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ABSTRACT: A photographic objective having a relatively
long back focal distance with regard to its focal length and
also having a great relative opening comprising in combina-
tion in front of the diaphragm a negative lens group compris-
ing at least one component lens and spaced therefrom a
preferably cemented positive lens element which comprises at
least two component lenses having opposite refractive power.
Behind the diaphragm a negative lens group is disposed which
comprises at least one component lens.
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OBJECTIVE HAVING LONG BACK FOCAL DISTANCE
WITH REGARD TO ITS FOCAL LENGTH

CROSS-REFERENCE TO RELATED APPLICATION

Applicants claim priority under 35 USC 119 for application
P 17 72 665.7 filed June 15, 1968 in the Patent Office of the
Federal Republic of Germany.

BACKGROUND OF THE INVENTION

Our present invention relates to photographic objectives,
more specifically to wide-angle objectives having a long back
focal distance and a great relative opening,

Itis well known in the art that the use of wide-angle objec-
tives in combination with single lens reflex camera is rendered
considerably difficuit, owing to the space required in the
cameras for the tilting of the reflex mirror, as a consequence
whereof the objectives have to have a rather long back focal
distance. For this reason, it has alrgady been suggested to
design such wide-angle objectives in the manner of inverted
telephoto lenses, so-called retrofocus lenses. However, this
type of objective presents considerable difficulties in color
correction with regard to the lateral aberrations. Besides, with
this type only rather small relative openings can be attained if
oversized dimensions are to be avoided.

Further, there has been suggested to design the objectives in
question in symmetry to the diaphragm disposing on either
side’ of the diaphragm positive lens groups and, noticeably
spaced therefrom, negative lens groups, preferably negative
menisci. Such objectives offer indeed good possibilities for
correction, however, only objectives of short back focal
distances can be obtained this way, and they render the objec-
tives unsuitable for use with single lens reflex cameras. Unfor-
tunately, any increase of the back focal distance leads to a
reduction of the relative opening. .

Itis, therefore, an object of the present invention to-provide
objectives which overcome the above-mentioned disad-
vantages, arid it is a further object to provide objectives which
are inexpensive in manufacture, even if the objectives com-
prise relatively many component lenses.

SUMMARY OF THE INVENTION

The above stated cbjects are attained with objectives com-
prising in combination in front of the diaphragm a negative
lens group consisting of at least one component lens and
spaced therefrom “a positive lens :element, preferably ce-
mented from at least two component lenses having opposite
refractory power, and further comprising a negative lens
group consisting of at least one component lens behind the
diaphragm. Preferably, the megative’ lens gtoup ‘mounted in
frontof the diaphragm includes exclusively refracting surfaces
of which the centers of -curvature are "positioned in the
direction towards the diaphragm. The ‘surface .adjacent the
diaphragm of the negative lens group -directly behind this
diaphragm and the surface adjacent the image plane also have
their centers of curvature ‘positioned in the direction towards
the diaphragm. Their. radii.are to-be shorter than the total
focal length. The object-side negative lens: group ‘may com-
prise a plurality -of menisci with their concave surfaces being
directed towards the ‘diaphragm. The total focal length of
these menisci is to'be greater than the ‘total focal length of the
assembled ‘objective. The focal length of the positive lens
group in front-of the diaphragm is to-be smaller than the focal
length of the entire objective.

DESCRIPTION:OF THE DRAWINGS

In‘Examples 1 to 6 are mentioned the exact data of six ob-
jectives designed according to the invention. In the appending
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drawings:

FIGS. 1—5 are axial sectional views of the objectives
designed according to the data in Examples 1—6,

FIGS. 2a—e to Sa—d are graphs showing the state of cor-
rection of the corresponding objectives, and

FIGS. 6a—f are a comparison drawing of these six objec-
tives wherein also the focal lengths of the three individual lens
groups are provided which each objective comprises, and
wherein, further, the focal lengths of the lens groups are given
which are positioned in front of the diaphragm,

Objectives of the above described type have a back focal
length which amounts to at least two-thirds of the total focal
length-of each particular objective. -

From the field angles mentioned in the tables provided in
the Examples, the efficiency of the new designing principle
will be readily apparent. Even if only a total of four com-
ponent lenses is used a relative opening of f:4 can be achieved
together with a picture angle of £15°.

