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To all whom it may concern: 
Be it known that I, ERNST GUNDLACH, a 

subject of the Emperor of Germany, residing' 
at Rochester, in the county of Monroe and 
State of New York, United States of America, 
have invented a certain new and useful Im 
provement in Photographic Objectives, of 
which the following is a specification. 
My improvement relates especially to pho 

tographic obj eetives or combinations of lenses 
used for the purpose of taking portraits, 
views, and other subjects. 

All the best photographic objectives of 
modern type consist of two achromatic or 
aplanatic meniscuses, this form of lenses be~ 
ing the best adapted for the purpose of ob 
taining a wide angular field with a minimum 
of distortion at or near the edges of t-he pic 
ture; but while for said purpose the meniscal 
form offers great advantages over any other 
kind of lenses_.a disadvantage of the same, 
however, lies in the difficulty of correcting its 
optical aberrations, both the spherical and 
the chromatic, at the same time withoutleav 
ing too great an amount of the so-called “ aber 
rations of second order,” and the object of my 
improvement to be described first is the re 
duction of said secondary errors to an im per 
ceptible minimum. 
The following is a full description of this 

invention: 
Owing to the fact. that the ratio of the color 

dispersive power of flint-glass to its medium 
refractive power, (line D,) commonly termed 
“ dispersivepower ” or “dispersicm” is greater 
than that of crown-glass, an achromatic lens 
may be produced by the combination of a 
(positive) crown-glass lens with a negative 
¿Hint-glass lens, the dispersive power of which 
is equal in amount to that of the crown-glass 
lens, for with equal amounts of dispersive 
power the (medium) refractive power of the 
crown-glass lens is greater than that of the 
flint-glass lens, and the preponderant part of 
that of the crown-glass lens forms the posi 
tive focal power or focal length of the combi` 
nation, thus being~ the true constituent of the 
achromatic lens. @Focal power ’7 l term the 
“amplifying7 or “reducing” power of a lens in 
relation to or expressed by its focal length, 
the focal power being inversely as thc focal 
length.) 

The `atio of the focal power of the crown 
glass lens to that of the flint-glass lens in an 
achromatic combination is as the ratio of the 
dispersive power of the flint-glass to that of 
the crown-glass employed for the construc 
tion of the lenses, and is inversely as the ratio 
of the focal power of the crown-glass lens to 
that of the combination. From this follows 
that the greater the dispersive power of the 
dint-glass employed the lower a focal power 
of the crown -glass lens will be required 
for a given focal power of the combination 
or achromatic lens, and consequently the 
smaller will be the amount of color-disper 
sion to becorrected by the flint-glass lens. 
Furthermore, regarding the established fact 
that in an achromaticlens neither the spheri 
cal nor the chromatic aberrations can be 
completely neutralized, but that more or less 
small proportions of these errors (the aber 
rations of second order consisting in an in 
complete or under correction of the central 
part or toward the center, and a correspond 
ing over correction toward the edge of the 
lens) will always remain, it follows from the 
foregoing' conclusions that the amount of 
chromatic aberration of second order in an 
achromatic combination will be the smaller 
the greater the dispersive power of the flint 
glass employed. )Vhile thus the amount of 
chromatic aberration of a single or uncor 
rected lens depends with a given kind of 
glass on its focal power or focal length alone 
and is to be corrected accordingly, its spheri 
cal aberration, however, depends also and in 
a higher degree on the form of the lens-that 
is, on the difference of the cnrvatures of its 
surfacesäand is the greater in amount the 
more said curvatures differ from each other. 
An equal-sided lens is, under ordinary condi 
tions, of minimum, a meniscus-that is, a 
concavo-convcx lens-of maximum spherical 
aberration. The spherical aberration of a 
positive lens may therefore be corrected by 
a negative lens of almost any focal power if 
the curvatures of the same can be made to 
differ sufficiently to produce an amount of 
spherical aberration equal to that ol’ the posi 
tive lens. If, therefore, the positive lens is 
of minimum spherical aberration-that is, 
equal-sided, or nearly so-a negative meniscus 
of much lower focal power than that of the 
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positive lens lnay correct said aberration, and 
since the difference of the focal powers of the 
components forms the focal power of the coni 
bination, the latter will in this case be com 
paratively great, or,vice versa, the focal power 
of the positive component will be compara 
tively small, and consequently the amount .of 
spherical aberration to be corrected by the 
negative lens will be small, leaving a corre 
spondingly-small amount of aberration of sec 
ond order. If, however, the positive lens of the 
combination is itself a meniscus, as is the case 
with the photographic objective, then the fo 
cal power of its negative or correcting lens 
cannot be made to be much lower than that of 
the positive lens, or else it would be impossi 
ble to produce, even with the greatest admis 
sible difference of ,its curvatures, the amount 
of ̀ negative spherical aberration required for 
the correction of the positive lens, and con 
sequently the remaining focal power, respect 
ively that of the combination, will be small 
in comparison with that of its positive com 
ponent. Hence the focal power of the crown 
glass' lens in an achromatic meniscus of a 
given focal power is to be comparatively 
great, and being besides this a meniscus it 
self, .its spherical aberration must be accord 
inglygreat, thus leaving a Acorrespondingly 
great amount of aberration of second order 
after being corrected by the flint-glass lens. 
Having thus pointed out the distinguishing 

