
1870-3 Lorino, Determination of Optical Condition of Eye, etc. 323 

only whose hearts were allowed to remain unopened from twelve to twenty- 
four hours after death, the temperature varying from 75° to 00° Fahr., 

the blood when removed from the cardiac cavities in such a way as to 

avoid all contamination, and carefully examined with a high power, ex¬ 
hibited cells corresponding perfectly to those described by Prof. Halford; 
yet that these so-called “ peculiar cells” were always mingled not only with 
white blood corpuscles in their ordinary “ pearly and opaque” condition, 
but also with those in various stages of enlargement and alteration, such 
as may be at any time produced in the white globules of normal blood 
simply by diluting the liquor sanguinis with water; and further, that in the 
ease of the goat, when a majority of the “ peculiar cells” presented the 
unusual character of being multinueleated, the white blood globules, if dis¬ 
tended by water, exhibited the same peculiarity. We may, therefore, I 
think, fairly conclude that the abnormal corpuscles in these particular in¬ 

stances were in reality only white blood globules which had undergone an 
alteration similar to that caused by reducing the speciGc gravity of the 
blood, and so establish a strong presumption (whose correctness Prof. Hal¬ 
ford can alone decide) that the “ peculiar cells” described by him as result¬ 
ing from the poison of snake bites are precisely analogous in their elmrae- 

lC In regard to the “thinning” of the blood I hope to have an opportunity 
of deciding as to its amount at some future time by taking the sp. gr. of 
that (laid at intervals after death by means of a hydrometer. To do this, 
however, one of the larger animals, as a horse, for example, will be re¬ 

quired. 

Art. HI-—Determination of the Optical Condition of the Eye by the Oph¬ 

thalmoscope, with a new Modification of the Instrument for that purpose. 

By Edward G. Lorino, M. D., Surgeon to the Manhattan Eye and Ear 

Hospital, N. Y., and the Brooklyn Eye and Ear Hospital, Long Island. 

(With eleven figures.) 

If the ophthalmoscope was one of the most brilliant inventions ever 

known to medical science, it was certainly also one of the most complete, 

for the very method first proposed by Helmholtz still remains, by far the 

most beautiful, comprehensive, and truthful of all the means yet in our pos¬ 

session for the exploration of the bottom of the eye. 

From the difficulties which this method is supposed to offer—difficulties 

which arc rather imaginary than real—its use has never attained, e\en 

among oculists themselves, that prevalence which its merits deserve. 

Thanks, however, to the untiring perseverance of Jaeger as an observer, 

and his unequalled skill as a delineator, as well as to the written precept 

of his disciple Mauthner, examinations by the upright image are being 

pursued with a zeal which cannot fail to contribute largely to our know¬ 

ledge of intraocular conditions, both normal and pathological. 
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There is, however, one particular advantage which this method offers 

above all others to the explanation of which the following remarks will 

exclusively apply, and that is, as Helmholtz himself pointed out, “ the 

ability to determine the optical condition of the eye independent of its 

visual power, and the statements of the person examined.” 

Since Helmholtz Grst pointed out this fact in 1851, both Ed. Jaeger 

and Donders have written upon the subject, but it is to Mauthner, in his 

recent admirable work on the ophthalmoscope, that we are indebted for the 

most exhaustive treatise which exists on this important branch of ophthal¬ 

moscopy, and we sincerely regret that no translation of this text-book, 

which is by far the best which has ever appeared, has not yet been made 

iuto English. 
Before passing to a detailed consideration of the methods of determining 

the various errors of refraction, there are some practical points common to 

the examination of all to which it may be well to call attention. 

In regard to the kind of ophthalmoscope, any instrument which is pro¬ 

vided with an apparatus at the back for holding the necessary glasses 

may be used. The kind of mirror too is rather a matter of preference than 

necessity; some observers preferring a plane, others a concave silvered 

one. For the simple determination of errors of refraction, I must say that 

I have a decided preference for the latter wherever it is not directly con¬ 

traindicated by a dread of light on the part of the patient. There are, 

it is true, cases where the iris is unusually responsive to light, where it is 

necessary to use the weak illumination, and even here the difficulty can be 

usually met by reducing the volume of light employed. 

If Jaeger’s instrument is used, then the lamp which is the source of 

light can be at a distance laterally from the head of the person examined, 

which is somewhat of an advantage as a matter of comfort both to the 

observed and observer. If, however, an instrument is used like Licbreieh’s 

common ophthalmoscope, where the mirror is not set at an angle, then the 

light should be placed more on a line with the patient’s head, so that the 

incident rays may strike the mirror at a reduced angle. 

The position of the patient and examiner is not without importance. 

The observer should sit well to the side of the patient and on the side of 

course of the eye to be examined. If the right eye is to be examined, the 

patient should be directed to look slightly towards the right; if the left eye, 

then towards the left. This throws the optic axis away from the median 

line, places the optic nerve just opposite the pupil, and allows the observer 

to approach very near the observed eye without beuding too much over 

the person examined. 

The observer must learn to use either eye and either hand os occasion 

may require, so as to be able to examine the patient’s right eye with his 

right and the left with his left, holding the ophthalmoscope in the right or 

left hand, os the case may lie. 
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Vs the very word refraction implies the true optical value of an eye in¬ 

dependent of its accommodation, it follows that this condition can only he 

ascertained when the eye examined is in a state of rest. Farther, that it 

is indispensable that the observer should be aware of the exact state of re¬ 

fraction and accommodation of his own eye, before he can estimate that of 

a”Perfect relaxation of the accommodation in the observed eye can of 

conrsc be obtained by atropia, no matter what the nature of the refraction 

is. But usually, sufficient relaxation can be obtained in emmetropia by 

cansinw the patient to look into the distance, and as much as possible into 

vacancy, which is induced somewhat by having the walls of the ophthalmo¬ 

scopic room painted black. For a myope it will only be necessary that he 

Should look at some object which is at a greater distance than Ins Tar point. 

The ability and disability which hypermetropcs have in relaxing their accom¬ 

modation will better be considered a little later under its special heading. 

As far as the observer is concerned, it can be laid down as a rule, at 

least for beginners, that the nearer the refraction of his eye approaches 

emmetropia and the more completely he can relax his accommodation, the 

better. This ability to relax the accommodation varies with different 

people, some acquiring the power completely, others only partially. Prac¬ 

tice hero, ns everywhere else, increases the ability. If the observer is 

emmetropic, one or the best methods of acquiring this control over the 

accommodation is to take a convex glass of a moderate power, say 8, 

and ascertain the farthest point at which fine type can be read with per¬ 

fect distinctness through the glass, the other eye being closed, or better 

still opened lint excluded from the visual act by a screen, as under this 

condition there is a tendency for the visual axes to assume a parallel posi¬ 

tion and with it that perfect state of rest usual to them when looking at 

the most distant objects, ir the object can be moved in this case to a dis¬ 

tance of eight inches, it is proof positive that the accommodation is en¬ 

tirely relaxed, since, as the object viewed is situated at the principal focus 

or the glass, only parallel rays can enter the eye, and such rays can only 

he brought to a focus on the retina of an emmetropic eye when it is in a 

state of perfect rest. This experiment should be repeated with glasses of 

various strengths till the ability is acquired of always seeing the test object 

at the focal distance of the glass used. This once acquired, a little further 

practice with the ophthalmoscope will also enable the observer to relax his 

accommodation during the examination. 

If however, the object viewed cannot be removed from the eye to a dis¬ 

tant equal to the focal length of the glass, then it is evident that the 

accommodation is not entirely relaxed. If, for example convex „ )0 

used and the object, instead of being seen distinctly at eight inches, can 

only be so seen at six, then it is evident that some accommodation is still 

going on, and the exact amount of this will be equal to the difference 
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between £ and | = a1*. Continued practice may soon enable the ob¬ 

server to overcome this involuntary contraction of the accommodation. 

