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1. 

ZOOMING MECHANISM FOR ZOOM LENS 

Matter enclosed in heavy brackets appears in the 
Original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

FIELD OF THE INVENTION AND RELATED 
ART STATEMENT 

The invention relates to a zooming mechanism for a 
zoom lens, in particular, to a zooming mechanism for a 
zoom lens as may be used in a still camera or video 
ce. 

A conventional zoom lens includes two or three mov 
able lens groups, and includes a zooming mechanism 
which moves such movable lens groups back and forth 
in the direction of an optical axis. As is well recognized, 
almost all of such mechanisms employ an arrangement 
to translate a lens barrel by utilizing a cam mechanism 
including a can groove and a drive pin or pins fitted in 
the can groove. 

Specifically, FIGS. 13A, 13B, 14 and 15 illustrate an 
example of a typical zooming mechanism used in the 
prior art. A first lens barrel 1 carries a first lens group 
L1, and a second lens barrel 2 carries a second lens 
group L2. These lens barrels are disposed one after 
another in the direction of an optical axis 0. The lens 
barrels have holders 1a, 1b and 2a, 2b which extend 
upward and downward therefrom and through which 
openings 1c, 1d and 2c, 2d are formed. A pair of guide 
shafts 3, 4 which are disposed to extend in parallel rela 
tionship with the optical axis on opposite sides thereof 
serve as rotational stops, and these guide shafts are 
tightly, but slidably fitted into the openings lic, 1d, 2c, 
2d to enable the respective lens groups L., L to be 
translated therealong. Drive pins 5a, 5b, 6a and 6b 
fixedly mounted on the holders 1a, 1b, 2a and 2b, re 
spectively, fit in cam slots 7a, 7b formed in a cam sleeve 
7 to define a zooming mechanism. As indicated by a 
developed view shown in FIG. 15, the cam slot 7a in 
which the drive pins 5a, Sb are fitted is a linear skewed 
slot which has a pitch angle of a with respect to the 
circumferential direction while the can slot 7b in which 
the drive pins 6a, 6b are fitted is a curved slot having a 
pitch angle of a with respect to the circumferential 
direction. 
With the zooming mechanism mentioned above, the 

can sleeve 7 may be turned to move the first lens barrel 
1 and the second lens barrel 2 back and forth in the 
direction of the optical axis from its wide angle position 
shown in FIG. 13A to its telescoping position shown in 
FIG. 13B or vice versa through the engagement be 
tween the cam slots 7a, 7b and the drive pins 5a, 5b and 
6a, 6b, respectively, thus achieving a zooming action. 

However, a conventional zooming mechanism as 
described above utilizes guide shafts and a can sleeve 
disposed outside the lenses, whereby the cam sleeve 
exhibits an increased diameter. This produces an unde 
sirable, unused space as illustrated by a hatched area in 
FIG. 14 as compared with the size of a picture frame 8, 
standing in the way to a miniaturization of a camera. To 
assure a smooth movement of the lens barrels, a plural 
ity of cam slots are duplicated in a cam sleeve at an 
equal angular interval, requiring a complicated machin 
ing operation to increase which increases its cost. In 
addition, the first lens group Li has a greater travel 
relative to a travel of the second lens group L2, 
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whereby the pitch angle a2 of the can slot as shown in 
FIG. 15 increases, requiring a greater force to operate 
during the zooming operation, which is disadvanta 
geous. 

OBJECT AND SUMMARY OF THE INVENTION 

It is an object of the invention to provide a zooming 
mechanism for zoom lens which is compact, which can 
be manufactured at a reduced cost and which requires 
less force to drive, thereby eliminating the described 
disadvantages of the prior art. 

In accordance with the invention, a can sleeve of an 
increased diameter as used in a conventional zooming 
mechanism is eliminated. Accordingly, the zooming 
mechanism of the invention has remarkable features 
that (1) it is compact and requires a reduced number of 
parts, and is simple in arrangement to achieve a higher 
accuracy; that (2) the simple construction requiring a 
reduced number of parts enables the manufacturing cost 
to be reduced; and that (3) a second zoom lens group 
has reduced lift, thus requiring less force to drive it. In 
this manner, disadvantages of conventional zooming 
mechanism are overcome in a sophisticated manner. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an exploded, perspective view of essential 
parts of a zooming mechanism for a zoom lens accord 
ing to a first embodiment of the invention; 

FIGS. 2A and 2B are plan views, to an enlarged 
scale, specifically illustrating the manner of operation of 
a first and a second non-circular gear used in the Zoom 
ing mechanism shown in FIG. 1; 

FIG. 3 diagrammatically illustrates loci of movement 
of a focus lens group and another lens group used in the 
zooming mechanism shown in FIG. 1; 
FIG. 4 is a rear view, partly in section, of a portion of 

the zooming mechanism shown in FIG. 1; 
FIG. 5 is an exploded, perspective view of essential 

parts of another form of drive mechanism which is used 
to translate a carrier frame carrying another zoom lens 
group used in the zooming mechanism of the invention; 

FIG. 6 is an exploded, perspective view of a further 
form of drive mechanism; 

F.G. 7 is an exploded, perspective view of a zooming 
mechanism for zoom lens according to a second em 
bodiment of the invention; 

