked difference in the light - sense of the two r7e8: 

In which element of the 
light- sanse 

No. L.Y. L.D. 

Vii. & 24 1 - 0 - 0 1 - 

(2) L.M. alone 17 
69 1 - 0 - 3 

71 

99 

139 
1 - 0 - 1 

151 

2 - 0 - 4 

(3) L.D. alone 14 
25 

- 0 - 0 
49 
85 
94 

5 - 0 - 0 

Here then, of 7, which have a variation in the 1.. »., in 

3 the L.M. is greater, and in 4 less. Of 6,v.hic'r_ vary as 
to the L.D., in all the L.D. is increased. 



In the next place,' have made a similar summary of 

the cases of divergent strabismus, with amhlyopia, which, 

with or without glasses, shcw a marked difference in the 

light -sense of the two eyes (Tables 21 and 42). 

Table 45,- Divergent Strabismus, with a.firltilyop id, 

a marked difference in the light--sense of the twc :yes: 

Tn which element of the 
liFht°-sense 

"`c,. L.Y. L.D. 

( 1 Both.L.M. & L.D. 47 
- 0 - i - 0 1 

J4 
06 

JÓ i- 0- C 1 0_ 0 

3- 0 -- 1 ., - 0- 1 

i3) L.D. alone 132 0- 0- 1 

That is, where the L. M. is affected- markedly, in 3 

out of 4 it is increased, and in 1 diminished. 

Where the L.D. is markedly affected, out of 5 cases 

it is increased in 3, and diminished in 2. 

So far as it goes, this table points to defect in the 

L.T.C., and also, though in less degree, to defect in the L.P., 

but the number of cases is too small to permit of useful 

generalisation. 

Also, the number of cases of divergent strabismus with- 

out amblyopia (Group. 7.) is too small to be worth consider- 

ing. 

Lastly, I may recall the fact (p.48) that, in amblyci,iic 

eyes without strabismus, there is no overwhelming evidence 

pointing either to the L.M. or the L.D., though either may 

be affected. 
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This inquiry then has a negative result, for no abso- 

lute rule as to the light -sense in squinting or amblyó_ is 

eyes, as compared with the et in their normal fellows, has 

been revealed. In all the groups, a large proportion of 

the cases present equal or nearly equal light -sense in the 

two eyes. Of the remainder, some have defective L.7., 

and some defective L.D., some have more acute L.M. and 

some more acute L.D. And neither acutt: of vision, age, 

nor refractive error, seems to assist in determining any 

classification of each kind. Of those cases of Convergent 

Strabismus however, either with or without amblyopia, in 

which the light- sense is markedly different in the squint- 

ing eye from that in the normal eye, the majority show 

a defective L.D. In other words, these cases seem to 

have some affection of the optic nerve or nervous elements 

of the retina. 

Oneis forced to the conclusion, therefore, that 

probably the light -sense is not primarily responsiblrs for 

the squint or for the amply °opia. The explanation of squint 

is still hidden. 

PHOTOIVI:ETRY 0E NORMAL EYES:- In order that I might report 

on the cases cf toxic aníblyoeia, which I have examined the 

light -sense of, it is necessary to determine the average 

of the normal eyes, as to their L.M. and L.D. 

In doing this, I have included all the eyes el' the 

preceding study, which did not squint, and a few extra 

ones which were seen during the same time. 



All were perfectly healthy, as evidenced by the ophthalmos- 

cope and the visual acuity. I have accordingly made 

tables of 73 eyes,whose light -sense was examined while they 

wore the correcting glasses necessary, and of 29 eyes which 

were examined naked. I have tabulated each lot in accord- 

ance with their decades of life, having sub- tables of the 

different acuities of vision under each decade. 

Table 46.'- Average L. . and L.D. in terms of square 

millimetres of area of diaphragmatic aperture, and also in 

millimetres of diameter of the.same; glasses being worn 

during photometry : - 

Age Form-sense L.V. 
In Sq. m. m, 

L.D. 
in 

?roportion 

L.Y. L.D, 
in m. m, 

1-10 
6 ÿ 31 -3 , ` -8 

11-20 
e 

- - 7- - 3 
-- 3 

6 

6 

23 - 1.9 

g 
6 

28 - 1.3 - 8 - 

12 30 1.9 

21-30 
6 

-- 8 - - 3 

- 4 

- 3 

6 
6 

-29 -1.G 

5 
6 

34 -1.8 

-1.5--- 

-8 - 
- 7 - 12 -23 

31-40 
6 

- 9- - 2 

- 2 

6 

6 

44 - 0.7 
9 31 - 0.9 -8 -- 

1-50 
6 

-77 -8 - 2 29 -1.0 

The figure in the third column is the area of the 

circular ring formed by the partly opened diaphragm and 

the central cylinder of wood. That in the fourth column 

i2 the proportion expressed as a decimal fraction, of the 

extra area, needed to enable the observer to note a differ - 
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ence in the brilliancy of the discs, to the L.M. 

