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EXTREMELY HIGH SPEED OBJECTIVE

BACKGROUND OF THE INVENTION

This invention relates to an objective or lens system
which may be described as having extremely high speed
with an extended field of view, and is particularly useful
for cinematographic purposes. It is of the same general
type as the lenses disclosed in U.S. Pat. No. 3,915,558,
granted Oct. 28, 1975 for an invention of Erhard Glat-
zel, one of the joint inventors named in the present
application. The present invention may be regarded as
an improvement on the lenses disclosed in said patent.

The objective of the present invention complies with
certain rules or conditions stated below, which differen-
tiate the present objective from the lens system dis-
closed in said patent. It is found that when these rules
are followed, a lens can be constructed to have a larger
effective aperture than the maximum aperture disclosed
in said patent, the enlargement of aperture being suffi-
ciently great so that the lens may properly be described
as being an extremely high speed objective. At the same
time, a very high quality of image is produced, with
adequate correction of aberrations. The angular field of
view of the present lens is somewhat less than the angu-
lar field of view of the lens disclosed in said patent, but
the angular field of the present lens is sufficiently large
for practical purposes, especially when the lens is used
for cinematographic purposes, for which it is particu-
larly suitable.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a lens diagram illustrating a lens according
to one embodiment of the invention; and

FIGS. 2-6 are similar diagrams illustrating lenses
according to other embodiments of the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In describing the lens or objective of the present
invention, and illustrating the same in the diagrams, it
will be assumed, as customary in lens patents and in
scientific literature, that the light is coming from the left
of the diagram toward the right thereof. Parts described
as being at the front or in the forward portion of the lens
are those parts near the left of the diagram, and parts
described as being at the rear or back of the lens are
those parts near the right of each diagram. Light from a
distant object proceeds rightwardly to the front element
of the lens, enters the lens system, passes through it,
leaves the lens system at the last surface of the last or
rearmost element of the system, and forms an image at
an image plane to the rear of the last element. The word
“lens” is sometimes used with reference to the entire
objective or lens system as a whole, and sometimes used
with reference to a particular individual lens element or
perhaps a group of elements, but in any event the con-
text will make the meaning clear to those skilled in the
art.

The various embodiments of the present invention
have much in common with the various embodiments of
the lens disclosed in the above mentioned U.S. Pat. No.
3,915,558. However, there are important differences,
which lead to improved results in producing high qual-
ity images and reducing aberrations, and which result in
a simplification of the lens.

In general terms, the present objective has a front
component, designated in the lens diagrams by the letter
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A and also by the Roman numeral I, which is of a nega-
tive or ‘dispersing character. Behind this component,
and spaced from it by an air space constituting an air
lens a, there is a second component indicated by the
letter B and also by the Roman numeral I, this second
component having positive power. Behind this is a third
component which may be described as a meniscus com-
ponent, and which is indicated in the diagrams by the
letter M and also by the Roman numeral III. These
three components A and B and M together constitute
what may be described as the front member or front
portion of the lens.

Behind this front member is a rear member or rear
group indicated in general, in the diagrams, by the let-
ters RG. In each embodiment, this rear group consists
of four lens elements indicated in the diagrams by the
Roman numerals IV, V, VI, and VII. The first two
elements IV and V of this rear group are negative ele-
ments, and the last two VI and VII are positive ele-
ments separated from each other by an air space consti-
tuting an air lens designated as §.

It will be noted from the various lens diagrams as
well as from the data in the specific examples given
below, that the front component A can be either a dou-
blet made up of two elements, as in FIGS. 1 and 2, or
may be a single element, as in FIGS. 3-6. Likewise, the
second component B may be made either of two lens
elements, as in FIGS. 1-3, or of a single element, as in
FIGS. 4-6. The meniscus component M also may be
made up of either two elements, as in FIGS. 1-3 and 5,
or merely a single element as in FIGS. 4 and 6.

If a diaphragm or stop is used, it is placed in the space
between the meniscus component M and the rear group
RG, as indicated by the conventional schematic dia-
phragm symbols used in some of the diagrams. The rear
group RG, as already mentioned, is made up of two
negative elements followed by two positive elements,
with the first or front surface of the first positive ele-
ment preferably mating with and cemented to the sec-
ond or rear surface of the second negative element. The
second positive element constitutes the last positive
element of the entire lens assembly or objective, and
may sometimes be referred to for convenience as the
element LP.