FIG. 8 is a rear view, partly in section, of part of the 
zooming mechanism shown in FIG. 7 as assembled into 
a camera; 

FIG. 9 diagrammatically illustrates the loci of move 
ment of a focus lens group and another lens group used 
in the zooming mechanism shown in FIG. 7; 

FIGS. 10A and 10B are plan views, to an enlarged 
scale, of part of a lens drive mechanism used in the 
zooming mechanism shown in FIG. 7, illustrating the 
manner of operation thereof; 

FIGS. IIA and l3 are plan views, to an enlarged 
scale, of another form of a drive mechanism for a carrier 
frame which carries another zoom lens group used in 
the zooming mechanism of the invention; 

FIG. 12 is an exploded, perspective view of part of a 
further form of the drive mechanism similar to that 
shown in FIGS. A. and l3; 

FIGS. 13A and 13B are cross sections of one form of 
a conventional zooming mechanism for a zoom lens; 

FIG. 14 is a front view of the zooming mechanism 
shown in FGS. 13A and 13B; and 
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F.G. S is a developed view of cam slots used in the 
zooming mechanism shown in FIGS. 13A and 13B. 
DETALED DESCRIPTION OF PREFERRED 

EMBOOMENTS 

FIG. 1 is an exploded, perspective view of essential 
parts of a zooming mechanism for a zoom lens accord 
ing to a first embodiment of the invention. Specifically, 
a zooming mechanism 10 comprises two groups of 
zoom lenses. Specifically, the zooming mechanism 10 
shown is arranged as consisting of two groups of zoom 
lenses, and essentially comprises a zooming frame 12 
including a helicoidal screw to support a focus frame 11 
which carries a focus lens group L1 in a manner to 
permit a focusing adjustment and disposed for nove 
ment in the direction of an optical axis with respect to a 
stationary frame 13; a feed screw 23 rotatably mounted 
in the stationary frame 13 for driving the zooming frame 
12 in the direction of the optical axis within the station 
ary frame 13 when it is driven for rotation; a carrier 
frame 14 for another zoom lens group Lamounted on a 
pair of support shafts 26, 27 which are disposed within 
the zooming frame 12 so as to extend in parallel rela 
tionship with the optical axis for movement back and 
forth in the direction of the optical axis and within the 
zooming frame 12; a pinion gear 18 rotatably mounted 
on the lower surface of the bottom wall of the zooming 
frame 12 for meshing engagement with a rack 17 dis 
posed on the bottom wall of the stationary frame 13 
along its right corner and extending in a direction paral 
lel to the optical axis and axis, gear 18 being rotatable 
in a plane parallel to the bottom surface; a first non-cir 
cular gear 19 integrally and coaxially mounted with the 
pinion gear 18 on the bottom surface of the zooming 
frame 12; and a second non-circular gear 20 disposed for 
meshing engagement with the first non-circular gear for 
rotation, and having an elongate slot 20a therein which 
serves to provide a translation of the carrier frame 14 in 
the direction of the optical axis. 
The zooming frame 12 comprises a rectangular hol 

low body which is displaceably fitted inside the station 
ary frame 13 which also comprises a rectangular hollow 
body of a greater size. A pair of support shafts 24, 25 
extend between a front wall and a rear frame 15 of the 
stationary frame 13 in parallel relationship with the 
optical axis, and extend through a guide opening 12a 
formed in a block 12e secured to the lower surface of 
the zooming frame 12 and through a guide groove 12b 
formed in a projection on the top wall of the zooming 
frame 12, thus holding the guiding frame against rota 
tion while allowing its translation in a back-and-forth 
direction. 
The carrier frame 14 for another zoom lens group has 

an ear in its left, lower portion in which a guide opening 
14a is formed and another ear in its right, upper portion 
in which a guide groove 14b is formed. The pair of 
support shafts 26, 27 extend between the front wall of 
the zooming frame 12 and the rear frame 16 in parallel 
relationship with the optical axis, and extend through 
the guide opening 14a and the guide groove 14b, respec 
tively, thus holding the carrier frame 14 against rotation 
while supporting it in a translatable manner back and 
forth in the direction of the optical axis. 
The feed screw 23 is rotatably carried by the front 

wall of the stationary frame 13 and the rear frame 15 
and extends in parallel relationship with the optical axis, 
and engages female threads 12c formed in the block 12e 
secured to the botton wall of the zooming frame 12 and 
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4. 
extending in a direction parallel to the optical axis. A 
portion of the feed screw 23 extends rearwardly beyond 
the rear frame 15 and has a transmission gear 29 inte 
grally mounted thereon, which serves for transmitting 
rotating power to the feed screw 23. 
The pinion gear 18 which meshes with the rack 17 is 

mounted on a support shaft 18a which rotatably extends 
through an opening 12d formed in the bottom of the 
zooming frame 12, and the first non-circular gear 19 is 
integrally and fixedly mounted on the same shaft while 
the second non-circular gear 20 which meshes with the 
first noncircular gear 19 is rotatably carried by a sup 
port shaft 21 which is fixedly mounted on the bottom 
surface of the zooming frame 12. The slot 20a which is 
elongate in the transverse direction is formed adjacent 
to the shaft 21 and extends toward the outer periphery. 
A drive pin 28 fixedly mounted on the bottom of the 
carrier frame 14 at its left, lower ear is fitted into the 
elongate slot 20a. The second non-circular gear 20 is 
urged to rotate clock-wise by a torsion spring 22 which 
has its one end secured to a stationary point and dis 
posed around the shaft 21 and having its other end 
extending through the gear 20 adjacent to its one lateral 
edge, but the resulting rotation is normally suppressed 
by meshing engagement with the first non-circular gear 
19. 
The operation of the zooming mechanism when 