Sometimes, however, in spite of all his efforts, it still remains, but he soon 

finds that the amount used is always the same. This then represents the 

optical condition of his eye. If, for example, he finds that the amount of 

accommodation which he still uses is or -jV, his eye is then, practically 

speaking, no longer emmetropic, but myopic, equal in fact to or -j'j, ns 

the case may be. Consequently, lie must use a concave -j1^ or -jV, in order 

to sec clearly a near object, the rays from which, however, enter his eye as 

parallel. Having thus ascertained the optical condition of his eye in its 

greatest state of rest he should, having selected some one whose eye has 

been proved to be emmetropic, practise with the ophthalmoscope through 

the glass which he has previously found neutralizes the amount of accom¬ 

modation which lie involuntarily employs. 

As a rule, then, the weakest concave glass through which the fnndns of 

an emmetropic eye can be distinctly seen, should be taken as the criterion 

on which the emmetropic observer, who cannot entirely relax his accom¬ 

modation, should base his estimates of refraction. 

If the observer is ametropic, the simplest way for him is to reduce his 

ametropia by the suitable glass. More, however, in regard to this matter, 

will be found under its appropriate heading. 

It is of course very essential, for on accurate determination of the refrac¬ 

tion, to have some object point in the eye examined which shall be fine 

enough, not only to let us judge when we sec, but when we are seeing with 

the most perfect sharpness. 

The most conspicuous object, and one for which we at first instinctively 

look, is the papilla, bat this should never be chosen, as it very frequently 

is however, as an object on which to found onr observations, for the disk 

often protrudes, sometimes to an enormous degree, above the general plane 

of the rest of the retina,1 and would thus frequently lead to the supposition 

that an eye was hypermetropic, sometimes markedly so, which was in reality 

emmetropic or even myopic. An eye lately examined by the writer was, for 

example, hypermetropic one-fortieth at the disk, but myopic one-eighteenth 

in the region of the macula. The general trunks of the central artery, 

besides being often on an advanced plane, at the nerve entrance, nrc in 

themselves seen under too great an enlargement to admit of nice discrimi¬ 

nation in focal adjustment There are, however, some very fine vessels 

which always leave the edge of the nerve, running out horizontally on 

both sides. These are admirably adapted for the purpose, when viewed at 

a little distance from the disk, especially towards the inner side; the best 

of all objects, however, at least for those who are skilful in this kind of 

examination, is the choroidal epithelium in the neighbourhood of the 

1 Compare Scliweigger's Vorlesnngen, Taf 1, figs. 1, 2. 
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macula, though the advantages which this region offers are more than 

counterbalanced by the difficulties which attend its examination. 

The observer having found out the exact optical condition of his on n 

eye, what remains for him to do is, first to ascertain the nature of the re¬ 

fraction of the eye under examination, and then, if ametropic, to determine 

the exact degree of the anomaly. 
If the observer is emmetropic, and relaxes his accommodation entirely, 

lie knows that his eye is adjusted for parallel rays only. Now the only kind 

of eye from which rays emerge parallel, is an emmetropic eye, conse¬ 

quently, if the fundus of the eye examined is focussed sharply on the ob¬ 

server’s retina, the rays which enter his eye must be parallel, and the eye 

observed must be emmetropic. 

If, in a given case, the observer finds that he does not gain a clear view 

of the eye examined, when his own eye is in a state of rest, but that it 

becomes clear by using his accommodation, lie then knows that the ob¬ 

served eye must be hypermetropic, since his own eye under tension of the 

accommodation is no longer adjusted for parallel, but for divergent rays, 

and there is r.o eye but a hypermetropic eye from which divergent rays can 

possibly come. 
If the observer finds, however, that he can get no clear view of the fun¬ 

dus, either by relaxing or calling forth his accommodation, he knows that 

the rays coming from the observed eye cannot be either parallel or diver¬ 

gent, consequently they must be convergent, and the eye examined myopic. 

Having thus ascertained, in a general way, the nature of the optical con¬ 

dition present, the next step is to determine the exact degree of the refrac¬ 

tion. The method for doing this will be embodied, for the sake of convenience 

and brevity, in the following propositions, it being presupposed in all cases 

that the examined eye is in a state of rest. 

Proposition T. For an emmetropic eye to determine that the observed 

eye is emmetropic—Let A (Fig. 1) be the observed eye illuminated by the 

Fig. 1. 

ophthalmoscopic mirror m. Since the eye is emmetropic, and in a state 

of rest, rays radiating from an illuminated point a on the retina must leave 
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tlie eye as parallel, and, as such, pass through the hole of the mirror c. 

If now the observer’s eye is placed behind the mirror, the rays which strike 

his cornea, being parallel, will, since his own eye is emmetropic and in a 

state of rest, just come to a focus on his retina at the point b. A distinct 

image of the fundus will therefore be obtained, as what is true of one point 

is of all. As his eve is adjusted for parallel rays, and for no others, ho 

knows the eye examined must be emmetropic ; consequently, the fundus of 

an emmetropic eye can be distinctly seen by another emmetropic eve, with¬ 

out the aid of any correcting glass; providing, however, that the observ¬ 

er’s eye is also in a state of rest. 

If, however, the observer is unable to relax his accommodation entirely, 

it is evident that the parallel rays entering his eye must come to a focus 

in front of the retina, that is to say, rays coming from the point a (Fig. 

1) will no longer come to a focus at b, but will unite in front of it at e 

(Fig. 2). Circles of dispersion will consequently be formed on B's retina, 

and an indistinct image of A's fundus will be the result. 

FiS- 2. 

The reason of this is that B's eye—as has been formerly explained— 

though emmetropic while looking at distant objects, is, as fur as ophthal¬ 

moscopic examinations are concerned—since he cannot relax his accommo¬ 

dation—virtually myopic, and a concave glass (g) must be used behind the 

ophthalmoscope, to bring parallel rays to a focus on his retina. The 

weakest concave glass that will do this will then be just the amount that 

B's accommodation cannot be relaxed, and with it his eye will be just 

adapted for parallel rays; consequently, when the fundus of an eye can 

only be seen clearly through this glass, the eye must be emmetropic. 

Proposition II. The observer being emmetropic to determine the 

amount of myopia in the observed eye.—As the observed eye is myopic, 

rays of light emerging from it arc convergent, and will meet at a point in 

front of the eye, at a distance just equal to the amount of the myopia. 

If, for example, the myopia equals J then the rays will meet at six inches 

in front of the nodal point. As the observer’s eye, however, is emmetro¬ 

pic, and in a state of rest, it is accommodated, not for convergent but 
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parallel rays, so that before the convergent rays coming from a myopic eye 

ran be focussed on the observer’s retina, tiiey must be made parallel. This 

aill be made clear by the following diagram (Fig. 3). 

Fig. 3.’ 

Let A he an eye myopic J ; rays of light leaving its retina will emerge 

convergent, and come to a focus six inches in front of the nodal poin t o, 

at the point ft. If we could place a concave lens i at the nodal point, 

ac should neutralize the myopia, and the rays would then leave the 

eye ns parallel, since the glass would then be just six inches from the 

point ft, which would then represent the virtual focus of the glass. But 

as we cannot put the glass at the nodal point of the observed eye, we 

place it ns near ns the conditions of an ophthalmoscopic examination will 

permit. This distance is generally assumed to be about two inches. As 

the glass (g) is then two inches in Trout of the nodal point, the distance 

between it nnd the point ft will bo only four inches; consequently, it will 

require a concave J, to render the rays parallel at two inches from the 

eye, while it only required £ at the nodal point. If the glnss (</') is at 

three inches from the nodal point, then it will bo only three inches from 

the point ft, nnd it will require a glass of to reduce the rays to 

parallel; consequently, $ three inches from the nodal point is equal to 

l at it. That is to say, the glnss required is just as much too strong ns 

it is distant from the nodal point. IVe must therefore reduce it by this 

cpinntity. In the above cases it will be i+a=£- a+a=o- From which 

we deduce— . . 
For an emmetropic observer whose eyeis at rest, the myopia m agiven 

case will equal the weakest concave glass through which the fumlus is 

seen distinctly, plus the distance of the glass from the nodal iwint of the 

observed eye. 
This will give the exact amount of the myopia present, but inasmuch as 

we usually measure degrees of ametropia by that glass which brings par¬ 

allel rays to a focus on the retina, placed, not at the nodal point, but half 

an inch in front of it, we may for ordinary calculations omit this half inch. 