An important goal of the present invention is to pro-
vide an objective with a simplified front member, while
at the same time having extremely high speed, and with
a rather wide angle of view, without detriment to the
desirable reduction of aberrations of higher order and
keeping asymmetry errors of oblique rays sufficiently
small to be not disturbing. The above mentioned patent
discloses an embodiment (Example 6) having a speed of
J/1.3. The present invention provides several examples
having speeds of //1.25, and one embodiment (Example
7) having a speed of f/1.2 and an angular field of view
of 45.5°, which is an extremely fast lens speed for a lens
system having such a wide angular field. Although the
angular field of the present objective is somewhat less
than that of the objective disclosed in said patent, never-
theless the angular field is entirely adequate for the
intended purpose, and is achieved with important sim-
plification of the front member of the lens.

To achieve these desirable results, it is found best to
make the meniscus component M of only slight refrac-
tive power, as well as to have both the front and rear
surfaces of this component curved so as to be convex
toward the front. Also, both the front and the rear sur-
face of the meniscus component adjoin air. This refers
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to the front and rear surfaces of the component as a
whole, for if the meniscus component is made of two
lens elements there may be a cemented surface at an
intermediate location in the thickness of the meniscus
component.

Referring now to the rear member or rear group of
the lens, it is found desirable to make the refractive
power of the second negative element (element V)
greater than that of the first negative element (element
IV) to such extent that the power of the first negative
element is less than 0.90 times the refractive power of
the second negative element. This may be expressed by
the formula ¢; < 0.90 ¢y, in which ¢ stands for the
sum of the surface refractive powers of the correspond-
ing element.

Still referring to the this rear group or member, it is
desirable to have this second negative element closely
followed by a positive element which, in turn, is fol-
lowed by the last positive element of the entire system,
with an air lens space (the air lens §) between these two
positive members. An important feature of the present
invention is the relationship of the refractive power of
this air lens 6 with respect to the total refractive power
(@) of the entire objective. According to the invention,
the refractive power (¢s) of this air lens in the rear
member or group is not less than 1.370 and not greater
than 1.795 times the total refractive power of the objec-
tive.

Another important feature of the invention is the
relationship of the refractive power of the last positive
member of the rear group (LP or VII) to the refractive
power of all the surfaces of the front negative compo-
nent A. According to this invention, the quotient of the
refractive power of the last positive element (¢ p) di-
vided by the sum of the surface refractive powers (¢,)
of all surfaces of the front negative component A is not
less than 1.370 and not more than 2.015.

This important feature just mentioned, regarding the
quotient of the refractive power of the last positive
element divided by the refractive powers of the front
negative component, is one of the important distinctions
from the prior art. In the prior art relating to lenses of
this general type, the lens designer always endeavored
to use, in the rear member of the lens, components hav-
ing the smallest possible converging power. In contrast,
according to the present invention the sums of the sur-
face powers is so distributed that the power of the last
positive element in the rear member is substantially
greater when the front component in the front element,
and is within the limits just mentioned. This relationship
refers to absolute numerical value of the powers, re-
gardless of sign.

Also worthy of mention is the design of the air lens a
formed between the rear surface of the front component
A and front surface of the second component B. This air
lens should have sides of unequal curvature, that is, the
curvature of the rear face of component A should be
different from the curvature of the front surface of
component B. Also, this air lens should be meniscus
shaped, and should be of relatively weak refractive
power, in any event less, in absolute numerical value,
than 0.185 times the equivalent refractive power (®) of
the entire objective.

To summarize, the two new rules or conditions
which serve, in combination, to distinguish the objec-
tive of the present invention from prior objectives
which are similar in a general way, may be stated in
formula form as follows:
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1.370 < @ < 2.015

1370 @ < 5 < 1.795 ®

wherein Q is the quotient of ¢ pdivided by ¢, consid-
ering only the absolute numerical value of this quotient
regardless of sign, and wherein ¢, pis the paraxial lens
refractive power of the last positive element in the rear
group of the objective, and ¢, is the paraxial lens refrac-
tive power of all surfaces of the front negative compo-
nent A, and ¢y is the air lens refractive power of the air
lens between the above mentioned last positive element
and the other positive element immediately in front of
it, and @ is the total refractive power of the entire ob-
jective or lens system.