zooming from the wide angle side to the telescoping 
side will be described with reference to FIGS. 2A and 
2B. Initially, the pinion gear 18, the first non-circular 
gear 19 which is coaxial and integral with the gear 18, 
and the second non-circular gear 20 which meshes with 
the first gear 19 assume respective positions shown in 
FIG. 2A when they are located at the wide angle side. 
As the feed screw 23 is driven by a drive source, not 
shown, such as a motor or by a manual drive, through 
the transmission gear 29 to translate the zooming frame 
2 I2 (see FIG. 1) in the forward direction, the pinion 

gear 18 meshing with the rack 17 rotates clockwise as 
indicated by an arrow b while moving in a linear direc 
tion indicated by an arrow a in FIG. 2A. This causes the 
first non-circular gear 19 which is integral therewith to 
rotate in the same direction, whereby its meshing sec 
ond gear 20 rotates counter-clockwise as indicated by 
an arrow c. When the zooming frame 12 is driven for 
ward to its telescoping position, the described members 
assume respective positions illustrated in FIG.2B. As a 
result of such rotation of the second non-circular gear 
20, the drive pin 28 associated with the carrier frame 14 
which is fitted into the elongate slot 20a formed in the 
gear 20 moves in a non-linear manner with respect to 
the focus lens group L which moves linearly, as the 
zooming frame is moved forward, as indicated by the 
diagram of FIG. 3, thus achieving a smooth zooming 
operation. It should be understood that the configura 
tions of the first and the second non-circular gear 
gears 19, 20 are precisely designed and formed based on 
optical parameters of the zoom lens, achieving a move 
ment of the lens group L2 as designed. into a camera, 
as viewed from the rear side thereof. 

It will be appreciated that when zooming from the 
telescoping to the side angle side, the feed screw 23 is 
driven for rotation in he reverse direction, performing a 
similar operation as described above although opposite 
in direction. 
As a result of utilizing non-circular gears in achieving 

a zooming operation in the zooming mechanism of the 
first embodiment, it will be noted in F.G. 4 that a view 
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finder 30A, a patrone chamber 30B and a spool chamber 
30C can be designed so as to be disposed close to a 
picture frame 40, allowing a substantial reduction in the 
size of the entire camera. In addition, a complicated and 
expensive machining of cam slots in a cam sleeve is 
avoided, allowing a substantial reduction in the manu 
facturing cost. The movement of the zoom lens group 
L2 need only be a compensation for the movement of 
the focus lens group L1, and accordingly, a support 
mechanism associated therewith can be compact and 
simple, requiring a reduced magnitude of force to oper 
ate the camera. 

In the first embodiment described above, the feed 
screw has been employed to drive the zooming frame. 
However, it should be understood that the drive mecha 
nism associated with the zooming frame is not limited to 
the use of the feed screw, but any other drive mecha 
nism such as helicoidal screw may be employed which 
is capable of Idriving providing a translational move 
ment. Where three or more lens groups are used, such 
mechanisms can be used in a suitable combination. 
Character F shown in FIGS, 2A and 2B indicate a film 
plane. 

FIG. S shows another form of drive mechanism for 
moving the carrier frame for another lens group which 
can be used in a zooning mechanism of the invention. 
Specifically, a drive mechanism 31 uses a combination 
of a pulley 32 and a cord 33 in substitution for the com 
bination of the rack 17 and the pinion gear 18 shown in 
FIG. 1. In other respects, the arrangement is quite simi 
lar to the zooming frame of FIG. 1 and operates in a 
similar manner as before. 
The pulley 32 is disposed on the bottom side of the 

zooming frame 12 at substantially the same position as 
assumed by the pinion gear 18 shown in FIG. 1, and a 
support shaft 32a which projects through the bottom 
integrally and coaxially carries a non-circular gear 19A 
which is similar to the first non-circular gear 19 shown 
in FIG. 1. A cord 33 having its one end anchored to a 
pin 34 fixedly mounted on the bottom of the stationary 
frame 13 (see FIG. 1) and its other end anchored to the 
pulley 32 is disposed around this pulley, which is urged 
for counter-clockwise rotation or in a direction to take 
up the cord 33, by a torsion spring 35 having its one end 
disposed in abutment against a stationary point and its 
other end secured to the upper surface of the pulley 32. 
The drive mechanism 31 operates as follows: Specifi 

cally when the zooming frame 12 (see FIG. 1) moves in 
a direction indicated by an arrow d within the station 
ary frame 13, the pulley 32 moves in the same direction 
while rotating clockwise or in a direction indicated by 
an arrow e. The first non-circular gear 19A which is 
integral with the pulley 32 rotates in the same direction, 
whereby the second non-circular gear 20 (see FIG. 1) 
which meshes with the first non-circular gear 19A ro 
tates counter-clockwise, thus operating in a similar 
manner and achieving an effect similar to the zooming 
mechanism shown in FIG. 1. The substitution of the 
pulley 32 and the cord 33 for the combination of the 
rack 17 and the pinion gear 18 (see FIG. 1)simplifies the 
construction, reduces the space requirement and allows 
a reduction in the manufacturing cost. 

