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The invention relates to a wide-angle objec- - -

tive characterized by the fact that the distance
along the axis between the back surface of the
last lens and the focal plane of the objective is
relatively very large with respect to the focal
length of the objective.

It is known that in some photographic or
cinematographic cameras, notably of the Reflex
type, it is not possible to use conventional wide-
angle objectives, since these could not be placed
sufficiently near to the sensitive surface for ob-
taining s suitable focusing of the camera. The
space occupied by the mirror in Reflex cameras
or by the shutter in cinematographic cameras is
too large for permitting the use of objectives
wherein the distance between the last lens and
the focal plane is short.

Various suggestions have already been made
in view of overcoming this drawback. However,
the results obtained so far are inferior to those
obtained by using conventional wide-angle objec-
tives.

This invention .offers a novel solution to this
problem whereby the quality of the image may
be materially improved in a very wide field angle
in relation to the objective aperture, while the
“vignetting” effect inherent in wide-angle objec~
tives is reduced to a considerable extent. .

One object of this invention is to provide an

objective consisting, on the one hand, of a nega- ¢

tive meniscal lens having its convex side directed
to the front and, on the other hand, a convergent
optical device positioned at a relatively great
distance at the back of the negative lens.

In the annexed drawings:

Fig. 1 is a sectional and diagrammatical view
of a first objective according to the invention.

Fig. 2 is a sectional and diagrammatical view
of a second objective according to the invention.

In said figures,. | or la is the negative lens.
The convergent device comprises in succession
in the direction of the light rays: a convergent
lens 2 or 2a, a convergent meniscal lens 3 or 3¢
having its convex side turned to the front, a bi-
concave lens 4 or 4 and a composite lens § or §a
having a positive power, the other three lenses
consisting of either a single lens or several com-
ponent lenses made of two or more single lenses
cemented together.

From. the computations and tests I have made,
it appears that with an objective according to the
invention it is possible to attain a very accurate
correction of the distortion and coma for a wide
aperture while maintaining a sufficient astig-
matic correction in an extensive field of view.

Coma may be corrected in a very satisfactory
manner, especially for those light rays which are
moderately or strongly inclined to the axis, even
if large diameter front lens and back lens are
used in order to reduce as much as possible the
“yignetting” effect.

2

These results are obtained when the objective
is so constructed as to comply with the require-
ments described hereafter:

In the following paragraphs the various com-
ponent lenses of the objective are designated ac-

- cording to their order in the direction of the light
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rays, i. e. the negative iront lens is | or ia, the
convergent lens disposed in front of the con-
vergent device is 2 or Za, and so forth. On the
other hand, the axial air gap between two suc-
cessive lenses will be called ‘“distance between
lenses”.

The absolute value of the focal length of the
meniscal negative lens. 1 or le, which has its
convex side turned toward the front side is lower
than four times the focal length of the objective
assembly and greater than the said focal length
and the distance from the rearmost lens to the
focal plane is greater than 0.9 times the focal
length of the objective assembly and smaller
than 1.3 times said foeal length. In addition,
it may be advantageous fo comply with the fol-
lowing conditions considered separately or in
combination:

(@) The distance between the first and second
lenses , 2 or la, 2¢ should exceed 509% of the
focal length of the objective assembly and should
be inferior to twelve times the said focal length.

(b) The focal length P of the unit consisting
of the two lenses 4 and 5 or 4¢ and 5¢ positioned
at the rear of the objective should be greater, in
absolute value, than two times the focal length
f of the group consisting of the lenses 2 and 3§ or
2¢ and 3a. As a matter of fact, the former of
these two groups should have a very low power
which may even be zero, in which case the two
lenses concerned (4 and 5, or 4a¢ and 5a) will
form an afocal system. The lower and higher
limits of F are expressed as follows:

-1 1
57 <F< 57

(¢) The radius of curvature Rz of the back
surface of the first lens [ or {a should be lower
than 150% of the same focal length greater than
0.6 times the said focal length.