The following specific examples give the data of six objec-

20 . . : .
tives designed according to the invention:

EXAMPLE 1

The data of the radii r,, lens spacings a,, lens thick-
nesses d,, focal lengths f, and back focal distance s’
are as follows:

25

{Focal length=100; Field angle=419.5% Relative opening={:4]

rn=+4173.20
r2=-442.85
r3=4-38.50
r=-26.28
r5=-—153.3

Ji=~150.4
41=4.97

a1=66.20
d2=51.95
d3=11.92

an=1.651 :
@2=3.191

dy=4.47

§'=72.8

fua=456,2

[r=-+59.9
35

o= —22.36
;1= —33.90

fi=—106.9

40

! Space in front and behind said diaphragm.

EXAMPLE 2

The data of the radii r, lens spacings a, lens
thicknesses d,, focal lengths f,, back focal distance s’
and glass types having a refractive index n. and Abbe
number v, are as follows:

45

50

{Focal length=100; Field angle=+31° Relative opening=£:4]
| -

Te le

r1==+99, 80
ro==+53. 61
r3—=4-48.17
ry=—>58.18
r5==—204.5

fi=—160.8
d1==5, 94 1.76256 31.58
a=71.20
d:=48.95

d43=27.70

55

fi,0=+66.9
Jo=+69.4

41.64
26.31

1,67133
1,76859 ’

an=1.711 ;
a=5.721 ! I

d:=2.36
=4. 64

Te=2—22, 80
r=-4214.0

ry=~-27.79

1, 62408

1, 56181
|

36.11

f=—203.0
60.96 ‘

§'=74.7

1 Space in front and behind said diaphragm.

EXAMPLE 3

The data of ‘the radii r,, lens spacings a,, lens
thicknesses d,, focal lengths f,, back focal distance s’

70

75
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and glass types having a refractive index n. and Abbhe
number v, are as follows:

[Focal length=+100; Field angle::437°; Relative opening=/:2.8]

257

and glass types having a refractive index n, and Abf)(:
number o, are as follows:_

4

[Focal length=100; Field angle=:45° Relative opening={:3.4]

e I s R
: Ne e o e
7= HUR.79 11=-+4098.3 .
d1==5.43 1. 62286 60. 08 d1=5.0 1. 59263 10. 66
r9:2:461.20 fr==—126.5 r2=+61.23 Ni=-117.0
. . ar=1.86 10 a1=18.3
13==+101.6 r3=+4133.3
. dy==5.43 1. 62286 60.08 d2=5.0. 1, 59263 10, 66
ry=-460.75 ry=+63.27 fra=+83. ¢
a2==51.20 . ar=47.2
r5=-+60.10 Si.=+74.3 rs=-4-52. 00 : :
d:=30.72 1,79227 47.15 d3=28.3 1. 74705 44, 49
re=—91.20 fi=+71.4 15 re=—180.9 fa= 400, 8
ds=17.61 . 1.81265 25.24 d;=16.2 1. 76847 20,74
r;=—=—549.3 rr=d=
an=2.141 an=2.851
a;==8.351 ap=0.741
ro=—56.39 ry=—46.08
d5=11,20 1. 62286 60.08 ds=10. 4 1. 86205 40, 88
ry=—71,58 re=—01.23 .
a=2.34 20 ay=2.17
T1=-+3330.0 ' 710=—1365.0
ds==13.61 1.72823 37.85 ds=12.5 1. 68586 47,92
r11=—236.08 fr=—376.0 ri =-—26.83 f1=-790.0
d71==0,00 1.81266 25, 24 d1=5.6 1.76847 28,74
r13=-100.56 T12=~81.37
a7=13.61 as=12.5
r13—=—34.62 25 r3=—32.98
dy=5.43 1. 62408 36.11 dg=5.0 1. 66181 60. 96
r1y=—=—61.00 Ti3=—49,65
3'=65.70 §'=73.9
! Space iw frent and bobind said diaphragm. 1 Space in front and behind said diaphragm. e
30