F.G. 6 shows another form of drive mechanism 
which translates the carrier frame for another zoom lens 
group which may be used in the zooming mechanism of 
the invention. Specifically, a drive mechanism 41 is 
constructed in a manner similar to the zooming mecha 
nism shown in FIG. 1 except for the construction of the 
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carrier frame 14 for another lens group and of the sec 
ond non-circular gear 20. In other respects, the arrange 
ment is quite similar to the arrangement of FIG. 1, and 
operates in a similar manner. 

In the drive mechanism 41, a carrier frame 14A for 
another lens group has a bottom wall which extends 
rearwardly with an elongate slot 42 formed in the exten 
sion and extending in a direction substantially perpen 
dicular to the direction of the optical axis. Fitted into 
the slot 42 is a drive pin 43 fixedly mounted on the 
upper surface of a second non-circular gear 20A which 
is similar to the second non-circular 20 shown in FIG. 1. 

It will be appreciated that the operation of the drive 
mechanism 41 is similar to that of the drive mechanism 
shown in FIG. 1 except that the drive pin 43 and the slot 
42 in which the pin is fitted are disposed on the second 
non-circular gear 20A and the carrier frame 14A, re 
spectively, in a manner opposite from the drive mecha 
nism of FIG. 1. However, the operation remains the 
same. This arrangement may be advantageous in facili 
tating the movement depending on the manner of trans 
lation of the carrier frame 14A. 

FIG. 7 is an exploded perspective view of a zooming 
frame for zoom lens according to a second embodiment 
of the invention. Specifically, a zooming mechanism 51 
comprises two groups of zoom lenses, and essentially 
comprises a stationary frame 55, a zooming frame 54 
which is slidably fitted into the frame 55 and is capable 
of translating only in the direction of an optical axis, a 
carrier frame 52 for a focus lens group L which is 
disposed forwardly in the zooming frame S4 in a man 
ner to permit a focusing adjustment, a carrier frame 53 
for another zoom lens group which is mounted within 
the zooming frame 54 to permit its movement back and 
forth along the optical axis, means for deriving a rotat 
ing drive in association with the translation of the zoom 
ing frame 54 in the direction of the optical axis, and an 
actuator can 56 responsive to the last mentioned means 
to cause the carrier frame 53 to translate in the direction 
of the optical axis. 
The zooming frame 54 comprises a rectangular hol 

low body having an open rear side, and the carrier 
frame 52 for a focus lens group L is supported in a 
forward portion thereof as by a helicoidal screw in a 
manner to permit a focusing adjustment. The stationary 
frame 55 similar to frame 13 again comprises a rectangu 
lar hollow body of a greater size than the zooming 
frame 54, which is slidably fitted inside the stationary 
frame 55. A feed screw 61 extends through a rear wall 
of the stationary frame 55 at a location toward the bot 
tom and offset to one lateral side and threadably en 
gages a threaded female feed bore 54b formed in a block 
54d which is secured to or forms a lower portion of the 
zooming frame 54. A rotation transmitting gear 61a is 
secured to the other end of the feed screw 61, and may 
be turned to translate the zooming frame 54 relative to 
the stationary frame 55 along the optical axis. A guide 
and support shaft 63 has its one end secured to the rear 
wall of the stationary frame 55 toward the bottom and 
extends parallel to the feed screw 61. The other end of 
the shaft 63 extends into a lead opening 54c formed in 
the zooming frame 54 adjacent to the female threaded 
bore 54b. A support shaft 67 has its one end secured to 
the stationary frame 55 at the left, top corner and its 
oher other end is fitted into an anti-rotation groove 

54a formed in a block mounted on top of the zooming 
frame 54 toward its left side. In this manner, a transla 
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tion of the zooming frame 54 with respect to the station 
ary frame 55 can take place without any oscillation. 
The carrier frame 53 which carries another zoom lens 

group L2 and is disposed within the zooming frame 54 
comprises a hollow cylindrical body of a reduced 
length, which is provided with an anti-rotation groove 
53b around its outer periphery at a right, upper portion 
and is also provided with a guide opening 53a which is 
also formed around the outer periphery at a left, lower 
portion or at a symmetrical position with respect to the 
groove 53b. Guide shafts 65, 64, which also serve as 
rotational stops, are fixed fixedly mounted on the 
zooming frame 54 and extend in parallel relationship 
with the optical axis and are closely fitted in the groove 
53b and the opening 53a, thus locking the carrier frame 
53 against rotation and preventing its oscillation during 
its translation in the direction of the optical axis. 
The means which derives a rotational drive in asso 

ciated association with the translation of the zooming 
frame 54 in the direction of the optical axis is con 
structed to derive a rotational drive by its operation in 
a plane parallel to the optical axis. It comprises a rack 60 
disposed on the bottom wall of the stationary frame 55 
at its left corner and extending parallel to the optical 
axis and a sector gear 59 rotatably mounted on the 
underside of the bottom of the zooming frame 54 for 
meshing engagement with the rack 60. The sector gear 
59 has a support shaft 58a which extends into the zoom 
ing frame 54 by passing through the bottom wall 
thereof, with a pinion gear 58 integrally mounted on the 
top end thereof, The gear 58 is disposed in meshing 
engagement with a cam drive gear 57 which comprises 
a sector gear. 
The actuator cam 56 comprises a cam arm having a 

