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In my co-pending application Ser. No. 438,174, filed
June 21, 1954, now Patent No. 2,796,002, issued June
18, 1957 I have disclosed a photographlc objective sys-
tem the focal length and thus the image scale of which
can be changed without substantial variations of its effec-
tive image distance by interchanging a detachable objec-
tive portion on the object side cooperating with a fixed
objective portlon on the image side. As taught more
particularly in that application, the basic objective whose
focal length is to be modified is a Gaus51an-type dual
objective comprising a pair of collective outer lenses be-
tween which there are enclosed a pair of .dispersive
menisci facing the diaphragm space and composed each
of a positive and a negative lens cemented together; a
three-unit lens assembly is designed to replace the front
half of this Gaussian objective for the puipose of reduc-
ing the focal length of the system.

Although this type of system can be theoretically de-
signed for aperture ratios of about 1:4.5, it has been

found that the existence of residual coma results in a.

reduction of contrasts which militates against a relative
aperturc greater than about 1:5.6. My present invention
has for its object the provision of an improved sys-
tem of the general character referred to in which these
drawbacks are eliminated and larger relative apertures
can be conveniently obtained without objectionable loss
of contrast.

The three units of an exchange assembly as described
in my prior application, and also accordmg to my pres-
ent 1nvent10n, are a front member compnsmg a negatlve
meniscus with rearwardly facing concavity, an interme-
diate positive lens member, and a rear unit which is
similar to the front half of the basic Gaussian objective
in that it consists of two air-spaced members, including
a positive forward member and a meniscus-shaped nega-
tive back member adjacent the diaphragm space. The
front-and intermediate members together define an afocal
system in the shape of an inverse Galilean telescope.

In accordance with a feature of my present invention,
the spacing between the negative front miember.and the
positive intermediate member of the exchange assembly
is not only large compared-to the other air spaces of this
agsembly, as already -pointed out in.my above-identified
application, but exceeds 45% of the overall focal length
of -the complete system. According to another feature
of the invention, this front member is cemented from
a positive front lens and a negative meniscus-shaped rear
lens which latter consists of a highly refractive material
whose index of refraction for the yellow helium hne of
the spectrum is greater ‘than 1.70 and exceeds the re-
fractive index of the positive lens cemented thereto by
a-value ranging between 0.04 and- 0.06.

According to a further feature of this invention, the
radius. of the concave rear surface of the meniscus-shaped
front :member exceeds 60% .of-the -overall-focal:length
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of the system while the corresponding radius of the simi-
larly shaped back member is greater than 30% of that
overall focal length. ~This back member is, preferably,
likewise of the compound type, conmsisting of two .ce-
mented lenses having a difference greater than 0.08 -in
their refractive indices for the yellow helium line, the
higher refractive index bemg that of the rear .cemented
lens.

“The invention will be further described with reference
to the accompanying drawing .in which:

Fig. 1 schematically illustrates the front and rear halves
of a fundamental optical system, of predetermined focal
length, in the form of a-Gaussian dual objective; and

Fig. 2 illustrates an- exchange objective, of reduced
focal length, obtained by substituting a lens assembly
according to the invention for the front half of the objec-
tive of Fig. 1.

In the drawing, wherein so far as practicable I have
used the same reference characters as in my above-identi-
fied co-pending application, I have shown in Fig. 1 a
Gaussian objective comprising a front half I’ detachably
secured to a rear half IV by means not shown, e. g. in the:
manner disclosed in my co-pending application Ser. No..
402,679, filed January 7, 1954, or in pending application:
Ser. No. 431,506, filed May 21, 1954, by Paul Hirter et al.,.
both cwned by the assignee of the present application..
Front half I’ consists of a positive, slightly meniscus-.
shaped lens member L,’, whose radii are ry’, ry’ and
whose thickness is d;’, followed by a compound neganve
meniscus member composed of lenses L2 (radii ry’, ry
and thickness d3’) and Lg" (radii 4, r5’ and thickness
dy"), the spacing between the two members being desig-
nated dy’. Rear half IV consists of a compound nega-
tive meniscus member composed of lenses Ly (radii rqy,
19 and thickness dy;) and Lg (radii ryy, 113 and thickness
dyp) followed by a positive lens member Ly (radii ryg,
ri4 and thickness dy,), the spacing between the two last-
mentioned members being designated dy;. The relatively
large distance ds* between objective portions I’ and IV
defines a diaphragm space adapted to receive the usual
iris diaphragm and shutter (not shown).

