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[5 7] ABSTRACT 
An objective with a varifocal front group and a varifo 
cal rear group, separated by a‘pair of ?xed lens mem 
bers, is controlled by a mechanism including a com 
mon drive shaft coupled via respective gear sets with 
the two camming sleeves displacing the members of 
the respective varifocal groups. A diaphragm, inter 
posed between the two ?xed lens members, is adjusted 
jointly with the varifocal rear group through a me 
chanical linkage with the drive shaft or via an elec 
tronic programmer. In one embodiment, the presence 
of a differential gearing in cascade with the drive shaft 
along with detents on the two camming sleeves trans 
mits the rotation of a control knob only to the front 
camming sleeve in a subrange of lesser focal lengths 
and only to the rear camming sleeve and the dia 
phragm in a subrange of greater focal lengths. 

11 Claims, 6 Drawing Figures 
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CONTROL MECHANISM FOR VARIFOCAL 
OBJECTIVE 

FIELD OF THE INVENTION 
My present invention relates to a control mechanism 

for adjusting a varifocal objective used to take or repro 
duce pictures in photography, cinematography or tele 
vision. ' 

BACKGROUND OF THE INVENTION 

In commonly owned application Ser. No. 396,427, 
?led Sept. 12, 1973 by Karl Macher, there has been dis 
closed and claimed an objective of large varifocal ratio 
including an adjustable front lens group and an adjust 
able rear lens group of two components each, the two 
varifocal groups being separated by a ?xed multilens 
component. Other ?xed components are disposed for 
wardly of the ?rst and rearwardly of the second varifo 
cal group, an adjustable diaphragm (e.g. of the iris 
type) being inserted between these groups (i.e., be 
tween the third and fifth components) adjacent ‘or 
within the ?xed fourth component. The second and 
third components, forming part of the front group, are 
simultaneously axially shiftable at different rates in a 
?rst part of the varifocal range whereas the ?fth and 
sixth components, forming part of the rear group, are 
similarly shiftable in a second part of that range. ’With 
the stationary ?rst, fourth and seventh components 
positively refracting and with the second, third, ?fth 
and sixth components negatively refracting, such a sys 
tem may have an overall varifocal ratio ?nwfmm up to 
‘about 30:1. 
The advantage of placing the diaphragm between the 

two varifocal groups, rather than on the image side of 
the rear group, is that the diameter of the front lens can 
be reduced without causing undesirable vignetting. In 
that case, however, any shift of the ?fth and sixth com 
ponents to increase the overall focal length is accompa 
nied by a reduction of the exit pupil and therefore a de 
crease in relative aperture if the diaphragm opening re 
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mains constant. For this reason, as likewise disclosed ' 

and claimed in the commonly owned application re 
ferred to, the diaphragm should be adjusted concur 
rently with the varifocal rear group so that its opening 
increases along with the overall focal length to main- 
tain a substantially constant relative aperture. 
As far as the disclosure of that'prior application is 

concerned, separate mechanisms known per se may be 
used for adjusting the varifocal front group and the 
varifocal rear group, with possible coupling of the dia 
phragm control to the latter mechanism for the purpose 
described. . 

OBJECTS OF THE INVENTION 
The general object of my present invention is to pro 

vide a single control mechanism for adjusting the two 
varifocal groups of such a system, or of any similar sys 
tem with several components axially shiftable indepen 
dently of one another in different parts of a range, 
whereby a user need not switch from one control to the 
other on crossing the boundary between the two sub 
ranges. 
A more particular object, related to the preceding 

one, is to provide means for allowing thediaphra‘gm to 
be independently (e.g.- manually) set to establish a se— 
lected relative aperture which is maintained by the con 
trol mechanism throughout the varifocal range. 
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SUMMARY OF THE INVENTION 