(d) The radius of curvature Rz of the front
surface of lens 2 or 24 should exceed the radius
of lcurvature Ro of the back surface of lens |
or la.

(e) The distance es between lenses 4 and 5 or
4a and 5a should be lower than the thickness of
lens 5 or 5a.

(f) The last lens 5a is a compound lens having
a positive power and made of three lenses ce-
mented together.

The Tables I and II given hereafter and relat-
ing respectively to Figures 1 and 2 show, by way
of nonlimitative example, two embodiments of
the objective according to the invention.
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The example I relates to an objective having a
1:2.5 aperture and an effective field angle of 65°.

The eXdmiplée II relatés to ani objective having
a 1:2.2 aperture and an effective field angle of
also 65°,

In these tables Ri . . . Ri2 are the values of
the radii of the refracting surfaces counting
from the front to the rear of the objectives (ez,
es, €6, es) are the axial distances between the
lenses or components, and (e1, e3, e5; e7, €9, eip, €11)
are the axial thicknesses of the lens or tom-
ponents counting from the front to the rear of
the objectives and (ny), (») are, respectively, the
values of the index of refraction and the disper-
sion ratios 6 Abbe numbers of the lens materials
of the several lens elements.

TABLE I FOR F=100

Thicknessés Glass Quality
Radiuses and
Distances n
D 1 4
=-+180. 48 ..
Lo é = 6.33 1. 6145 59.8
Ry =-- B4.06
€2 =03.18 air
=-+4114. 40
. e = 9.12 1.6243 46. 8
R4 =—415.25 ‘ B
: ) &3 = 0.51 air
Rj =< 69.18
. ey =17.22 1. 6226 53
R =4237.45 ]
- .. e = 9.12 air
Ry =— 93.48 ) .
: R e = 4.30 1. 6141 37
R§ =4 50.54
. ) e3 =10.13 air
Ro 2440442 )
. e = 2.28 1.6287 35.3
Rpp=+ 38.74 Lo
£10=16. 20 1.6301 55.8
Ry== 55.20
Back focal length=105.

TABLE 1T FOR F=100

Thicknesseg | Class Quality
Radiuses _.and —
Distances o »
=+4232,29 ) e .
= 7.20 1.6145 59.8
Rj =-+101.12 :
¢2 =125. 80 air
Ra 2412979 L )
e3 = 13.23 1. 6204 60:2
Ry =—471.55 .
é = 0.55 aif
=- 78.48 [
es = 19.54 1. 6204 60.2
=-+269. 81
= 10.35 air
Ry =—117.28 L
¢ = 3.15 || 1.5590 45.4
=4 57.34
L eg = 9.41 air
=4-343.70
, . o= 88 | 16301 | 55.8
Ryp=— 90.35 ,
éip=2.77 1. 6287 35.3
Ru=-+ 83.02 L. L. -
enr= 15,11 1.6391 55.8
Rn—-— 70.73

Baek foéallength=103.8.

In the second example the use of a triplet for
the last lens has permitted, for the chromatie
correction, to give to the cemented faces of the
components smaller curvature, resulting in an
advantageous effect on the chromatiec correction
of the spherical aberration. This is the prlnclpal
advantage of the use of a friplet. It is ebvious
that the most efficient arrangement for making
this last lens is to eement 6n either side of a neg-
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4

ative biconcave lens of the flint type two lenses
of the crown or barium crown type having a posi-
tive power.

What Iclaim asnew is:

1. A wide-angle objective in which the axial
distance from the rear lens to the focal plane
thereof is greater than 0.9 times the focal length
of the objective assembly and less than 1.3 times
the said foeal length, consisting of two parts, one
collective and the other dispersive, the collective
part comprising two members, namely: a front
member including a collective lens and a collec-
tive meniscus lens having its convex surface di-
rected toward the front and a rear member in-
¢luding a biconcave lens and a collective 1ébs,
said rear member having a focal power (the re-
ciprocal of the foeal length) which is algebrai-
cally comprised between two limits the absolute

value of said limits Being equal to half the foeal

power of the front member but having opposite
siens; the dispersive part consisting of a dis-
persive menisctis lens having its eonvex surface
ditec¢ted toward the front and being positioned
in front of the colleetive pait ab an axial distance
greater than 50% of the foeal length of the ob=
jective assembly and less thahn 12 times said foeal
length; the focal length of said dispersive menis=
¢us lens having an absolite value smaller than
four times the focal length of the objective as<
sembly and greater than said focal length; one at
least of the lenses constituting the two parts éon-
sisting of a plurality of simple component lenses
cemented together,

