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The present invention relates to wide angle
orthoscopic anastigmatic objectives for aerial
photography and other purposes especially their
use for mapping and aerial surveying.

It is well known that an ‘important feature of
wide angle objectives is the fact that a sharp de-
crease in {llumination of the image occurs pro-
gressively towards the margin of the image which
limits the angle of view of the objective to ap-
proximately 95°-105°, In images produced with
the usual types of wide angle objectives the illumi-
nation at the margins is approximately 5 per
cent of the center illumination.

At present there exists an urgent necessity for
increasing the field of view of objectives employed
in aerial photographic work with the correspond-
ing decrease in the scale of the photographs.

In 1934, in the U. 8. S. R., & wide angle objec-
tive was produced—the Leear-6—its fleld of view
extending 100°, and by 1936 the above mentioned
photographic objective was replaced by the wide

angle objective, the Russar-1, covering an angu- -

lar field of 105° and of improved quality; both
objectives were designed according to inventions
of the author of the present patent application.

At that time, the Zeiss Company (Germany)
brought out a wide angle photographic objective,
the Topogon, constructed according to Merté's
calculations, it being similar in type to the ob-
jective the Russar-1, the angular fleld covering
96°; later in the U. 8. A. an objective, the Metro-
gon, was produced with an angular fleld of 92°.
All of the above mentioned photographic objec-
tives are relatively complicated constructions.

The simplest wide angle photographic objec-
tive, the Hypergon, designed by Hoegh, covers an
angular field of 140° but it is not corrected for
either chromatic or spherical aberration, the ratio
of aperture is only 1:30.

Among other devices designed to increase the
angular field for aerial photographic work are a
number of multi-objective cameras made by
Zeiss (Germany), the Ashenbrenner camera
(Germany), the Drobyshev camera (U. 8. S. R.),
the Fairchild camera (U. 8. A)). A number of
these cameras were employed for regular aerial
photographic work but with the advent of wide
angle objectives they were completely super-
seded by them in the fleld of aerial photography
and mapping due to the poor accuracy of multi-
objective cameras, and also due to the complexity
of developing perspective pictures and the neces-
sity of their subsequent laying-out.

The diminution in the illustration of the image
from the center towards the edges of the field of
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view in conventional objectives is in accord with
Lambert’s law—cos 48 (the decrease is propor-
tional to the fourth power of the cosine of one-
half of the angle of view), but in reality it is
even greater due to the phenomenon of “vignet-
ting”"—i. e. due to the sharp decrease of the area
of the entrance aperture of the objective towards
the edge of the image, this is an essential draw-
back of the existing objectives.

‘Thus, in all modern objectives the decrease in
illumination according to Lambert’s law causes
the illumination on the edge of the field of view
to be but 15-20 per cent of the illumination in the-
center, and the decrease in the illumination at-
tributed to vignetting causes the illumination on
the edge of the field ta be but 30-35 per cent of the
illumination in the center; this reduces the total
illumination on the edge of the fleld, as was stated
previously, to about only 5 per cent of the illu-
mination in the center of the field. ‘

The urgent necessity for increasing the illumi-
nation at the edge of the fleld of view brought
about the use of the following arrangements: (1)
A star shaped rotating diaphragm built into the
objective, serving the purpose of increasing the
exposure on the edge of the field of view, and
(2) The use of the Miethe compensator, however,
these devices were not sufficiently satisfactory.

In a wide-angle objective embodying the pres-
ent invention the decrease in the illumination
follows the law of cos 38 and this makes possible
the widening of the angle of view up to 120° and
more.

The outstanding feature of the present inven-
tion is an arrangement of a super-wide-angle ob-
jective in which the phenomenon of aberrational
vignetting is utilized in such a manner that it in-
creases the area of the entrance aperture towards
the edge of the field approximately by a factor of
two; thus making possible a broadening of the
angle of view up to 120° or more, with the result-
ing jllumination on the edge of the field approxi-
mately equalling 10-12% of the illumination in
the center of the fleld; thus, the illumination of
the edge of the fleld is twice that obtained with
conventional wide-angle objectives the angle of
view of which covers about 100°.

