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Index at acceptance G2J B7C13 B7C4 B7C7 B7C8 (54) IMPROVEMENTS IN OR
RELATING TO ZOOM LENSES (71)    We, PONDER & BEST, INC.,  fourth group to
vary the focal length of said of  1630  Stewart Street, Santa Monica,
lens, said lens being focused by moving el   50 Calfornia, 90406, United
States of  America,  four of said lens groups in axiatly fixed rela- a
corporation organized and existing under the  tionship, and said lens
having a back  focal 5  laws of the State of California, United States
length greater than the equivalent focal length of America, do hereby
declare the invention   of said lens over a porion of its variable focal
for which we pray that a patent may be  length range.
55 granted to usand the method by which it is    In one lens according to
the present inven- to be performed, to be particularly described  tion the
same effect as would be obtained if 10  in and by the following statemet:-
the moving lens groups could pass through or This invention relates to
lenses and more  intersect each other is achieved with a virtual
particularly relates to variable focal length   image for the second group
derived by moving   60 or zoom lenses.                            the first
lens to provide a virtual object in the Zoom lenses conventionally comprise
four  appropriate location. This lens is a compact 15  major lens groups
where from the object end  zoom lens having a lower section of its focal
the. first group is utilized for focusing, the  length  range less than
die image frame second and third groups are moved   to vary  diagonal by
imparting predetermined motion   65 the focal length and compensate for
image  to the front element during zooming of the position with the change
and the fourth lens  second and third groups. 20  group is stationary.
The movement of the first group during The motions of the second and third
groups  zooming further enhances the lens design by are unequal with
respect to each other. There-   providing a greater opportunity to
introduce  70 fore it is necessary to select powers of the  the proper
compensating changes in abera- lens groups so as to be able to perform the
tion to correct the zoom lens over the entire 25  necessary motions of the
second and third  range. This is particularly true in zoom lenses groups
within the allowable space.         that will zoom to a wide angle EFL Here
as In lenses of the type described, it is neces-  the field angles increase
with decreasing EFL,  75 sary to choose the lens powers so as to achieve
the change of astigmatism and variations of minimtum travel during zooming,
thereby to  coma become significantly greater. Conven- 30  reduce the
overall length of the lens and to  tional two-moving lens group zoom
lenses provide sufficient space to accomplish  the  operating in the wide
angle equivalent focal desired zooming. Dependent on the zoom  length range
do not provide the opportunity   80 range desired, this can increase the
front  to entirely correct and compensate for these vertex distance (FVD)
of the lens. A  signi-  aberrations. 35  ficantly improved zoom  lens
which is much       Accordingly, the present lens is a new and more compact
could be provided  if the   improved zoom lens where the shortest EFL
moving lens groups could pass through  or  is such that the lens may be
termed a wide  85 inersect each other. This, of course, cannot  angle lens.
Otherwise stated, the lens has its be accomplished physically.
shortest EFL a smaller dimension than the 40     The present invention
consists in a lens  diagonal of the image frame, and in some having an
equivalent focal length variable  focal lengths the lens becomes
retrofocus. between  predetermined  limits, comprising     The second and
third groups of the present  90 from the object end a first positive.
group,a  lens have a particular range of left radii para- second negative
group, a third negative group,  meters in order to simultaneously correct
for 45   and a fourth positive group, said first, second  astigmatisnm,
coma and distortion as the first and third groups being simultaneously axy
group moves to vary the focal length ,which 



movable, each at a rate different from the rate  parameters. are
hereinafter described.  95 of each of the others, with respect to said
The present compact zoom lens has fifteen    2
1,498,727                                        2 percent of its focal
length range in  the wide       GROUP  III -        Elements L6 and L7
angle range and extending into the telephoto   GROUP IV  -  Elements
L8-L12. range. It has a large relative aperture The invention will now be
described, by    Group I is of converging or  positive power. 5   way of
example,with reference to the accom-  Group II is of negative or diverging
power panying drawings, in which:                    Group III is of
negative or diverging power FIG. 1 is a diagrammatic view of a lens  and
Group IV is of positive or converging embodying the invention;
power. FIG. 2 is a plot of the movements of the    Element L1 is a meniscus
with a concave 10   zooming.lens groups with respect in focal  side toward
the image plane. Element L2 is length;
bi-convex. Element L3 is convex-concave FIG. 3 is a side elevation in half
section   Element IA  is bi-convex and cemented to  35 of a lens housing
structure in which the lens  element L5 which is bi-concave.Elements L6 may
be mounted; ard                        and L7 comprise a cemented doublet
with 15     FIG.4 is a plane developed view of annular  L6 being bi-concave
and element L7 bi- members of the structure of Fig. 3 set forth  convex.