profiled slot therein, with its one end rotatably mounted 
on a support shaft 66 which is fixedly mounted on the 
bottom wall of the zooming frame 54 in an integral 
manner with the cam drive gear 57 which meshes with 
the gear 58 as indicated in FIG. 8. The actuator cam 56 
is urged of into clockwise rotation by a torsion 
spring 62 and having its central portion disposed around 
the shaft 66 and having its one end anchored to a station 
ary point and having its its other end engaged with 
the lateral side of the cam 56. Adjacent to its free end, 
the actuator can 56 is formed with a profiled slot 56a 
which is configured as a part of an arc, in which is fitted 
a drive pin 53c fixedly mounted on the carrier frame 53 
on its bottom surface toward the left side thereof. 
The operation of the zooming mechanism 51 when 

driving from the wide angle to the telescoping side will 
now be described with reference to FIGS. 7, 10A and 
10B. When the feed screw 61 is turned by a drive 
source, not shown, (which may be an electric motor or 
a manual drive or the like), its engagement with the 
female threaded bore 54b drives the zooming frame 54 
in the forward direction with respect to the stationary 
frame 55, thus advancing the focus lens group L1. This 
movement causes the sector gear 59 which meshes with 
the rack 60 to rotate counter-clockwise, whereby the 
pinion gear 58 which is integrally mounted on the shaft 
58a rotates in the same direction, causing the cam drive 
gear 57 which meshes therewith to rotate clockwise 
thereupon. Thereupon, the actuator can 56 which is 
integral with the can drive gear 57 rotates in the same 
direction, changing from its condition illustrated in 
F.G. 10A to a condition shown in FIG, 10B. Such 
rotation of the actuator can 56 is effective to cause the 
guide pin 53c on the carrier frame 53 which is fitted into 
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the profiled slot 56a in the actuator cam 56 to move 
therealong, thus causing the other zoom lens group L2 
to advance forward at the same time as the focus lens 
group L1 moves in accordance with the optical design, 
achieving a zooming operation as illustrated in FIG. 9. 
When changing from the telescoping to the wide angle 
side, the operation occurs in an opposite manner. A 
reference character F shown in FIG. FIGS. 10A and 
10B indicates a photographic film. 
FIG. 8 shows the zooming frame 51 assembled into a 

camera, as viewed from the rear side thereof. It will be 
apparent by comparison of this FIG. with the conven 
tional zooming mechanism employing a cam sleeve or 
the like as illustrated in FIGS. 13A, 13B to 15, there is 
no extension of the frame which projects beyond the 
picture frame 40, allowing the viewfinder 30A, the 
patrone chamber 30B and the spool chamber 30C to be 
disposed very close to the picture frame 40, allowing a 
substantial reduction in the overall size of the camera 
while simultaneously avoiding a troublesome meshing 
operation of forming a can slot in a can sleeve to 
thereby permit a substantial reduction in the manufac 
turing cost. It is to be understood that a mechanism 
which drives the zooming frame 54 is not limited to a 
feed screw mechanism, but any other drive mechanism 
such as a helicoidal screw may also be used. In addition, 
the invention is equally applicable to a zoom lens having 
three or four lens groups. 

FIGS. 1A and 11B show another form of drive 
mechanism which causes a translation of a carrier frame 
carrying another lens group which may be used in the 
second embodiment. Specifically, a drive mechanism 71 
comprises a single disc-shaped can plate 72 which 
serves the combination of the actuator cam 56 and the 
cam drive gear 57, and a pinion gear 58 which is integral 
with the cam plate and which meshes with the rack 60. 
In other respects, the arrangement is similar to the pre 
vious drive mechanism. The cam plate 72 is formed 
with a spirally extending profiled slot 73 which extends 
from a point close to the center substantially through 
one revolution, with a guide pin 53c on the carrier 
frame 53 (see FIG. 7) being fitted into the profiled slot 
73. 
The drive mechanism 71 is also effective to achieve a 

smooth operation of the carrier frame 53 in a manner 
similar to the zooming frame 51 shown in FIG. 7. Spe 
cifically, when the feed screw 61 associated with the 
stationary frame 55 (see FIG. 7) is driven to cause the 
zooming frame 54 to advance forward, the engagement 
between the rack 60 and the pinion gear 58 is effective 
to move the cam plate 72 in a direction indicated by an 
arrow a while causing the rotation indicated by an 
arrowbo, as shown in FIG. lA. Accordingly, the guide 
pin 53c which fits in the slot 73 moves in a direction 
indicated by an arrow c. As a result of a forward move 
ment of the zooning frame 54, the can plate 72 turns 
from a position illustrated in FIG. IlA to a position 
illustrated in FIG. 18 while causing the guide pin 53c to 
move forward, thus advancing the carrier frame 53. In 
this manner, both lens groups can be advanced through 
given strokes as with the zooming frame 51 shown in 
FIG. 7 from the wide angle to the telescoping side. 
When zooming in the opposite direction, the operation 
takes place in an opposite procedure. 
FG, 12 shows a further form of drive mechanism 