characteristics of the two optical aberrations 
and explained the proper mode of their cor 
rection, it remains to illustrate the principle 
after which both corrections are accomplished 
at the same time in the modern photographic 
objective. 
Figure l of the accompanying drawings is 

a sectional view of a meniscus of the ordinary 
photographic objective, the components be 
ing cemented together. Fig. 2 shows a menis 
cus the spherical aberration of which is cor 
rected by a negative lens made of a glass of 
equal refractive power to that of the positive 
lens, the components not being cemented to 

Fig. 3 shows a cemented meniscus 
in which the chromatic but not the spherical 
aberration is corrected by a negative lens 
made of a high-dispersive flint-glass. Figli­ 
represents an uncemented meniscus made of 
the same kinds of glasses as Fig. 3, but both 
the chromatic and the sperical aberrations be 
ing corrected. Fig. 5 is designed to demon 
strate my novel way of so altering the form 
of the meniscus, Fig. 3, that both optical 
aberrations are corrected and at the same 
.time .the components of the meniscus can be 
cemented together; and Fig. 6 shows the al 
teration completed, thus representing in sec 
tional view my new photographic meniscus or 
objective. 
a compound photographic objective consist 
ing of two meniscuses of my new type. 
The meniscus, Fig. 1, is composed of a posi 

tive crown-glass lens d 'and a negative flint 
glass lens c, the latter being of lower focal 

Fig. 7 is alongitudinal section ot’y 
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power than the crown-glass lens, thus leaving 
the preponderant part of the latter as the 
focal power or focal length of the combina 
tion. The facing sides e of the lenses are of 
equal radii of curvatures and are cemented 
together, this arrangement being a necessity 
in photographic lenses. The fact that flint 
glass has not only a very high color-dispersive 
power, but that also its medium refractive 
power is greater than that of crown-glass, 
permits the cementing, otherwise the íiiut 
glass lens would have to be of a still shorter 
meniscal curvature, so as to form a space be 
tween the lenses, as shown in Fig. 2, in order 
lo produce with its lower focal power an 
amount of spherical aberration equal to that 
of the crown-glass lens. 
Suppose now the hint-glass lens c, Fig. l, 

to be made of ordinary flint-glass, such as is 
commonly used in telescope objectives and 
similar achromatic lenses. Then the internal 
Sides e, being, as may be assumed, of theproper 
though unusually short curvature as required 
in this case for the correction of the spherical 
aberration, will be much too short for the 
proper correction of the chrom aticaberration, 
thus producing a ­_corresponding over correc 
tion of the same. lf then the curve e. be flat 
ten ed, the dispersion of both lenses will be re 
duced of course; but that of the Hint-glass lens 
will diminish in a higher ratio than that of the 
crown-glass lens, owing to the higher disper 
sive power of the former, and thus a point 
will soon be reached at which thedispersive 
powers of both lenses are _equal in amount, 
as required for the correction of the chro 
matic aberration. Fig. 3 is to illustrate this 
case, showing the inner curve e as being con 
siderably Hatter than in Fig. l and of the 
proper radius for the purpose, as may be vas 
sumed. This change, however, interferes 
with the correction of the spherical aberra 
tion, which is thereby reduced to a corre 
sponding under correction, as is obvious. 

