943,180

Date of Application and filing Complete
Specification: May 23, 1962,

Application made in France (No. 863,423) on May 31, 1961.
Complete Specification Published: December 4, 1963.
© Crown Copyright 1963.

Index at Acceptance:—G2 J (B7C7, B7C3).
International Classification:—G 02 b,

10

15

20

30

35

40

COMPLETE SPECIFICATION
DRAWINGS ATTACHED

Variable Focal Length Lens System

I, PIERRE ANGENIEUX, a citizen of the
French Republic, of 27. Rue du Cherche-
Midi, Paris (Seine)-France do hereby de-
clare the invention for which I pray that a
patent may be granted to me, and the method
by which it is to be performed, to be particu-
larly described in and by the following
statement : —

This invention relates to variable focal
length lens systems of the type comprising
at the front a convergent member which is
fixed for focusing on an object at any given
distance, and therebehind an axially movable
divergent member followed by a third mem-
ber in the form of an axially movable con-
vergent member, these three members being
aligned on a common optical axis.

A fixed correcting or compensating mem-
ber aligned on the same optical axis is
located behind this assembly and the aper-
tore stop or diaphragm is disposed prefer-
ably between the third member and this
correcting member. It is known that in a
device of this character the movable mem-
bers are moved simultaneously according to
the law giving a fixed position to the final
image of an object at a given distance in
relation to the fixed members of the system,
the dimension of this image varying accord-
ing to the relative position of the movable
members.

It is known that each optical member of
an assembly gives, of a first image situated
optically in front of it, a second image situ-
ated optically behind it, and that the magni-
fication produced by such a member is the
ratio between the linear transverse dimension
of the second image and that of the first
image.

If it is now assumed that g, is the magnifi-
cation given by the second member and g,
the magnification given by the third member
the focal length of the partial system com-

[Price 4s. 6d.}

prising the three members (while disregarding
the correcting member) is: F =1, X g, X g,
wherein f; is the focal length of the first
fixed convergent member.

If the correcting member introduces a
magnification g,. the focal length of the
device is:

P=g XF
or & =1(g X)X (@Xg

This last expression comprises two vari-
able values g, and g,. Under these conditions
the range of focal lengths available in the
system depends on the magnitude of the
variations of g, and g, that is, on the ampli-
tude of the movements of the movable mem-
bers.

With variable focal length lens assemblies
of the above-mentioned type good-quality
lens systems have already been constructed.
but when it is desired to increase the range
of available focal lengths a limit is set up by
the possibilities of correcting the various
aberrations affecting such assemblies. In fact,
it was observed that it is easier to obtain
these corrections by using the second diver-
gent movable member as a main element for
varying the focal lengths, as its displacement
is of substantial amplitude so that g, varies
between relatively wide limits, while the
moveable convergent member had to be
used mainly as a compensator member ad-
apted to keep the final image in a fixed
position, its displacement being of moderate
amplitude whereby g, varies within relatively
narrow limits. Under these conditions it is
clear that the extreme values of & depend
mainly on the extreme values of g, and that
the moderate amplitude of movement of the
movable convergent member g; limits the
possibility of extending the range of focal
lengths, as g; exerts only a very moderate
influence.

This invention aims at providing a lens
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system whereby a satisfactory correction of
the different aberrations can be obtained
while using a movable convergent member
having end pcsitions relatively remote from
each other, thus influencing favourably the
extent of the range of focal lengths of the
complete device. )

According to the present invention there
is provided™ a variable focal length Iens
system comprising a first frontal convergent
member which is fixed for focusing on an ob-
ject at any given distafice, a second axially
movable divergent member, and a third
axially movable convergent —member,
all these members being aligned on
the same optical axis in front of
a fixed correcting member also aligned
on the same optical axis, character-
ised in that said second member produces
a magnification lower than .5 (and preferably
greater than .15) when it has completed its
forward stroke while simultaneously the
third member, which has then completed its
backward stroke, produces a magnification
also lower than .5 (and preferably greater
than .15), said third member consisting of at
least three lens elements among which are a
divergent lens element having a concave rear
face and a convergent lens element located
behind the rear face of said divergent lens
element at a distance which at minimum is
zero and at a maximum is 5% of the focal
length of the third member, the front face
of said convergent lens element being con-
vex and having a radius of curvature at least
equal to that of the rear face of said diver-
gent lens element this last named radius
being greater than half the focal length of
said third member (and preferably less than
twice this focal length).