For example, we say a man is myopic J. when a concave J placed one-half 

inch in front of his nodal point, brings parallel rays to a focus on the 

retina; lie is really, however, myopic only J|. So, loo, with the ophthal¬ 

moscope wo may neglect this half inch, and then the result will give the 

amount of ametropia, as it is usually expressed, in glasses. 
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We have taken the distance between the glass and nodal point as two 

inches, simply as a matter of convenience and because it represents about 

the distance common to those who are not adepts in this kind of examina¬ 

tions, especially if they use Jaeger’s ophthalmoscope. With a little prac¬ 

tice the observer can reduce this distance to one inch instead of two, and 

if lie uses an ophthalmoscope, the mirror of which lies in the same plane 

with the handle, he can with a little skill approach so near the eye, as to 

place the glass he looks through nearly in the position which the patient 

would in wearing his glasses. In this case the glass used would represent 

the amount of ametropia without further addition of the distance. 

If the observer is unable to relax his accommodation when using the 

ophthalmoscope he is, as has already been explained, no longer emme¬ 

tropic but virtually myopic to the amount of accommodation that he in¬ 

voluntarily calls forth. lie has then to simply reduce his own eye to the 

condition of an emmetropic one by adding the suitable glass and then 

proceed as above. 

Proposition' III. The observer being emmetropic to estimate the degree 

of ligpermeiropia in a given case.—As the observed eye is hypermetropic, 

rays emerging from it will have a direction as if they came from a point 

situated behind the eye observed, equal to the degree of the hyperme- 

tropia. Thus the rays coming from an eye hypermetropic J will emerge 

from it ns if they came from a point eight inches behind the nodal point. 

For example, let A (Fig. 4) be hypermetropic then the rays, coming 

from the point a on the retina, will after they leave the eye diverge as 

if they came from a' eight inches behind the eye. As the observer’s eye 

is emmetropic and at rest, we must render these rays parallel before they 

Fig- 4. 

can come to a focus on his retina. If we could place a convex glass at 

the nodal point of A, it would require just -] to make the rays parallel, 

inasmuch as o', which may be considered as the principal focus, is just 

eight inches distant, and this glass then would just equal the amount of 

II. If, however, we place the glass (g) behind the ophthalmoscope two 

inches in front of the observed eye A, then, as a' is ten inches from the 

glass it will only require Tlff to render the rays parallel. If the glass (gr) 

is at four inches from the eye, then a' will be twelve inches from the glass, 
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i » will onlv require ,V Consequently the glass used is ns ranch 

ker inn the liypermetropia is, as it is distant from the nodal point i 

retst tlrete make it so ranch stronger, before it can rap-ntthc 

true degree of U in the observed eye. In the above case, 11 10-2 «» 

in the observed eye in therefore for an emmetropic 

Server always equal to the glass used, minus the distance of the glass 

'T.rr.i‘r............ --r 
lengths it is evident that the observer may substitute his own areommo- 

llatToii for the glass, provided he knows just how ranch he is using, and 

0, far his nodal point is from that of the examined eye. _ For examp^ 

f the observer sees an eye distinctly, while he is conscious that he is 

accommodating for ten inches, he knows that the 11 in the observed eye 

must be equal to one-tenth minus the distance between the nodal points 

his own and the observed eye. If this is two inches, then E vo-a » 

The ability to judge of refraction by the degree of tension required of 

tliJarcommodation, can only of course 1, brought into play in o,m condi¬ 

tion that is where the observed eye is hypermetropic, and even here it is 

rather a tour deforce tl.an an essential advantage. H e can all of us by 

a little practice get an approximate idea as to the amount of hypermc- 

ronh i. a given case, by the amount of tension required of onr aecommo- 

dation bi gcuing a dear view of the fundus, but very few even with any 

amount of practice ever approximate that precision which can be obtain- 

cd with infinitely less trouble by means or glasses. 
As in the above eases the rays of light passing through the hole of the 

mirror are parallel, and will continue so if uninterrupted to infinity, it 

makes no difference in the result whether the observer's eye is close aga^t 

the instrument or a little removed from it. The only calculation neces 

sarv is the distance between the glass and nodal point of the examined eye. 

Tc above directions, which are sufficient for an ™metrop,c ob.rve 

whose eye is in a state of rest to determine any condition of refraction, 

raav lx; summed up in this general rule : , 
The ametropia in a given ease is equal to the glass used plus 0, ■ dts 

lance between it and the nodal point if the eye examined be myopic, 

minus the distance if it be hypermetropic. . .. ,, 
If however, the observer is so unfortunate as to be nmctropic, then t 

J lest wa for him is to reduce bis eye to a condition of emmehop a 

that is to say to that condition of refraction Hint parallel rays unite on 

Ids retina; considering that portion of the accommodation which cannot 

be relaxed as part and parcel of the refraction. 
If the ametropia observer does this, then of course the pmceding direc¬ 

tions will he all that he will have to bear in mind. Should he not wish, 
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however, to pursue this course he will find in the appendix at the end of 

this paper the methods which he must follow. 

Such being the theoretical rules, it remains to be seen how far they are 

applicable to the wants of the practitioner. The advantages offered by 

this method may be summed up as follows:— 

(1) . In the ability to tell the optical condition of the eye examined in¬ 

dependent of the statements of the patient, or amount of vision of the eye. 

(2) . In measuring the amount of elevation or depression of given parts 

of the fundus. 

Under the first heading the point which, without doubt, is the most 

important in a practical point of view, is the determination of the degree 

of latent hypermetropia. 

The use of atropia and the trial by glasses is, and must remain in the 

vast majority of cases, the most certain test possible, still its use is attend¬ 

ed with more or less inconvenience to all, and to some, with so much, that 

its employment is often impossible. Consequently, any means of diagnosti¬ 

cating the amount of total hypermetropia, which is on the one hand accu¬ 

rate, and on the other free from inconvenience to the patient, cannot fail 

of being of the greatest value to the practitioner. The only question is, 

can the ophthalmoscope do this ? 

From the result of a series of trials with the ophthalmoscope, both 

before and after the use of atropia, Mauthner does not hesitate to answer 

this question in the affirmative; laying it down as a law that “In exami¬ 

nations with the ophthalmoscope (by the upright image) the total hyper- 

metropia is revealed.m This opinion is supported by the citation of the 

following remarkable case:— 

A boy of twelve years presented the usual symptoms of asthenopia. 

Both concave and convex glasses were declined for distant vision. Even 

convex was obstinately rejected. The ophthnlraoscopic examination 

brought to light a hypermetropia of £. The eye was then paralyzed with 

atropia, and the total II was found to be by glasses J. 

