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Optische Werke, Kreuznach,

The present invention relates to an optical system
wherein one or more of the components of a photographic
objective or the like, of normal focal length, are replace-
able by a lens assembly adapted to produce, in combina-
tion with the remaining components of the basic objec-
tive, an exchange objective of substantially the same image
distance but different focal length,

Optical systems are already known in which the front
half of a Gaussian dual objective, facing the object, is
replaceable by a lens assembly including an afocal com-
bination, such as a Galilean telescope (for increased focal
lengths) or an inverted Galilean telescope (for reduced
focal lengths). While these systems represent distinct
improvements over earlier objectives of the type referred
to, they still were useful only within a limited range
which could not be exceeded, especially in the case of a
telephoto objective, without requiring impractically large
lens dimensions. Systems of this character have been
disclosed, for example, in my co-pending applications Ser.
Nos. 438,174 and 438,511, filed June 21, 1954 and June
22, 1954, respectively, Ser. No. 438,174 now being Patent
No. 2,796,002 dated June 18, 1957,

The general object of my present invention is to provide
an exchange lens assembly for a normaliview objective
system adapted to convert the latter into an exchange ob-
jective with very large image scale ratio.

Another object of the instant invention is to provide a
lens attachment for photographic cameras designed to
adapt same for the taking of close-ups,

A feature of my present invention resides in the pro-
vision of means for producing an intermediate image with-
in the objective system. This includes, more specifically,
an assembly of lens components designed to replace the
front portion of the principal or normal-view objective,
the rearwardly located components of this.assembly (ad-
jacent the diaphragm space) representing a substitute for
the front portion of the principal objective whereas the
forwardly located components have the character of an
ocular or eyepiece. Both sets of components, if suitably
proportioned, co-operate with the remaining rear portion
of the principal objective to form an optical system whose
focal length has been sc foreshortened that at or near the
focal plane of the principal objective (i. e. its image plane
with the object at infinity) there will now exist a new
image plane whose distance from the system will be ap-
proximately equal to that of its conjugate object plane;
this corresponds to an image scale ratio of the order
of 1:1.

It is, accordingly, a more particular object of this in-
vention to provide an exchange lens assembly as set
forth above which, when combined with the fixed part of
a normal-view objective, furnishes an objective whose
image and object distances have a ratio of the order of
unity.

1 have found, in accordance with a further feature of
this invention, that the preceding object may be realized
by means of a lens assembly including two sub-assemblies,
the forwardly positioned sub-assembly (i. e. the one fac<
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ing the object) comprising three air-spaced lens elements
including a negatively refracting front meniscus, turning
its. concave side toward the object plane, and two rear-
wardly positioned biconvex lens elements; the other sub-
assembly comprises two air-spaced menisci of opposite
refractivity, turning their convex sides toward the dia-
phragm space, one of which consists of a glass having an
index of refraction greater than 1.7 for the yellow helium:
line.

An exchange objective constructed in accordance with
the foregoing features can be designed for a ratio of
object distance to image distance ranging between 1:0.8
and 1:1.2 while substantially maintaining the image. dis-
tance of the original normal-view objective. The overall
focal length of such exchange objective may be modified,
if desited, with the aid of known auxiliary objective sys-
tems positioned in front thereof. . : :

A further object of my invention is to provide an ex-.
change objective system of the character described which-
is corrected, with respect to the conjugate image and
object planes, for all optional aberrations, in this con-
nection it is desirable, with a view to insuring chromatism,
to use a compound lens as one of the components of the
forward sub-assembly. -

The invention will be described in greater detail with
reference to the accompanying drawing in which:

Fig. 1 shows diagrammatically a normal-view objective
of the Gaussian type; and -

Fig. 2 illustrates an exchange objective obtained by re~-
placing the front part of the objective of Fig. 1 with a
lens assembly according to the invention.

In Fig. 1 there has been shown a conventional Gaussian
dual objective of the type shown in Fig, 1 of each of my
aforementioned co-pending applications. The front half T’
of this objective comprises a positive meniscus L," whose
radii are ry’, 5’ and whose thickness is dy’, followed by a
compound negative meniscus member. composed of lenses
Ly’ (radii 73, r,’ and thickness dy’) and Ls" (radii ry’, rs’
and thickness d,’), the spacing between the two members
being designated .dy’. Rear half II consists of a com-

. pound negative meniscus member composed of lenses Ly

45

(radii ry9, r13 and thickness dy,) and Lg (radii ryg, r14 and
thickness dy3) followed by a positive lens member L,
(radii ry5, rig and thickness dy5), the spacing between the
two last-mentioned ‘members being designated dis.. The

_relatively large distance d5’ between objective portions I’

and I defines a diaphragm space adapted to receive the
usual iris diaphragm and shutter (not shown).