When designing a lens system of the general charac-
ter disclosed in the above mentioned patent, and having
the other characteristics previously mentioned above,
such as the air lens a between the components A and B,
with relatively weak power having an absolute numeri-
cal value less than 0.185 ®, and having the meniscus
component M of only slight refractive power with its
outer surfaces convex toward the front, and having
behind this meniscus a first negative component with a
refractive power less than 0.9 times the refractive
power of another negative component next behind it,
then with such a lens of this character it is found, ac-
cording to the invention, that compliance with the
above rules or conditions summarized in the above
formulas (a) and (b) will result in an improved objective
giving excellent results. As already indicated, an objec-
tive of very high speed can be produced, with a moder-
ately wide angle of view, with extremely favorable
image-forming performance having increased quality of
the image in the lateral field of view, and good correc-
tion of residual aberrations in the inner and outer axial
wide-aperture bundle of rays. Thus the problem is
solved with great success, with only very slight expen-
diture of optical parts, and the sensitivity to tolerances
is substantially reduced.

Eight specific examples of lenses according to the
present invention are given in the following data tables.
In all of these examples, all linear measurements such as
radii, thicknesses, and spacings are stated as proportions
of the equivalent focal length (F) of the entire objective
or lens system, which is considered as unity. That is, F
= 1.00000. The individual lens elements are indicated,
both in the example tables and in the schematic lens
diagrams, by the letter L with a subscript corresponding
to the number of the individual lens element as num-
bered consecutively from front to rear, except that
individual elements which together form a single com-
ponent are given the same numerical subscript with the
addition of an alphabetical subscript. The lens compo-
nents in the front member or section of the lens are
indicated by the letters A, B, and M, and also by the
Roman numerals I, II, and III, respectively. The ele-
ments or components making up the rear member or
section of the lens are indicated collectively by the
letters RG, and individual elements are indicated also
by the Roman numerals IV through VII, as well as by
the individual lens element designations L, through L.
For convenience and clarity of illustration, all lens ele-
ments are shown in the diagrams as being separated
from each other, but when the space between two adja-
cent elements is shown in the appropriate data table as
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being zero, this means that in the preferred practice,
those two elements are actually cemented to each other.

The radii of curvature of the front surface and rear
surface of each element are indicated respectively by R
and R’, with an appropriate subscript indicating the
number of that particular lens element. Positive values
of R or R’ indicate surfaces convex toward the front of
the lens, and negative values indicate surfaces concave
toward the front, in accordance with customary useage
in optical patents and other optical literature. As al-
ready indicated above, light is assumed to pass from left
to right in the diagrams, from a distant object to the left
of the objective, through the lens elements, to form an
image to the right of the objective, the distance of the
image plane from the vertex of the last lens element
being indicated at s5',.

The axial thicknesses of the individual elements are
indicated in the data tables by the letter “d” with an
appropriate subscript referring to the particular lens
element. Spacings between elements are indicated by
the letter “s” with a subscript corresponding to the
identifying number of the lens element in front of and
behind this particular space, with some simplification or
abbreviation of the subscript where the meaning would
still be clear. For example, sy, indicates the space be-
tween lens element sub 1« and lens element sub 15, and
the notation sy, refers to the space between element L,
and element L,, Likewise the notation s,; means the
space between element L,, and element L, This form
of notation will be clear to those skilled in the art.

The index of refraction of the glass used for each
element is shown either by the simple “n” with a sub-
script referring to the individual lens element, or by
data in a column headed 7,, the latter being used for the
sake of compactness when the data also includes the
Abbe number or dispersive index in a column headed v,.

When an objective is designed for use only in a very
narrow spectral range, the refractive index refers specif-
ically to this narrow range. When the lens is designed
for use over a wide spectral range, then instead of
monochromatic image, error correction, achromatism
should be brought about over the wider spectral range
required. For this purpose, in known manner, the
glasses are to be chosen so that the color dispersion of
the glasses used, defined by their corresponding v value
or Abbe number, serves to eliminate the chromatic
errors or deviations due to the wavelengths which enter
into consideration.

During the course of making this invention it was
found, by way of confirmation, that for the develop-
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ment of the so called initial forms or preforms of the
objective, and then in the course of the subsequent
technical rough shaping or rough form in known man-
ner with the first correction normally customary in the
Seidel range (third order) the use of one of the standard
indices of refraction can take place in a purely routine
manner. A convenient index for use for this purpose is
the index of refraction for the yellow d-line of the he-
lium spectrum, with a wavelength of 5876 Angstrom
units. Data for this wavelength are customarily shown
in many commercial catalogues issued by manufactur-
ers of optical glasses.

In addition to the values of the linear dimensions and
characteristics of the glass, the example tables also indi-
cate, at the top of each table, the intended relative aper-
ture of fnumber, the total field angle designated as 2w,
and the resultant back focus s’ ,,, indicated as a propor-
tion of the equivalent focal length F. Also, at the top of
each data table there is indicated the particular figure of
the lens diagrams which is intended to illustrate this
particular example. It should be realized, in this connec-
tion, that the lens diagrams are not necessarily drawn to
scale, and the spacings, thicknesses, and radii of any
particular diagram may not necessarily agree exactly
with the data in the example illustrated by that diagram,
but the diagrams do illustrate the general arrangement
of the lens system or objective of the respective specific
examples to which the respective diagrams relate.