Element L8 is bi-convex. Element to facitate explanation of the movements.
L9 is bi-convex and cemend to the concave  40 A lens embodying the
invention comprises a  surface of meniscus L10. Element L11 is bi-
twelve-element lens L1-L12 arranged in four  convex  and element L12 is a
meniscus with 20   groups. The surface radii of each element is  the convex
side facing the image plane. denoted by R1-R21 as shown in Fig. 1. The
The lens of Fig. 1 as scaled to a 36-43mm groups comprise the elements as
shown below:  focal length for a 36X24mm image frame   45 range and a
relative aperture of f/2.8 may GROUP I   -  Elements L1, L2, L3         be
further defined by the data of Table I GROUP II  -   Elements L4 and L3
below:    5                                      1,498,727
5 to vary the equivalent focal length cf the lens.   In order to maintain
the lateral aberration   60 Only a small degree of movement of the first
acceptably small for an intended film applica- postive group is required to
substantially  tion, a third order field curvature must be reduce the
travel of     II nd  provide a  introduced. It is well known to those
skilled 5   very compact lens for therange of equivalent  in the art that
the increased third order field foccal lengths. This, in turn, enables the
powers  curvature, known as Petzval sum, will result   65 of the lens
groups to be reduced with resulting  in poor performance due to the
out-of-focus benefit in optical properties. The powers of  condition for
off-axis field points. Addition- the lens groups are given in Table III.
ally, aberrations are largely dependent upon lens powers. For example, the
third order 10                  TABLE III.                  spherical
aberration varies as the cube of the  70 power Since it is. necessary to
correct the Group I                    .0157       third order aberrarions
introduced by one lens Group II                -0395         element with
cancelling aberrations introduced Group III                -.0098        by
other elements the importance of main- Group IV                   .0333
taining minimum lens powers is apparent.    75. 15       Groups I, II, III
-0301          To achieve the compact wide angle to Groups I, II, III, IV
.0277       telephoto zoom lens in accordance with the invention which
utilizes three moving elements The last two powers given are at an  to
reduce the front vertex distance certain 



equivalent focal length of 36m.             relationships of elements are
desired.      80 The front vertex distance of the lens is   More
specifically, the following relationship 20 133.7mm at the lower end of the
focal length   should be achieved for the facing surfaes R9 range and
135.7mm at the  higher end  of the  and R1O of the second and third lens
groups. focal length range. The lens thus may vary from a wide angle focal
length where it is a retrofocus lens to                   >    R 25 a 2.3
focal length zooming ratio and has a             .35   -> front vertex
distance of only 1.63 times the maxnimum focal length. The back  focal
length of the lens is  where R is the radius of surfaces R9 or R10   85
40.06mm. This is greater than the equivalent  and EFL  is the shortest
equivalent focal 30 focal length through  over eight percent of  length of
the lens. the focal length range.                       Additionally, it is
preferred that the follow- To exemplify the advantages derived from   ing
relationship be maintained. a lens embodying the invention, a lens of the
same overall dimension was computed having               [err]
90 35 the same first order properties, but with only  where groups II and
III movable for zooming. The                1        1   .   1 powers of
the lens groups were TABLE IV. A further desired parameter of the disclosed
Group I            0159           lens for the focal length range
mentioned is 40            Group II          -.0388            that
95 Group III         -.0178                               [err] Group  V
.0371                        9 <  [err] 125 The second and third lens
groups of the above-identified lens had essentially the same  where [err]
is the geometrical mean of the 45   motion as the corresponding groups of
the  extremes of the focal length range, that is the lens groups of Tables
I and III. However, the  square root of the product of the extreme focal
power of group III of the third lens group  lengths.