EXAMPLE 4

The data of the radii r, lens spacings a,, len%
thicknesses d,, focal lengths f,, back focal distance s’
and glass types having a refractive index n. and Abbe 35
number v, are as follows:

EXAMPLE 6
The photographic objective has the following specifications:

the focal lengthis 100,

- - the field angle is - *50°,
{Focal length=100; Field angle=4-40°; Relative opening=/:2.8] the relative opening is
and wherein

£3.4,

ne ve the comprised negative front lens element consists of three
40 single menisci which are concave in the direction towards the
ri=-494.39 diaphragm,
rpe 3.7 dy=5.44 1. 62286 60. 08 fim 1344 said menisci having

. a1=19.88 a focal length fi=—122.8, said negative front lens element
Ts=-+116.93 dy=b5.44 162286 | 60.08 45 being spaced from the subsequent positive cemented lens’
ri=+64.63 5116 element by a distance «a,=43.9, said positive lens element
ro=+59.67 =0k fin=+85.6 having a .focalul length j;=+70.0, the -space .in front a.nd

d3=30.72 1.79227 47.15 behind said diaphragm is a4, =9.45, the comprised negative
ro=—99.37 fe=474.0 . g . . .
d,=17.56 1. 81265 25.24 lens element behind said diaphragm consists of three menisci
rr=—1422.18 12t 50 which are concave in the direction towards said diaphragm
G—8.301 and of which two menisci are cemented and one is a single
ry=—51.20 ; ; :
8 de=11.28 1. 62286 60, 08 meniscus, the focal length of said lens element being
ro=—62.40 052 f1=—405.5, the back focal dlstance is s —68 9 the focal
F10=+1650.45 e lengthisfi..=+77.9 . .comom
o —36.06 de=13.6 1,72823 37.85 fymm 6728 55 What we claim is:

’ d7=6.0 1. 81265 26, 24 1. A wide-angle photographic abjective for transmitting the
Tiz=—09.05 as=13.6 image of an object through a diaphragm to an image plane,
rig= —35.52 " said objective having a relatively long back focal distance with
o= — 1.2 dy=5.44 1. 62408 .1 regard to its focal cal length and a great relative opening, said

' =04.64 v 60  objective consisting of in combination:
e m SR first negative lens means positioned between said object and
t Space in front and behind said diuphmgm said diaphragm;
- cemented positive léns means having at least two lenses hav-
ing opposite refractive power, said positive lens means
EXAMPLE 5 65 & OPP power, saic B means.

positioned between said first negatlve lens means and said
diaphragm;
second negative lens means positioned between said

The data of the radii r,, lens spacings a,, lens
thicknesses d,, focal lengths f,, back focal distance s’

70

75
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diaphragm and said image plane, wherein

the focal length is 100,

the field angle is +50°,

the relative opening is £:3.4,

and wherein » . e e ez

said first negative lens means consists of three single
menisci which are concave in the direction towards
the diaphragm, said menisci having a focal length
fr-22.8,

said first negative lens means being spaced from said
positive lens means by a distance «, = 43.9,

said positive lens means having a focal length f.=+70.0,

the space in front and behind said diaphragm is a:=945,

said second negative lens means consists of three menisci
which are concave in the direction towards said dia-
phragm and of which two menisci are cemented and one
is a single meniscus, the focal length of said lens means
being f, =—405.5,

the back focal distance is s = 68.9,

the focal length is f;, , =+77.9.