which causes translation of the carrier frame for an 
other zoom lens which may be used in the second em 
bodiment. Specifically, a drive mechanism 81 comprises 
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a pulley 82 which is rotatable in an integral manner with 
the pinion gear 58, and a cord 83 having its one end 
anchored to the pulley 82 and its other end looped 
around a pin 84 which is fixedly mounted on a station 
ary member, the both of which are substituted for a 
combination of the sector gear 59 and the rack 60 
shown in FIG. 7. The pulley 82 is rotatably mounted in 
coaxial relationship and integral with the gear 58 at the 
location where the sector gear 59 is disposed in the 
arrangement of FIG.7. In other respects, the zooming 
mechanism is constructed in the same manner as shown 
in FG. I. 
The drive mechanism 81 operates as follows: Since 

the gear 58 is urged for counter-clockwise rotation 
(indicated by an arrow fa) by the torsion spring 62 (see 
FIG. 7), it will be seen that as the zooming frame 54 
translates in a direction indicated by an arrow eo, the 
pulley 82 rotates in the same direction or counter clock 
wise, causing the gear 58 to rotate the can drive gear 57 
(see FIG. 7) and its integral actuator cam 56 clockwise, 
thus driving the carrier frame which carries another 
zoom lens group entirely in the same manner as the 
zooming mechanism 51 shown in FIG. 7. When the 
zooming frame 54 is translated in the opposite direction, 
the pulley 82 and the gear 58 rotate in the opposite 
direction, again operating in the same manner as the 
zooming mechanism 51 with the a similar effect. In 
the drive mechanism 81, the replacement of the rack 60 
by the cord 83 simplifies the construction, requires less 
space requirement and allows a substantial reduction in 
the manufacturing cost. 
What is claimed is: 
1. A zooming mechanism for a zoom lens including a 

plurality of lens groups, comprising: . 
a zooming frame movable in a direction of an optical 

axis with respect to a stationary member and carry 
ing at least one lens group; 

drive means for moving the zooming frame in the 
direction of the optical axis; 

a carrier frame carrying another zoom lens group and 
supported by a support member within the zoom 
ing frame for movement back and forth in the di 
rection of the optical axis; 

means for deriving a rotational drive responsive to 
the movement of the zooming frame in the direc 
tion of the optical axis; 

and means responsive to said means for deriving a 
rotational drive means to cause a non-linear 
movement of the carrier frame. 

2. A zooming mechanism according to claim 1, in 
which the zooming frame comprises a hollow body and 
is slidably fitted in the stationary member which also 
comprises a hollow body of a greater size, the zooming 
frame being disposed for movement back and forth in 
the direction of the optical axis while utilizing a support 
shaft disposed within the stationary member in parallel 
relationship with the optical axis as a guide. 

3. A zooming mechanism according to claim 2, 
wherein said zooming frane hollow body and said sta 
tionary member hollow body are substantially rectan 
gular. 

4. A zooming mechanism according to claim 3, fur 
ther including a rectangular film frame arranged adja 
cent to said zooming mechanism; 

said zooming frame hollow rectangular-shaped body 
being slightly greater in size than said film frame. 

5. A zooming mechanism according to claim 4, 
wherein three sides of said zooming frame hollow rec 
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10 
tangular-shaped body are substantially equal in length 
to three associated sides of said rectangular film frame. 

6. A zooming mechanism according to claim 1, in 
which the drive means comprises a feed screw disposed 
within the stationary member and extending in a direc 
tion parallel to the optical axis, a female threaded bore 
formed in a block secured to a lower surface of the 
zooming frame for threadable engagement with the feed 
screw, and a rotation transmitting gear secured to the 
feed screw for transmitting a rotational drive to the feed 
screw. 

7. A zooming mechanism according to claim 1, in 
which the carrier frame comprises a hollow cylindrical 
member of a reduced length in which a zoom lens is 
carried, the carrier frame being provided with guide 
openings at symmetrical positions around its outer pe 
riphery with respect to each other through which guide 
members disposed within the zooming frame extend and 
which also serve as rotational stops. 

8. A zooming mechanism according to claim 1, in 
which said means for deriving a rotational drive com 
prises a first non-circular gear which is coaxially and 
integrally mounted on a support shaft extending 
through the zooming frame for a pinion rotatably 
mounted on a lower surface of the zooming frame and 
meshing with a rack which is disposed within the sta 
tionary member and extending in the direction of the 
optical axis. 

9. A zooming mechanism according to claim 8, in 
which the first non-circular gear comprises a spur gear 
in the configuration of part of a spiral having a radial 
distance from a pivot located at a predetermined pivot 
mounting location which progressively increases in the 
circumferential direction. 

10. A zooming mechanism according to claim 1, in 
which the responsive means for moving the carrier 
frame comprises a second non-circular gear rotatably 
mounted within the zooming frame and disposed in 
meshing engagement with a first non-circular gear of 
said means for deriving a rotational drive, an elongate 
slot formed in the second non-circular gear, and a drive 
pin fixedly mounted on the carrier frame and fitted into 
the elongate slot, the rotation of the second non-circular 
gear causing a displacement of the elongate slot, 
whereby the drive pin is effective to move the carrier 
frame. 