It will now be readily understood that ow 
ing to the peculiarly conñicting relations and 
the distinguishing characteristics of the two 
aberrations, as shown, it is impossible to cor 
rect both aberrations of a crown-glass menis 
cus at the same time by the single means of 
a negative lens made of ordinary or any other 
high-dispersive Hint-glass in the manner Áde 
scribed and illustrated by Figs. l and 3. 
Considering, however, the causes of this im 
possibility, as shown, it suggests itself that 
with a flint-glass of a certain low-dispersive 
power, or with two glasses of a correspond 
ingly-low difference of their dispersions, the 
desired result may be fully accomplished, and 
that such special properties of the glasses as 
required for the purpose may be accurately 
predetermined bycalculation. Thisprinciple 
was discovered by the late mathematician, 
Steinheil, of Germany, many years ago, and 
has been ever since and up to the present 
time generally adopted by all the leading op 
ticians in the world. In fact it has been and 
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is yet the basis per excellence for the con 
struction of photographic objectives. 
In my foregoing description of the optical 

aberrations I have shown that the amount of 
the chromatic aberration of second order in 
the achromatic lens will be the smaller the 
higher the color-dispersive power of the flint 
glass employed. The same is the case with 
the spherical aberration of second order, for 
since the focal power, and with it the chro 
matic aberration ot the crown -glass lens, is 
reduced by the use of high-dispersive iiint 
glass, as I have shown, its spherical aberra 
tion must also be reduced in the same pro 
portion. Iiet us now apply t-hese rules in 
versely to the modern photographic objective 
described, and it appears that, notwithstand 
ing its valuable and superior properties, a se 
rious defect is nevertheless inherent in the 
same, consisting in an excessive amount of 
aberrations of second order as an inevitable 
result of the employment of a flint-glass of 
extremely-low dispersive power, andthe re 
duction of this defect to an imperceptible 
minimum is the object of my first improve 
ment, which I describe as follows: 

I employ in my new photographic objective 
the ordinary telescope flint-glass, or even such 
of still higher dispersive power, and I form 
and arrange the whole in such a novel man 
ner that both the spherical and the chromatic 
aberrations (of the first order) will be cor 
rected at the same time. Thus I secure the 
great value lying in the employment of high 
dispersive flint-glass and accomplish the de 
sired purpose under full preservation of the 
advantages otherwise attained by the use of 
low-dispersive flint-glass, as in the old menis 
cus described. ì 

Let us refer again to the meniscus, Fig. 3 
of the accompanying drawings, in which a 
hint-glass of high-dispersive power is as 
sumed to be employed, as described, and it 
will be remembered, as I have shown, that in 
this form of meniscus the correction of the 
chromatic aberration requires the internal 
sides e of the components d and c to be of 
much flatter curvature than those in Fig. l, 
where a low-dispersive flint-glass is employed, 
but that with such flat curvature the spherical 
aberration is only partly neutralized, respect 

A simple way, how 
ever, of completing the correction of the lat 
ter without disturbing that of the chromatic 
aberration will be' to shorten the meniscal 
curvature of the flint-glass lens c under pres 
ervation of its focal power. 

Fig. 4: represents the type of aplanatic 
meniscus thus formed, and, in fact, this form 
would be a great improvement over that now 
in general use were it not for the fact that 
the lenses cannot be cemented together, and 
thus the two surfaces e and g be allowed to 
cause reiieetions very injurious to the photo 
graphic image or picture. Let us therefore 
return to the meniscus, Fig. 3, and suppose the 
flint-glass lens c to be iicxible, the crown-glass 

» correction of the combination. 

lens d, however, to be in a fluid state. Let 
us further presume the whole to be inclosed 
in a vessel for the purpose of preserving the 
outer form of the meniscus. Let, then, the 
edge of the iiint-glass lens c be bent off the 
side b of the vessel toward the side a, while 
the center of the lens is held in its place 
against the side Z) of the vessel, as illustrated 
in Fig. 5, and indicated by the arrows. This 
operation will shorten the meniscal curvature 
of the lens and in creaseits negative spherical 
aberration without disturbing the chromatic 