With an aperture ratio of 1:2, an overall focal length
given the numerical value of 100 and an image distance
(the spacing between the last lens Ly and the surface of
projection) equal to 72.4, the radii, thicknesses and spac-
ings of the elements of the system of Fig. 1 as well as
the indices of refraction nq and the Abbé numbers v
thereof may be as follows:

Table A
na ?
r'=-+4 54.83
L/ dy= 6.71 167003 | 47.2
ro' =+ 156.25
dy'= 1.27 (Air spacs)
) r =+ 39.67
Ly dy’= 8,93 1.69347°| 535
rd=-- 168.32
Ly = 3.52 1.66446- | 35.9:
Ty =4 2588
d5'=21.21 | (Diaphragin
space)
ri=— 30.20
L7 dy= 3.17 1, 63980 | 34,6
ra=-+ 90.18 )
Is . ) d13=11.88: -1.65344-{ 50.8:
IV . ’ ria=-— 41.87
’ h dis= 0:21' | (Air space)
r14=-}-2359.37 . .
Ly du= 5.25 174472 | 447
' re=— 7124 |
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In the exchange objective of Fig. 2 the lens group I’ of
Fig. 1 has been replaced by an assembly including three
units I, 1T and III: Forward unit I is a negative meniscus
composed of cemented lenses L, (radii ry, r and thickness
dy) and L (radii rp; r; and thickness d,); intermediate
unit I is a slightly: meniscus-shaped positive member I;
(radii ry, r5 and thickness dy), its spacing from front mem-
ber I being designated dy; and rear unit ITT comprises two
air-spaced members, including a positive lens L, (radii r,
rq and thickness dg) ‘and a compound negative member
whose forward positive component Ly (radii rg, ry and
thickness dg) is cemented onto a meniscus-shaped back
component Lg (radii rg, 1o and thickness dy), the air space
between these members. being designated dy and the spac-
ing of lens L, from lens Ly of unit I being designated d;.
The length of the diaphragm space between lens Lg of
unit III and lens Ly of the fixed group IV is designated dy,.

The lenses L, and L;, Lg of unit ITI are generally similar
to the lenses L; and Ly, L, constituting the group I’ in Fig.

1. Units I and II of Fig. 2 together constitute an in-

verse Galilean telescope whose air space dj is greater than
45% but less than 55% of the overall focal length of the
exchange objective, as will appear from the following
Table B wherein illustrative values for the parameters
listed in Table A are given for the elements of the lens
assembly I, II, IIT of Fig. 2 to provide a system with an
aperture ratio of 1:4.5, an overall focal length of 74.3
and an image distance of 72.3:

Table B

na t
n=- 144. 58
Ly di= 7.51 167270 | 32.2
1 r2=--1067. 84
""""""" Lo dy= 2.32 1.72000 { 50.3
ry=-- 50.27
d3=36.99 | (Ailr space)
ri=- 75.74
I Iz di=7.13 1. 67003 47.2
rs=-+ 365.51
ds= 5.28 (Alr space)
re=+4 ' 59.83
Ly ds= 0.56 1.60311 | 60.7
r77=—1786.41
d7= 9.83 (Air space)
I rs=-} 32.08
"""""" Ls ds= 4.22 1.51478 | 60.6
re=- 248,27
Ly dy= 2.95 1. 62536 35.6
rie=-+ - 24,06
d1o=13.72 | (Diaphragm
space)

The total physical length of the assembly I, II, III, given
as the sum of all spaces and thicknesses dy through d,
is 96.51; this being approximately 50% . larger than the
corresponding length in thé numerical examples given
in my earlier application Ser. No. 438,174. It will be
noted that the axial length of air space d; can also be ex-
pressed as exceeding 35% of this total physical length.

It will be noted from the foregoing table that the
meniscus-shaped lens L; of the front member of unit I
has a refractive index greater than 1.70 and that this
index exceeds by about 0.05 the refractive index of asso-
ciated lens L, cemented onto lens L,. The dispersive rear
surfaces of lenses L, and Lg have been substantially flat-
tened, in comparison with the system disclosed in my
earlier application Ser. No. 438,174, by a relatively large
dimensioning of their respective radii r3, 71, whose values
exceed 60% and 30% but are less than 75% and 40%,
respectively, of the overall focal length of numerical
value 74.3; they can also be described as not: less than
approximately 50% and 25%, respectively, of the total
physical length of the assembly I, II, IIT given as 96.51.
The difference between the refractive indices of com-
ponents Ly and Lg of the back member of rear unit III
is approximately 0.11, thus being greater than 0.08 as
specified above, component Ly being, moreover, less highly
refractive than component Lg.. All the aforestated criteria
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for the suppression of residual coma, necessary for an
attainment of a large relative aperture, have thus been
satisfied.

