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COMPLETE SPECIFICATION
Improvements in or relating to Wide-Angle Lenses
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We, VEB CarL Zgriss JENa, a Body Cor-
porate, incorporated under the laws of Eastern
Germany, of Carl-Zeiss-Strasse, Jena, Ger-
many, do hereby declare the invention, for
which we pray that a patent may be granted
to us, and the method by which it is to be
performed, to be particularly described in and
by the following statement: —

This invention relates to a wide-angle lens
of the type having an angular field of more
than 90° and comprising six components, of
which the first three components on the object
side are single menisci convex towards the
object and constitute the divergent part of
the lens, the foremost of these three com-
ponents having a positive and the second and
third components having each a negative re-
fractive power, and wherein the convergent
part is made up of the remaining three com-
ponents, the first two of these consisting each
of two cemented elements of opposite refractive
powers, the second being biconvex and con-
vergent, and the third being a meniscus convex
towards the image and made up of three
cemented elements, the first of these three
elements being divergent and the two others
convergent. Lenses of this or very similar con-
struction are generally known and are used
as wide-angle lenses for mirror-reflex cameras
in which the motion of the mirror requires a
minimum distance between back element and
image.

Considerably increasing the angular field of
such a lens is tantamount to reducing the focal
length and rendering more and more un-
favourable the ratio of focal length to dis-
tance between back element and image. A
corollary to this is in most cases an increase
of the constructional length and, accordingly,
of the diameter of the lens. Therefore, known
lenses of the aforesaid kind either have no
great angular field or are of great constructional
lengths and, accordingly, great diameters.

It is an object of the present invention to
obviate this disadvantage and to provide a

{Price 4s. 6d.]

wide-angle lens having an angular field of
more than 90°, in which the distance between
back element and image is at least 1.8 times,
and the constructional length at most 2.8 times,
greater than the focal length of the lens.

To this end the refractive powers in the
convergent part of the lens are distributed
in a manner wholly different from that in prior
proposed lenses of the foregoing type. The
positive refractive power is combined almost
entirely in the medial component of the con-
vergent part, so that the focal length of this
convergent part is smaller than that of the
lens. The two other components of the con-
vergent part are almost entirely devoid of or
have only insignificant positive or negative
powers of refraction, so that their focal lengths
are each numerically at least ten times greater
than the focal length of the lens. Particular
importance attaches to the construction of the
first component of the convergent part, the
thickness of which is at least 0.6 times and
the exterior radii of which are numerically
at least five times greater than the focal length
of the lens. This first component of the
convergent lens part closely resembles a thick
plane-parallel plate filling the air space, char-
acteristic of this lens type, between the diver-
gent and the convergent part, and it produces
a favourable effect, on the one hand, on the
path of the principal rays by permitting a re-
duction in diameter of the divergent lens part
and, on the other hand, on the error of optical
distortion, the correction of which is known
to present particular difficulties in this kind
of lens.

To keep the constructional length of the
lens as short as possible, it is advantageous
to give the divergent part a comparatively
high negative refractive power, so that the
focal length of this part is in numerical value
smaller than that of the lens, Furthermore,
to provide for zone-free correction of image-
field curvature and astigmatism, it is expedient
to include in each of the three components
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of the convergent lens part a cemented sur-
face of dispersive effect, convex towards the
object. Such dispersive cemented surfaces are
very advantageous also for correcting the aper-
ture error and the condition of isoplanasy. The

_desired effect takes place however only if, on

the one hand, the radii of the said cemented
surfaces are not too great and if, on the
other hand, the difference of the refractive
indices of the glasses next to the cemented
surfaces is not too small. For this reason it
has proved advantageous in the construction of
the lens to heed the following unbalanced
equations:

f>7'5>7'11>7'14>0-4 f
—ns> 0.05; ng—n,> 0.10; ng—n,> 0.15,

wherein f is the focal length of the lens, r the
radii of the single elements and # the refrac-
tive indices corresponding to the helium line
d, and wherein the subscripts refer to the serial
numbers of the individual elements.

To give the lens as economical a construc-
tion as possible, it is quite sufficient to provide
that the three components of the divergent
part are single elements, the refractive indices

of two of said three divergent elements being
advantageously greater than 1.65, to the ex-
clusion of too small radii and inherent un-
favourable forms of the glasses.

To enable the chromatic magnification
difference being corrected over the entire image
field, it is advisable to provide that the Abbe
number of the first three elements are greater
than 50 and in particular that the Abbe num-
ber of the first element is as great as possible,
in any case not smaller than the Abbe num-
ber of the second and third elements. Like-
wise, to obtain good correction of the chro-
matic aberration, the Abbe number of the
fourth element is conveniently twelve units

greater than that of the fifth element. The .

sixth and seventh elements are better not used
for chromatic correction and therefore given
Abbe numbers which are either the same or,
in any case, do not differ from each other by
more than five units.