A few comments may be given before proceeding
with the tabular examples.

In example 1, illustrated by FIG. 1, the front compo-
nent A is split into two individual lens components of
the same power sign. The following positive compo-
nent B, as well as the meniscus component M which
follows it, are both developed as doublets. In distinction
to this, example 2, illustrated by FIG. 2, as a front com-
ponent A formed as a doublet of two individual lens
.elements which have opposite signs of power. Example
3, illustrated by FIG. 3, shows a simplified construction
in which the front component A consists of only a sin-
gle individual lens element, then followed by the com-
posite doublets B and M. Both in example 4 (illustrated
by FIG. 4) and in example 8 (illustrated by FIG. 6) there
is the simplest type of construction, all components
being developed as single individual lens elements, with
no doublets. In examples 5, 6, and 7, all illustrated by
FIG. §, the meniscus component M is composed of two
individual lens elements of opposite sign of power,
which can advantgeously be cemented together.

EXAMPLE 1
(Fig. 1) ,
F = 1.0000 £/1.1251 20, = 45.5° §, = + 0.71796 F
thicknesses and
Lens radii spacings N
L, Ry, = + 7.20000
Ve R, = + 290000 4, = 0.80000 ny, = 1.6204
A 1 e
\ Ry, = +3.10000 4 = 0030000
L, R'j, = +1.05000 &
b d;, = 0.070000 n,, = 16180
82 = 0.592370 ()
Ry, = + 1.50065
d,, = 0132283 n,, = 1.7882
R’y = + 600029 v
B /an $,, = 0.035000
11
N
Lo
R,, = + 6.00029
R, = + —4.18398 dy, = 0.132283 ny, = 1.7882
Ry = +098494 83 = 0.002756
Ry = —142180  d;, = 0.239797
a ny = 17882
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-continued
Fig. 1) ,
F = 1.0000 £/1.1251 20, = 45.5° §, =+ 07179 F
thicknesses and
Lens radii spacings N
M L, §3,,= 0
11
L,
R, = — 142180
Riy= + 68915  dy, = 0210863 n;, = 1.7173
C$ = s,, = 0.204804
R, = — 51.9475 T
v L, d, = 0.052372 n, = 1.5481
Ry = + 090361
S45 = 0.162631
Ry = — 0.82289
vV L ’ dgs'= 0.041346 n; = 1.7618
Rs = + 0.95715 o RG
S, 6 =
Ry = + 0.95715 i I
VI L N ) dg = 0.206680 ng = 1.7882
s = — 0.81680
R + 146297 Sg7 = 0.002756 (co)
7= B
LP= VIl L, dy = 0.121600 m = 17882 {
Ry = — 2.14303 I
EXAMPLE 2
(FIG. 2) ]
F = 1.00000 £/1.251 2wg = 45.5° s, = + 071796 F
thicknesses and
Lens radii spacings N
L, R, = + 6.89250
a d, = 0.15481
7 Rij= + 126160t e o
A N R,, = + 14.2180 lap — =
b = =
L, s Lo d,, = 0.07030 n;, = L6177
515 = 0.63893 (a)
Lz Ro= + 13101y 617750 ny, = 1.7750
I 3= + 3940 T 04000
B AN Ry, = + 606707 4% 6525 = 1.7950
Ly, Rj, = — 421976 BT =
L R, = + 098495 2 0.002736
3, 3, = . —
I ‘ Réa = — 14.2180 4y, = 0623980 M35 = 17882
a 55 , =
M N R, = — 142180 ab
b = p—
L, R 4 085877 dy, = 021082 n;, = 17170
CS = 55, = 0.20481
R, = — 51.97363
IV L, d, = 0.05237 n, = 1.5881
R, = + 0.90361
Su5 = 0.16263
R; = — 0.82289 |
vV oL ds = 0.04135 n; = 1.7618
Rf = + 0.95715
ss6 =0
Rg= + 095715 ? RG
VI L, R 05160 dg = 0.20668 ng = 1.7882
' sg = 0.00276 (5)
Ry = + 146297
LP= VI L, ‘ d, = 0.12128 m = 1.7882
Ry = - 2.14263 —
v
EXAMPLE 3
(Fig. 3)
F = 1.00000 £/1.24 20, = 44° s, = + 0.71784 F
. thicknesses and
Lens radii spacings N
R, = + 7.76825
A I L d, = 0.070290 n = 161772
R, = -+ 1.05870