100 increased over 80 percent. It is apparent that    Where a lens is
designed in accordance with if the powers were held the same, the move-
these parameters, the FVD is kept to a mini- 50   ment of lens groups II
and III would have  mum yielding a compact wide-angle to tele- to be
greater and the front vertex distance   photo zoom  lens, and aberrations
are reduced increased to permit such movement,         to an extent
heretofore unaxhieved in a wide  105 In the design of the wide angle lens
(where  angle to telephoto zoom lens. the EFL of the lens is less than die
dional    While preferred embodiments of the inven- 55   of the image
frame) the limiting aberration  tion have been set forth for purposes of
dis- is higher order field curvature. This aberra-  closure, modification
to the disclosed embodi- tion measured laterally changes from .088 in
ments of the invention as well as other em- 110 the lens of Tables I and II
to .1 for the two  bodiments thereof may be apparent to those moving group
lens of Table IV.             skilled in the art,    6
1,498,727                                       6 WHAT WE CLAIM IS:-
has an  image  side surface defined by the 1. A lens having an equialent
focal length  radius [err], and variable between  predetermined  limits,
com- prising from  the object end a first postive            [err] 5
group, a second negative group, a third nega-                  +         -
tive group, and a  fourth positive group,said                    [err]
first, second and  third groups being simul-  where taneously axially
moblie,  each at a rate dif-                   [err]                   30 



ferent from the rate of each of the others, 10   with respect to said
fourth group to vary the    4. The lens of claim 3 wherein focal length of
said lens,  lens being focmed by moving all four of said lens groups in
axidly fixed relationship, and said lens having a back  focal length
greater than the                     [err] 15   equivalent focal length of
said lens over a portion of its variable focal length range.      where
[err] is the geometric meam of the upper 2. The lens of claim 1 wherein
said second  and lower focal length limits. and third groups are dounlets
having facing    5. The lens of claim  1 wherein the lower  35 surfaces,
each of said faing surfaces being  limit focal length of said rens is
between .8 20   defined on radii R, where                    and .9 of the
diagonal of the image frame for said lens. 6. The lens of claim 1 wherein
the upper >                            limit focal length of said lens is
three times   40 [err]                              or less than the lower
limit focal length. [err]                       7. The lens of claim  I
wherein the first lens        comprises lenses L1-L3, the second lens group
comprises lenses L4-L5, where [err] is the lower limit focal length.  the
third lens group comprises lenses L6-L7,  45 3. The lens of claim 1 wherein
said second  and the fourth lens group           lens lens group   has an
object side surface defined   L8-L12, and these lenses are defined by 25
by the radius [err] and said third lens group   substantially the following
data:    3                                     1,498,727
3 TABLE I Surface       Axial Distance Lens     Radius (mm) Between
Surfaces (mm)   Nd    Vd R1       13.5.72 Li
2.60          1.805  25.5 R2         46.71 2.84 R3         46.50 L2
13.80           L.531    62.1 R4       -152.15 .            0.100 R5
41.84 L3                                  6.60           1.694     53.3 R6
125.20 (1) R7        :140.19 L4                                   3.10
1.847      23.8 R8     -60.45 L5                                  1.10
1.834     37.3 R9         17.98 (2) R10       -16.56 L6
1.00           1.498      65.1 R11        22.97 L7
3.10           1.785      25.7 R12      -112.11               , (3) R13
53.32 



L8                                   2.90        1.620       60.3 R14
-42.06 2.00 R15       502.33 L9                                   5.00
1.487      70.4 R16       -14.89 L1O                                  0.90
1.805      25.5 R17       -45.59 11.53 R18       125.96 L11
3.50            1.639     45.1 R19      -2.90 5.98 R20       -19.40 L12
1.296                        1.805     25.5 R21       -35.59 The bracketed
figures  given in the third column of the above table represent the
following axial distances between surfaces:- (1)   .47- 19.48 (2) 15.94 -
5.01 (3)  9.33- 1.19 Where [err] is the index of refraction,  [err] is  the
longer equivalent focal length EFL to the the Abbe number, L1-L12 are lens
elements  shorter EFL, Groups II and III will move  10 front the object
end, and R1-R21 are the  towards the object at unequal rates and Group 5