11. A zooming mechanism according to claim 10, in 
which the second non-circular gear comprises a sector 
gear having a radial distance from its pivot located at a 
predetermined pivot mounting location which gradu 
ally changes in the circumferential direction. 

12. A zooming mechanism according to claim 1, in 
which said means for deriving a rotational drive con 
prises a first non-circular gear coaxially and integrally 
mounted on support shaft for a pulley which is rotatably 
mounted on a lower surface of the zooming frame, the 
pulley having one end of a cord anchored thereto which 
has its other end secured to the stationary member, the 
pulley being urged for angular movement to return to 
its original position. 

13. A zooming mechanism according to claim 1, in 
which said responsive means for moving the carrier 
frame comprises a second non-circular gear rotatably 
mounted within the zooming frame and disposed in 
meshing engagement with a first non-circular gear of 
said means for deriving a rotational drive, a drive pin 
fixedly mounted on the second noncircular gear, and an 
elongate slot formed in the carrier frame and in which 
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the drive pin is fitted, the rotation of the second non-cir 
cular gear causing a displacement of the drive pin 
which is effective through the elongate slot to move the 
carrier frame. 

14. A zooming mechanism according to claim 1 in 
which said means for deriving a rotational drive com 
prises a pinion gear rotatably mounted on a lower sur 
face of the zooming frame and coaxially and integrally 
mounted on a support shaft for a sector gear, which 
meshes with a rack disposed within the stationary men 
ber and extending in a direction parallel to the optical 
axis, which extends into the zooming frame. 

15. A zooming mechanism according to claim 1, in 
which said responsive means for moving the carrier 
frame comprises a cam drive gear rotatably mounted 
within the zooming frame and disposed in meshing 
engagement with a pinion gear of said means for deriv 
ing a rotational drive, a cam arm having its one end 
coaxially and integrally mounted on a support shaft for 
the can drive gear, an actuator cam formed by a pro 
filed can formed in the cam arm, and a drive pin fixedly 
mounted on the carrier frame and fitted into the actua 
tor cam, the rotation of the pinion gear being effective 
to cause a rotation of the cam arm to move the carrier 
frame through the engagement between the actuator 
cam and the drive pin. 

16. A zooming mechanism according to claim 15, in 
which the cam drive gear comprises a sector gear. 

17. A zooming mechanism according to claim 1, in 
which said means for moving the carrier frame com 
prises a cam disc rotatably mounted within the zooming 
frame and integrally mounted on a support shaft for a 
pinion gear of said means for deriving a rotational drive 
and having an actuator can, formed by a profiled slot, 
extending in the manner of a spiral over at least a por 
tion of one revolution, and a drive pin fixedly mounted 
on the carrier frame and fitted into the actuator cam, the 
rotation of the can disc resulting from the rotation of 
the pinion gear being effective to cause the carrier 
frame to be moved through the engagement between 
the actuator can and the drive pin. 

18. A zooming mechanism according to claim 1, in 
which said means for deriving a rotational drive con 
prises a pinion gear rotatably mounted within the zoom 
ing frame, a pulley secured to an end of a support shaft 
for the pinion gear which extends below the zooming 
frame and urged to return to its original position, and a 
cord having its one end anchored to the pulley and 
other end secured to the stationary member. 

19. A zooming mechanism according to claim 1, in 
which a focus lens group is displaceably supported by 
the zooming frame for translation back and forth along 
the optical axis. 

20. A zooming mechanism according to claim 1, in 
which said means for deriving a rotational drive in 
cludes rotatable means journalled on said Zooning 
frame. 

21. A zooming mechanism according to claim 1, in 
which said means for deriving a rotational drive is rotat 
able about an axis which is transverse to said optical 

S. 

22. A zooming mechanism for a zoom lens including 
a plurality of lens groups, comprising: 
a zooming frame linearly movable in the direction of 
an optical axis and carrying at least one lens group; 

drive means for moving said zooming frame; 
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12 
a carrier frame slidably disposed within said zooming 

frame and carrying another lens groups group; 
and 

means responsive to linear movement of said zooming 
frame for moving said carrier frame in a non-linear 
ae. 

23. A zooming mechanism according to claim 22, 
wheein wherein the responsive means for moving 

said carrier frame comprises means for providing a 
rotational output responsive to said linear movement of 
the zooming frame and means responsive to the rota 
tional output for moving the carrier frame in a non-lin 

24. A zooming mechanism according to claim 23, 
wherein the means for providing a rotational output 
responsive to linear movement of the zooming frame 
comprises a rack and cooperating pinion having a pin 
ion shaft for providing said rotational output. 

25. A zooming mechanism to claim 23, wherein said 
means for providing a rotational output responsive to 
linear movement of the zooming frame comprises a 
pulley secured to a shaft rotatably mounted on said 
zooming frame coupled between a stationary location 
and the periphery of said pulley for rotating said pulley 
and said shaft responsive to linear movement of the 
zooming frame. 

26. A zooming mechanism according to claim 23, in 
which the means responsive to the rotational output for 
moving the carrier frame in a non-linear manner com 
prises a can disk having can means for imparting non 
linear movement to said carrier frame responsive to 
rotation of said cam disk by said rotational output. 