Let the opera 
tion be continued until the Hint-glass lens has 
attained the form presented in Fig. G, assum 
ing that at this curvature the spherical aber 
ration of the lens has reached the required 
amount. This is the point where both aber 
rations are corrected in the combination, and 
therefore the desired result is accomplished. 
The form of lthe crown-glass lens d has, 

by the described operation certainly _been 
changed at the saîme time with the flint-glass 
lens, as will be seen, apparently and in fact 
being now of but little less aberration than 
the crown-glass lens d, Fig. l; but the super 
iiuous part of it has passed over 'to the other 
side of the flint-glass lens, forming there anew 
crown-glass lens f-viz., a negative meniscus 
of nearly the form as if it had been directly 
separated from d by a cut. Thus these two 
new lenses d and f present combined an 
amount of spherical aberration but little 
greater than that of the crown-glass lens d, 
Fig. 3, and much smaller than that of d, Fig. 
1. Hence its correction by the flint-glass lens 
will leave an accordingly small amount ot' 
aberration of second order. Furthermore. it 
is obvious that the focal power, and conse 
quently the dispersive power, of the combined 
crown-glass lenses d and j' are also accord 
ingly diminished as against that of d, Fig. 1, 
being much lower than the latter, and there 
fore a correspondingly-small amount of chro 
matic aberration of second order will remain, 
as follows already from the simple fact that 
a high-dispersive flint glass is employed, as 
shown before. Thus the object of my inven 
tion has been fully accomplished by the de 
scribed transformation illustrated in Fig. 6, 
as will be clearly understood, and said dia 
gram may therefore be regarded as being a 
true representation of my improved aplanatic 
meniscus, which, as will be seen, forms a 
triplet cf a novel type, consisting of one posi 
tive and two negative meniscuses ot' such 
forms as to permit their cementing together, 
and being combined in such order that the 
concave side of the positive meniscus forms 
one and the convex side of one of the nega 
tive meniscuses the other side of the combi 
nation, and the sides or surfaces of said me 
niscuses being of such proportional curva 
tures as to comply with the requirements of 
aplanatism, permitting neither over nor un 
der correction of any of the optical aberra 
tions to exist in thc combination. 
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-The following formula gives in millimeters 
the radii of the curvatures of the meniscus at 
a focal length of 25.3 inches: 

Refractive index. Dispersion. b=­l­90.50 millimeters. 
« (line D) (C to F.) h: t 54.75 millimeters. j 

Grown-Glass. \ 

1.51828 0.00884 e~F44.20 millimeters. 
Flint-Glass. 

1.62023 0.01716 @-132.50 millimeters. 

The improvement of my triplet over'the old 
doublet orovertriplets of other forms or types 
consists in the reduction of the vaberration-s 
of second order, as shown. Thus a higher 
degree ot' correction `is obtaìned,­and conse 
quently the light is collected much more 4ac 
curately to a focal point than was heretofore 
possible in photographic lenses. The merits 
of my new objective'ar'e, therefore, a superior 
v'optical quality or yhigher degree of optical 
perfection, and consequently increased ca 
pacity and rapidity of photographic action 
anda superior definition of detail in the pic 
ture. 
My new aplanat‘ic meniscus may be used 

either singly or as a part of acompoundwhose 
other _part or 'parts may be either one similar 
triplet, as represented in Fig. 7 of the accom 
panying drawings, or two or more such trip 
lets or any other kind of aplanatic lens, o1’ 
more lenses forming together an aplanatic 
combination for themselves independently 
from >the triplet. In the case, however, that 
the compound objective consists of two trip 
lets of my new form, as illustrated in Fig. 7, 
there may be a slight deviation in one direc-v 
tion from ‘the rule given above in order to 
gaiin'certain special advantages at the expense 
>of opticalperfection in another direction,­pro­ 
vided »the latter be of minor importance in 
the case. Forinstance, a sli ght over or under 
Lcorrection of one or the other aberration, or` 
both, of either lens »may remove or reduce the 
well-‘known defect ytermed. “astigmatism” to 
a‘great advantage in the picture, while the 
slight injury thereby caused to theopticalj 
symm'etr f of the compound may not be of 
any perceptible consequence in the picture. 
The same is true in the case that the objective 
lconsists of a single aplanatic meniscus or trip 
let as described, which may, for instance, be . 
for certain special purposes slightly under 
corrected in order to remove or reduce dis 
tortion at the sides ot’ the picture. 