2. A wide-angle photographic objective for transmitting the

image of an object through a diaphragm to an image plane,
said objective having a relatively long back focal distance with
regard to its focal length and a great relative opening, said ob-
Jective consisting of in combination:
first negative lens means positioned between said object and
said diaphragm;
cemented positive lens means having at least two lenses hav-
ing opposite refractive power, said positive lens means
positioned between said first negative lens means and said
diaphragm; and
second - negative lens means positioned between said
... diaphragm and said image plane, wherein

the data of the radii ra, lens spacings a,, lens thicknesses

d», focal lengths f, and back focal distance s! are as follows:
{Focal length= _l‘(}p;f'h_e_lc_i__qnﬁg‘lg:—-_t 19.5°% Relative opening = f: 4]

ri=+73.20 Si=—150.4
di=497

ry=-4285
a1=66.20

r3=+38.50 fie=+56.2
d:=51.95

ri=—26.28 £i=+599
d3=11.92

rs=—153.3
an =1.65!
ax=3.19!

rs=—2236 | fr==—106.9

Cdi=4.47

rs=—33.90

s1=728

! Space in front and behind sajd diaphragm.

3. A wide-angle photographic objective for transmitting the
image of an object through a diaphragm to an image plane,
said objective having a relatively long back focal distance with
regard to its focal length and a great relative opening, said ob-
jective consisting of in combination;

first negative lens means positioned between said object and

said diaphragm;

cemented positive lens means having at least two lenses hav-

ing opposite refractive power, said positive lens means
positioned between said first negative lens means and said
diaphragm; and

second negative lens means positioned between said

diaphragm and said ﬁ!qgg_g plane, wherein

the data of the radiir,, lens spacings a,, lens thicknesses
foeal lengths f,, back foeal distance s’
having a refractive index ne and Abbé
follows:

i}
and glass types
number v, are as

13,591,257

[Focal length=100; Field angle=+31% Relative opening =/ 4]
T Ty
i ! Ho , re !
ri=+99.80 I ! 1e=—160.8
5 dy=5.94 176256 | 3188 /i
ry=--53.61 i
| ;=712 . |
r3=--48.17 | | N -60,0
| dr=48,95 1.67133 41, 64
ry=-—58.18 Sa=+69.1
d3=27.70 1. 76859 26, 31
10 r5=—2045
an=1711
a2=5"721
ro=—2280
dy==2,36 1, 62408 36. 11
r7=--214.0 f3=2=203.0
ds=4.64 1. 56181 60. 96
15 ms=—21.79
=747
! Space in front and behind said diaphragm.
20 4 A wide-angle photographic objective for transmitting the

image of an object through a diaphragm to an image plane,
said objective having a relatively long back focal distance with
regard to its focal length and a great relative opening, said ob-
jective consisting of in combination:
first negative lens means positioned between said object and
said diaphragm;,
cemented positive lens means having at least two lenses hav-
ing opposite refractive power, said positive lens means
positioned between said first negative lens means and said
diaphragm; and
second negative lens means positioned between said
diaphragm and said image plane, wherein

25

30

the data of the radii 7a, lens spacings a,, lens thick-
-nesses dn, focal lengths f,, back focal distance s’ and

35 glass types having a refractive index n, and Abbé
number v, are as follows:

[Focal length =100; Field angle=437°; Relative opening=£:2.8]

e Ve
40 - — — — —
r1==498,70
di=5.43 1. 62286 60. 08
re=+61.20 fi=—126.5
19,86
ri==+101.6
dr=5.43 1. 62286 60. 08
.45 ri=160.75 fr=+79.3
az=51.20
r5=460,10
dy=230.72 1,79227 7.16
7ot —y1.20 Jo==tT14
dyr-17.61 1.81265 25. 24
i —540.3
a5--2.141
50 328,35 1
7= —§6.39
ds==11.29 1.62286 60. 08
ro=—7158
a2, 34
T1p==4-3330.0
dy=13.61 1.72823 37.85
55 ru=—36.08 fr=—376.0
: dr=6.00 1.81265 25.24
71222 —100.5
a5=13.61 ‘
Ty —34.62
ds==5.43 1.62408 36.11
ru==—61, 00
8172:65.70