813 = 0.606421 (a)
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-continued
(Fig. 3)
F = 1.00000 /1.24 : 2o, = 4° s, = + 071784 F
thicknesses and
Lens radii spacings N
L, R, = + 152799
11/ R; = + 601587 d, = 0.100000 n,, = 1.78831
B N R;,= + 601587 s, , = 0.040000
Ly, Rj, = — 418430  d,, = 0.164620 n,, = 178831
853 = 0.002756
L, R;, = + 0.98508
- Ry = — 142181 d; = 0239812 ny = 178831
M Ry, = — 142181 53, =0
L, 5, = + 085922 d, = 0.210869 ny, = 171736
CS = 55, =0.204805
R, = — 5195935 ———
v L, d, = 0052373 n,=15814 |
Ry = + 0.90368 |
845 = 0.162631 |
Ry = — 0.82289 |
VvV Ly ds = 0.041347 ng = 1.76180
R = + 095715 |
855 =0 RG
Rg= +095715 |
vl L dg = 0206734 ng= 178831 |
{= — 0.81701
sg7 = 0.002756 (5) |
R; = + 1.46318 |
LP= VII L, d; = 0.121284 n,=178831 |
Rj= — 2.14293 —_———
EXAMPLE 4
(FIG. 4)
F = 1.00000 £/1.21 20, =45° .= + 0.71429F
thicknesses and
Lens radii spacings N
R, = + 4.53990
A I L d; = 0.068682 n, = 1.67250
R’y = + 1.00221
8p, = 0.592560 (o)
R, = + 1.36189
B I L, d, = 0335195 n, = 178705
R, = — 422752
8,3 = 0.002830
R; = + 0.95494 ,
M m L . d3 = 0.400773 ny = 1.7822
R';= + 114955
CS = 55, = 0.164177
Ry= + 675332 —
v L, d, = 0.044204 n = 158279 |
R’y = + 0.66855 ]
845 = 0.172282 i I
R; = — 0.79570
vV Ls ds = 0.030467 = 1.83037 |
R's= + 096306 i
856 =0 RG
Rg= + 096306 ' |
VI L dg = 0.209150 ng = 1.78826
R'g= — 0.778469 : l
sg7 = 0.002747 (5) |
R;= + 1.28382
LP= VIl L, d, = 0.111430 n, = 178830 |
R’y = — 2.34904 —
7= — 2.34904
EXAMPLE 5
(FIG. 5) _
F = 1.00000 £/1.24 201, = 455’5, = + 0.71784 F
thicknesses and
Lens radii spacings n/vy
R, = + 7.76825
A 1 L, d; = 0.070290 1.61772/49.78
R{ = + 1.05870
512 = 0.606421 (a)
R, = + 1.52799
B I L, d, = 0.264620 1.78831/47.37
R; = —4.18431
8,3 = 0.002756

R;, = + 098508
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(FIG
F = 1.00000 £/1.24 20, =

. 5)
4555, = + 071784 F

thicknesses and

Lens radii spacings n/vy
Li, d;, = 0.239812 1.78831/47.37
R;, = — 14.21809
M 11 83,5=0
Ry, = — 14.21809
Ly d;, = 0.210869 1.71736/29.52
Ri, = + 0.85922
CS = 544 = 0.204805
R, = — 51.95926
v L, d, = 0.052373 1.54814/45.75
R; = + 0.90368
$45 = 0.162631
Rs = — 0.82289
A\ L ds = 0.041347 1.76180/26.95
R; = + 095715 RG
856 =0
Rg = 0.95715
VI L¢ dg = 0.206734 1.78831/47.37
Rg = — 0.81701
sg7 = 0.002756 (3)
R, = + 146318 i
LP= VI L, d, = 0.121284 1.78831/47.37 1
Ry= — 2.14293 —_——
EXAMPLE 6
(FIG. 5)
F = 1.00000 {/1.21 20, = 45.5° §w = + 073146 F
thicknesses and
Lens radii spacings ny/vy
R, = + 1557624
A I L, dy = 0.057607 1.62299/58.06
Ry = + 0.97577
sy, = 0.597141 (a)
R, = + 1.42875
B I L, d, = 0271172 1.78831/47.37
R{ = — 3.96903
853 = 0.005620
L;, R3a = + 0.98993
R, = — 2.34756 d;, = 0.321753 1.78831/47.37
" .
M I R;, = — 234756 53, =0
R; = + 0.76948 d;, = 0.160174 1.72830/28.68
3
L3b
CS = 55, = 0.244476
R4 32 — 3.69407
v L, d, = 0.061822 1.60859/46.46
R; = + 1.87809
845 = 0.147529
Rs = — 0.73689
v Ly ds = 0.044961 1.78470/26.08
R; = + 1.83793 RG
856=0
Re = + 1.83793
VIAL, dg = 0.185465 1.78831/47.37
R — 0.74765