2. A wide-angle objective according to claim 1,
wherein the radius of curvature of the back sur-
face of said dispersive meniscus lens is smallet
than 1509% of the focal length of the objective
assembly and greater than 0.6 times said foecal
length.

3. A wide-angle objective in which the axial
distance from the rear lens to the feeal plane
thereof is greater than 0.9 tires the focal length
of the objective assémbly and less than 1.3 times
the said focal length, consisting of two parts, one
collective and the other dispérsive, the collective
part comprising two members, nainely: a fromt
member including a collective léiis and a collee=
tive meniséus lens having its convex surface di-
rected toward the front and a reat member ih-
cludlng 5 bieoneave lens and & eollective doublet
consigting of a negative lens and & collective lens
cefnented together, said rear member having a
focal power (the reéiprocal of the focal length)
whieh is algebraically comprised between tWo
limits the absolute value of 5aid limits being
efiual to half the focal power Of the front meéin=
bet but having opposite sighs; the dispersive part
consisting of a dispersive meniseus lens having
its convex surface directed toward the ffont and
beihg positioned in front of the colléctive part at
an axial distance greater than 50% of the foeal
length of the objective asseinbly and less than 12
times said focal length, and the foeal length of
said dispersive meniscus letis having an absoliite
value smaller than four times the focal length
of the objective assembly and greatér than said
focal length.

4. A wide-angle obJectlve in whieh the axml'

distance from the rear lens to the foeal plane
thereof is greater than 0.9 times the foecal length

of the objective asseinbly and less fhan 1.3 times
the said focal length, eonsisting of two parts, one.

collective and the other dispersive, the colective

part comprising two members, namely; g front:

member including a collective lens arnd :a toHeé=
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tive mehiscus lens having its convex surface di-
rected toward the front and a rear member hav-
ing ‘a focal power (the reciprocal of the focal
length) which is algebraically comprised between
two limits, the absolute value of said limits being
equal to half the focal power of the front mem-
ber but having opposite signs, said rear member
including a biconecave lens and a collective triplet
consisting of a biconcave dispersive lens of the
flint type to which are cemented respectively on
each side two collective lenses of the crown type;
the dispersive part consisting of a dispersive me-
niscus lens having its convex surface directed
toward the front and being positioned in ‘front
of the collective part at an axial distance greater
than 50% of the focal length of the objective as-
sembly and less than 12 times said focal length
and the focal length of said dispersive meniscus
lens having an absolute value smaller than four
times the focal length of the objective assembly
and greater than said focal length.

5. A wide-angle objective in which the axial
distance from the rear lens to the foeal plane
thereof is greater than 0.9 times the focal length
of the objective assembly and less than 1.3 times
the said focal length, consisting of two parts, one
collective and the other dispersive, the collective
part comprising two members, namely: a front
member including a collective lens and a collec-
tive meniscus lens having its convex surface
directed toward the front and a rear member
including s biconecave lens and a collective lens,
said rear member having a focal power (the re-
ciprocal of the focal length) which is algebraically
comprised between two limits, the absolute value
of said limits being equal to half the focal power
of the front member but having opposite signs;
the dispersive part consisting of a dispersive
meniscus lens having its convex surface directed
toward the front and being positioned in front of
the collective part at an axial distance greater
than 50% of the focal length of the objective
assembly and less than 12 times said focal
length, the focal length of said dispersive menis-
cus lens having an absolute value smaller than
four times the focal length of the objective as-
sembly and greater than said focal length, one at
least of the lenses constituting the two parts
consisting of a plurality of simple component
lenses cemented together, and the radius of cur-
vature of the back surface of the front dispersive
meniscus lens being smaller than the radius of
curvature of the front face of the first collective
lens of the collective part.