I claim:

1. In an optical objective system, in combination, a
front assembly and a rear assembly detachable from each
other and defining between them a diaphragm space,
said rear assembly being composed of a dispersive me-
niscus adjacent said diaphragm space and facing same
with its concave side and of a positive lens back of
said meniscus, said front assembly comprising a front
unit, an intermediate unit and a rear unit; said rear unit
consisting of a negative meniscus facing said diaphragm
space with ifs concave side and a biconvex lens preced-
ing said negative meniscus; said intermediate unit being
a single positive lens member; said front unit consisting
of a meniscus-shaped negative member facing said dia-
phragm space with its concave side; said front and in-
termediate units: together defining an afocal system in
the shape of an inverse Galilean telescope and being
separated from each other by an air space whose axial
length is between substantially 45% and 55% of the
overall focal length of the combination of said front
and rear assemblies, the radius of the rear surface of
the negative meniscus of said rear unit being between
substantially 30% and 40%. of said overall focal length,
the radius of the rear surface of the meniscus-shaped
negative member of said front unit being between sub-
stantially 60% and 75% of said overall focal length,
the meniscus-shaped negative member of said front unit
consisting of a positive front lens and a negative rear
lens cemented together, said rear lens having an index
of refraction for the yellow helium line substantially
not less than 1.70, said index of refraction exceeding that
of said front lens by.a value ranging substantially be-
tween 0.04 and 0.06, the negative meniscus of said rear
unit consisting of a positive front component and a nega-
tive rear. component cemented together, said rear com-
ponent having an index of refraction exceeding that of
said front component by substantially not less than 0.08,
said dispersive meniscus of said rear assembly being
composed of a less highly refractive front lens and a
more highly refractive rear lens cemented together.

2. The combination according to claim 1, wherein the
radii ry, rp-and the thickness d; of the front lens L; of
said front unit, the radii ro, r3 and.the thickness d, of
the rear lens L, of said front unit, the spacing d; of
said front unit .from the positive lens member L; of
said intermediate unit, the radii r4, 5 and the thickness
dsy of said member L, the spacing ds of said member
L; from the biconvex lens L, of said rear unit, the radii
re, rq and the thickness dg of said lens L4, the spacing
dy of said lens L, from the negative meniscus of said
rear unit, the radii rg, ry and the thickness dg of the
positive front component Ls of said negative meniscus,
the radii rg, ryp and the thickness dy of the negative rear
component of said negative meniscus, the axial length
of the diaphragm space dyg, the radii ry;, r;, and the
thickness dy; of the front lens L; of the dispersive me-
niscus-of said rear assembly, the radii ris, ri3 and the
thickness d;5 of the rear lens L of the last-mentioned
‘meniscus, the air.space dj; between said last-mentioned
meniscus ‘and the positive lens Ly of said rear assembly,
the radii ry4, ri5 and the thickness dyy of said lens L,
and the refractive indices nq as well as the Abbé num-
bers v of all the elements L; . . . Ly of said front and
rear assemblies have numerical values substantially as
given in the following table, said front and rear assem-
blies. together defining an exchange objective having an
overall focal length of substantially 74.3 and an image
distance’ of substantially 72.3, all based upon a numeri-
cal value of 100 for the overall -focal length of a Gauss-
ian dual- objective consisting of said rear assembly and
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of a lens assembly roughly mirror-symmetrical thereto

in the position of said front assembly:

na [
ry=- 144.58
) 7 —— di= 7.51 1. 67270 32.2
r3=-}-1067, 84
% S, d3= 2.32 1. 72000 50.3
rs=-4- 50,27
d3=36.99 | (Ailr space)
ri=-4 75.74
) 7 T di= 7.13 1. 67003 47.2
rs=-}~ 365. 51
ds= 528 | (Air space)
ro=- 59.83
O P, ds= 6,56 1,60311 60.7
ry=—1786.41
dr= 9.83 | (Alr space)
ry=- 32.08
) 7 O, dy= 4.22 1. 51478 60.6
rp=-+4 249,27
B 7 S dy= 2.95 1. 62536 35.6
o=+ 24.06
d=13.72 | (Diaphragm
ru=- 30.20 space)
) 7 S dn= 3.17 1. 63980 34.6
rig=-+ 90.18
) 07 S —— di2=11,88 1, 65844 50.8
ris=-— 41.87
duy= 0.21 | (Afr space)
r1=-}-2359, 37
) O T, du= 5.25 1.74472 44,7
rg=— 77.24
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