R, + + 1.50255

sg; 0.002810 (7)

LP= VI L, dy = 0.122238 1.78831/47.37
R, = — 2.10716 |
EXAMPLE 7
(Fig. 5)
F = 1.00000 £/1.20 2w, = 45.5° s, = + 073079 F
thicknesses and
Lens radii spacings ny/v,

R, = + 18.89009

A 1 L, d, = 0.064575 1.56873/63.12
‘ R} = + 0.98899
) $1 = 0575133 (a)

R, = + 160180
B I L, d, = 0.309137 1.78443/43.90

R} = — 2.86893

S35 = 0.002748

12
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-continued

(Fig. 5)

F = 1.00000 /1.20 20, = 45.5° s, = + 073079 F
thicknesses and
Lens radii spacings ’ n/vy
Ly, Rj = + 0.90087
1 Ry, = — 510170 d; = 0273415 1.68900/49.46

M Ry, = — 3510170 s; =0

'a,
Ly, Ri, =+ 082618 d;, = 0212961

CS = 53, = 0.229449
R, = — 28.30325

1.78470/26.08

v L, d, = 0.054133 1.54814/45.75
R} = + 0.99630
545 = 0.148386
R, = — 0.77446
vV L ds = 0.032975 1.74080/28.09
R; = + 1.18404 . s
S5 =
R¢= + 118404
VI L dg = 0.197848 1.78831/47.37
R = — 0.79703
se7 = 0.002748 (3)
Ry = + L34773
LP= VI L, d, = 0.122281 1.78831/4737 |
Ry = - 2.12082 —_—
EXAMPLE 8
FIG. 6)
F = 1.00000 £/1.20 20, = 46° S, = + 072236 F
thicknesses and
Lens radii spacings ng/ vy
R, = + 5.19539
A 1 L, d, = 0.063439 1.68893/31.17
R, = + 097859
$y; = 0.605430 (o)
Ry= + 144340
B 1 L, d, = 0.270306 1.78831/47.37
R, = — 3.52283
S5 = 0.002758
R, = 1.00005
M m L dy = 0477172 1.78831/47.37
R} = + 0.095092
, CS= s,, 0193075
R, = — 9.10709 -
Vo L L osoms T 006 1.52341/51.47
¢ S5 = 0.147565
Ry = — 091722
Vo L o ossey 5T o000 1.84666/23.82
o= +0.
S =0
Rg = + 0.83541 : RG
VI L o omege e 02178 1.78831/47.37
¢ se7 = 0.002758 (5)
R; = + 1.24989
LP= VDL, G0 1198314737 -
= — 2.

It will be noted that in the foregoing tables the space
514 between component III and component IV is also
designated by the letters CS. This stands for “central
space,” and refers to the space where as diaphragm
would be located, if a diaphragm is used in the objec-
tive.

The new objective of the present invention is excel-
lently suitable for provision of at least one aspherical
surface if desired. According to this invention, if an
aspherical surface is to be used, it preferably is placed as
near as possible to the diaphragm or stop, that is, as near
as possible to the above mentioned central space. Thus
it will be on a lens of relatively small diameter.

In practical use, the deformed or aspherical surface
could be on any desired lens surface, preferably near the
central space, as above mentioned. However, for the

55
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sake of a uniform comparison in the above examples, the
front surface of the first negative component in the rear
member of the lens (that is, the front surface of element
L,) has been selected as the surface to receive the
aspherical shape. The aspherical shape is determined by
the well known camber expression:

P=c H+ cp H + ¢y HS + ¢ H® + ¢ H,

in this camber expression, H is the height of the perpen-
dicular to the optical axis at the corresponding point of
passage through the surface. In all cases, R, is the vertex
radius of the aspherical surface. Thus ¢; = (2R,)~!
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applies strictly. The other values of the coefficient “c”
are as given in the following table.