With an apertvre ratio of 1:2, an overall focal length
given the numerical value of 100 and an image distance

. §'=72.4, the radii, thicknesses and spacing of the elements
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of the system of Fig. 1, together with their refractive.
indices nq and Abbé numbers v, may be as follows:

Table A

. na 4

= 5483
1=+ 156.25
ry'=- 30,67
ry’=-} 168.32
=+ 25 89v

dy = 6.71
&= 127
dy = 8,93
dy= 352
ds =21.21

1.67003
(Alr space)

1.69347

1.66446 |

(Diaphragm
space)

1. 63980

1, 65844
(Alr space)

1.74472 |

47.2

53.5
35.8

30.20
90.18
41.87
ris=--2359. 37
ne=— 77.24

fig=—
re=-

T4=—

3.6
50.8

di= 3.17
d13=11.88
du= 0.21
dis= 5.25
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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 two
sub-assemblies I and II. Forward sub-assembly I com-
prises a negative meniscus Ly (radii ry, ry and thickness
d;) followed by a simple biconvex lens Lg (radii r5 rg
and thickness d;) and by a negative meniscus Ly (radii
15, rg and thickness d;) cemented onto a biconvex lens
element L, (radii rg #7 and thickness dg) to form a com-
pound biconvex lens; the air space between members L,
and L, has been designated d, the air space between mem-
bers L, and L has been designated dy. Rear sub-assembly
II comprises a positive menicus Ly (radii rg, ry and thick-
ness dg) followed by a negative meniscus Lg (radii r1p,
ry1 and thickness dyg); the air space between the menisci
L;, Lg is designated dy. The spacing between the two
sub-assembiies I and II has been indicated at dy. At dyy
there has been shown the diaphragm space of the ex-
change objective.’

With an aperture ratio of 1:5.6, an overall focal length
of 54.6, an object distance §=82.7 and an image distance
S§'=72.2, the radii, thicknesses, spacings, refractive in-
dices and Abbé numbers of the exchange assembly I, II
in Fig. 2 may be as follows:

Table B
na v
7 =— 3531
In dy = 5.09 1.68893 | 3L.1
1 =— §0.16
dy = 0.21 | (Alrspace)
1y =-}-135.48
] Ly ds = 4.22. 1.62041 | 60.3
) S r =—147. 47
de = 0.42 | (Alr space)
rs =-} 68.38 i _
L . ds = 1.69 1.67270 | 32.2
re =4 44.72
Iy ds = 4.92- 1.50657 | €2.0
17 = 72.22
dr = 0.21 | (Alr space)
rg =- 20.21 N
Ls dg = 5.49 1.72000 | 50.3
ro. =-}- 86.48
) 5 DI — ’ do = 1.58 | (Alr space)
ru=--312.19
;L do= 1.69 1.61659 { 36.6
m=-+ 14.92 3
dyy=13.72 | (Diaphragm
space)

" As will be noted from the foregoing example, the ex-
change assembly according to the invention includes two
sub-assemblies which are of the character previously spe-
cified and in which the positive meniscus Lz of sub-as-
sembly II has an index of refraction greater than 1.7 for
the yellow helium line. ‘

‘The objective system shown in Fig. 2 may be supple-
mented by an auxiliary lens system comprising, for
example, a pair of biconvex lenses flanking the object
plane and a telescope objective positioned ahead of this
plane. With an objective system having the parameters
given in Tables A and B, the telescope objective may
have a focal length equal to or larger than 150.

- I claim:

1. A front lens assembly adapted to replace the front
half of a Gaussian dual objective whose front and rear
halves define between them a diaphram space, each of
said halves comprising a dispersive lens meniscus ad-
jacent said diaphragm space and facing same with its
concave side as well as a positive lens beyond said menis-
cus; said assembly comprising a pair of air-spaced lens
sub-assemblies including a forward lens sub-assembly
having three air-spaced lens components and a rear lens
sub-assembly with two air-spaced lens menisci of oppo-
site refractivity, the foremost one of said components
being a negatively refracting lens meniscus with a for-
wardly facing concave side, the other two of sdid com-
ponents being biconvex lens members, said menisci of
opposite refractivity having rearwardly facing concave
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an index of refraction greater than 1.7 for the yellow
helium line.