Preferably, the ratio of the focal length
of said third member tc that of said second
member ranges from 1 to 1.6.

According to a simple embodiment of the
invention, said third member consists of a
first frontal divergent lens element having
a concave rear face, of a second biconvex
lens element disposed at a distance which
at minimum is zero and at maximum is 5%
of the focal length of the third member
behind said first lens element, and of a third
convergent lens element.

In a modified embodiment, said third
member consists of a front convergent
doublet and of a rear convergent lens ele-
ment, said doublet comprising a frontal div-
ergent lens element having a concave rear
face and a biconvex lens element cemented
to said devergent frontal lens element, said
divergent lens element having a higher index
of refraction than said biconvex lens element.

According to a preferred embodiment of
this invention said first frontal comvergent
member, which is fixed for focusing on an ob-
ject at any given distance, and said movable

second divergent member consist each of at
least three lens elements including two lens
elements disposed in the manner described
hereinabove in connection with said third
movable convergent member, that is a diver-
gent lens element having a concave rear face
located very close to and in front of another
convergent lens element having a convex
front face.

However. it should be emphasized that if
in the said frontal convergent member, as in
the case of the movable convergent member,
the combined effect resulting from the two
refracting surfaces consisting of the rear face
of said divergent lens element and the front
face of said convergent lens element must
be divergent, the same does not apply to the
movable divergent member wherein this
effect must be convergent. As a result, when
in this divergent member the above-defined
pair of lens elements are cemented to each
other, the index of refraction for the spec-
trum line D of the divergent lens element
should be lower than that of the convergent
lens element.

The axially movable divergent second
member is constituted by two components.
In a preferred form, the said second member
comprises three lens elements divided into
two components, the front component being
constituted by a divergent meniscus-shaped
lens having a convex front face with a radius
of curvature greater than twice the focal
length of said second member, the rear com-
ponent comprising a cemented surface having
its convexity facing forward and providing
a convergent optical effect.

Preferably, this rear component of said
secomnd member consists only of two cemented
lens elements, one of these, the front one,
being biconcave and having an index of re-
fraction for the spectrum line D which is
inferior (as already stated hereinabove) to
that of the lens cemented thereto which is
convergent.

The fixed correcting member disposed at
the rear has a two-fold function. Firstly, 1t
acts as an amplifying or reducing member
for. according to thie magnification effected
thereby it permifs of modifying the zone in
which the focal lengths of the complete de-
vice vary. Furthermore, it permits of cor-
recting the aberrations remaining in the
image formed by the partial device compris-
ing the first three members. It may be con-
structed in various manners. However, in a
preferred form, this correcting element com-
prises at the front a biconcave lens element
having its rear surface cemented to the next
lens element behind, the cemented surface
having a convergent effect and said cemented
surface having preferably a radius of curva-
ture ranging from 509% to 1509 of the focal
length of said biconcave lens.

The corrector member may be convergent
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or divergent, according to the value of the
smallest focal length of the system. In the
case of the first example given hereinafter,
this corrector member is convergent and per-
mits of having the smallest focal length of
the system equal to 12.92 mm. If it was de-
sired to have the smallest focal length of
the system equal for example to 24 mm.
whilst retaining unchanged the members C,.
C; and C,, this corrector member would then
become divergent, that being obtained, for
example, by the addition, to the rear of the
zoom lens, of a divergent “attachment”
which would permit, according to whether
it was used or not, of having two ranges of
focal length of 24 to 196.70 mm., or 12.92 to
105.9 mm.

Regarding the correction of chromatic
aberrations, and more particularly those
concerning the dimensional chromatism, the
Abbe number selected for the biconcave lens
element is greater than that of the lens ele-
ment cemented thereto. In practice the Abbe

number of the biconcave lens element will
range from 40 to 70.

In the attached drawings, Figs. 1, 2 and
3 illustrate diagrammatically three practical
embodiments of lens systems constructed
according to the teachings of this invention.