Exam-
ple € 3 € =G5
1 — 1.148 2231. 10° 0 0
2 — 1,148 2231 . 10° 0 0
3 — 1.148 2231. 10° 0 0
4 — 8.327 1291 . 10! 0
5 — 1.148 2254 . 10° 0 0
6 — 1.2093393.10°  — 1.4253367. 10° 0
7 — 1.064 6064 . 10°  —6.698 0636, 10~! 0
8 — 9.954 6189 . 10~! 0 0

A further feature of the present invention relates to
the meniscus component M or III. In the case of an
objective of this type with a very high relative aperture,
and particularly in order to relieve errors of the tangen-

—
o
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contains factory identification numbers for the various
lenses corresponding to the various specific examples.

Table II below gives the refractive powers stated as
the sum of the corresponding surface refractive powers
for the components LP and A, as well as for the air lens
8. Also, in the next to the last vertical column, there is
indicated the absolute value of the quotient Q as one of
the individual features of this invention. All of these
figures have been rounded off to five places, as a result
of calculation by digital electronic procedures to a
larger number of places. Table II also has a column
showing the intended relative aperture or f number for
each example.

In considering the various numerical values given in
these tables and elsewhere, it should be borne in mind
that customarily a tolerance of plus or minus 5% is
allowable.

Table I
Exam- Objective
ple  1459— [Pl $5 [ Dl |brv] 1100 5/}
1 1189 00 0.06333 ¢ 0.71363® 0.02966 d 061712 d 1.72167 @
2 11890 007570 ® 0.70136 @ 0.02966 ® 0.61711 & 1.72167 &
3 1189 1 0.06756 ® 0.70431 & 0.02966 ® 0.01711 ® 1.72167 ®
4 1071 0.09310 ® 0.76408 ® 0.13974 & 0.48543 1.90579 ¢
5 1189 0.06756 @ 0.70431 ¢ 0.02965d 0.61712 1.72167 ¢
6 1198 0.08671 & 0.75036 & 0.12459 ¢ 048890 P  1.49183 P
7 1199 0.08534 ¢ 0.76314® 020373 d  0.56954 1.58219 @
8 980 0.15786 ¢ 0.76992 & 0.04072 ¢  0.63630 © 1.93654 @
Table II
Exam- Objective
ple  1459— f/m $rp+ 4= Q| ®s

1 1189 00 1.25 +40.90656 ® —0.51698 & 1.75357 +1.50375 &

1189 0 124 +0.90662 & —0.50914 & 1.78069 +1.50374 @

3 1189 1 124 40.90663 & —0.50395 & 1.79905 +1.50364

4 1071 121 +0.94961 & —0.52288 & 1.81611 +1.61858 @

5 1189 123 40.90663 & —0.50395 & 1.79905 +1.50363 &

6 1198 122 40.89876 ® —0.59846 & 1.50179 -+1.57904 &

7 1199 120 4+0.95662 ¢ —0.54495 & 1.75543 +1.57398 &

8 980 121 4+0.94680 & —0.57140 & 1.65698 +1.58129 @

tial (Meridional) course of the image shell in the lateral
field of view, this meniscus component is made with a
total thickness of more than one-third of the equivalent
focal length of the entire objective, and also it is devel-
oped as a doublet the inner neighboring pair of surfaces
of which have a difference in refractive indices of more
than 0.066 for the standard wavelength of 5876 Ang-
strom units. In this connection, instead of calculating
the sum of the surface refractive power for this compo-
nent M which can be calculated in simpler manner, the
boundary layer region, with due consideration of the
lens thicknesses and the difference dioptric effect of the
glasses used in such a doublet, is now to be referred to
the paraxial specific refractive power (®,,) of this com-
ponent. In specific example 7, the specific refractive
power of this meniscus component M satisfies the desir-
able condition that it is less than 0.16 times the equiva-
lent refractive power of the entire objective. In this
example 7, the paraxial specific refractive power of the
doublet component M, as calculated by digital elec-
tronic calculation, rounded off to seven places, actually
is + 0.0009998 .

In Table I below, the most important lens refractive
powers (¢) for the absolute values of the air lens a and
the components B, M, IV, and V are given, rounded off
to five places, for each of the eight examples above
given. The column headings explain which values are
given in each column. The second column, just to the
right of the column giving the example numbers, merely

45
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What is claimed is:

1. A very high speed lens with wide angular field of

view, comprising, in succession from front to rear,

(1) a first component (A) of negative power, said first
component including all lens elements located in
front of the below mentioned second component,
the most strongly curved air-contacting surface of
said first component being the rear surface of such
component and being concave toward the rear,

(2) a second component (B) of positive power, spaced
rearwardly from said first component to provide an
air lens () between them,

(3) 2 meniscus component (M) having front and rear
surfaces both convex toward the front, and

