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This invention relates in general to variable . focal-
length objectives and particularly to a variable focal-
length objective of the type wherein the variations in
magnification result essentially from the axial displace-
ments of a divergent component disposed between two
convergent components, the image produced by the com-
plete system being maintained in a fixed position with
the assistance of another axial movement of either one of
said convergent components or simply one part of the
said components.

It is the essential object of this mventlon to define cer-
tain characteristics of the movable divergent component
because it is well known that in devices of this type it is
mainly by improving the nature and shape of this com-
ponent that an image of adequate quality can be ob-
tained irrespective of the position of said movable com-
ponent.

It is another object of this invention to define certain
characteristics of the front convergent component and of
the rear convergent component, an axial movement being
applicable to the whole or part of these components and
adapted to be combined with the aforesaid axial move-
ment of the movable divergent component in order to
maintain the focal plane of the assembly in a fixed posi-
tion with respect to the fixed components of the system.

As a rule, it is the axial displacement of the internal
divergent component which has the greatest amplitude.
As a result, the oblique rays contributing in the forma-
tion of the image points positioned outside the central
zone of the field impinge on this component at widely
differring locations according to the position of this com-
ponent. In other words, the pupils relevant to the com-
ponent are movable within very wide limits. Therefore,
the study of this component is all-important in that it
constitutes the essential problem if it is desired to obtain
an image of constantly good quality.

Consequently, a device of the type indicated herein
above may be developed by disregarding in a first study
the possibility of maintaining the fixedness of the final
image.and by limiting the first approach to this problem
to the formation, in the first place, of an optical system
consisting of two fixed convergent components between
which a divergent component is axially movable to sim-
ply provide a continuous variation in the magnification of
the image resulting from the complete assembly.

According to this invention and to the calculations ef-
fected in this connection I have found that very satis-
factory results could be achieved provided that the fol-
lowing requirements were complied with:

The two convergent components being separated by a
distance representing from 30% to 100% of the focal
length of the front convergent component, and the diver-
gent component having a focal length ranging from 15%
to 45% of the same focal length of the front convergent
component, the movable divergent component must con-
sist of at least three lens elements arranged as two mem-
bers separated by an air space, the front member having
a front concave surface the radius of curvature of which
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is numerically greater than 200% of the focal length of
said divergent component and smaller than infinity, and
a rear concave surface the radius of curvature of which
is numerically greater than 70% and smaller than 300%
of said focal length. The rear member of the said di-
vergent component has a concave front surface the radius
of curvature of which is numerically greater than the
focal length of said divergent component and smaller
than infinity, the other lens of said pair of separate
lenses, which is positioned behind the former, having a
concave front surface with a radius of curvature numer-
ically greater than the focal length of said dlvergent com-
ponent.

On the other hand, the divergent component must be
achromatic; therefore, at least one of the lenses constitut-
ing this component will consist of a convergent lens
cemented on a divergent lens, the convergent lens having
a dispersion ratio or Abbe number »; lower than that »
of the divergent lens, the difference vy—»y ranging pref-
erably from 15 to 38.

According to this invention, it is also convenient to em-
ploy as a front convergent component a doublet consist-
ing of a divergent meniscus lens having its convex sur-
face positioned at the front, and of a convergent lens
positioned behind this meniscus. These two lenses may
be cemented together but this is not an essential require-
ment. Regarding the convex surface located at the front
of the meniscus, it is advantageous to select a radius of
curvature ranging from 40% to 100% of the focal length
of the convergent component in question, the radius of
curvature of the rear surface of said divergent meniscus
ranging preferably from 20% to 50% of this focal length.

When the divergent component is moved in the axial
direction for the purpose of altering the focal length of
the assembly, the back focal length of this assembly
varies if the other two components remain stationary.
However, the front convergent component may also be
moved along its axis according to the law governing the
positions of these two components with respect to the
fixed convergent component in view of maintaining the
back focal length of the assembly at a constant value.

Obviously, the same result may be obtained by main-
taining the front convergent component in a fixed position
and utilizing the rear convergent component as a second
movable component; but it is advantageous to select a
rear convergent component constituted by two parts of
which one is utilized as a second movable component. In
this case, the diaphragm will be positioned between these
two parts. Three cases may occur: both parts are con-
vergent; the front part is convergent while the rear part is
divergent; the front part is divergent while the rear part
is convergent.

