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Filed 16 Oct. 1973 (31) Convention Application No. 8859/72
(19) (32) Filed 16 Oct 1972 in (33) Austria (OE) (44) Complete
Specification published 30 June 1976 (51) INT [err] G02B 15/14 (52) Index
at acceptance G2J  B7C7 B7C8 (54) ZOOM LENS (71)    We, KARL VOCKENHUBER,
where [err] is the radius of curvature of the of 118
Potzleinsdorferstrasse, Vienna  18,  face of the first biconvex lens in the
prime Austria and RAIMUND  HAUSER, of 2   lens which lies nearer the
supplementary lens, Goldeggasse, Vienna 4, Austria, both Austrian   [err]
is the radius of curvature of the face of 50 5  Citizens, do hereby declare
the invention, for   the cemented element remote from the supple- which we
pray that a patent may be granted   mentary lens, [err] is the mean
thickness of to us, and the method by which it is to be   the biconcave
lens of the cemented element performed, to be particularly described in and
or of the biconcave lens positioned behind by the following statement:-
such element, and [err] is the focal length of  55 10    The present
invention relates to a zoom   the prime lens. lens.
Whereas the ratio of the maximum to the According to the present invention,
there is   minimum focal length of a zoom lens is im- provided a zoom lens
having a supplementary   portant to the usefulness of a zoom lens this lens
of variable magnification and a prime   ratio is not all important since an
increase in  60 15  lens of fixed focal length, the supplementary  the
maximum focal length is not as valuable lens having a positive element or
combination   as a decrease in the minimum focal length followed by a
negative element or combina-  since, especially in cine cameras, one if
often tion which are axially displaceable so as to   more concerned with
photographing in a con- 



vary the magnification without varying the   fined space than with being
able to resolve  65 20  position of the image plane, and the prime
distant objects. For this reason, a lens offer- lens comprising a biconvex
lens followed by,  ing focal lengths from 6 to 16 mm is con- in order, a
cemented lens element, a bicon-  sidered more useful than a lens ranging
from cave lens and two further biconvex lenses,  8 to 21 mm even though the
ratio of the maxi- no radius in the prime lens being shorter than   mum to
the minimum focal length is substan- 70 25  0.6 times the focal length of
the prime lens  tially the same in both cases. In order to and the
refractive indices of all the biconvex  enable a comparison of the
usefulness of dif- lenses in the prime lens being less than 1.72.  ferent
zoom lenses a parameter Z is defined As will be appreciated by those
skilled in  as follows:- the art, in designing a lens one must bear in 30
mind the dimensions of the image it is desired           [err] to produce
in the image plane. For a cine-                                         75
camera or a film projector, the diagonal of the cine format is an important
factor in the  where [err] diagonal design of the lens system. This
diagonal is 35  commonly termed the image field diagonal.  Thus, the
parameter Z is not only affected by It is a preferred feature of the
present inven-  the ratio of the maximum and minimum focal tion that the
difference between the minimum   lengths but is also affected by the ratio
of the focal length of the zoom lens and the focal  image field diagonal to
the minimum focal 80 length of the negative element or combina-  length. 40
tion in the supplementary lens should be less    The parameter Z is defined
in British than three times the length of the image field  Patent No.
1,397,711. diagonal.                                    In accordance with
a further preferred fea- Preferably, in the zoom lens the following  ture
of the present invention, the parameter 85 conditions are satisfied:
Z of the zoom lens is not less than 1.9. Use of the present invention
enables cer- 



45              [err]               tain dimensions, particularly the
maximum diameter of the lens elements in the positive [err]          lens
or lens combination in the supplementary  90    2
1,441,119 lens, to be reduced, thus enabling a simpler  On the side nearest
to the lens group  III  25 and more efficient manufacturing process to  the
group IV is provided with a cemented be used. The product of minimum  focal
element comprising the lenses [err] and [err] and length and maximum
structural length of the   behind which is a biconcave lens [err] and    -
5   entire objective should preferably be less than  two further biconvex
lenses [err] 100 times the image field diagonal.            Three numerical
examples for a zoom lens  30 The zoom  lens may additionally benefit  and
for the prime lens associated therewith from havinga very fast prime lens,
the rela-  are disclosed hereinbelow where r refers to tive aperture of the
entire zoom lens at all  lens surface radius d to the lens thickness, I 10
focal length settings being suitable 1 to 1.2.  to air gap length [err] to
the refractive index The minimum  focal length of the entire  and [err] to
the Abbe number.                    35 lens preferably does not exceed the
image      In the following examples it is to be under- field diagonal by
more than 10%  in order to  stood that small variations in the dimensions
achieve a distinct wide angle effect.        are acceptable. More
specifically there may be 15     The invention will now be described fur-
deviations of the curvature of individual sur- ther, by way of example,
with reference to  faces of up to [err] 10%  of the refractive  40 the
accompanying  drawing  which  shows  power of the corresponding elements,
of up diagrammatically a zoom lens of the inven-  to [err]  10% of the
thicknesses of the corre- tion.
sponding elements, of up to [err]  0.03 of the 20    The zoom lens is
illustrated in the position  refractive indices, and of up to [err] 5 of
the 