radii of lens surfaces, and the distances    I will initially move toward
the object and between radii are mesurd on the  axis of  then back toward
the image. Plots of move- the lens.                                ment of
lens Groups I,  II and III during a During a'zooming made of operation from
zooming mode of operation are set forth in  15    4
1,498,727                                       4 Fig. 2 in which the
abscissa is equivalent focal   ring member 55 to slots 57 in control member
length and the ordinant is in millimeters as  44. The slots 57 are defined
on a pitch  equi- measured from the axial point on the object  valent to
the pitch of threads 34 and 37 for side of the surface of lens L8. All
movements   reasonshereinafter made apparent. 5  are taken with respect to
the axial center       As thus far described, as control member  7Q of lens
surface R13. The particular lens dis-  44 is moved axially aong the lens,
pins 52 closed has an equivalent focal ange of 36-   will move in cam
slots 53, and mount 47 83mm and a relative aperture of f/2.8.      will
move both axially and rotatably along A lens embodying the invention with a
tube 33a, thereby adjusting the position of 10  positive front or first
groupmay havea lower  the lens group II with respect to the lens   75 limit
equivalent focal length of between .8 and  group IV. 9 of the diagonal of
the image frame The      Tube 48 has axial slots 58 and 59 defined upper
limit focal length is not critical but  therein. A pin 60 carried by mount
49 extends for practical purposes will be about three  through slot 58 into
a cam slot 61 in tube 15  times or less than the lawerlimit.         33a. A
pin 62 extends into slot 59 through   80 The movement of Groups I, H and
III  a cam slot 63 in tube 33a. The edges defining may be accomplished
through a lens 30 as  the slots 58 and 59, upon rotative motion of shown in
Fig. 3. Reference is also made to  mount 47 imparts rotative motion to
tubes 50 Fig. 4 to enhance explanation of the lens  and 46, respectively,
through pins 62 and 60, 20   movements. The lens 30 comprises a primay
respectively. The rotative motion imparted   85 body member 31, having a
camera mounting  to pins 60 and 62 causes them  and their portion 32, shown
as being of the screw type.  respective lens mounts to follow the cam slots
A tubular lens mouting member 33 extends  61 and 63, respectively, and
predetermine the 



at least partially into body member 32, and  relavive motions of lens
Groups I and III in 25   has an externally threaded rear portion 34,
accordance with the relative motion imparted   90 and an axialy directed
slot 35  herein. A   to lens Group II, as shown in Fig. 2. focusing member
36 has internal threads   37    For focusing, control member 44 is rotated.
engaging threads 34. A pin 38 carried in body  This produces rotation of
focusing member member 31 extends into lens mounting slit  36, and linear
movement of lens mounting 30   35. Thus when focusing member 36 is rotated,
member 33 with all lens groups in fixed rela-   95 it imparts only linear
movement to lens  tion to one another. The linear motin of mounting men*er
33. A pin 39 is carried in  mounting member 33 corresponds with the body
member 31 and extendss into an annular  pitch of slots 57 and no zooming
effect is slot 40 defined in focusing member 36. Focus-  imparted to the
lens groups. The operator may 35  ing member 36 has one or more axialy ex-
zoom and focus simultaneously with the con-  100 tending arms 41, which may
be defined on a  trol member 44. portion of a spiral for reasons
hereinafter    A lens mechanical means for producing the made apparent. At
least one arm 41 carries  desired motions is set forth in detail in Speci-
a pin 42 therein which extends into an axial  fication No. 1,481,072. 40
slot 43 in a focus and zoom operating member    The movement of Group I
during  zooming  105 44,                                        permits a
more compact kns design by A Group I lens mount 45 includes a tubular
decreasg  the otherwise required movements portion 46 telescopically
extending over lens  of Groups II and III. Otherwise stated, the mounting
member 33. A Group II lens mount  movement of Group I optically increases
the 45   47 includes a tubular portion 48 within lens  effective range of
movement of Groups II and  110 mounting member 33. A Group III mount 49
III without increasing the physical dimen-    the physi  dimen- includes a
tubular portion 50 within tubular  sional mont The movement of Group I
portion 48. In Fig. 3 the lens groups I, II   during zooming further
permits optical correc- Ill and IV are shown as single elements for  tions
otherwise not available in zoom lenses 50   simplicity of illustration.