Inasmuch as I have never seen a case of total II of so high a grade as 

\ where there was no manifest at all, I am unable to corroborate the 

above case with a precisely similar one from my own practice. I could, 

however, cite many where the degree of the manifest was very trifling in 

proportion to the total revealed by the ophthalmoscope, and where the 

latter obtained by this means differed but slightly from what was subse¬ 

quently obtained by the use of atropia and glasses. For example, 

with glasses, 7V with the ophthalmoscope; with glasses, ^ with the 

ophthalmoscope, £ with atropia; with glasses, £ with the ophthalmo¬ 

scope, \\ with atropia; Tlr with glasses, with the ophthalmoscope; 1,3 

1 Mauthner, ab. 1, p. 174. 
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Kith clashes, l with the ophthalmoscope, i with atropia, etc. etc. Such 

Itering results as these certainly need but little comment, and their 

practical application but little explanation, the only wonder being that 

examinations of this kind arc not as universal as the use of the ophthal- 

m°Tli°crc U ole point which at Erst appears curious, and that is, that we 

eet the most exact and certainly by far the most brilliant results just 

Where we should expect them least; that is, with the highest grades of liy- 

permetropia, at least such has been the writer’s experience; so much so 

tha‘ he feels convinced that it is very difficult, sometimes impossible with 

,ouug people to tell the lighter degrees of E (above one-fortieth) w ith the 

ophthalmoscope, unless indeed atropia has been used. This be believes 

to he owing to the fact that hypermetropes of a high degree often relax 

their accommodation entirely while looking inattentively into the distance, 

making no effort to cull forth their accommodation till their attention is 

aroused ; when, however, their attention is culled to some particular ob¬ 

ject they instinctively call forth that amount, or very near it, which is de¬ 

manded for parallel rays. Consequently, under Elasscs whete particular 

attention is required of them in deciphering the smaller letters or the test 

board they refuse to relax their accommodation except to a trifling degree. 

Cut wl,cnJpluced in a dimly-liglitcd room and told to look at a wall which 

offers a blank and diffused surface, and which will appear to them but a 

little less distinct even when seen in circles of dispersion, they have no 

difficulty in relaxing their accommodation. But young persons who 

have s^^X or L, see clearly in the distance with so little effort, 

that they probably never relax their accommodation, preferring to make 

slHit demands on tl.eir ciliary muscle to seeing in circles of dispersion. 

Their condition is practically emmetropic, and in the ophthalmoscopic room 

they relax their A no more than they are accustomed to, accommodating 

for'the plane of the wall which they see distinctly, or at most for parade 

Wc may, however, lay it down as a rule even in these crises,, that 

where but little or no //can be detected either by glasses or the ophthanuo- 

scone little or none exists. ,, , , , 
‘ Without being able to accept then, unreservedly, Manthners general 

statement that the total E can bo invariably determined with the oph¬ 

thalmoscope, we nevertheless believe that a very close approximation 

to it can almost invariably be obtained. 
So much for the ophthalmoscope where atropia has not been used, but 

there" in wMch it is even superior to the test by atropia and 

glasses, where the latter indeed utterly fail in giving an idea of the amount 

of hypermetropia, as the following case will show 

\ Wilt little girl was brought to me for the purpose of having the 
exalt ol^cul condition of the eyes determined. With a convex one-twenty- 
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fourtii vision wns decidedly improved ; amounting, however, even with the 

glass, only to i in the right eye, in the left. The same result was 
obtained under utropia. Glasses of various strengths from to Tl, were 
tried, nnd still the vision remained about tire same. Recourse was now 
bad to tire ophthalmoscope, when a total 7/of I was found in the right, i 
in the left eye. The discrepancy between the glass selected by tire chilli 
nnd the amount of 7/ ns given by the ophthalmoscope was so great, that 
an independent examination was made by another oculist with precisely the 
same result in each eye. There wns evidently a large amount of congenital 
amblyopia, the only hope of relieving which, certainly lay in careful anil 
systematic exercise through that glass which would produce sharply defined 
images upon the retina, and this glass could only ho ascertained through 

the ophthalmoscope. Previous experience had already taught me that 
wonderful results could he ohtaiued iu this manner, and I ventured to "ive 
an encouraging prognosis. 

So, too, in strabismus in children, it is often impossible, from their inn. 

biiity to read, or the irrelevancy of their answers, to get an adequate idea 

ns to tile condition of the refraction, even where atropia has been used. 

And yet the whole question iu regnrd to operative interference may turn on 

the presence or non presence of 11 and its degree. With the ophthalmo¬ 

scope, however, with a little care and with n diluted pupil, the exact amount, 

or what approximates to it very closely, can, as a rule, he ascertained, cveu 

with ehildrcu in arms. 

So, too, in any disease in which amblyopia is an clement. 

One of the most interesting attributes of the upright image is the means 

which it affords us for determining the various planes which different parts 

of the fundus often occupy. For, inasmuch as a certain amount of re- 

fraction corresponds to a given length of the axis of the eye, we have only 

to know the refraction of a certain point to know its exact antero-postcrior 

position, and the difference of refraction between two given points must 

represent their difference of level. Wo arc thus cnnblcd to measure nu¬ 

merically, for example, the amount of excavation of the optic nerve or its 

projection above the level of the retina; the projection of the choroid or 

retina from underlying effusion ; the height of tumours and their rate of 

increase; the amount or swelling iu the retina ; the situations of membranes 

iu the vitreous, etc. 

Taking the emmetropic eye as a standard, calculations have been made 

by various authors to determine what amount of increase or decrease in the 

length of the optic axis corresponds to a given degree of hypermetropic or 

myopia. I have calculated for the easy reference of the reader, from the 

formulas given by Mauthncr, p. G7, 2i!G, ah. 1, the two following tables, 

the first representing the amount of decrease in length of the axis due to 

11, nnd the second the increase due to .17. 
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Table I. 

II \ e<iuala a slioi 

“ i 
“ i 

II X equals a shortening of 0.85 Mm. 

‘ 2.9 “ 
•* «• “ 0.74 “ 
« “ “ 0.65 “ 

“ 1.89 “ “ iV 
ti “ “ 0.5S “ 

“ 1.6 “ 

“ lA. “ 

“ 1.12 “ 
« 1. “ 

■ itf 

“ 
“ 317 II 1 

ii ii “ 0.45 “ 
« « “ 0.35 “ 
ii •• “ 0.26 “ 

“ is 
.* “ “ 0.21 “ 

1/ * equals an increase of S.fi Mm, 
- •' “ 4.81 “ 

Table IT. 

M J., equals an 

3.34 
2.56 
2.07 
1.117 
1.5 
1.31 
1.17 
1.62 

increase of 0.07 Mm. 
0.82 “ 
0.71 “ 
0.63 “ 
0.56 “ 
0.4(i “ 
0.37 “ 
0.27 “ 
0.22 “ 

T1,o application of tl.c above tables will perhaps be made clearer by 

some examples. 

la a case or glaacoraa the edge or the nerve is emmetropic, while the 

myopic .V, the bottom or the excavation is myopic ; the tree extent of 
tlie excavation will then lie equal to 1 — * = A vs - 
In -i third case the edge of tlie nerve is II; the bottom of tlie exca a 
linn is still invopiu 1 As 11 represents a shortening of the axis 0..1o 
Mm.‘and "f i'an ^ereafe of 1.5, tiic true extent of the excavattou tv.ll 

^Ii'/a"tastToTneuritis,"following sunstroke the centre of llefT0i“ 

which the disease was almost entirely confined ‘S ' horYeniig 
neichbourin" region was emmetropic. As i/n represents 1 => 
of tlic aJis = 0 92 Mm., tl.c protrusion of the nerve was 0.92 Mm. 