Referring to the figures of the accompanying
drawings: » ’

Fig. 1 is a sectional view showing the form and
arrangement of the lenses of the present inven-
tion.

Fig. 2 i3 & group of curves showing the relative
distribution of light in various types of photo-
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graphic objectives as & function of the angles of
view.

Figs. 3-7 deplict the vignetting, 1. e. the change
of the area of the cross-section of light beams en-
tering the objective for conventional wide-angle
objectives for various sections of the field of view
in angular measurement.

Figs. 8-12 depict the aberrational vignetting—
the change of the area of the cross-section of
beams entering the objective for an objective
embodying the present invention for the corre-
sponding sections of the fleld of view in angular
degrees.

Pig. 13 is a sectional view of an objective em-
bodying the present invention depicting the no-
tation employed in the numerical Examples I
and IT.

Fig. 14 is a diagram of the spherical and chro-
matical correction curve in an objective embody-
ing the present invention.

Fig. 15 is a diagram of curves illustrating the
correction for astigmatism in an objective em-
bodying the present invention. .

Fig. 16 is a diagram of curve illustrating the
correction for distortion in an objective embody-
ing the present invention.

A design embodying the present wide-angle
objective consists of two, more or less sym-
metrical halves (see Fig. 1) one of which includes
the lenses |, 2 and 3, and the other 4, 5 and 6:
each half consists of two systems of lenses—one
negative and one positive; the exterior lenses
being negative { and 6, and the medial lenses
being positive 2, 3 and 4, 8.

The entire system of lenses has a common axis
of symmetry; and each of the negative lenses
is separated from the positive lens by the air
gap.

Both exterior negative lenses f and 6 have the
form of greatly curved meniscus, the inner sur-
faces of which are slightly less or greater than
a semisphere, {. e. with the inner semispherical
surface the radial angle being 170° and 190°.

Each of the medial member positive lenses
consists of two cemented lenses 2, 3 and 4, 5;
they should have a surface of cementation
proper for correction of aberration of incident
beams, and their convex surfaces should face
the diaphragm, and the index of refraction with
the concave side of the cemented lens should be
greater than that of the convex side. In order
to correct for distortion and zonal aberration
the medial positive lenses should be thick d. 2.
have a thickness of about 20% of the focal
length); the surfaces of these lenses facing the
diaphragm are either plane or slightly concave.

The form of the greatly curved meniscus with
its inner surface approximately equal to a half-
sphere of the exterior lens | is of great impor-
tance, because due to this fact aberrational
vignetting is achieved, which increases the area
of the entrance aperture of the objective towards
the edge of the fleld of view, and this phenom-
enon is achieved by maximum divergence from
Abbe’s conditions of sines for the front half of
the objective for an object located in the plane
of the diaphragm.

Between the two halves of the objective a light
filter may be inserted if properly accounted for
when calculating the objective. The types of
glass of all the member lenses of the objective
are chosen in pairs having equal refractive
indices but the dispersion of which are dif-
ferent in order to achieve correction for chro-
matic distortion and chromatic astigmatism,
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1. e. the glass of the exterior lenses should differ:
the lens 6 should have an Abbe number less
than the Abbe number for lens §.

In an objective embodying the present inven-
tion, as was mentioned above, the decrease in
illumination towards the edge of the field occurs
more gradually, less intensively, and the resolv-
ing power of the objective is greater than in
conventional designs, i. e. the illumination
towards the edge of the fleld of view in objec-
tives embodying the present invention is in
effect quite sufficient to achieve high quality
photographs.

In order to explain the above statement Fig. 2
shows a diagram of curves of relative distribu-
tion of light for several photographic objectives.
The abscissa represents the half-angle of view
in angular degrees, and the ordinate—the rela-
tive illumination. Curve 7 represents a type of
photographic objective now in common use, for
example, the Topogon. Curve 8 represents an
objective embodying the present invention—the
wide-angle objective, the Russar-21. Curve %
represents a modification embodying the present
invention—the Russar-22, and, flnally, curve
{0 represents objectives of the Hypergon type.