In each figure C1, C2 and C3 designate
the fixed convergent member, the movable
divergent member and the movable conver-
gent member, respectively, and C4 designates
the correcting member; the reference num-
berals 1, 2, 3 . . designate the different lens
elements, s, S, S; ... designate the air
spaces provided between two adjacent lens
elements and t;, t, t; . . . are the axial thick-
nesses of these lens elements; finally, Ry, R.,
R; . .. designate the radii of curvaiufe of the
lens surfaces.

The numerical characteristics are given
in the following tables, wherein Table I
corresponds to Fig. 1, Table II to Fig. 2,
and Table III to Fig. 3.

TABLEI
(N = Refractive indices and V = dispersive indices)
Lens N Vv Radii in mm. Thicknesses in mm.
element
| 0, | R, =1 1876 _ )
1 1.6979 30.2 R —t 6537 ;11 = ,}).35,:‘31
Ry =+ 7192 5
2 1.6201 60.2 Rz LY s ?2 = Z).gg
' Rs =+ 54.00 =
3 1.6201 60.2 s = t = 498
Ry =+ 33535 s, from 0.781 to 43.60
R, =+ 194.29 _
4 1.6903 54.0 i R, —4+ 2095 ;4; = %61%
. Rg = 3'9-63 t — 0'
AR I e A
| Rm =+ - | s, from 52.375 to 0.492
| Rp =+ 160 _
7 1.6979 30.2 1 1&1: — 1 %%23 ;75 = %’ﬁ
=+ . o
8 1.6574 572 ] Rﬁ —r 32'38 ;av = g.ég
) R =+ 26 :
9 1.6903 54.0 = t = 220
: Ry =+ 71367 | ¢ fom 4716 to 13.781
10 15162 | 640 | ReZT BB Ly =053
11 1.6253 | 469 Ry =+ 71.03 ';1 = 3;5325
Ry =+ 8798 =2
12 1.6979 302 ¢ REZ1 1675 | ;112 = 8'2%
Ry =+ 28.65 =3
13 1.6903 54.2 R —— 1173 E = ggé
14 1.7304 28. R: —— 1895 w = 0.

The focal length varies from 12.76 to 74.86, and the relative aperture is .2 over the

whole range of focusing.
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* TABLE II
7 Lens ! N v Radii in mm. ; Thicknesses in mm.
element f
— - I
T e L R, =+ 165844 | _
. 11 16973 o 302 R Tl b= (1).1%
s| 2 .1 1600 1 e02 | Reo=+ 6955 =173
37 116201 60.2 N ZE 3 t, = 523
- ) ; ) RG :+ . 194'29 83 from 0.915 to 47476
4 1603 540 R =T e L= %.?2
o570 15804 1 615 R, =—  39.63 t = 051
6 | 16973 & 302 gm =+ 45-38 £ =610
N s ' © Ry =+ - 4648 . from 66.680 to 0.116
10 7 16973 - 302 ﬁm = 13{,6]; ! Z o 0.55 0
8 L6566 TS B 2)%56
9 | 1.6213 602 ¢ Re=+ 472 % T o0
- IR gl“ =+ 4;3;26 " s, from 3.986 to 23.990
- ! g == 394 - _ -
R T e R
: 2 Ry =+ 104.;6 =418
Lo Rg =+ 54. 6 l 3 f y
15 12 1.6973 30.2 RZT Mmoo w = 6‘%3
13 16003 | 540 o Re=# 0% o — 416
. 23 = S ; —
14 1.7304 28.4 B2 ST Pog |t = L04
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The focal length varies from 12. 92 to 105.89, and the relatlve aperture is .2 over the
whole range of focusing.

, TABLE III
Lens N " -V Radii in mm, Thicknesses in mm.
element ; S
o 073 | { R, =+ 1703.565 _
1| e | 302 gt 23 RS ;11 = ézgg
2 | 16201 | 602 | R =+ 7497 & — 833
3 16201 602 | Re =+ 6419 | o _ 561
| ' L iﬁ =+ igi;g \ s from 0.916 To 54.030
7 =4 . . _
4 L6903 540 | Rt T loes ;4, = %.?2
5 15894 615 | Re =— 3963 & — 051
6 16973 | 302 Ro =+ 1990 | ¢ = g7
- ' ' Eﬂ =+ ;‘g‘l‘-gg S from 73,303 to 0.219
2 =+ - . _
yi 16973 - 302 | pE I g ;75 = 3.50
8 16973+ 302 | Ru=— 300 P
9 © 16566 572 Ry =+ - 21.72 ty = 185
T oo " Rm = 4731 SB — 0‘06
10 16213 . 602 | Rew=t 3970 te = 320
R“’ : ’ 23'94 sz from 2.078 to 22.048
19 == - —
R AR = B
0243 . Ry =+ 10456 sf _ 740
Ry =+ 5476 =T
13 1 16973 | 302 R, =+ 12'3%’ ?f; = é‘%ﬁ
RQ; = 4 . : y
BEIEILES BN
. : R, —— 2298 s = L