If the front part is convergent, it is interesting to con-
stitute it by two separate convergent lenses, either simple
or made of cemented lenses, of which the former, at the
front, is biconvex and has on both surfaces a radius of
curvature numerically greater than 150% of, and smaller
than five times, the focal length of said front part, while
the other lens, located at the rear of the same part, has a
convex front surface having a radius of curvature greater
than 60% of, and smaller than three times, the focal length
of said part. In case that the front part is divergent, it
can be constituted by a simple biconcave lens.

Figs. 1 and 2 of the attached drawing illustrate diagram-
matically in axial section two practical forms of embodi-
ment of a variable focal-length objective made in accord-
ance with the teachings of this invention. In Fig. 1, Ci, Cy
and C; designate, from the front to the rear, the three com-
ponents of the objective, while P; and P, designate the two
parts of component Cj, said two parts in this case being
convergent; e;, €3 . . . 1 designate the thicknesses and
axial distances between the components, parts or lenses,
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while Ry, Ry . . . Ryqdesignate the radiuses of curvature
of each lens surface. The characteristics of this first form
of embodiment are given in the Table I below, the refer-
ence symbols Ry, Ry, Ry . . . Ry; representing as in the
drawing the radiuses of curvature of each lens surface
from the front to the rear, the sign + indicating that the
surface is convex towards the front and the sign — that it
is concave towards the front, whilst ey, €5, €3 . . . e, @S
in the drawing designate the axial distances measured be-
tween two adjacent lens surfaces, e; representing the axial
distance measured between the front convergent compo-
nent C, and the divergent component C,, eg representing
on the other hand the axial distance separating the diver-
gent component C, from the front part P; of the rear
component Cs, and e;; being the axial distance measured
between the two parts Py, Py of the rear component Cj.

The focal length of the front convergent compcnent C;
is 100.34 millimeters.
component C; is 30.33 millimeters. The focal length of
the front part P; of the rear component C; is 21.35 mil-
limeters.

In this example, when the movable divergent component
C; is moved axially, the front convergent component Cy
may be moved axially in accordance with the law govern-
ing the positions of these two components in view of ob-
taining a constant back focal length in the complete sys-
tem however, it is preferable to leave the front component
C; in a fixed position and to cause the front part P; of the
rear component C; to move axially, this last-mentioned
part P; being located between the air gaps ez and es.

Under these conditions, the distances e;, ez and ej3
are governed by the relations:

e3+egt-13==51.26 mm.

21.35%24 (e3+3.164)2 30.3312+(62.193—€3)2_6 433‘
en+3.164 62.193 —e; e
TABLE I

Example of a practical embodiment of a variable focal
length objective

[Relative aperture: 1/2.5.)

(Hass characteristics
Radiuses, mm, Thicknesses and
distances, mm.
np v
Ri =+ 61.47
e =122 1. 6669 33.2
Ry =+ 28.32
. €3 =9.71 1. 6088 56. 6
Ry =—504,28 .
€2 =from 4.46 to 46.96 air
Ry =—161.60
€4 =122 1. 6204 60,2
Rs = 32.63
es =3.31 alr
Ry =— 70.61
es =0.91 1. 6567 57
Ry =+ 2L.57
e =2.51 1, 6992 30.2
Rg =-4370.97
es =from 43.80 to 1.41 air
Ry =+ 52.78
e =2.36 1. 6588 51.1
Rio=— 57.68 .
€10=0.15 air
Ru=+ 21,98
€1=2.90 1. 6211 57
Ry=-— 33.14
e13=0,83 L6751 32.3
Ri3=+4191.20 .
epy={rom 2,82 to 4.5 air
Ryy=~ 27.62
e14=6 1. 6500 33.8
Rys=+ 19.41
e15=2 alr
Ris=-125.25
e1s=4 1. 6567 57
Ryr=-— 17.38

The focal distance varies from 21,7 mm. to 80 mm.