In another case of violent neuro-retinitis m the left eye the eentni of 
tlie nerve was If l; n little further onward, II T'5; a little further still, 
if°v"nd at the farthest extremity of the lield, towards the ora serra a 

III’ In the other eye b. whiel^thorf 

thcTeycs^vhen ir^n'state of health was emmetropic, and it could not have 
been far from this, a plan might easily be drawn (ns indeed was done) 
representing the nmoiiiit of swelling due to the morbid proec.s. T » 
„,!,,ht he subsequently compared with tlie future progress and recession 

or the disease, under atrophy, etc and some ““"[S 1 
It is of course very difficult to follow these eases of retinal snelliiij,, such 
Is «— £ Bright's disease, from their bogiiii ng to t ie,r end 
still sueii opportunities do occur, even where tlie cause is renal, 
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appears to me many interesting facts might be obtained from such investi¬ 
gations. 

In a certain case a well-marked tumour was observed, situated exactly 
above the optic nerve, the upper edge of which it overhung. As the 
media were perfectly clear, a distinct view of the growth iu all its detail 
was obtained. The crest of the tumour was, at the first examination, 
hypermetropic £. The lower half of the nerve and all the surrounding 
fundus was emmetropic; the protrusion of the growth was then 1.6 Mm. 
A subsequent examination was made and the crest of the tumour was 
found to be IIthe protrusion was then 2.3 mm., and the increase be¬ 
tween the two examinations was 2.3—l.G mm = 0.7 mm. 

In another case a membrane in the vitreous appeared clearly defined 
when -f was used, one inch from the nodal point of the examined eye; 
consequently there would have been, if the retina had occupied the plane 
of the membrane 7/=A_i = A. The fundus was iu fact emmetropic; 
the membrane was, therefore, in front of the retina to a degree equal to 
27 A = 3.9G Mm. 

The determination of Astigmatism.—The determination of astigmatism 

by means of the ophthalmoscope has always been considered one of the 
most difficult, and from its want of accuracy one of the least satisfactory 
applications of the instrument, and there is no doubt that this is, to a 
great extent, true. Still, the difficulty in ascertaining the existence of 
astigmatism, and the uncertainty in establishing its degree, are, I think, 
due iu a great measure to the method adopted, which has usually depended 
on the fact, first pointed out by Schweiggcr, that in astigmatism the disk 
was seeu elongated in one direction with the upright image, and iu the 

opposite by the inverted. The effect involved iu this fact is due to the 

following causes:— 
If we look through a convex lens at an object which is placed within 

its principal focus, we sec it magnified to a certain degree, according to the 
power of the lens. 

If we make, for.example, a smnll cross, the nrms of which are of equal 
length, and view it through a common convex glass, say of three inches 
focal distance, it appears enlarged, but equally in both directions, as the 
magnifying power is the same for each arm. If we now add, however, a 
convex cylindric glass £ to the spherical, we increase the magnifying power 

in one principal direction without altering it in the other. The lens is, 

therefore, equal in one direction to but in the other to -f A = A. 
If we now turn the glass in such a way that the strongest magnifying 
power shall correspond with the vertical arm of the cross, this will be 
more enlarged than the horizontal, which is seen through a weaker power, 
and will consequently appear longer. If wc now draw a circle round the 
arms of the cross in such a way that these shall be the radii, the efiect 
will still be the Eamc, and the circle will appear elongated in the vertical 
direction because it is more magnified in that direction, consequently it 
will appear no longer a circle, but an oval. 
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If however, we now take a second lens and hold it in the other hand 
,t a certain distance in front of the Drst lens, jnst as we do in the indirect 
method with the ophthalmoscope, then we get an inverted image of the 
cross and circle roand it, elongated no longer in the vertical but in the 
horizontal position. The reason of this is that the rays passing throngh 

the first lens, whose principal meridians are or different focal power, are 
refracted unequally, those passing through the vertical meridian where the 

leus is of two inches focal power more than those passing throngh the 

horizontal where it is only three inches. As the rays passing throngh the 
vertical meridinn are more refracted by the first lens, they will, after pass¬ 
ing through the second, come to a focus sooner behind it, and the nearer 
the rays meet behind a lens the smaller is the image, consequently the ver¬ 
tical line of the cross will now apiiear smaller than the horizontal, and the 

circle will now be elongated horizontally. 
Applying this principal to the eye, Schweigger deduced the fact that 

with the upright image the disk in astigmatism is seen elongated in the 

direction of the meridian of greatest refraction, with the inverted image 
in the meridinn of the least refraction. This gives ns at once the direc¬ 

tions of the principal meridians, and we have only to find the glass which 
reduces the distortion to know the kind and amount of astigmatism. 

It will be seen at once that an examination mast be made by both 

methods, for it may happen that the disk may lie elongated anatomically 
in a vertical, horizontal, or oblique direction, the effect of which might be 
so counteracted by astigmatism as to make the disk appear round when the 

ophthalmoscopic examination was made by only one method, but never 

when both are employed. 
Simple and true as all this is on paper, its application to practical wants 

is limited from the fact that the distortion under the degrees of astigmatism 
which usually occnr in the human eye, is not sufficient to form a basis for 
accurate calculation. It may be well to state, however, that the effect is 
always increased by the observer’s alternately withdrawing from, and ap¬ 
proaching the eye examined, watching as he does so the change in the con- 

tour of the nerve. 
From the uncertainty and want of delicacy attending this method of exa- 

mination, it is evident that, in order to make the ophthalmoscope of prac¬ 
tical use in astigmatism, we must look for some more sensitive test to act 
either ns a supplement or a substitute to the above, and this we have in 

the vessels. 
If we consider the optic disk as the centre of a circle, and all the vessels 

large and small radiating from it as so many straight lines, we have in the 
fundus of the eye itself a representation of Dr. Green’s test for astigmatism, 
ia which the principal branches or the central artery and veins represent 
the vertical lines, and the small vessels leaving the edge of the disk the 

horizontal and obliqne. It may be said that the principal trunks of the 

No. CXTIII—April 1870. 22 
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central artery and veins do not always run exactly vertical. This is true 
but such is their general tendency, and the fact that the vessels do not con¬ 
tinue in their original vertical course is of itself au assistance to the 
diagnosis. 

The practical application of this is as follows: If we look with the 
ophthalmoscope through the cornea of an astigmatic eye to the retina be¬ 
yond, the effect is precisely the same os if we were looking through an 
astigmatic glass, and the vessels radiating from the optic nerve will then 
appear just as the radiating lines do in the common test when seen through 
a cylindric glass, most distinct in the meridian of greatest ametropia. 

This gives us at once the direction of one of the principal meridians, and 
we know that the direction of the other must be at right angles to it. 
Having thus found ont the direction of the principal meridians, we have 
then only to determine the refraction of each meridian separately, and the 

difference between the two will be the amount of astigmatism. If, for ex¬ 

ample, in a certain case the vertical vessels appear perfectly distinct, and 
are only rendered less so by glasses, one of the principal meridians of the 
eye must be emmetropic. If, however, the fine horizontal vessels arc only 
made distinct by a concave then the second principal meridian must 
be myopic and inasmuch as the first was emmetropic, the amount of 
astigmatism present must be one-twenty-fourth. 

It is a little puzzling for those who are not much accustomed to the de¬ 
termination of astigmatism, to understand how it is that the vessels, as do 

radiating lines, always appear most distinct to an emmetropic eye, in the 

meridian of the greatest ametropia, instead of, as would appear more 
rational, in that of the least. It would, for example, seem more natural, 
that inasmuch as the vertical vessels were seen in the above case most dis¬ 
tinctly, that the vertical meridian should be the one which deviated least 
from the normal. But it must be borne in mind that the rays which form 
the vertical boundary of these vessels are, in fact, horizontal rays, and as 
such pass through, not the vertical, but the horizontal meridian, and as this 
is emmetropic they are readily focussed in the observer’s retina. On the 
other hand, the rays which form the boundary of the horizontal vessels are 
vertical rays, and pass through the vertical meridian, which is myopic, and 

consequently the horizontal vessels are indistiuct, although this meridian 
is, in fact, emmetropic. 