In accordance with this invention I provide a ?rst ro 
tatable element, such as an internally grooved sleeve, 
cammingly engaged by the shiftable components of the 
front lens group and a second, similar rotatable ele 
ment cammingly enaged by the shiftable components 
of the rear lens group, these two rotatable elements 
being mechanically coupled with a drive member (e.g. 
a manually operable knob) forming part of a common 
control mechanism for the two groups. 
According to a more speci?c feature, the control 

mechanism is also operatively coupled with a dia 
phragm interposed between the two groups. as dis 
cussed above, for adjusting same upon rotation of the 
second camming element. This operative coupling may 
include an electronic programmer receiving position 
indications from the drive member or other parts of the 
control mechanism; alternately, the diaphragm 
adjusting means could be directly connected with that 
mechanism via a physical linkage such as a gear train. 
In an advantageous embodiment of the latter type. a 
shaft extends parallel to the optical axis along which 
the movable components are shiftable, this shaft being 
mechanically coupled with the diaphragm. 

In principle, both pairs of movable components could 
be axially shifted throughout the entire range between 
the minimum focal length fmin and the maximum focal 
length fmm. In order to simplify the optical calculations, 
however, and to allow the use of conventional varifocal 
groups in each half of the system, it is preferable to shift 
the components of the front groups only in a subrange 
from fmm to an intermediate focal length fmm and to 
shift the components of the rear group only in a com 
plementary subrange from fmed to f,,,,,,. This alternate 
shifting can be accomplished by providing the camming 
formations of the two sleeves with extensions which lie 
in transverse planes so as to exert‘no camming effect 
upon the associated components even though the 
sleeve continues to rotate past the limit of its subrange.v 
In such ,a case the diaphragmicontrol mechanically 
‘linked with the sleeves should also be made ineffectual 
during part of the rotation Yof the common control 
shaft, i.e., in the subrange fmm-fmd. Another possibility 
is to decouple that shaft from the front sleeve by inter 
posing a differential gearing between the drive member: 
and the shaft, this gearing having another output cou 
pled with the front sleeve to rotate same exclusively in 
the lower subrange until it reaches a stop at focal length 
fmed whereupon only the rear sleeve is rotated along 
with a control element for th'ediaphragm; releasable 
detents holdeach sleeve against rotary entrainment by 
the differential gearing in the respective subrange in 
which it is to remain stationary.’ 

BRIEF DESCRIPTION OF THE DRAWING 

The above and other features of my invention will 
- now be described in detail with reference to the accom 

65 

panying drawing in which: 
FIG. 1 is a side-elevational view, partly in axial sec-, 

tion, of a varifocal objective provided with a control 
mechanism according to my invention: 
FIG. 2 is a view similar to FIG. 1 illustrating another 

embodiment; ' ’ 

FIG. 3 is a cross-sectional view taken on the line Ill 
— III of FIG. 2; ' 
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FIG. 4 diagrammatically illustrates an electronic cou 
pling between a control member and an iris diaphragm 
in the system of FIG.-'l', ‘v ' i . 
‘FIG. 5 is a'developed view of two pairs of camming 

groovescarried by respective sleeves in the system of 
FIG. 1;‘ > 

and ' 

FIG. 6 shows a modi?ed coupling between a control 
shaft and a diaphragm in the system of FIG. 1. 

SPECIFIC DESCRIPTION 
' In FIG. 1 I have shown a varifocal optical system, 
generally similar to that disclosed in the aforemen 
tioned Macher application. Ser. No. 396,427, with 
seven coaxial components, i.e., a substantially ?xed 
front component 7 (which may be limitedly axially 
shiftable for focusing purposes), a movable negative 
second ,componentll, a movable negative third com 
ponent 12, a fixed fourth component consisting of two 
axially separated lens members 8 and 9, a movable neg 
ative ?fth component 13, a movable negative sixth 
component 14, and a ?xed seventh component 10. 
Components 1 1 and 12 are provided with studs 11a and 
12a guided in respective camming grooves 3 and 4 of 
a sleeve 1 rotatable about the optical axis 0 of the sys 
tem. Similar studs 13a and 14a on components 13 and 
14 engage in respective camming grooves 5 and 6 of 
another such sleeve 2. Sleeves 1 and 2 have toothed 
flanges 22 and 23 in mesh with respective pinions 19 
and 20 on a shaft '21 extending parallel to axis 0; shaft 
21 is rotatable by a gear 18 on a stub shaft 45 engaging 
the pinion .19. Shaft 45 maybe manually driven by 
‘means of a knob 49 (FIG. 4) or may be coupled with 
an automatic zoom control not shown. 
Another pinion 28 on shaft 21 meshes with a pinion 