for minimum  focal length. The prime lens  Abbe numbers. The units of
length are arbi-  45 comprises the lens groups III and IV. A   trary and'
the dimensions are  expressed in diaphragm plane, shown but not referenced,
terms of their ratio to the focal length [err] is positioned in front of
the lens group III.  which thus has the value .1.    1,441,119
3 EXAMPLE I                   [err]    4
1,441,119 This example and the succeeding examples  cessive shortness and
without the need for show that all the initially mentioned condi-  using
special kinds of glass, and with rela- tions are satisfied for the prime
lens. This  tively low- reflection losses. results not only in a high speed
of operation    The following examples refer solely to the  10 5   of the
zoom lens but also in a small struc-  prime lens of a zoom lens as
described in tural length without curvature radii of ex-  Example I.
EXAMPLE II [err] WHAT WE CLAIM  IS:-                      position of the
image plane, and the prime 15     1. A zoom  lens having a supplementary
lens comprising a biconvex lens followed by, lens of variable magnification
and a prime   in order, a cemented -lens element, a bicon- lens of fixed
focal length, the supplementary  cave lens and two further biconvex lenses,
25 lens having a positive element or combina-  no radius in the prime lens
being shorter than tion followed by a negative element or com-  0.6 times
the focal length of the prime lens 



20  bination which are axially displaceable so as  and the refractive
indices of all biconvex to vary the magnification without varying the
lenses in the prime lens being less than 1.72.    4
1,441,119                                        4 This example and the
succeeding examples  cessive shortness and without the need for show that
all the initially mentioned condi-  using special kinds of glass, and with
rela- tions are satisfied for the prime lens. This  tively low reflection
losses. results not only in a high speed of operation    The following
examples refer solely to the  10 5   of the zoom lens but also in a small
struc-  prime lens of a zoom  lens as described in tural length without
curvature radii of ex-  Example I. [err] EXAMPLE II [err] WHAT WE CLAIM
IS:-                       position of the image plane, and the prime 15
1. A zoom  lens having a supplementary  lens comprising a biconvex lens
followed by, lens of variable magnification and a prime   in order, a
cemented lens element, a bicon- lens of fixed focal length, the
supplementary  cave lens and two further biconvex lenses,  25 lens having a
positive element or combina-  no radius in the prime lens being shorter
than tion followed by a negative element or corn-   0.6 times the focal
length of the prime lens 20  bination which are axially displaceable so as
and the refractive indices of all biconvex to vary the magnification
without varying the  lenses in the prime lens being less than 1.72.
[err] 



1,441,119                                        5 2. A zoom lens as
claimed in Claim 1 in  focal length of the zoom lens and the focal which
the following conditions are satisfied:  length of the negative element or
combina- tion in the supplementary lens is less than [err]
three times the length of the image field  20 diagonal. [err]
4. A zoom lens as claimed in claim 1, in which the parameter Z of the zoom
lens is 5  where [err] is the radius of curvature of the   not less than
1.9. face of the first biconvex lens in the prime  5. A zoom lens as
claimed in any preced-  25 lens which lies nearer the supplementary lens,
ing claim  and substantially as hereinbefore [err] is the radius of
curvature of the face of   described in any of the accompanying ex- the
cemented element remote from the supple-  amples as explained with
reference to the ac- 10 mentary lens, [err] is the mean thickness of
companying drawing. the biconcave lens of the cemented element or of the
biconcave lens positioned behind             MARKS & CLERK, such element,
and [err] is the focal length of        Chartered Patent Agents, the prime
lens.                                     57-60 Lincoln's Inn Fields, 15
3. A zoom lens as claimed in claim 1, in              London, WC2A 3LS.
which the difference between the minimum             Agents for the
Applicants. Printed for Her Majesty's Stationery Office by the Courier
Press, Leamington Spa, 1976. Published by the Patent Office, 25 Southampton
Buildings, London, WC2A 1AY, from which copies may be obtained.    