The figure in the fifth column is the diameter of the 

diaphragmatic aperture at the first reading, and that in 

the sixth column is the diameter at the second reading 

(p.1G) 

Anti 
Table 47.- Average L.Y. cr L.D., in terms of square 
millimetres of area of diaphragmatic aperture, and also in 

millimetres of diameter of the same; no glasses being 

worn during photometry. 

The form- sense iti, that obtained by correcting the 

refractive error with glasses, which were removed before 

introduction to the photometer. 

Age Form -sense 

11 -20 

2130 

12 

L. M. 
in sq. 

Millimetres 

L.D. 
ir. 

proportion 

T,. T,. 

6 

23 

25 

14 

v, 

1.0 -- 
0.y 

1.3 

in 

7- 
8 

7:1. iï.. 

-lor2 

2 

- lcr2 

-8 - 
6 

41--50 6 31 0.9 -8 - - 

These two table:; collected into r 11', ,znder the decades 

of age, give a result as follows: 

Table 48.- Average L. Y. and L.D. in terms of square 

millimetres ci area of diaphragmatic aperture, and also in 

millimetres of diameter of the same: - 
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Age Form-sense L.M. 
in 

sqm.m. 

L. D. 
in 

prn:pnrtion 

T,. M. L. D. 

M. M. 

6 

1-10 -- 31 --- b - 6 - - --- - - - - 1.0 --- - 

6 

11-20 - 23 1. 5 - 7- --- 2 6 
6 

26 - 0- - 8- - 2 o r 3 g 

6 

12--- 22 - 7 --- - 2 1.5 
6 

21-30 6 27 - 8 - - 3 
^ 
o 

1.5 - 
9 34 - 8- 1.8 - 4 
6 

12 18 lor2 1.0 - 7 -- 

6 

31-40 6 1.0 - 9- - 2 --44 - 

6 

31 0.9 
6 

41-50 6 - 30 1.0 - 8- - 2or3 
6 

9 29 1.0 8- - 2 
These, again collected together under the decades, give 

the following figures as the averages for the five decades 

named, and they are seen to be all similar; 

Table 49 Average L.M. and L.D. in terms of square 

millimetres of area of diaphragmatic aperture, And also in 

millimetres of diameter of the same. 

Age L. M. 

Sq. m.m. 
L. D. 

proportion 
L.M. L. D. 

m.m. 

1-10 1.0 -- - 8- 3 31 

11-20 - 7 - 
. 24 1.3 2 

21-30 1. 7 - - 8- 3 26 

31-40 1.0 - 8 - - 2or3 28 

41-50 1.0- -8- 2 29 
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UrUUp lOtJaCCo Amblyopia,. 

We can now reckon the cases of Toba.ceU amblyopia, 

of which I have 12 eyes to report on. 

Table 50.- Tobhcco Amblyopia, arranged in accordance 

with the visual acuity. 

Form-Sense No. L. M. 
sq. m.m. 

L. M. 
m.m. 

L. D. 
proportion. 

Ja 93 -15- 0.25 -157 

137 -19 7-- - 1.32 

137 - 1. 32 29 7- - - 

6 

:C -93 44-- --9-- - 4.34 

107- - -44 --- - 9 1.11 

107 0.90 -31 --8 
6 

36 87 59 ','.0 -10 - 

112 0.3 - -157 - 15 

112 1311 --- 0.3b -14 

163_ 44 9 0.34 -- 

163 -- 8 - - - ---- 0.42 -31 
6 

24 2.11 87 19 - 7 - - 

3 of these eyes have distinct increase in the L M. one of 
6 

them seeing Ja, and two 6 
6 6 

3 have markedl;i increased T.D. one seeing ',one 3E', and 

6 

one 24. 
In most of these cyes,therefore, there is no affection of the 

L NT. or the L, D., so that neither the retina nor the optic 

nerve, so far as its connection with the liFhtrsense centre 

is concerned, need be affected. The cases are to few, 

ho:;ever, to' permit of donatism. So far as the observation 

Foes, it is in accord with Henry's (op. c it.), who E1so found 

with his photometer that the L.M. was not affected in toxic - 

amblyopia. -66- 



APPEtiTD IX. 

I have placed in this appendix a table of all the cases 

I have reported on, in their numerical order, so as to be 

easy of reference from any of the tables in the body cf the 

paper. 

The media and fundi are in all cases healthy and nor- 

mal; where gaps occur in the table, it is to be under- 

stood that the eye or eyes omitted had some condition 

which prevented their being out with certainty under such 

a description. 

In most cases the retinoscopy was done during myei- 

riasis, u_lIally from atropine, at other times from 

117 

homatropine or cocaine, The figures under L.M. are the 

measure in millimetres of the diameters of aperture of the 

diaphragms. Those under L.D. are the proportion that the 

area of the L.D. rears to the area of the I..T. in square 

millimetres. 
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