This, of course, holds good for all kinds and degrees of astigmatism. 
The writer readily admits that this method is also, though by no means 

in the same degree, wanting in accuracy, and is not to be looked upon at 
all as a substitute for the trial by glasses, but is to be used in co-opera¬ 
tion with it. When so employed, the ophthalmoscope often renders im¬ 
portant service in revealing to us at a single glance, as it were, the nature 
of the anomaly and the general direction of the principal meridians, when 

to have obtained them by glasses would have been an affair of hours. Iu 
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cases of mixed astigmatism this holds true in a marked degree, and I can¬ 

not forbear, for the sake or their practical bearing, from citing the two fol¬ 

lowing cases:— 
A young lad was examined by me, who, it was alleged by his parents, 

was nearly “ blind” in one eye. Ou testing the eyes, the left was found to 

have a trilling.degree of hypermetropic (3'B) with vision one. In the 

right eye, however, vision was reduced to jV, that is, Snellen C. cou 

onlv lie read in five feet. A few trials were made with glasses with no 

material improvement in vision. In looking into the eye with the oph¬ 

thalmoscope the nerve appeared distorted and drawn out vertically, while 

at the same time its outline was indistinct in all directions, as were also 

all die vessels. On using the accommodation, however, the vertical edge of 

He nerve became well defined, as did all the vessels, so long as they ran in 

a vertical direction, hut ns soon ns they deviated from this they at once 

became indistinct, and in proportion to the amount of the deviation. 

This was very apparent at a certain place where one of the larger vessels 

divided, sending off a branch almost at right angles to the original di¬ 

rection of the vessel. The branch which continued in the verticnl direc¬ 

tion remained perfectly distinct, and the double contour of its walls 

clearly defined, while that running at right angles to it, that is, horizon¬ 

tally, wns indistinct and evidently much out of focus, as were, ill fact, all 

the vessels, large and small, running in this direction, and no amount of 

tension or relaxation of the accommodation made them clearly defined. 

It was manifest that astigmatism was present, mid that the directions of 

the principal meridians were vertical and horizontal. It wns evident, too, 

that as it required the action of the accommodation to make the vertical 

vessels distinct, that there must he hypermetropiain the horizontal meridian. 

In determining the degree, it was found that the strongest glass through 

which a certain fine vertical vessel remained distinct nt two inches distance 

was a convex the hypermetropia in the horizontal meridian was there- 

fore equal to ^jy-2“ii* , . 
As the horizontal edge of the nerve and all the vessels running horizon¬ 

tally remained indistinct, even when the observer’s accommodation was 

perfectly relaxed, it wns evident that the rays which formed the horizontal 

boundary of the nerve and vessels must leave the eye as convergent, and ns 

these rays are vertical rays, the eye must be myopic in the vertical meridian. 

It was found that the weakest glass under which the horizontal boundary 

of the nerve and vessels became sharply defined was—itr, the verticnl 

meridian was therefore myopic equal to — aV +a = iV 
The case was therefore one of mixed astigmatism, in which the vertical 

meridian was myopic *, nnd the horizontal hypermetropic ,'T. “d the 

discrepancy between the two meridians was ,'j + TV = il- With a 

bicylindric glass — T'j and + ■,'* vision nt once rose from to It 

was in fact increased eightfold. It was subsequently found from a care 
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ful examination that —and -f- T^c was preferred. With this glass, 

vision became one-half. 

In another case, where the patient suffered n great deal from asthenopic 

symptoms, vision was found to be only one-fifth in either eye. Reading 

was performed at six inches, while in sewing the patient declared that she 

had to exercise great care to keep from wounding her nose with the needle. 

As in the former case, spherical glasses were tried with but little improve¬ 

ment of vision. On looking into the eye, here too neither the nerve uor 

any of the vessels appeared distinctly defined. On accommodating, how¬ 

ever, it was seen that although the vertical and horizontal vessels still re¬ 

mained comparatively indistinct, those that originally ran, and those which 

later in their course assumed an oblique direction upwards and inwards 

and downwards and outwards (about -f 30° Green) suddenly came sharply 

into view, while those which ran at right angles became the most indistinct 

of all. The same effect was noticed all over the fundus, especially in fol¬ 

lowing along the course of a vessel, some of whose branches appeared per¬ 

fectly distinct, while those running at right angles were much out of focus. 

This meridian was found to be myopic the opposite hypermetropic x\. 

■With these glasses properly arranged, vision rose from one-fifth to two- 

thirds, and the patient could read Jaeger No. 4 at ten inches, and sew with 

ease at twelve. The left eye was T^c T —^gC V = i +. 

One of the principal causes which have retarded the more general use 

of the upright image in ophthalmoscopy is the necessity for a constant 

change of the glass behind the mirror and consequent loss of time and 

inconvenience. To avoid this, and to expedite the determination of errors 

of refraction, the writer has adopted the following modification of the 

ophthalmoscope,1 the principal feature of which is the substitution of 

detachable cylinders for the fixed Rekoss disk, now common to a number 

of ophthalmoscopes.. In the present case but three cylinders arc employed, 

though these might be multiplied indefinitely were there any occasion for 

so doing. Each cylinder is pierced for eight glasses, forming iu the aggre¬ 

gate the following series:— 

Convex. 0-L-L-L-1 -L?:----1 
°’4S’ 24’ lti’ 12’ lb’ 8’ 7’ 6’ 5’ 4’ 3‘ 

Concave. 
1 1 1 1 11111111 

48’ 24’ 1G’ 12’ 10’ 8’ 7’ C’ 5’ 4’ 3’ 2’ 

Thus we have a series of glasses extending, with but comparatively slight 
differences in vocal value, from convex q’g to J and from concave to 

The manner in which the glasses ore divided among the cylinders will 

1 This instrument was exhibited to the American Ophthalmological Association 

at its meeting in July last, and a description of it is inserted in their Transactions, 

but as that publication is not accessible to most of onr readers, a few copies only 

having been printed, and as the description is essential to the completion of this 

paper, we reproduce it here. 
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be readily understood from tlie nccompnnying lignres The liret nyhnder 
is made up entirely of convex glosses, by menus of which nil ordinary de- 

ExrtAXATin* or FinrnE« —Fig. 1. Back of Instrument with cylinder In powltlon. Fig 2. Front 
view «r Instrument Figs. 3 and 4. Kemalnlng cylinder, detached. Fig. 5. Astigmatic optometer 

and mirror. 
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grees of hypermetropia can with sufficient exactness l>e determined. One 
hole (0) is left vacant to represent emmetropia, without the necessity of 
removing the cylinder, and for examination by the inverted image without 
an eye-piece; should, however, the latter be desired, the observer has a 
large selection at his command. The second cylinder contains the con¬ 
caves of moderate focal power, and the third is composed of the high num¬ 
bers, both positive and negative. These strong numbers are designed for 
the determination of the highest degrees of errors of refraction and for 
the measurement of the inequalities of the fundus, such ns excavations and 
elevations of the optic nerve, projections of tumours, retinal detachments, 

membranes in the vitreous, etc. With the stronger convex, such ns opa¬ 
cities of the cornea and lens can be viewed under considerable enlargement 

The cylinders fit into a cell at the back of the instrument and are held 
firmly in their place by means of the two small springs shown in the en¬ 
graving, which projecting into a groove in the side of the cylinders, pre¬ 
vent these from falling out, yet do not interfere with their rotation. In 
turning, the centre of the glass comes opposite the centre of the hole in 
the mirror. 