In the second form of embodiment according to Fig. 2,
the two parts of the rear component C; are respectively
divergent and convergent. In said figure, C’;, C’; and
C’; designate the three components of the objective, while
P’; and P’; designate the two parts of component C’3, part
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P’; being divergent while part P’y is convergent; e;, ey
. ey designate the thicknesses and axial distances be-
tween the components, parts- or lenses, while R;, Ry,
. . . Ryg designate the radiuses of curvature of each lens
surface. The characteristics of this second form of em-
bodiment are given in the Table IT below, in which, as in
the drawing, the reference symbols Ry, Ry . . . Ryg repre-
sent the radiuses of curvature of each lens surface from
the front to the rear, the sign 4 indicating that the surface
is convex towards the front, and the sign — that it is con-
cave towards the front, whilst ey, g, €3 . . . eq designate
the axial distances measured between two adjacent lens
surfaces, e representing the axial distance measured be-
tween the front convergent component C’y and the di-
vergent component C’,, eg representing the axial distance
separating the divergent component C’y from the front
part P’y of the rear component C’3, ¢ being the axial dis-
tance maasured between the two parts P’; and P’y of the
rear component C’3.

The focal length of the fixed front convergent compo-
nent C’; is 100.34 millimeters. The focal length of the
divergent component C’; is 30.33 millimeters. The focal
length of the front part P’; of the rear component C’; is
100 millimeters.

As in the preceding example, when the movable di-
vergent component C’; is moved axially, the front con-
vergent component C'; may be moved axially in accord-
ance with the law governing the positions of these two
components in view of obtaining a constant back focal
length in the complete system; however, according to the
invention, it is preferable to leave the front component
C’; in a fixed position and to cause the front part P’;
of the rear component C; to move axially, this last-men-
tioned part P’; being located between the air gaps eg
and ey,

Under these conditions, the distances e, eg and ey are
governed by the relations:

e3-}egt-e19=48.93 mm.

10024-(50.1691-e10)2  30.331% 4 (62.193—63)2_171 98
50.169 ey 62.193 —e; o
. TABLE II

Example of a practical embodiment of a variable focal
: length objective

[Relative aperture: 1/2.5.]

Glass characteristics
Thicknesses and dis-
Radiuses, mm. tances, mm,
o v
Ri=- 61.47
e1=1.22 1. 6658 32.2
Ra=+4- 28.32
e2=9.71 1. 6088 56.6
Ry=—504.28 :
e;=from 5. 36 to 47. 36 air
Ri=-161.60
€=1.22 1. 6208 60
Rs=+- 32.63
e3=3.31 air
Ry=— 70.61
e5=0. 91 1. 6566 57.4
Ry=+ 21.57
e7=2,51 1. 6986 30.3
Rg=+-370.97
eg=from 41.99 to 1.35 air
Ry=~160.42
es=1.20 1. 6605 36.2
Ryp=-112.61 . .
19 variable air
Ru=- 64.50
e11=2.80 1, 6913 53.8
Ryg=- 41.95 ’
e13=0.15 air
Ru=-+ 20
e13=2. 50 1.6013 53.8
Ru=- 85.50
eu=4 air
Rig=~ 31.70
e1s=T7.70 1. 6992 30.2
Ris=+ 20.50
e16=1.65 air
Ry=4 75
e17=4 1,6013 53.8
Ris=— 20.40

The focal distance varies from 22,80 mm, to 85.08 mm.
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What I claim is:

1. A variable focal-length objective comprising a con-
vergent component positioned at the front, a convergent
component positioned at the rear, and a divergent com-
ponent positioned between said two convergent compo-
nents, said divergent component consisting of at least
three lens elements arranged as two members separated
by an air space, the front member having a front con-
cave surface the radius of curvature of which is numeri-
cally greater than 200% of the focal length of said di-
vergent component and smaller than infinity, and a rear
concave surface the radius of curvature of which is nu-
merically greater than 70% and smaller than 300% of
the said focal length, the said divergent component be-
ing axially movable in order to obtain a continuous vari-
ation of the focal length of the complete system.