Fig. 2 plainly shows the different character
of the curves. Curve T sharply falls off towards
the edge of the flield of view illustrating the
intense decrease in illumination for objectives of
this type the angle of view of which is limited
to about 100°-105°, whereas the curves 8 and §
illustrate a more evenly distributed illumina-
tion, although somewhat less in the center of
the field in comparison with conventional objec-
tives, but greater towards the edge of the field of
view and therefor encompassing a wider angle
of view extending 120° and more.

As was stated above the decrease in illumina-
tion in objects embodying the present inven-
tion follows the law cos 38 due to aberrational
vignetting which is utilized in such a manner
that the area of oblique beams entering the ob-
Jective almost does not differ from the area of
the axial beams.

In order to understand this effect better Fig-
ures 3-7 depict the vignetting occurring in con-
ventional wide-angle objectives, 1. e. the decrease
in the area of the cross-section of the beams
entering the objective for various sections of the
fleld of view in angular measurement, begin-
ning with the section, the half angle of the field
of view for which equals 30° (Fig. 3), then 40°
(Fig. 4), 45° (Fig. 5), 50° (F'ig. 6) and 55° (Pig. 7).

Figures 8-12 illustrate aberrational vignetting
In an objective embodying the present inven-
tion also for various sections of the field of view
corresponding to the same sections of Figs. 3-7 in
angular degrees from 30° (Fig. 8), 40° (Fig. 9),
45° (Fig. 10), 50° (Fig. 11) and 55° (Fig. 12).

On examining Figures 3-12 it becomes evident
that a change in the area of beams practically
doesn’t exist for objectives embodying the pres-
ent invention (see Figs. 8-12), i. e. the ares of the
cross-section of the beam remains almost in-
variable for various sections of the fleld of view,
approximately equalling the area of the beam
near the center of the field; while in conventional
objectives the area of the cross-section of beams,
being smaller when only slightly off center, quick-
ly decreases as the distance from the center in-
creases becoming towards the edge of the fleld,
a narrow strip.

Thus, the phenomenon aberrational vignetting,
utilized properly, serves as an advantage as in
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objectives embodying the present invention,
while the same phenomenon in conventfonal
objectives is inherently a disadvantage.

To effect a more complete correction of dis-
tortion and coma in order to accomplish higher
quality both halves of the objective are not
exactly symmetrical.

In order to clarify this point and also to
fllustrate a design of an objective embodying the
present invention two numerical examples are
given below:

Fig. 13 represents a sectional view of the mem-
ber lenses of the objective with the letter nota-
tion of the various characteristics of the objective
for illustrative Examples I and H.

All dimensions below are in inches and in the
brackets are the dimensions in millimeters.

The symbols r; to rio denote the radii of the
refracting surfaces, d, to ds denote the thick-
nesses of the lens elements, i to I3 denote the
axial separations of the lens elements, and A to
hio denote the sagittal distances.

Example I
il Thickuess and Saglttas Lrpes
air gaps glass
1.38683 0.85236
1 [N
(35.218) 0.07520 (21.85)
di JI-67
0.77165 asy || osnoez
¥ ]
! ase) | | 12 (20.60)
Lesdl | | (3L40) , | oo
¥
! (42.20) 0.32165 ! (1.20)
dy JI-
~0.85708 @m [ | oosser
7
O cam 4| oome 29
3
6. 32361 2.72) 0.00315
5 As JI-28
aw.en | | 0.0 (0.08)
3
—6.32361 (0. 441) 0.00063
s N JI-
(-1062) | | 010700 (0.016)
4
0.85708 @m | | oom
T T
! (21.77) 0.32165 (2.4
ds JI-4
—1.66141 @m. || oo
Hd 1)
Y e . | 1= (1.20)
“o.mes | | L . | B0
T - 4
S T 0.07520 (20.60)
de JI-15
—1.40008 (.81 0.83173
10 A
(—35.562) (21.126)

Free diameter of the lens 1—2.48031 (63)

Free diameter of the lens 2—0.70866 (18)

Free diameter of the lens 3—0.39370 (10)

Free diameter of the lens 4—0.17717 (4.5)

Free diameter of the lens 5—0.70866 (18)

Free diameter of the lens 6-——2.48031 (63)

Full diameter of the lens 1—2.55905 (65)

Full diameter of the lens 2-5—0.78740 (20)

PFull diameter of the lens 6-—2.55905 (65)

Sags hi, ks, hu, ki, hs, hio are calculated from the
full diameter.