Great care was taken to have the mirror, which is concave, seven inches’ 
focal distance, ground exceedingly thin—as thin almost as a metal mirror 
—while the surrounding brass work is so bevelled away thnft as little impe¬ 
diment ns possible is offered to the passage of the rays, thus rendering the 

image perfectly distinct, and I think unusually brilliant. 
The mirror being contained in a separate case of its own is made 

detachable from the rest of the instrument, which can then be used as an 
optometer, the patient himself revolving the cylinder till the suitable glass 
is obtained. As the perforation through which the patient looks when 
the mirror is removed is equal to the diameter of the glass (three lines), 
and is much larger than the normal pupil, the peripheral rays arc not cut 
off, which is usually a source of error when smaller diaphrams are used. 

The handle of the instrument has purposely been made unusually long, 
so that the observer’s hand shall not interfere with an easy and close prox¬ 
imity to the observed eye, which is a great advantage in examination by 
the upright image. 

The instrument, the three cylinders, and a convex two and one-half 
inch lens for examination by the inverted image, are all contained in a 
small pocket-case, measuring four and three-quarter inches by two and 
one-lmlf square by three-quarters thick. 

Besides the common concave mirror which comes with the instrument, 
I have had two others constructed which may not be unworthy of men¬ 
tion. The first is intended for examination by the “ weak illumination,” 
and is precisely similar to the common concave 7" mirror, silvered on the 
back, only it is made from London smoke instead of colorless glass. 

As it is the property of Loudon smoke glass to simply reduce the 
quantity of the transmitted light without sensibly altering its colour, it 

occurred to me that any degree of illumination might be obtained by using 
various shades of the glass, without sensibly changing the appearance of 
the fundus. I have made many ex|)eriments with these mirrors and have 
finally settled upon two as the most serviceable. One is even weaker 
than the three plates of plane glass—so weak indeed that the patient is 
hardly aware that any light is thrown into his eye. The other is made 
from a much lighter shade, and gives a reflection intermediate in brilliancy 
between the ordinary weak aud strong reflectors. By its means a much 
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more brilliant picture is obtained than with the plane glass mirror, while 
at the same time with much less glare to the patient than with the ordi¬ 
nary silvered one. The advantages of these mirrors are that the quantity 
of lMit can be varied and that they can be so easily kept clean. 

The common weak mirror, consisting of three plates of plane glass, 
could however be easily fitted to the instrument should it be desired. 

The remaining mirror mentioned above was originally designed for a 
stcnopmic slit to be used with the instrument when employed as an opto¬ 
meter for the determination of astigmatism. It consisted of it thin plate 
with a slit in it, whose length was equal to the diameter of the perfora¬ 
tions in the cyliuder. This was mounted like the mirror, and made to fit in 
the mirror cell in which it revolved, so as to allow the slit to correspond 
with any given meridian of the cornea. The meridian once determined, 
the patient turned the cylinder till the suitable glass was obtained. This 
plate was subsequently made with a polished surface iu front, and then 
was made to serve also as a mirror for determining, by means of the 
ophthalmoscope, the amount of astigmatism in the principal meridiaus of 

the eye. • . 
I would take this opportunity of informin'; those who are desirous of 

obtaining tiiis instrument that it can he had of its maker, U. Y». Hunter, 

Optician, 1132 Broadway, N. Y. City. 

APPENDIX. 

Directions to be Observed in Case the Observer is Amelropic. 

The observer being myopic. 

Proposition I. For a myope to examine an emmetropic eye.—It is very evi¬ 

dent that as the rays which leave an emmetropic eye are parallel, that the 
myopic observer, provided he can relax his accommodation, will simply have to 

use the glass behind the mirror, which neutralizes his myopia, that is to say, 

which brings parallel rays to a focus on his retina. If a concave i does this, 

then * will be the glass employed, and whenever he sees an eye distinctly with 

this glass, lie knows that the rays which leave it must be parallel and conse¬ 

quently it must be emmetropic. 
But it may happen that the myopic observer like the emmetropic cannot 

relax his accommodation, while using the ophthalmoscope. This will make him 

just so much more myopic, and instead of using, say £, which fully neutralizes 

his myopia, he will with the ophthalmoscope have to use, in order to bring 

parallel rays to a focus in his retina, & or J. Under these conditions his eye is 
equivalent to a myope’s of £ or t, whose accommodation is entirely relaxed. 

The observer will then know that when the eye under examination is seen clearly 

with this glass it must be emmetropic. 
As the rays leaving the emmetropic eye will always strike upon the glass used 

os parallel, it is evident that the distance between the two eyes need not he 

here taken into account, and that, consequently, the observer may be one or 

more inches from the observed eye, as he pleases. 

Proposition II. For a myope to determine the degree of myopia in the ob¬ 

served eye.—If the observer does not wish to wear a correcting glass, which 

is often inconvenient and clumsy, the simplest way for him is to proceed with 

the esaolination just as an emmetrope would, and End by trial with what glass 
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he sees the fundus most distinctly, his accommodation being of course relaxed 

and then to take into account the amount of his error in refraction; saying, for 
example, a myope of £ finds that he sees the fundus of the examined eye with 
concave i. what is the amount of 31 present? 

The observer knows that a part of this glass = £ is employed in neu¬ 
tralizing his own myopia; consequently to get the true glass through which the 
fundus would be seen independent of his error of refraction, lie must substract 

this £ from i used, J — J = J. Now assuming the distance to be two inches, 

we have J+t=i. The amount of myopia in the examined eye is therefore equal 

to and a myope of £ will have to use — J at two inches, in order to see the 
fundus clearly. 

From this it will be seen that the myope of even a medium degree will have 

to use very strong glasses to see the fundus of an eye which is only moderately 

myopic. Now ns ophthalmoscopic cases do not usually contain these strong 
glasses, it follows that the myopic observer must renounce in many cases exa¬ 
minations by the upright image. 

By far the best way of avoiding this difficulty, is to have a small movable 

slide containing the proper glass fitted to the back of the instrument. This 

will not interfere with the use of the glasses ordinarily placed in the clip. There 

is no real disadvantage in seeing through two concave glasses; on the contrary, 

according to Maunther, an actual advantage over one very strong glass, inas¬ 

much as the image by the use of the two weaker glasses is more aplanatic than 

where one strong glass is employed. The lessening in illumination is so small 
as to be of no consequence at all. 

Proposition III. Fora myopic eye In determine the degree of hypermetrepia 
in a given case.—Let A represent a hypermetropic eye of £ ; rays coming 
from the fundus of such an eye will diverge ns if they came from a point eight 

inches behind the nodal point at a'. If now a myope of (D), places his 

eye two inches in front of the observed eye. then the rays which enter his eye 

will diverge as if they came from a point ten inches in front of his nodal point, 

Fig. G. 

that is to say, his far point, and ns his eye is just adapted for such rays, they 

will come to a focus on his retina, and he will get a clear view of the fundus 

without the use of any glass. 

If the observer’s eye is at four inches from the observed eye, then the rays 
which enter his eye will diverge as if they came from a point twelve inches in 
front of his nodal point, the observer will only have to be myopio ^ to bring 

such rays to a focus. The hypermetropia in the observed eye is then always 

greater than the observer’s myopia by as much as the observer’s eye is distant 
from the observed. In the above case i?=,«j_.=£. 
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It the hypennetropia in the observed eye is greater than the observer’s myo- 

„ia (the distance between the two eyes being taken into consideration), it 

n evident that the rays will emerge so divergent that they will no longer 

Let upon the observer’s retina, but behind it. In order to bring snob rays to 

» focus he must make himself so much more myopic. This he does by a con- 

rev Mass which he Bnds by trial just as an emmetrope would. Forexample 

a myope or one-eighteenth finds that he needs a conoex to see the fundus 

distinctly. If lie adds this glass he is no longer myopic A, but ,, + r i *• 

S„ we have just round that the fl equalled the Ji minus the distance, and as 

the J/= ith, we get 77= $ — * — $• . , 
The observer may in this case use his A instead of a lens, providing he cun 

estimate the amount. 
If, however, the bvpermctropia in the observed eye is less than the myopia 

of the observer (the distance between the eyes being taken into account), it is 

evident that the rays emerging from the eye will be so little divergent, that the 

stronger myopia of the observer will cause them to meet in front of his retina. 