Group IV is set in  with only two  moving groups.             115 a mount
51 fixed in lens mounting member    Table II exemplifies the extent of
move- 33. The tubular or sleeve-like portions 46 and  ment of lens groups
I, II and III when moved 48 are close fitting but easily slidable with  to
vary the focal length of the lens from 83mm respect to tube portion 33a of
mounting 33.  to 36mm as the groups move toward or away 55   Portion 50 is
close fitting but slides easily  from the object between the upper and
lower  120 in portion 48.                               equivalent focal
length limits. Reference is now made to Fig. 4 in con- junction with Fig.
3.. Fig. 4 shows tubular               TABLE II members 33a, 46, 48 and 50
developed into    Group I    3.24mm (descreasing EFL) 60   planar members.
Tube 33a has a plurality of              3.15mm (increasing EFL) cam  slots
therein which define the movements    Group II   19.07mm
125 of mounts 45, 47 and 49. Pins 52 from mount    Group III   8.14mm 47
extend throu  cam slots 53 and tube 33a, and axial slots 54 in tube 46, to
a ring    The foregoing table exemplifies the rela- 65   meiber 55 (Fig.
3). Pins 56 extend from   tively short travel, particularly of group II,
7                               1,498,727
7 Surface          Axial Distance Lens               Radius (mm)   Between
Surfaces  (mm)               [err] R1           135.72 L1
2.60             1.805       25.5 R2            46.71 2.84 R3
46.50 L2                                       13.80             1.531
62.1 R4         -152.15 



0.100 R5            41.84 L3                                        6.60
1.694       53.3 R6           125.20 (1) R7           140.19 L4
3.10             1.847       23.8 R8          -60.45 L5
1.10             1.834       37.3 R9            17.98 (2) R10
-16.56 L6                                        1.00              1.498
65.1 R11           22.97 L7                                        3.10
1.785       25.7 R12         -112.11 (3) R13           53.32 L8
2.90             1.620       60.3 R14          -42.06 2.00 R15
502.33 L9                                        5.00             1.487
70.4 R16          -14.89 L10                                       0.90
1.805      25.5 R17          -45.59 11.53 R18          125.96 L11
3.50             1.639       45.1 R19          -25.90 5.98 R20
-19.40 L12                                       1.296            1.805
25.5 R21          -35.59 The bracketed figures given in the third column of
the above table representing the following axial distances between
surfaces:- (1)   .47 -  19.48 (2) 15.94 - 5.01 (3)  9.33 -   1.19 Where
L1-L12 are lens elements from the  described with reference to and as
illustrated object end to the image end, R1-R21 are  in, the accompanying
drawings.                10 the radii of lens elements L1-L12, [err] is the
MATHYS & SQUIRE, 5   index  of refraction  and  [err] is the Abbe
Chartered Parent Agents, number.
10 Fleet Street, '8. A lens constructed, arranged and adapted       London
EC4Y 1AY. to  operate  substantially  as  hereinbefore         Agents for
the Applicants. Printed for Her Majest's Stationery Office by the Courier
Press, Leamington Spa, 1978. Published by the Patent Office, 25.
Southampton Buildings, London, WC2A 1AY, from which copies may be obtained.