,29 on an ancillary shaft 46 which in turn engages a set 
of teeth on a mounting ring 17 of a conventional iris di 
aphragm furtherincluding a setting ring 16 and a set of 
iris leaves 15 pivoted to both rings. Setting ring 16 also 
has peripheral teeth in engagement with a pinion 47 on 
a.‘ shaft 48 which‘ may be rotated, e.g. manually by 
means’ ‘of a no'nill'u'strated knob, to adjust the dia 
phragm opening as is well known per se. 
Reference will now be made to FIG. 5 in'which the 

‘generally helicoidal camming grooves 3, 4, 5 and 6 
have beenshown in developed form. As illustrated by 
way‘ of example in full lines, grooves 3 and 4 are curved 
over part of their length, equaling a fraction of the cir 
v'curnference of sleeve 1, which corresponds to a lower 
subrange fmi7| - fmd; these grooves have upward exten 
sions of zero pitch and therefore without camming 
function whose length equals another fraction of the 
sleeve circumference and corresponds to an upper sub 
range fmed —f,,.,,x. Thus, components 11 and 12 are axi 
ally shifted in the lower subrange, at different rates and 
partly in opposite directions, but are held stationary in 
the upper subrange; conversely, components 13 and 14 
are held stationary in the lower subrange by zero pitch 
portions of curves 5 and 6 and are shifted indepen 
dently in the upper subrange. 

' ‘Since the ‘ mechanism shown in FIG.\ 1 drives the 

“sleeves 1 and 2 at different rates, on account of the dif 
ferent transmission ratios between gear pairs 19, 22 

iaiid' 20,. 23, it will be evident that the grooves 3 and 4 
extend over a smaller arc in sleeve 1 than do grooves 
5 and 6 in sleeve 2 in order that their extremities should 
coincide in the limiting angular positions of the varifo 
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cal range, 'i.e., in positions: f,",.,~,,'and fmmr as shown in 
FIG. 5. For easier comparison, however, this difference 
in arc length hasbeenl‘disregarded in the developed ‘ 
view of FIG. 5. '. - .- ~ . 

As indicated in dot-dashlines in FIG. 5, these ‘cam 
ming grooves could also be modi?ed so that theircur 
vatures extend over the full varifocal range fmm -f,,,,,,; 
the limiting positions of all four components for f=f,,,1,| 
and f = fmu,Ir are the same in both instances. 
With the mechanical coupling between shaft 21 and 

mounting ring 17 illustrated in'FIG. vl, diaphragm 15 — 
17 is continuously adjusted to compensate for the shift 
of components 13 and 14 according to‘ the phantom 
line curvature of the camming grooves. With compo 
nents l3 and 14 held stationary in the lower subrange, 
by a shaping of the grooves as shown in full lines, the 
coupling between shaft 21 and ring 17 should be modi 
?ed so that the ring is also held stationary in the-lower 
subrange and entrained only in the upper one. This has 
been illustrated in FIG. 6 where the pinion 28 with its 
full complement of teeth has been replaced by a gear 
28"on shaft 21 having only a partially toothed periph 
ery; the coacting mounting ring 17’ also has only a few 
teeth so positioned that the smooth periphery of gear 
28' holds the ring stationary during part of a shaft revo 
lutionwhereas the teethyof the gear engage with those 
of the ring to rotate the latter during another part of 
that revolution. Iris leaves 15 (only one shown) are piv 
oted to rings 16 and 17' at51 and 52, respectively; the 
rotary entrainment of ring 17' in a ‘clockwise direction 
swings the leaves outwardly to enlarge the diaphragm 
opening. It will be apparent that the size of this opening 
may be preselected independently of the position of 
mounting ring 17’ by adjustment of setting ring 16. 
Whatever the shape of the camming groove-s 3 - 6, 

