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““The subject of the invention is a wide angle ‘objective
comsisting of two positive lens components and at least
four negative lens components. The arrangement of the
components is such that the two positive lens components
are separated by the room for the diaphragm space and
are bounded on the object side by at least three diverging
meniscus :components and on-the imageé- side by one di-
verging meniscus component. . The air spaces between the
diverging components on‘the object side have the form of
converging menisci which turn their lesser curved side to-
ward the iris diaphragm.- This lens arrangemerit permits
to ‘establish an angular field of view up to 120°; and be-
yond, practically distortion free, with-a lower vignetting
of light than it can be expected on the grounds of Lam-
bert’s law, according to which the brightness of the image
edges decreases with the 4th power of.the cosirie of the
image angle. S i ‘

For the image angle of +60°, e..g., a maximum quan-
tity. of light of 6.25% relative to the center of the image
would result if it is assumed that no vignetting whatso-
ever at the edges takes place, - ‘However, it has been found
that upon ‘special designing of :the group of lenses in
front of the iris diaphragm this small percentage can be
increased if the image proportion “diameter of the en-
trance opening to diameter of the iris diaphragm” is not
kept constant with rising of the image angle but is. made
to increase steadily.- It is.to be observed that the diam-
eter of the entrance opening along the meridional section
is measured in a plane normal to the optical axis. Espe-
cially favourable conditions for a small decrease of light
result if the beams; incident at a large angle to the optical
axis, are subjected to strong refraction on passing the
group of diverging components on the object side.  In
accordance with the invention, this group is thus com-
posed of at least. three diverging components which are
separated by air with the result that for inclined incident
beams of light the mentioned effective. section can be-
come- considerably larger than for the center of the
image. Since the beam width too increases, though con-
siderably less, in the sagittal section, the dzcrease of light
approaches the second power of the cosine of the image
angle.

Moreover a satisfactory character, i, e. a more straight
reach of the curve of the error of spherical aberration can
be obtained if in accordance ‘with the desired ratio of
aperture the distance between the two outer convex sur-
faces directed towards the object and image side respec-
tively of said converging components is made greater than
0.20-f and smaller than ‘1.5 f, f being the focal length of
the objective. With a smaller ratio of aperture of the
objective or with lesser requirement in reducing the zonal
error of spherical aberration the lower limiting value will
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suffice. With an increasing of the aperture ratio or high
demands to reduction of the zonal error of spherical aber-
ration the upper limit is decisive.

In order to obtain a strong refractive power for the
inclined beams in the diverging lens group it has also
proved to be of advantage to choose the sum of the axial
thickness of the air spaces between the negative lenses on
the object side larger than 0.24 times the total focal l2ngth
of the objective. .

The figure of the illustration shows an example of an
objective in accordance with the invention. Two com-
pound positive cemented components D and E are flanked
by three diverging components A—B—C on the object
side and by the diverging component F on the image side.
The lens components A—B—C are menisci convex to-
ward the object. The lens component F is .a meniscus
lens convex toward the image. . The sum of the axial
thickness of the two air spaces between the components
A,B,Cis0.39f In addition, the figure of the illustra-
tion shows the increase of the light bundle cross section
Eo for an angle of incidence to the optical axis of 0° in
comparison to a light bundle cross section Ew for an
angle of 60°. In both cases the free opening of the iris
diaphragm -B1 is completely filled with light.

In the example is the diameter of cross section

. focal length 100
% aperture. number . 5.6

=179 mm,

., For an image angle of +60° size of the diarﬁeter of the

cross section measured ‘in"a plane normal to the optical
axis is Ew=40.0 mm. The diameter of the iris dia-
phragm is $=23.6 mm. Therewith

By_17.9_

S 236076
whereas

By 400

?mm-—IJO

For angles smaller than 60° the quotient accordingly
amounts between 0.76 and 1.70. 'In accordance with the
Lambert’s cost w law preferably evident with an objective
with front diaphragm the corresponding cross section
would remain Eo=FEy, and accordingly also-the quotient

E0=‘E._!=
s 8 |

The cemented surfaces in the examples may also remain
uncemented and be separated from each - other by air
spaces and have differing curvatures so far as no total in-
ternal reflection is to be feared of the rays of light required
for producing the image, and provided that such an air
layer does not substantially affect the performance of the

. objective. . If a component is subdivided in this manner

(]

it is to be regarded for the purpose of this specification
as a single component.

The following is a list of the optical data of the illus-
trated objective,
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 Example

[Focal length £=100 mm. Aperture ratio 1:5.6 Image
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Iris diaphiagin diameter #=33:8 mih. ‘ :
Ly ng’L. are the lens elements forming the lens components (A, B, G, D,
71 30 ria=ithe tadii ‘of the.lens ‘urfaces Humbered i the direstion of the
incident light . : e . ! .
di t0 dp=the axial thicknesses of the lens elements
5 to Is=the axial altr separation between thelens coidponents
n4=the index of refraction vf the lens materials.of the several lens elernents
V=the correspotiding dispersion ratio-or Abbe nuinber of thetespective
lens matetials. L ’
I claim:

1. A photographic ‘wide angle ‘objective having an aper-
ture ratio of at’least 1:6.3 and, for-purposes of distortion-
free correction for spherical aberration with image angles
of at least 120° being composed of two distinctly unsym-
metrical lens groups including bétweeén them a diaphragm
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the front group facing the object consisting of an inner
converging lens component adjacent the said diaphragm
and, separated therefrom and from one another, of at
least three meniscus shaped diverging lens members, ‘the
rear group facing the image consisting of another inner
converging lens component adjacent the said diaphragm,
and, separated from said component, of one diverging
meniscus shaped lens membér, all air spaces between the
lens components and members in each group being me-
niscus shaped air lenses, and the distance between the two
outer convex surfaces directed towards the object and
image side respectively of said tomponents being greater
than 0.20-f and smaller than-1.5-f, f being the focal
length of the objective. o

2. In a wide angle objective according to-claim 1, the .
diverging lens member on the image side being. strongly
bent toward ‘the image and besides more strongly ‘bent
than each of the diverging lens members.on the object side

“-are bent toward the object.
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3. In a wide angle objective according to claim 1, the
sum of axial thicknesses between the diverging lens mem-
bers in the- front. lens: group facing the -object ~being
greater than 0.24-f, f being the focal length of the objec-
tive. ) :
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