2. A variable focal-length objective comprising a con-
vergent component positioned at the front, a convergent
component positioned at the rear, and a divergent com-
ponent positioned between said two convergent compo-
nents, said divergent component consisting of at least
three lens elements arranged as two members separated
by an air space, the front member having a front con-
cave surface the radius of curvature of which is numeri-

cally greater than 200% of the focal length of said di- ¢

vergent component and smaller than infinity, and a rear
concave surface the radius of curvature of which is nu-
merically greater than 70% and smaller than 300% of
the said focal length, the rear member of the said di-
vergent component having a concave front surface the
radius of curvature of which is numerically greater than
the focal length of said divergent component and smaller
than infinity, the said divergent component being axially
movable in order to obtain a continuous variation of the
focal length of the complete system.

3. A variable focal-length objective comprising a con-
vergent component positioned at the front, a convergent
component positioned at the rear, and a divergent com-
ponent positioned between said two convergent compo-
nents, said divergent component consisting of at least
three lens elements arranged as two members separated
by an air space, the front member having a front con-
cave surface the radius of curvature of which is numeri-
cally greater than 200% of the focal length of said di-
vergent compornent and smaller than infinity, and a rear
concave surface the radius of curvature of which is nu-
merically greater than 70% and smaller than 300% of the
said focal length, and the said convergent component
positioned at the rear consisting of two parts, one fixed
rear part and one movable front part, said movable front
part and said divergent component being axially and si-
multaneously movable in order to obtain a continuous
variation of the focal length of the complete system and
ensuring to the complete system a constant back focal
length. ) :

4. A variable focal-length objective comprising a con-
vergent component positioned at the front, a convergent
component positioned at the rear, and a divergent com-
ponent positioned between said two convergent com-
ponents, said divergent component consisting of at least
three lens elements arranged as two members separated
by an air space, the front member having a front concave
surface the radius of curvature of which is numerically
greater than 200% of the focal length of said divergent
component and smaller than infinity, and a rear concave
surface the radius of curvature of which is numerically
greater than 70% and smaller than 300% of the said
focal length, ths rear member of the said divergent com-
ponent having a concave front surface the radius of
curvature of which is numerically greater than the focal
length of said divergent component and smaller than
infinity and the said convergent component positioned at
the rear consisting of two parts, one fixed rear part and
one movable front part, said movable front part and said
divergent component being axially and simultaneously
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movable in order to obtain a continuous variation of the
focal length of the complete system and ensuring to the
complete system a constant back focal length.

5. A variable focal-length objective comprising a con-
vergent component positioned at the front, a convergent
component positioned at the rear, and a divergent com-
ponent positioned between said two convergent com-
ponents, said divergent component consisting of at least
three lens elements arranged as two members separated
by an air space, the front member having a front concave .
surface the rudius of curvature of which is numerically
greater than 200% of the focal length of said divergent
component and smaller than infinity, and a rear concave
surface the radius of curvature of which is numerically
greater than 70% and smaller than 300% of the said
focal length, the said divergent component being axially
movable in order to obtain a continuous variation of the
fccal length of the complete system, and means for dis-
placing also along its axis said front convergent com-
ponent in accordance with the positions of these two
components with respect to the. fixed convergent compo-
nent located at the rear, in view of obtaining a constant
back focal length in the complete assembly.

6. A variable focal-length objective comprising a con-
vergent component positioned at the front, a convergent
component positioned at the rear, and a divergent com-
ponent positioned between said two convergent com-
ponents, said divergent component consisting of at least
three lens elements arranged as two members separated
by an air space, the front member having a front concave
surface the radius of curvature of which is numerically
greater than 200% of the focal length of said divergent
component and smaller than infinity, and a rear concave
surface the radius of curvature of which is numerically
greater than 70% and smaller than 300% of the said
focal length, one of said two members constituting the
divergent component consisting of a convergent lens
cemented on a divergent lens, said convergent lens having
a dispersion ratio or Abbe number lower than that of
said divergent lens, the said divergent component being
axially movable in order to obtain a continuous variation
of the focal length of the complete assembly.