diaphragm 15 - 17 may be controlled electronically 
(rather than mechanically as in FIGS. 1 and 6) with the 
aid of a programmer 50 as illustrated in FIG. 4. Thus, 
rotation of‘ shaft 45 and gear 18 by knob 49 into any se 
lected focal-length position signals that position to the 
programmer which thereupon rotates the shaft 46 of 
pinion 29 ,into a corresponding position, the mating 
pinion 28 on shaft 21 being omitted in this case. 
The system shown in FIG. 2 differs from that of FIG. 

1 mainly by the substitution of a differential gearing 53 
for the pinion 19, this gearing comprising two coaxial 
spur‘gears 31, 33 idling on shaft 21 and a transverse 
stud 32 rigid with that shaft carrying a pairv of bevel 
gears 54, 55 freely rotatable thereon. Gears 31 and 33 
have beveled sets ofv teeth 31a and 33a meshing with 
both bevel gears 54 and 55. Gear 31 thus acts asan 
input of differential gearing 53 whose two outputs are 
gear 33 and shaft 21. Gear 33 meshes with the teeth 22 
of sleeve 1 which in this instance carries an arcuate rib 
56 coacting with a fixed stop 39 to define a limited 
range of rotation of that sleeve. A similar arcuate rib 57 
on sleeve 2 coacts with a ?xed stop 40. Furthermore, 
sleeve 1 has an annular ridge 43 formed with a notch 
41 which is engageable by a detent in the form of a rol 
ler 37 on a spring-loaded arm 34 pivoted on a shaft 36 
(see also FIG. 3); a similar spring-loaded arm 35 on the 
same shaft 36 carries a roller 38 engageable with a 
notch {42,of an annular ridge 44 of sleeve 2. 

. M transmission 18, 53, 2l'of FIG. 2 is so arranged 
,thatxwith gear-18 turning u‘nidirectionally in a prede 
termined'sense, sleeve 1 tends to move counterclock 
wise and sleeve 2 tends to move clockwise as indicated 
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by the arrows in FIG. 3. In the starting position f = f,,,,,, 
illustrated in FlGS. 2 and 3, sleeve 1 is free to rotate but 
sleeve 2 is arrested by the detent roller 38 engaging in 
notch 42. After a rotation of a little more than 90°, rib 
56 comes to rest against stop 39 in the intermediate po 
sition f = f,,,,,,,. With sleeve 1 and gear 33 stopped, fur— 
ther turning of shaft 45 in the same sense exerts an 
overriding force on shaft 21 which disengages the roller 
38 from the ridge 44 so that sleeve 2 can now rotate 
through about 120° until its rib 57 strikes the stop 40 
from the opposite side; this is the terminal position f = 
"I01" 

During the return stroke, sleeve 1 is initially immobi 
lized by the.roller 37 which entered the notch 41 of its 
ridge 43 in the intermediate position f = fwd. When this 
position is again reached, sleeve 2 is arrested by 
contact of its rib 57 with stop 40 (and is simultaneously 
indexed against reverse rotation by roller 38 re 
engaging in notch 42) while roller 37 is cammed out of 
its notch 41 to release the sleeve 1 for clockwise rota 
tion back to the starting position. 
Since in the system of FIG. 2 the sleeves l and 2 ro 

tate in opposite directions during unidirectional rota 
tion of drive shaft 45, the curvature of camming 
grooves 5 and 6 will have to be inverted in comparison 
with FIG. 1. 
Reference may be made to the aforementioned 

Macher application, particularly Tables ll, IIA and 11B 
thereof, for suitable optical parameters of an objective 
having the varifocal ratio fma, .' fmin = 30:1. 