.. Space in front and behind said diaphragm,

5. A wide-angle photographic objective for transmitting the
image of an object through a diaphragm to an image plane,
said objective having a relatively long back focal distance with
regard to its focal length and a great relative opening, said ob-
jective consisting of in combination:

70 first negative lens means positiorted between said object and

75



said diaphragm;
cemented positive lens means having at least two lenses hav-
ing opposite refractive power, said positive lens means
positioned between said first negative lens means and said
diaphragm; and
second negative lens means positioned between said
diaphragm and said image plane, wherein

7

3,591,257

the data of the radii r,, lens spacing a,, lens thick-
nesses d, focal lengths fa, back focal distance s’ and 10
glass types having a refractive index n. and Abbe
number v, arc as follows:

[Focal length=100; Ficld angle=-40°; Relative opening=/:2.8]

ri=-+04.39
ro=-+63.17
r3=+4116.93
ry=+64.63
r3=459.67
re=—99.37
rr=—1422.18
rs=—51.20
rg=—62.40
r10=-+1550.45
riu=—36.06
riz=—99.05
ri3=—35.52
ry=—61.25

di=5.44
a1=19.88
dy=5.44
a2=51.16
d3=30.72
d4=17.56

an=2121
a33=8.30 1

ds=11.28
2;=2.32
ds=13.6
1=06.0
;=13.6
dg=5.44
8'=64.64

t Space in front and behind said diaphragm,

Ne

1. 62286

—

. 62286

-
o
—
I
=
&

—

. 62286

—_ e

. 81265

—

. 62408 |

. 79823

60. 08

60. 08

37.85
25,24

36,11

15

Si=—134.4

20
S, 2=+85.6
fo=+T74.0

25

30
f3=—672.8

35

6. A wide-angjc bhbtographic objective for transmkittir-ig the

image of an object through a diaphragm to an image plane, 40 -

said objgctive havingra fqlatively lgng back fogg]ﬂdistﬂz}nce with

45

50

55

60

65

70

75

8

regard to its focal length and a great relative opening, said ob-
jective consisting of in combination;
first negative lens means positioned between said object and
said diaphragm;
cemented positive lens means having at least two lenses hav-
ing opposite refractive power, said positive lens means
positioned between said first negative lens means and said
diaphragm; and
second negative lens means positioned between said
diaphragm and said image plane, wherein

the data of the radii r,, lens spacings @., lens thick-
nesses dy,, foeal longths f,, back focal distance s’ and
glass types having a refractive index n, and Abbe
number v, are as follows:

[Foeal length==100; Field angle:=445°; Relative oponing. - f:3.4]

He e
i +98.3
dy 5.0 1. 59263 40. 66
ry 61,23 S =—=117.0
- 18. 3
ry +133.3
d2 5.0 1. 59263 40. 66
r 46327 Ji,0—=+83.1
ay A7.2
ry 52,00
ds 28.3 1, 74795 44.49
re —180.3 Jo=4-60.8
dy:-16.2 1.76847 26,74
T7ideoo
a31==2,86 1
az==0.74 1
re==:—46, 08
d;=10.4 1. 56205 46.88
rg- —61.23
=2, 17
T —1365.0
ds-=12.5 1. 68586 47,92
T —26.83 : Je==790.0
d;-:b.6 1. 76847 26.74
riz —81.37
a5=~12,5
Tizo —32.U8
dg=:5.0 1. 56181 60. 96
i —4 65
§'=:73.49

! Space In front and behind said diaphragm.
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