The focal length varies from 11.46 t0105.98, and the relative aperture is 4.2 over

the whole range of focusing,
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In these tables as in the drawings the lens
elements are designated in the front to rear
order in the first column; the indices of re-
fraction N for the spectrum line D and the
conventional dispersive indices or Abbe
number ¥ are given in the second and third
columns; the radii of curvature R of the lens
surfaces, the thicknesses 7 of the lens ele-
ments and the air spaces s are given in the
fourth and fifth columns.

In each table the value of s, for the
space between the first and second members
correspond to the focusing of the lens system
for an object located at infinity, but member
Cl1 is independently displaceable axially for-
ward to permit the focusing on nearby ob-
jects.

In the example illustrated in Fig. 1 the
focal length of member Cl is 93.58 mm.,
that of member C2 is 23.71 mm., and that
of member €3 is 25. 60 mm. The Iens sys-
tem is adjusted to its minimum focal length
©=12.76 mm., when s,=0.781, s,=52.375
and s; = 4.716, and when the movable mem-
bers are so arranged the image magnification
given by member C2 is g, = 0.3674, the
image magnification given by member C3 is
g = 0.3638, and the image magnification
given by the corrector member is g = 1.020.

When member C2 is moved in the front
to rear direcfion the member C3 is moved
in the opposite direction to a position such
that s, = 13.980 and simultaneously s, =
41.607. Then, as member C2 continues its
movement in the same direction, member
C3 changes its direction of movement to a
position such that s, = 13.781 while s, =
43.60. The focal length of the lens system is
then 74.86 mm. When the movable members
are so disposed, the image magnification
given by the member C2 is g, = 1.092, and
the image magnification given by the mem-
ber C3 1s gz = 0.718.

In the example illustrated in Fig. 2 the
focal length of member C1 is 98.30 mm..
that of member C2 is 23.57 mm., that of
member C3 is 30.81 mm., and that of the
convergent corrector member is 105.48 mm.
The lens system is adjusted to its smallest
focal length ® = 12.92 when s, = 0.915,
$; = 66.680 and s; = 3.986, and when the
movable members are so disposed the image
magnification given by member C2 is g,
0.3405, the image magnification given by
member C3 is g; = 0.3859, and the image
magnification given by the corrector member
is g, = 1.000.

When member C2 is moved in the front
to rear direction, member C3 moves simul-
tanecusly {in the opposite direction to its
endmost position wherein s; = 23.99, while
s; = 47.476. The focal length of the lens
system is then 105.89 mm. When the movable
members are so disposed, the image magni-
fication given by the member C2 is g,

1.040, and the image magnification given by
the member C3 is g, = 1.036.

In the example illustrated in Fig. 3 the
focal length of member C1 is 105.95 mm.,
that of member C2 is 23.57 mm., that of
member C3 is 30.81 mm., and that of the
corrector member is 10548 mm. The lens
system is adjusted to its smallest focal
length ® = 11.46 Wkgn 53 = 0916, s; =
73.303, and s; = 2.078 and when the mov-
able members are so disposed the magni-
fication of the image given by member C2 =
0.3074, the image magnification given by
member C3 is gz = 0.3518 and the image
magnification given by the corrector member
is g, = 1.000.

When member C2 is moved in the front to
rear direction member C3 travels continu-
ously in the opposite direction to its endmost
position wherein s, = 22.048, while s, =
54.030. The focal length of the lens system
is then 105.98 mm.

When the movable members are thus dis-
posed, the image magnification given by the
member C, is g = 1.000, and the image en-
largement given by the member C; is g,
1.000.

In the various forms of embodiment of
the lens system of this invention the second
member gives a magnification less than 0.50
when it has completed its forward stroke,
while simultanecusly the third member,
which at that time has completed its front
to rear stroke, produces a magnification also
lower than 0.50.