7. A variable focal-length objective comprising a con-
vergent compcnent positioned at the front, a convergent
component positioned at the rear, and a divergent com-
ponent positioned between said two convergent compo-

nents, said divergent component consisting of at least three

lens elements arranged as two members separated by an
air space, the front member having a front concave surface
the radius of curvature of which is numerically greater
than 200% of the focal length of said divergent com-
ponent and smaller than infinity, and a rear concave sur-
face the radius of curvature of which is numerically
greater than 70% and smaller than 300% of the said
focal length, the said divergent component being axially
movable in order to obtain a continuous variation of the
focal length of the complete system, the convergent com-
ponent positioned- at the front of the system consisting -
of two lenses, the front lens of which being a .divergent
meniscus, the convex surface of which is located at the
front, said convex surface having a radius of curvature
greater than 40% and smaller than 100% of the focal
length of said front convergent component, whilst the
rear surface of said divergent meniscus has a radius of
curvature greater than 20% and smaller than 50% of the
focal length of said front convergent component.

8. A variable focal-length objective comprising a con-
vergent component positioned at the front, a convargent
compenent positioned at the rear, and a divergent com-
ponent positicned between said two convergent compo-
nents, said divergent ccmponent consisting of at least
three lens elements arranged as two members separated
by an air space, the front member having a front concave
surface the radius of curvature of which is numerically
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greater than 200% of the focal length of said divergent
component and smaller than infinity, and a rear concave
surface the radius of curvature of which is numerically
greater than 70% and smaller than 300% of the said
focal length, and the said convergent component posi-
tioned at the rear consisting of two parts, one fixed rear
part and one movable front part, the said movable front
part of said rear convergent component consisting of a
pair of separate lenses both of convergent character, the
first lens at the front of said pair being biconvex, its two
surfaces having a radius of curvature numezrically greater
than 150% and smaller than 500% of the focal length
‘of said front part, the second or rear lens of the pair
having a convex front surface of which the radius of
curvature is greater than 60% and smaller than 300%
of the focal length of said movable front part, the said
movable front part and said divergent component being
axially and simultaneously movable in order to obtain
a continuous variation of the focal length of the com-
plete system and ensuring to said complete system a con-
stant back focal length.

9. A variable focal-length objective comprising a con-
vergent component positioned at the front, a convergent
component positioned at the rear, and a divergent com-

ponent positioned between said two convergent compo- 2

nents, said divergent component consisting of at least
three lens elements arranged as two members separated
by an air space, the front member having a front con-
cave surface the radius of curvature of which is numeri-
cally greater than 200% of the focal length of said diver-
gent component and smaller than infinity, and a rear
concave surface the radius of curvature of which is nu-
merically greater than 70% and smaller than 300% of
the said focal length, and the said convergent component
positioned at the rear consisting of two parts, one fixed
rear part and one movable front part, the said movable
front part of said rear convergent component consisting
of a pair of separate lenses both of convergent character,
the first lens at the front of said pair being biconvex, its
two surfaces having a radius of curvature numerically
greater than 150% and smaller than 500% of the focal
length of said front part, the second or rear lens of the
pair having a convex front surface of which the radius
of curvature is greater than 60% and smaller than 300%
of the focal length of said movable front part, the said
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movable front part and said divergent component being
axially and simultaneously movable in order to obtain a
continuous variation of the focal length of the complete
system and ensuring to said complete system a constant
back focal length, one lens of said pair of separate lenses
constituting said movable front part of said rear con-
vergent component consisting of a convergent lens
cemented on a divergent lens, said convergent lens hav-
ing a dispersion ratio or Abbe number greater than that
of said divergent lens. ‘

10. A vzriable focal-length objective comprising a con-
vergent component positioned at the front, a convergent
component positioned at the rear, and a divergent compo-
nent positioned between said two convergent components,
said divergent component consisting of at least three lens
clements arranged as two members separated by an air
space, the front member having a front concave surface
the radius of curvature of which is numerically greater
than 200% of the focal length of said divergent compo-
nent and smaller than infinity, and a rear concave surface
the radius of curvature of which is numerically greater
than 70% and smaller than 300% of the said focal length,
and the said convergent component positioned at the rear
consisting of two parts, one fixed rear part and one mov-
able front part consisting of a divergent lens, the said
movable front part and said divergent component being
axially and simultaneously movable in order to obtain
a continuous variation of the focal length of the com-
plete system and ensuring to the said complete system a
constant back focal length.
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