In »order to render my claims more distinct, 
I herewith remark expressly that I do not 
claim a combination of a triplet of apparently 
the new form described herein with a doublet 
described above, and illustrated in Fig. 3 of 
the accompanying drawings. The latter be 
ing spherically under corrected, as shown, a 
corresponding over correction of the triplet, 
and consequently a proportionally shorter 
meniscal curvature of lthe dint-glass lens c, 
Fig. 6, than that given in the above formula 
of this triplet, will be required in order ­to 
compensate the error of the doublet. Said 
over and under corrections disturb the optical 
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symmetry required in a good photographic 
objective, thus causing distortion at the sides 
of the picture, and besides this the triplet is 
unfit to be used singly, not being aplan’atic4 
for itself. Such combination has been made 
by myself more than two years prior to this 
application, and I regard it as one of the ex 
perimental stages which­ iinally resulted in 
'the development of my invention described 
herein; but I do claim all such combinations 
or triplets of the described form which are 
on 'account of certain proper proportional 
cnrvatures, as described, aplanatic for them 
selves, or so lnearly so as to secure the advan 
tage or improvement over the old­ doublet ot‘ 
reduced aberrations of ­second order. 

I do not limit my invention to the employ 
ment of crown-glass or one and the same 
kind of glass for the construction of the two 
­lenses a and f, Fig. 6; but diiferent'gla'sses of 
any kind suitable to accomplish the required 
result may be used for» said lenses. _ 

It is 'possible to construct or compose after 
the same new principle and with the same or 
a similar result a meniscus of more than 
three lenses by simply dividing any or 'all of 
the components of my triplet into two or 
more lenses and cementing them together. I 
regard such division of‘any of the components 
of my triplet to a system or systems of lenses, 
even if the new lenses of such system or sys 
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tems thus produced are not made of precisely , 
the same kinds of glass, as being 'merely de 
signed to take the place of the corresponding 
single lens or lenses of my triplet and to 
produce the same or a similar optical effect, 
thus involving no improvement whatever. 
Having thus fully `described my improve 

ment, what I claim as new, and desire to secure 
by Letters Patent, is~­ 

l. A photographic objective composed of 
Ytwo positive and four negative meniscuses 
combined in two sets and arranged in the or 
der as described, and shown in the lacco‘mpa 
nying drawings. 

2. In a photographic objective, the combi 
nation of two achromatic or aplanatic or 
nearly achromatic or api-auatic meniscuses, 
each consisting of one positive and two nega 
tive meniscuses, the whole being so arranged 
that the concave sides’of the two 4combina 
tions face each other, substantially as de~ 
scribed, and shown in the accompanying 
drawings. ' , ' ‘ 

3. In a photographic objective, the combi 
nation of two achromat'ic ̀ or aplanatic menis 
cuses, each consisting ot' one positive and two 
negative meniscuses, combined in such lorder 
that the concave side of the positive menis 
cus forms one and the convex side of one of 
the negative meniscuses the >other >external 
side in each combination, substantially as 
specified. ' 

4. In a photographic objective, the combi# 
nation of an aplanatic meniscus consisting ' 
ot' one single positive and two single negative 
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meuiscuses, as described, with au @iplzumtie 
meniscus of any description, Substantially ¿is 
speeiñed. 

5. 1u a photographie objective, the combi 
nation of am aplanzitie meuiscus consisting of 
one single positive and two single negative 
meniseuses, as described, with an aplanatic 
lens or au aplanatio combination of lenses 
of any description, substantially as shown. 

(5. A photographie objective or meniseus 1o 
consisting of a single positive and two single 
negative meniseuses, combined in the order 
described, for the purpose speeiñed. 

ERNST GUNDLACH. 
ÑVîbnesses: 

CHARLES C. MILLER, 
F. L. IIEWITT. 