2. A lens assembly according to claim 1, wherein one
of said biconvex lens members is a compound lens.

3. In an optical objective system, in combination, 2
front lens assembly and a rear lens assembly detachable
from each other and defining between them a diaphragm
space, said rear lens assembly comprising a dispersive
lens meniscus adjacent said diaphragm space and facing
same with its concave side as well as a positive lens
back of said meniscus, said front assembly comprising
a forward and a rear lens sub-assembly air-spaced from
each other; said forward sub-assembly comprising three
air-spaced lens componeats including a negatively re-
fracting front lens meniscus with a forwardly facing
concave side and two biconvex lens members back of
said front lens meniscus; said rear sub-assembly com-
prising two air-spaced lens menisci of opposite refrac-
tivity having rearwardly facing comcave sides, one of
the last-mentionsd menisci having an index of refrac-
tion greater than 1.7 for the yellow helium line, the com-
ponents of said front and rear lens assemblies being so
dimensioned that the spacing of an image plane from the
rearmost component and the spacing of a conjugate ob-
ject plane from the foremost component have a ratio
of the order of unity.

4. The combination according to claim 3, wherein said
rear assembly is adapted to co-operate with a roughly
mirror-symmetrical lens assembly to form a Gaussian dual
objective of predetermined focal length and image dis-
tance, said front and rear assemblies together having an
image distance substantially equal to and an overall
focal length considerably shorter than that of said Gaus-
sian dual objective, the second one of said biconvex lens
members and said dispersive meniscus consisting of a
negative and a positive lens component cemented to-
gether; the radii ry, 7, and the thickness dy of said front
meniscus L, the spacing d of said front meniscus from
the first biconvex lens member L, the radii r;, 7, and
the thickness d; of said lens member L, the spacing
d, of the latter from said second biconvex lens member,
the radii 75 and g and the thickness d; of the negative
component Ly of said second biconvex lens member, the
radii rg, r; and the thickness dg of the positive component
1, of said second biconvex lens member, the spacing dy
of the last mentioned component from the positively re-
fracting meniscus L; of said rear sub-assembly, the radii
Iy, 7 and the thickness dy of said meniscus Ly the spacing
dy of said meniscus Ly from the negatively refracting
meniscus Lg of said rear sub-assembly, the radii rig, 11
and the thickness dyo of said meniscus Lg, and the length
of the diaphragm space dy; separating said meniscus Lg
from said rear assembly, as well as the refractive indices
4 and Abbé numbers v of the components L;-Lyg of said
front assembly having numerical values substantially as
given in the following Table B; the radii rip, 113 and the
thickness dis of the negative component Ly of said dis-
persive meniscus, the radii 713, 14 and the thickness. dy3
of the positive component Ly of said dispersive- meniscus,
the ‘spacing. dys of the last-mentioned component from

- the positive lens Ly of said assembly, the radii rys rig and
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the: thickness dy5 of said lens Ly, as well as the refractive
indices ng and the Abbé numbers v of the components
L-Lg of said rear assembly having numerical values sub-
stantially as given in the following Tables A and B; the
numerical values of said radii, thicknesses and spacings
being based upon a numerical value of 100 for the over-
all- focal length of said Gaussian dual objective; said
front and rear assemblies together defining an exchange
objective having an overall focal length of substantially
54.6, an image distance of substantially 72.2 and an ob-

sides, one of said menisci of opposite refractivity having 6 ject distance of substantially 82.7:
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Table 4 Table B
fd ? na 14
=4 54,83 5 ri=— 35,31
Ly 1= 6.71 1. 67003 47.2 | 2T di= 5,09 1.68893 311
rof = 156,25 ry=- 50,16
di= 127 | (Alr space) da= 0,21 (Alr space)
=< 39,67 r3=--135, 48
Ly ds= 8,93 1. 60347 53.5 ) T dy= 4,22 1. 62041 60.3
e/ =-|- 168,32 re= 147,47
La . di= 3.52 1.66446 35.9 10 dy= 0,42 (Afr space)
rs'=+ 25,89 Ts=-1- 68,38
ds=21.21 | (Diaphragm ) 7 SR | dsm 1.68 167270 82.2
space) re=-}- 44,72
ra=- 30,20 Lq ds= 4,02 1, 50857 62.0
) 7 . = 3.17 1. 63980 34.6 n=— 72,922
ry=-+4 90,18 Gr= 0,21 (Air space) -
) P, dis=11.88 1. 65844 50.8 rg=-- 20,21
Tu=-— 41,87 18 Loeeoo ... dym= 5,49 1, 72000 50.3
du= 0.21 | (Afr space) - re=-4- 86,48
r15==--2359, 37 dy= 1,58 (Afr space)
| 7 T dis= 5.25 1.74472 44.7 ri0=-4312.19
rie=— 77.24 R P dio= 1,69 1, 61659 36.6
ru=- 14,92
du=13.72 | (Diaphragm
20 space)
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