Two embodiments of the invention are illus-
trated in the following two tables and in the
accompanying diagrammatical drawing as ex-
amples, in which the lens is corrected for a
relative aperture of 1:4, and the available
image field extends to approximately 93°.
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Exampie 1
sty = 1.8065 relative aperture 1:4
f=1.0 thicknesses and
radii distances ngq v

1'1 = + 3-2200

d; = 0.2695 1.6935 53.6
r, = -+ 7.2340

1, = 0.0047
r; = -+ 1.1905

d, = 0.1040 1.6935 53.6
r, = -+ 0.6783 :

l, = 0.2931
ry = -+ 1.6760

d; = 0.0946 1.6935 53.6
re = -+ 0.5201

I; = 0.2600
r, = -+ 6.3020

d, = 0.1418 1.6200 60.3
rs = + 0.8510

d; = 0.6099 1.5500 45,4
1_‘9 — [0}

1, = 0.0236
ry = + 0.7267

d; = 0.1087 1.7280 38.0
Iy = + 0.4260

d, = 0.2222 1.6100 38,0
r, = — 1.0269

I; = 0.0875
r13 - - 0-7678

d; = 0.0496 1.6780 32.2
r14 =+ 0.4232

d, = 0.1040 1.5160 56.8
r;; = 4+ 1.4893 )

dyo = 0.1584 1.6780 50.8
116 = — 0.7366

Constructional length: 2.5316
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ExAMPLE 2
sty = 1.8239 relative aperture 1 :4
= 1.0 thicknesses and
radii distances ng v

r, = + 2.9820

d, = 0.3722 1.5878 68.2
r, = -+ 7.6730

1, = 0.0047
r, = + 1.3197

d, = 0.1036 1.6935 53.6
r, = + 0.7171

I, = 0.2874
r; = -+ 1.5198

d; = 0.0848 1.6935 53.6
re = 4+ 0.5093

13 = 0-2615
, = +14.7230 )

d, = 0.1413 1.6428 58.4
rg = + 0.8413

d; = 0.5654 1.5731 4.7
r, = — 9.0080 )

1, = 0.0424
Ty = + 0.8065

d; = 0.1107 1.7352 41.0
ru =’ —l" 0.5397

d, = 0.2261 1.6166 36.6
1'12 _ - 1-2398

1; = 0.0872
r;; = — 0.9116

d; = 0.0495 1.6889 31.1
Ty = "I_ 0.4306

d, = 0.1272 1.5145 54.7
15 = + 1.6246

d,, = 0.1413 1.6935 53.6
14 = — 0.7538

Constructional length: 2.6053

In the Example 1, the focal length f*,_, of
the divergent part of the lens is —0.8577, and
the focal lengths of the three components of
the convergent part of the lens have the values

fi__ —+5940
£ — +0.8078
f1,_,=—34.08

The corresponding values in Example 2
are:

fL,_, =—0.8750
1 — 13938
1 — +0.8897
1= +1543
WHAT WE CLAIM IS: —

1. A wide-angle lens having an angular field
of more than 90°, a distance between back
element and image at least 1.8 times and a
constructional length at most 2.8 times greater
than the focal length of the lens, and com-

prising six components, whereof the first three
on the object side are menisci convex towards
the object and constitute the divergent part
of the lens, the foremost of these three com-
ponents having a positive and the second and
third components having each a negative re-
fractive power, and whereof the convergent
part is made up of the remaining three com-
ponents, the first two of these consisting each
of two cemented elements of opposite refrac-
tive powers, the second being biconvex and
convergent, and the third being a meniscus
convex towards the image and made up of
three cemented elements, the first of these
three elements being divergent and the others
convergent, characterised in that the focal
length of the medial component of the con-
vergent lens part is smaller and the focal
lengths of the two other components of the
convergent part are each numerically at least
ten times greater than the focal length of the
lens, and that the thickness of the first com-
ponent of the convergent part is at least 0.6
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times and the exterior radii of this first com-
ponent are numerically at least five times
greater than the focal length of the lens.

2. A lens as claimed in Claim 1, wherein
the focal length of the divergent part is
numerically smaller than that of the lens.

3. A lens as claimed in Claim 1 or 2, where-
in the three components of the convergent part
each contain one cemented surface of disper-
sive effect convex towards the object.

4. A lens as claimed in Claim 3, wherein
the three radii of curvature of the said dis-
persive cemented surfaces satisfy the un-
balanced equation

f>7‘s>7‘11>7‘14>0.4 f
wherein f is the focal length of the lens.

5. A lens as claimed in Claim 4, wherein
the differences of the refractive indices of the
glasses next to the divergent surfaces are re-
spectively, in the direction of the light, at least
0.05, 0.10 and 0.15,

6. A lens as claimed in any one of the pre-
ceding Claims, wherein the menisci of the

divergent part are single elements and wherein
the refractive indices of two divergent elements
of this part are greater than 1.65, the Abbe
numbers of all three elements of this part are
greater than 50, and the Abbe number of the
first element is not smaller than the Abbe
number of the two others.

7. A lens as claimed in any one of the pre-
ceding Claims, wherein the Abbe number of
the fourth element is at least twelve units
greater than that of the fifth element and in
which the Abbe numbers of the sixth and
seventh elements differ from each other by
five units at most.

8. A wide-angle lens having an angular field
of more than 90°, substantially as herein de-
scribed and with reference to the accompany-
ing drawing.

H. A. L. VENNER,
Chartered Patent Agent,
1, Great James Street, Bedford Row,
London, W.C.1,
Agent for the Applicants,

Leamington Spa: Printed for Her Majesty’s Stationery Office, by the Courier Press
(Leamington) Ltd.—1964. Published by The Patent Office, 25 Southampton Buildings,
London, W.C.2, from which copies may be obtained,
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COMPLETE SPECIFICATION
This drawing Is a reproduction of
the Original on a reduced scale
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