Sags ha, ks, hs, he are calculated from the free

_ diameter.

Radit rs and rs are of concave curvature.
In case an inter-lens diaphragm is de-

sired the two cemented lenses have like configu-

10

156

20

25

30

35

40

45

50

55

60

70

75

ration (of one cemented lens)—the diaphragm
being placed in the center and having an aper-
ture equalling 0.17717 inch (4.5 mm.). The
aperture of the diaphragm is achieved by inter-
ception of two surfaces at an angle of 45°.

The tolerance for thickness:
Ad==+0.0003937 (0.01)
The focal length:

F1=2.33858 (59.4)
p'=1.23580 (31.9)

The total angle of view: 28=133°
Aperture ratio: 1:18

Example 11
T
Thickness and ypes
Radii alr gaps Sagittas gl?:%s
1.39251 0. 94567
n h]
(35.370) 0. 08465 (24.02)
d JI-67
0. 89331 (2.18) A 0. 93268
T
(22.€90) ’ 1. 40078 ! (23.60)
1.87283 ' (35.58) 0. 09567
TS : ’il
(47.5%5) 0.36220 (2.43)
dy JI-24
—0.96614 (9.20) " 0. 20157
T
Y| (~24.540) S Y osan
4 .
5.19351 3.07) 0.01498
s hs Jg-28
(131. 918) . 0.01841 (0. 38)
2 .
5. 00999 (0. 493) 0.00709
e he c | JI-28
(—129, 540) d 0. 11860 (0.18)
4
0. 94882 (3.029) 0. 20530
rr b
(24. 100) 0. 35590 (5.24)
ds JI-24
—1,83858 (9.04) 5 0.03724
T s
(—48. 700) i 1.37559 (2.47)
s
—~0.87677 (34. 84) 0.91614
o by :
(—22.270) 0. 08307 (2.27)
de JI-3
—1.30023 (2.11) . 0.95748
0 ho
(—34.550) (24.32)

Free diameter of the lens 1—2.59842 (66)

Pree diameter of the lens 2—1.10236 (28)

Free diameter of the lens 3—0.7874 (20)

Free dlameter of the lens 4—0.43307 (11)

Free diameter of the lens 5—1.10236 (28)

Free diameter of the lens 6—2.55905 (65)

Full diameter of the lens 1—2.63779 (67)

Full diameter of the lens 2-5—1.18110 (30)

Full diameter of the lens 6—2.59842 (66)

Sags: hi, hs, he, hr, hs, hio are calculated from the
full diameter.

Sags: hs, hs, hs, hs are calculated from the free
diameter.

The tolerance for thickness: d==0.0003937
0.0D)

The focal length:

F=2.75118 (69.88)
11=1.38858 (35.2T)
»=1.45236 (36.89)

The total angle of view: 2=122°
Aperture ratio: 1:8

The kinds of glass are chosen from the cata-



2,516,724

7
logue of the Lenzos Co. 1936 and have the follow-

ing main characteristics:

T ¢ glass Coefficient | Abbe

nume-

ol refr:ctlon ber

JI-3 (E-3) 1.6242 35.9

JI-15 (L15) 1.6259 | 30.1

JI-24 (1~24) 1.8128 58.6

JI-28 (L-28) 1.5480 | 45.9

JI-67 (1-67) 16306 | 43.3

As can be seen from the above examples the
symmetry of the two halves is not quite exact due
to the difference in the radii of curvature, the size
of the sagittas, the thickness of the lenses, the
length of the air gaps and the types of glass.

Besides this a characteristic feature of objec-
tives embodying the present invention, as may
be seen from the above examples, is the fact that
the total length of the objective (that is the sum
total of the axial dimensions of the member
lenses) is greater than the focal length of the
objective.

Objectives embodying the present invention
were not only thoroughly investigated experi-
mentally, but have been manufactured and are
presently being employed with great success.