WHAT I CLAIM IS:—

1. A variable focal length lens system
comprising a first frontal convergent mem-
ber, which is fixed for focusing on an object
at any given distance, a second axially mov-
able divergent member and a third axially
movable convergent member, all these mem-
bers being aligned on a common optical axis
in front of a fixed correcting member also
aligned on the same optical axis, character-
ised in that said second member produces
a magnification lower than .5 when it has
completed its forward stroke while simul-
taneously said third member, which has then
completed its backward stroke, produces a
magnification also lower than .5, said third
member consisting of at least three lens ele-
ments among which are a divergent leng ele-
ment having a concave rear face and a con-
vergent lens element located behind the rear
face of said divergent lens element at a
distance which at minimum is zero and at
maximum is 5% of the focal length of the
third member, the front face of said conver-
gent lens element being convex and having
a radius of curvature at least equal to that
of the rear face of said divergent lens ele-
ment, this last-named radius being greater
than half the focal length of said third mem-
ber.
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2. A variable focal length lens systein
according to claim 1. characterised in that
saiq first and sscond members each comprise,

ment having an index of refraction greater
than that of said biconvex lens element.

6. - A wvariable focal length lens system
according to claims 1 or 2, characterised in
that said second member comprises three
Iens elements divided into two components,
the front component comprising a divergent

meniscus-shaped Iens element having a con-
vex front face with a radius of curvature
greater than twice the focal iength of said

reference to the accompanying drawings.

For the Applicant(s):—
CHATWIN & COMPANY.,
Chartered Patent Agents,
253 Gray’s Inn Road,

London, W.C.1.

lite said ihird member, at Icast three lens second member, the rear component com- 50
5 elements among which two constitute an prising a cemented surface having its con-
arrangement consisting likewise of a diver- vexity facing forward and providing a con-
gent lens clement having a concave rear vergent optical effect.
face located at a distance which at minimura 7. A variable focal length lens system
is zero and at maximum is 5% of the focal according to claim 6, characterised in that 55
10 length of the third member in front of a said second group of said second member
convergent lens element having a convex consists of two cemented lens elements, of
front face, the radius of curvature of the which the front one is biconcave and has an
front face of said last-named lens element index of refraction for the spectrum line D
being at least equal to that of the rear face Jower than that of the lens element associ- 60
15 of the preceding lens element. ated therewith, said last-named lens element
3. A wvariable focal length lens system being convergent.
according io claims 1 or 2, characterised in 8. A variable focal length lens system
that the ratio of the focal lengih of said according to claims 1 or 2, characterised in
third member to that of said second member that said correcting membex comprises at the 65
20 ranges from 1 to 1.6 . front a biconcave lens element having its
4. A variable focal length lens system rear face cemented to the next lens element,
according to claims 1 or 2, characterised in the cemented surface providing a convergent
that said third member consists of a first optical effect.
{frontal divergent lens element having a con- 9. A wvariable focal length lens system 70
25 cave rear face, of a second biconvex lens according to claim 8, characterised in that
clement located behind said first lens ele- the radius of curvature of said cemented
ment at a distance which at minimum is zero surface ranges from 50 per cent to 150 per
and at maximum 59% of the focal length of cent of the focal length of said biconcave
the third member, and of a third convergent lens element. 75
30 lens element. 10. A variable focal length lens system
5. A variable focal length lens system according to claim 8, characterised in that
according to claims 1 or 2, characterised in the Abbe number of the glass constituting
that said third member consists of a front said biconcave lens element is greater than
- convergent doublet and of a convergent rear the Abbe number of the glass constituting 80
35 lens element, said doublet consisting in turn the lens cemented thereto, the Abbe number
of a divergent frontal lens element having of the glass of said biconcave lens element
a concave rear face and of a biconvex lens being greater than 40.
element cemented to said divergent frontal 11. A variable focal length lens system
lens element, said divergent frontal lens ele- substantially as described hereinabove with 85

Bervgick—upon-Tweed: Printed for Her Majesty’s Stationery Office by The Tweeddale Press Ltd.—1963
Published at The ®Patent Office. 25 Southamgtoanuildings, London, W.C.2, from which copies mav
be obtained
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This drawing is a reproduction of
the Original on a reduced scale.
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