The observer mast make himself less myopic in order to bring such rays to a 

focus on his retina; this he does by means of a concave glass For example 

a myope of J can only see the fundus in a given case with - *- what is 

Ihc H of the observed eye ? By placing the concave glass before hm eye, he 

has reduced his myopia so that he has no longer .11= J, but *-*-*’_“ 

we have previously found that H= J/minus the distance, we have fT=i_,-*- 

The observer being hypermetropic. 

Proposition- iv“ For a hypermetropic observer to see an emmetropic eye. 

Inasmuch as the rays leaving an emmetropic eye are parallel the observer in 

order to bring such rays to a focus on bis retina, will simply have to neutralize 

his manifest hypennetropia. If be is H *, then he will simply have to place 

a convex V* behind the mirror. , »• 

lie may find, however, that with the ophthalmoscope he does not reins his 

accommodation. HU hypennetropia, consequently, will be reduced by just the 

amount of accommodation which he is nsing. And he may find that instead of 

using say a convex of *, which fully neutralizes his manifest H he will with 

the ophthalmoscope, require only * to bring parallel rays to a focus. H 

these conditions his eye is in fact equal to a hypermetrope s of A, who can 

entirely relax his accommodation, and the observer will then know that an eye 

seen distinctly through this glass must be emmetropic. 11 may happen in this 

way that a person who is slightly hypermetropic for the distance becomes o 

the ophthalmoscope emmetropic, and so has to use no glass at all; or 

myopic, and then will have to use a slightly concave glass. For example, 

hvpermctropc of * may find on account of his inability to relax his accom- 

modation, that in order to see an emmetropic eye he needs a concave *. _ 

amount of accommodation which he uses would then only be A anil many me. - 

perieoced observers nse A- In this case the observer is virtually myopic, and 

must proceed as such. . . „ - ,_, , „ 
The observer mav of course nse his accommodation in all cases instead of a 

convex-glass, that is to say, the lens in his own eye instead of one behind the 

mirror. He would, however, in this case have to know just what amount of 

tension of his ciliary mnscle corresponds to a given glass. 
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Proposition Y. For a hypermetropic observer to determine the amount cf 
myopia in the observed eye.—Let A be myopic rays or light coming from a 

Trill meet eight inches in front of A’s nodal point at 6. If D, who is hyper, 

metropic i. places his eye two inches from A, then rays from A would meet, 

if uninterrupted, at a point just six inches behind B's nodal point. Now as #3 

Fig. 7. 
A B 

eye being hypermetropic £ is adapted for such rays, they will be brought to a 

focus on the retina. Consequently .rl’s myopia must be equal to B’s hvper- 

metropia plus the distance, M— $ +1 = From this it follows that a hyper- 

metrope of a certain degree can see the fundus of a myope of a certain degree 
without any glass. 

If, however, the myopia of the observed eye is greater than the observer’s 

hypermetropia, it is evident that the rays emerging from the eye examined 
will be so convergent that they will meet in front of the observer’s retina; 

to bring them to a focus he must make himself more hypermetropic. This 

he does by means of a concave glass, which he finds just as an emmetropc 

does by trial. For example, a hypermetrope of 1,g finds that he, with his 

accommodation relaxed, sees the fundus distinctly in a given case with concave 
i, what is the myopia in the observed eye? 

By putting the concave » before his eye, the observer has made himself just 
so much more hypermetropic. He is consequently no longer hypermetropic 

one-eighteenth, but y, + J = J. Now as the myopia in the observed eye is 
equal to the observer’s hypermetropia plus the distance, we get M= £ + . = J. 

If. however, the myopia in the observed eye is less than the observer’s hyper- 

metropia (the distance between the two eyes also taken into consideration), 

rays emerging from the observed eye will not be convergent enough to meet on 

the retina, but behind it. To make such rays meet on his retina he must make 

himself less hypermetropic. This he does by a convex glass which he finds by 

trial. For example, a hypermetrope of £ sees in a given case with a convex 
Vs. what is the degree of myopia present in the examined eye? By adding 

the convex -j'j to his eye, the observer has reduced his hypermetropia, making 
himself no longer hypermetropic J, but J — 4 = ft. Now as the myopia 

equals the hypermetropia plus the distance, we get M= = ft. Thus 

we see that a hypermetrope may, according to circumstances, in estimating 
myopia, use no glass at all, or a concave, or a convex one. 

Proposition VI. For an hypermetropic observer to estimate the amount qf 

hypermetropia in the examined eye.—The best way in this case is for the ob¬ 

server to find by trial with what glass he sees the Hindus most distinctly, and 
then to take his own error of refraction into consideration. For example, a 
hypermetrope of 1,g sees the examined eye with convex J, what is the hyper¬ 

metropia present? The observer knows that a part of this, equal to one- 
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eighteenth, is employed in neutralizing his hypcrmctropia. consequently to get 

,Uhc true glass which wonlil be used independently of his error in reli-ac-tion 

he must subtract this A- i - A = iV As tka °bs,;n:,!r h“s lh“s "™trahzc^ 
his hypcrmctropia. he is virtually emmetropic, and knows that Hie II present 

mnst bc equal to the glass used minus the distance. // = A-i — A- 

Abi. iy._Cases of Xerie-Irritation, cured by Surgical Operations. 

By Joux U. Packard, M.D., of Philadelphia. 

The following cases, which occurred to me in the summer of 1309, seem 

to he of sufficient interest to warrant me in laying them before the reudera 

of the Journal. I propose first to narrate them, nud then to offer a few 

brief comments upon them. 
In one of these cases there was irritation of the terminal filaments of 

the merlin,, nerve at the side of the last phalanx of the thumb; the 

second, the trunk of the infrao-rbitnl was the seat of trouble; in the third, 

the cerebrum itself was pressed upou. In all, the operations resorted to 

gave complete relief. 

Ctsr I —MissE. N., mt. 11 years, was bronght to my office on April 
10t|, 18,J9, with a very large splinter of wood under her right thumb-nail 
at the ulnar side, which had been three days previously forced m wli le she 
was driving her hoop. A neighbouring physician had advised poultu.1.,^ 
to draw it out; but it was firmly imbedded, anil pus hail formed at the 
root of the nail, while the tension of tile tissues gave rise to exquisite 
pain. She was suffering so much that her parents took her to Dr. 1. G. 
Smith their rejrular attendant, who sent her to ine. 

I at once sent her home, as soon as possible etherized her, and removed 

the splinter: making also an incision in the pulp of the thumb where pus 
was beginning to form, which afforded very great relief. The wounds 

licalul kindly, although the swelling was slow in subsiding. _ 
In July the child was again bronght to me, suffering from very gra 

general symptoms or nervous irritation She had chorem ,7,'Xof her 
il,e whole bodv or all the limbs, and of the jaw; the right half of her 
person being somewhat more affected than the left. She had lost flesh 
and strength, was peevish, irritable, and unable to fix her attention on 
anything. Her appetite was very poor. Locally, there was sensitiveness 
of the affected thumb, which she could not use in grasping; thus she 

could not use her right hand at the table, or in writing,or sewing. 
By Dr. Smith’s direction, she was using iron quinia, and arsenic ai d 

was soon to be taken to the sea-shore at Cape May. I advised also the 
constant protection of the thumb by a plaster containing the extracts of 

°Th“re“rthc sea-shore she was somewhat improve d in gcneni, 

health but the irregular movements still continued, and with uudiminished 
intensity ^ At he had been at home a few weeks, she began again to 
lose condition; and as there seemed to be one point of special sensitive- 