6. A wide-angle objective in which the axial
distance from the rear lens to the focal plane
thereof is greater than 0.9 times the focal length
of the objective assembly and less than 1.3 times
the said focal length, consisting of two parts,
one collective and the other dispersive, the col-
lective part comprising two members, namely: a
front member including a collective lens and a
collective meniscus lens having its convex surface
directed toward the front and a rear member in-
cluding a biconcave lens and a collective lens,
said rear member having a focal power which
is algebraically comprised between two limits,
the absolute value of said limits being equal to
half the focal power of the front member but
having opposite signs; the dispersive part con-
sisting of a dispersive meniscus lens having its
convex surface directed toward the front and be-
ing positioned in front of the collective part at
an axial distance greater than 50% of the focal
length of the objective assembly and less than 12
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times said focal length, the foeal length of said
dispersive meniscus lens having an absolute value
smaller than four times the focal length of the
objective assembly and greater than said focal
length, one at least of the lenses. constituting
the two parts consisting of a plurality of simple
component lenses cemented together, the third
and. fourth lenses of the collective part being
spaced by air at an axial distance apart which
is smaller than the thickness of said fourth lens
of the collective part. . v

7. A wide-angle objective having the following
numerical data:

' Foca].iength F=100. Relative aperture: 1/2.5

Fhickn Glass Quality
s ckmesses -
... Radinses. - + and distances| ™
np v
R; =--180.48
e =6.33 1.6145 59.8
Rz =+-84.06
ez =93.18 air
Rs =-114.40
€3 =9.12 1. 6243 46.8
Ry =—415.25
e =0,51 air
Rs =-69.18
e =17.22 1. 6226 53
R¢ =+4237.45
e =9.12 air
Ry =—03.48
er =4.30 1.6141 37
Rs =--50.54
e =10.13 air
Ry =404.42
eg =2.28 1.6287 35,3
Rio=-38.74
€10=16.20 1, 6391 56.8
Riu=—55.20
Back focal length=105,

wherein R1 . . . Ru are the values of the radii
of the refracting surfaces counting from the front
to the rear of the objective: (ez, es, es, es) are the
axial distances between the lenses or components,
and (e, e3, es, en, es, e10) are the axial thicknesses
of the lens or components counting from the front
to the rear of the objective; and (n), () are, re-
spectively, the values of the index of refraction
and the dispersion ratios or Abbe numbers of
the lens materials of the several lens elements.

8. A wide-angle objective having the follow-
ing numerical data:

Focal length F=100. Relative aperture: 1/2.2

S Glass Quality
icknesses
Radiuses .15 digtances
[ v

R1=-232.29
: a= 720 1.6145 59.8
Ra=-101.12

€3=125.80 air
R3=-+4129.79

= 13.23 1.6204 60.2
Ry=-—47L.55

e= 0.55 air
Rs=- 78.48

es= 19.54 1.6204 60,2
Rs=-}269.81

eg= 10.35 air
Ry=-~117.28

= 3.15 1.5590 45.4
Ry=+ 57.34

= 0.41 air
Ry=--343.70

= 8.86 1.6391 44,8
Riyp=—99.35

en=2.77 1.6287 35.3
Ry=-}- 83.02

en— 15.11 1.6391 55.8
Rup=— 70.73

Bacek focal length-—103.8,
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wherein Ry .. . Riz are the values of the radii
of the refracting surfaces counting from the front
to the rear of the objective; (es, es, es, €8) are the
axial distances between the lenges or eamponents,
and (e1, es3, €5, €1, €9, €10, €11) are the axial thick-
nesses of the lens or components counting from
the front ta the rear of the objeetive; and (ng),
(v) are, respectively, the values of the index
of refraction and the dispension ratios or Abhe
numbers of the lens materials of the &everal

elements.
‘ PIERRE ANGENIEUX.
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