The above examples are given only as illus-
trations and are not to be considered as limit-
ing the present invention of a wide-angle ob-
Jective in any manner whatsoever.

Since details of a wide-angle orthoscopic anas-
tigmatic photographic objective may be modified,
the scope of the invention is defined by the
claims as hereunto appended.

I claim:

1. A wide angle orthoscopic anastigmatic objec-
tive for aerial photography and other purposes
having a wide field of view and comprising two
substantially symmetrical groups of lenses each
group consisting of a medial cemented positive
member and an exterior negative member, the
negative members of both groups being shaped to
form considerably concave menisci bent in the di-
rection of the diaphragm, the entire system of
lenses having a common horizontal axis of sym-
metry and each negative lens being separated
from the nearest positive lens by an air gap, the
convex surfaces of cementation of the positive
medial members face the diaphragm, and the co-
efficient of refraction of the concave surface of
the cemented surfaces of the positive medial
member lenses being greater than that of the
convex surface.

2. A wide angle orthoscopic anastigmatic ob-
jective for aerial photography and other purposes
having a wide field of view and comprising two
substantially symmetrical groups of lenses each
group consisting of a medial cemented positive
member and an exterior negative member, the
negative members of both groups being shaped
to form considerably concave menisci bent in the
direction of the diaphragm with an inner semi-
spherical surface the radial angle being 170°-190°,
and each of the negative member lenses being

separated from the nearest positive member by

an air gap, the convex surfaces of cementation
of the positive medial members face the dia-
phragm, the coefficient of refraction of the con-
cave surface of the cemented surfaces of the
positive medial member lenses being greater than
that of the convex surface, the said positive mem-
ber lenses of both groups of the objective being
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8
united together and adjacent and almost touch-
ing with an air gap between them of from 0 to 8
per cent of the focal length of the objective, the
surfaces facing the diaphragm have slightly con-
cave or flat central sections, the entire system
having a common horizontal axis of symmetry.

3. A wide angle orthoscopic anastigmatic ob-
jective for aerial photography and other purposes
having 8 wide fleld of view and comprising two
substantially symmetrical groups of lenses each
group consisting of a medial cemented positive
member and an exterior negative member, the
negative members of both groups being shaped
to form considerably concave menisef bent in the
direction of the diaphragm with an inner semi-
spherical surface the radial angle being 170°-190°
and each of the negative member lenses being
separated from the nearest positive member by
an alr gap, the convex surfaces of cementation of
the positive medial members face the diaphragm,
the coefficient of refraction of the concave sur-
face of the cemented surfaces of the positive
medial member lenses being greater than that
of the convex surface, the said positive member
lenses of both groups of the objective being
united together and adjacent and almost touch-
ing with an air gap between them of from 0 to 3
per cent of the focal length of the objective, the
surfaces facing the diaphragm have slightly con-
cave or flat central sections, the entire system
having a common horizontal axis of symmetry,
the said objective having good correction for as-
tigmatism, distortion and chromatic distortion
the positive members being made considerably
thick, approximately 20 per cent the focal length
of the objective and the back negative member
lens of the objective facing the observer having
an Abbe number less than the exterior member
lens facing the object.

4. A wide angle orthoscopic anastigmatic ob-
Jective for aerial photography and other purposes
having a wide field of view and comprising two
substantially symmetrical groups of lenses each
group consisting of a medial cemented positive
member and an exterior negative member, the
negative members of both groups being shaped
to form considerably concave menisei bent in the
direction of the diaphragm with an inner, semi-
spherical surface, the radial angle being 170°-
190°, the back negative member lens facing the
observer having an Abbe number less than the
exterior negative member facing the object, both
neégative member lenses being separated from the
nearest positive member by an air gap, the con-
vex surfaces of cementation of the positive medial
members face the diaphragm, the coefficient of
refraction of the concave surface of the cemented
surfaces of the positive medial member lenses
being greater than that of the convex surface,
the said positive member lenses of both groups
of the objective being united together and are
adjacent and almost touching with an air gap
between them of from 0 to 3 per cent of the focal
length of the objective, the surfaces facing the
diaphragm having slightly concave or flat cen-
tral sections, and the said positive members are
made considerably thick, approximately 20 per
cent the focal length of the objective, the front
group of lenses of the objective having a maxi-
mum deviation from Abbe’s condition of sines,
the phenomenon of aberrational vignetting uti-
lized in such a3 manner that correction is achieved
in the entrance aperture of the objective result-
ing in a twofold increase in area of the entrance
aperture of the objective on the edge of the fleld
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in respect to the area of the entrance aperture
on the axis and & decrease of illumination of
the image from the center of the field towards
its edges taking place in accord with the law
cos 38, where g8 is one-half of the ahgle of view.