27. The zooming mechanism according to claim 23, 
wherein said means responsive to the rotational output 
for moving the carrier frame in a non-linear manner 
comprises first and second meshing gears, said first 
meshing gear being rotated by said rotational output 
and said second meshing gear being rotated by said first 
meshing gear and including means for imparting non 
linear movement to said carrier frame. 

28. A zooming mechanism according to claim 27, 
wherein said means responsive to the rotational output 
for moving the carrier frame in a non-linear manner 
comprises a cam lever rotated by said second gear and 
having cam means for imparting non-linear movement 
to said carrier frame. 

29. A zooming mechanism according to claim 27, 
wherein said second gear is a non-circular gear; and said 
mechanism further comprising 
means for moving said carrier frame, said carrier 
frame being responsive to rotation of said second 
gear. 

30. A zooming mechanism for a zoom lens, compris 
ing; 

a zooming frame provided on a zoon lens having a 
plurality of lens groups, said frame being movable 
back and forth in the direction of an optical axis 
with respect to a stationary member and carrying 
at least one lens group in such a manner that the 
lens group is movable back and forth in the direc 
tion of said optical axis; 

drive means for moving said zooming frame in the 
direction of said optical axis; 

a carrier frame movably disposed within said zoom 
frame by a support member provided in the zoom 
ing frame, said carrier frame being movable back 
and forth in the direction of said optical axis and 
carrying another lens group; 
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means for deriving a rotational drive responsive to 
the movement of the zooming frame in the direc 
tion of said optical axis, said means being rotatably 
supported on said zooming frame; and 

means rotatably supported on said zooming frame, 
which is rotated by said rotational drive for mov 
ing said carrier frame in a non-linear manner. 

31. A zooming mechanism according to claim 30, in 
which the drive means comprises a feed screw disposed 
within the stationary member and extending in a direc 
tion parallel to the optical axis, a female threaded bore 
formed in a block secured to the lower surface of the 
zooming frame for threadable engagement with the feed 
screw, and a rotation transmitting gear secured to the 
feed screw for transmitting a rotational drive to the feed 
screW. 

32. A zooming mechanism according to claim 30, in 
which said means for deriving a rotational drive com 
prises a first non-circular gear which is coaxially and 
integrally mounted on a support shaft extending 
through the zooming frame for a pinion rotatably 
mounted on a lower surface of the zooning frame and 
meshing with a rack which is disposed within the sta 
tionary member and extending in the direction of the 
optical axis. 

33. A zooming mechanism according to claim 32, in 
which the first non-circular gear comprises a spur gear 
in the configuration of part of a spiral having a radial 
distance from a pivot located at a predetermined pivot 
mounting location which progressively increases in the 
circumferential direction. 

34. A zooning mechanism according to claim 30, in 
which the means for moving the carrier frame com 
prises a second non-circular gear rotatably mounted 
within the zooming frame and disposed in meshing 
engagement with a first non-circular gear of said means 
for deriving a rotational drive, an elongate slot formed 
in the second non-circular gear, and a drive pin fixedly 
mounted on the carrier frame and fitted into the elon 
gate slot, the rotation of the second non-circular gear 
causing a displacement of the elongated slot, whereby 
the drive pin is effective to move the carrier frame, 

35. A zooming mechanism according to claim 34, in 
which the second non-circular gear comprises a sector 
gear having a radial distance from its pivot located at a 
predetermined pivot mounting location which gradu 
ally changes in the circumferential direction. 
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36. A zooming mechanism according to claim 30, in 

which said means for moving the carrier frame com 
prises a cam drive gear rotatably mounted within the 
zooming frame and disposed in meshing engagement 
with a pinion gear of said means for deriving a rota 
tional drive, a can arm having its one end coaxially and 
integrally mounted on a support shaft for the can drive 
gear, an actuator cam formed by a profiled cam formed 
in the can arm, and a drive pin fixedly mounted on the 
carrier frame and fitted into the actuator can, the rota 
tion of the pinion gear being effective to cause a rotation 
of the cam arm to move the carrier frame through the 
engagement between the actuator can and the drive 
pln. 

37. A zooming mechanism for a zoom lens as defined 
in claim 30, in which said zooming frame is linearly 
moved in the direction of said optical axis by said drive 
e.S. 

38. A zooning mechanism according to claim 30, in 
which said means for deriving a rotational drive is rotat 
able about an axis which is transverse to said optical 

S. 

39. A zooming mechanism according to claim 30, in 
which said means for deriving a rotational drive in 
cludes rotatable means journalled on said zooming 
frame, 

40. A zooming system of a zoom lens composed of a 
plurality of lens groups having a common optical axis 
comprising 
a zooming frame supporting at least one lens group and 

nowable in back-and-forth directions of the optical 
as 

driving means for selectively moving said zooming frame 
in one of said back-and-forth directions 

a carrier frame supporting another zoom lens group 
being movably supported for back-and-forth move 
ment along said optical axis, 

intermediate driving means responsive to movement of 
said zooming frame for providing a rotational output 
and 

means for moving said carrier frame in a non-linear 
manner responsive to the rotational output of said 
intermediate driving means, 

41. A zooning system of a zoon lens according to claim 
40 pherein said intermediate driving means rotates about 
an axis perpendicular to said optical axis, 
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