I claim: 
1. A varifocal objective comprising: 
a front lens group centered on an axis including a ?rst 

pair of shiftable components each movable along 
said axis at a rate different from that of the other 
component; 

a rear lens group coaxial with said front lens group 
including a second pair of shiftable components 
each movable along said axis at a rate different 
from that of the other component; 

a ?rst rotable element; 
?rst cam means operatively connecting said ?rst ro- _ 

tatable element with said ?rst pair of components; 
a second rotatable element; 
second cam means operatively connecting said sec 
ond rotatable element with said second pair of 
components; and 

a common control mechanism for all said compo 
nents including a rotatable drive member mechani 
cally coupled with both said elements for rotating 
same. ' . 

2. A varifocal objective as de?ned in claim 1, further 
comprising a diaphragm of variable aperture provided 
with adjusting means and coaxially interposed between 
said front and rear lens groups, said control mechanism 
being operatively coupled with said adjusting means for 
changing said aperture upon rotation of said second el 
ement. 

3. A varifocal objective as de?ned in claim 2 wherein 
said control mechanism includes a shaft extending par 
allel to the axis of said components, said diaphragm 
being mechanically coupled with said shaft. ’ 

4. A varifocal objective as de?ned in claim 3 wherein 
‘said shaft is provided with first gear means engaging 
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said ?rst element, second gear means engaging said 
second element and third gear means engaging said dia 
phragm. 

5. A varifocal objective as de?ned in claim 4 wherein 
said adjusting means includes a mounting ring coupled 
with said third gear means and a setting ring coaxially 
spaced from said mounting ring, said diaphragm having 
a set of iris leaves pivoted to both said rings, said setting 
ring being rotatable independently of said mounting 
ring. 

6. A varifocal objective as de?ned in claim 4 wherein 
said ?rst cam means comprises formations on said ?rst 
element effective to shift said ?rst pair of components 
only during a ?rst phase of angular displacement of said 
shaft, said second cam means comprising formations on 
said second element effective to shift said second pair 
of components only during a second phase of angular 
displacement of said shaft. 

7. A varifocal objective as de?ned in claim 6 wherein 
said adjusting means is ineffectual to change said aper 
ture in said ?rst phase of angular displacement. 

8. A varifocal objective as de?ned in claim 3 wherein 
said control mechanism includes differential gearing 
having an input coupled with said drive member, a ?rst 
output coupled with said ?rst element and a second 
output coupled with said shaft, the shaft being in posi 
tive engagement with said diaphragm and with said sec 
ond element. 

9. A varifocal objective as de?ned in claim 8 wherein 
said elements are provided with detents for releasably 
arresting said ?rst element in a second phase and said 

' second element in a ?rst phase of angular displacement 
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of said shaft. 
10. A varifocal objective comprising: 
a front lens group centered on an axis including a ?rst 

pair of shiftable components each movable along 
said axis at a rate different from that of the other 
component; 

a rear lens group coaxial with said front lens group 
including a second pair of shiftable components 
each movable along said axis at a rate different 
from that of the other component; and 

drive means rotatable about said axis within a range 
I of angular positions divided into a ?rst and a sec 
ond subrange, said drive means being provided 
with a ?rst pair of generally helicoidal camming 
formations respectively engaging said ?rst pair‘ of ' 
components and with a second pair of generally he 
licoidal camming formations respectively engaging 
said second pair of components, said ?rst pair of 
camming formations having portions of zero pitch 
engaging said ?rst pair of components in said ?rst 
subrange, said second pair of camming formations 
having portions of zero pitch engaging said second 
pair of components in said second subrange. 

11. A varifocal objective as de?ned in claim 10 
wherein said drive means comprises a ?rst sleeve cen 
tered on said axis and provided with said ?rst pair of 
camming formations, a second sleeve centered on said 
axis and provided with said second pair of camming 
formations, and transmission means for jointly rotating 
said sleeves at different rates. 