5. A wide angle orthoscopic anastigmatic ob-
jective as claimed in claim 4 in which the length
of the objective is greater than the focal length
of the objective. .

6. A wide angle orthoscopi¢ anastigmatic ob-
Jective having numerical data substantially as set
forth in the following table:

Table
Radil Thickness and | Bagittas (sagittal nﬁgg‘;
axial separation distances) of glass
1.38683 0. 85238
n ll
(33.218) dy 0.07520 (21. 65) 8.3
0.77168 (a.91) R 0.81102 )
¢
! we || 1zm ' @0
1.66141 ! (31.44) 0.04724
rs As
(42.20) 0. 32185 1.20)
ds 58.6
~0. 85708 8.17) . —. 00567
T4 N
(=21.7T7) P 0. 10700 (2.43)
8.32361 : (2.72) 0. 00315
5 As 45.9
(160. 62) . 0.07362 {0. 08)
—e.azel | | (ouy 0. 00063
1) he 45.9
(—160. 62) 4 0.10709. (0.016)
{]
0. 85708 (2.72) 0. 09567
7 Ay
2.7 0. 32188 (2. 43)
ds 58.6
—1.66141 (8.17) 0. 047U
e Be "
(—42.20) 7 1. 23779 (1.20)
=0. 77168 ’ (31. 44) b 0.81102
T
' (—19. 60) 0.07520 (20. 60)
dy 39.1
—1. 40008 (1.91) 0.83173
0] Are.
(-35. 562) (21.128)

Wherein (r~1) to (r-10) denota the radii of the refracting surfaces,
(d-1) to (d-6) denote the thicknesses of the lens elements.

(I-1) to (I-3) denote the axial separation of the lenses.

(h-1) to (h-10) denote the sagittal distances.

7. A wide angle orthoscopic anastigmatic ob-
Jective having numerical data substantially as
set forth in the following table:

Table
: ; Abbe
Thickness and | Sagittas (sagittal
Radil 3 number|
5 axial separation distances) of glass
1. 39251 0. 94567
n A
(35.370) 0. 08465 (24.02)
d 43.3
0. 88331 (2.15) 0. 93268
10 s Ay
(22. 600) g 1. 40078 (23.69)
1. 87263 ' (33. 58) A 0. 00567
T
} (47. 568) 0.36220 ! (2.43)
ds 58.6
i85 —0. 96614 (9. 20) M 0. 20157
r.
! (—24. 540) i 0. 12087 ‘ (5.12)
{
5. 18361 . (3.07) 0. 014068
s A 45.9
(131. 918) i 0. 01941 (0.38)
20 ~5. 09999 ' (0. 483) 0.00709
e Ay 45.9
(~129. 540) d 0. 11890 (0.18)
ooz | | @.09 0. 20630
r7 hy 58.8
(24.100) 0. 35500 (5. 24)
25 4
—1. 83858 . (9.04) Il 0.09724
" ]
(—46. 700) i 1.37569 2.47)
—0. 87677 ! (34.94) - 0.91614
Ty
—22. 270) 0. 08307 (B.27)
30 ¢ ds 35.9
—1.36023 (2.11) 0. 95748
ne B
(—34. 550) (24.32)

Wherein (r-1) to (r-10) denote the radii of the refracting surfaces.
(d-1) to (d-8) denote the thickmesses of the lens elements.

(1-1) to ({-3) denote the axial separation of the lenses.

(h-1) to (h-10) denote the sagittal distances.
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