(4) a rear member (RG) having, in succession,

(i) a first negative element (IV),

(i) a second negative element (V),

(i) a third positive element (VI), and
(iv) a fourth positive element (VII, LP)

60 said lens also having the features that

(5) said air lens (a) between said first and second
components has front and rear surfaces which are
of unequal curvature and both of which are convex
toward the front,

(6) the sum of the surface refractive powers of said
first negative element (IV) is not more than 0.90
times the sum of the surface refractive powers of
said second negative element (V),
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(7) said third positive element (VI) is close to said
second negative element (V),

(8) said fourth positive element (VIII) is spaced rear-
wardly from said third positive element (VI) to
provide an air lens (8) between them, and

(9) the sum of the surface refractive powers of said
first mentioned air lens (a) is less than 0.185 times
the total equivalent refractive power (®) of the
entire lens system,

said lens being characterized by the novel features that
(a) the absolute numerical value of the quotient (Q) of

4,089,591
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for the yellow spectral line of helium light of wave-
length 5876 Angstrom units, which differ from
each other by not less than 0.066, and
(b) the individual refractive powers of said two lens
5 elements are so chosen that the absolute vaiue of
the refractive power of said meniscus component is
not more than 0.16 times the total equivalent re-
fractive power of the entire lens system.
3. A lens as defined in claim 1, wherein the character-
10 istics of the lens components and their spatial relation-
ship to each other are substantially in the proportions

indicated by the data in the following table, all linear
positive element (VII, LP) divided by the sum of = dimensions of radii, thicknesses, and spacings being
the refractive powers of all surfaces of said first  expressed in proportion to the equivalent focal length of
negative component (A) is within the limits of 15 the entire lens system, which is considered as unity:

the paraxial refractive power (¢p) of said fourth

F = 1.00000 /1.25 2w, = 45.5° s, =+ 071796 F
thicknesses and
Lens radii spacings N
Ry, = + 7.20000
d;, = 0.080000 n;, = 1.6204
/L,a R’y = + 2.90000
A I\ Ry, = + 3.10000 s, , = 0.030000
L, d,, = 0.070000 ny, = 1.6180
R’ = + 1.05000
81, = 0.592370 (o)
R;, = + 1.50065
d,, = 0.132283 n,, = 1.7882
Ly, R’, = + 6.00029
B i 2, = 0.035000
L, Ry, = + 600029 d,, = 0.132283 ny, = 1.7882
Ry, = — 4.18398
$y3 = 0.002756
R; = + 0.98494
d;, = 0239797 n;, = 1.7882
Ly, Ry, = — 142180
M III $3,5= 0
Ly, = Ry = — 142180 d;, = 0.210863 ny, = 1.7173
R, = + 0.85915
CS = s34 = 0.204804
= — 51.9475
v L, d, = 0.052372 ny = 1.5481
R’y = + 090361
845 = 0.162631
Rs = — 0.82289
V Ls ds = 0.041346 ng = 17618 RG
R's = + 095715
S5 =0
Rg = + 095715
VI Lg dg = 0.206680 ng =1.7882
R'¢ = — 0.81680 ——
sy = 0.002756  (8)
R; = + 1.46297
LP= VI L, d; = 0.121000 ny = 17882
R’y = — 2.14303

1.370 and 2.015, and :

(b) the air lens refractive power of said air lens (9) in 4. A lens as defined in claim 1, wherein the character-

said rear member (RG) is within the limits of 1.370
and 1.795 times the total equivalent refractive
power (®) of the entire lens system.

2. A lens as defined in claim 1, wherein

(2) said meniscus component (M) comprises two lens
elements made of glasses having refractive indices,

istics of the lens components and their spatial relation-
ship to each other are substantially in the proportions

65 indicated by the data in the following table, all linear

" dimensions of radii, thicknesses, and spacings being
expressed in proportion to the equivalent focal length of
the entire lens system, which is considered as unity:
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F = 1.00000 £/1.25 20, = 43° ', = + 0.71784F
thicknesses and
Lens radii spacings N
e R, = + 6.89250
/ Ry = + 126160  d, = 0.15481 n,, = 15481
A I 8., = 0.02489
R, = + 142180  d;; = 0.07030 n;, = 16177

L, Ry, = + 1.04932
81, = 0.63893 (@)
L,, Ry, = + 151081

R, = + 591440  d, = 0.17750 n,, = 1.7750
B Il a 8., = 0.04000
= 0.16525 ny, = 1.7950

\ R, = + 606707  d,

Lz, Ry, = — 421976

b

8,3 = 0002756
R; = +00.98495

/ R, = — 142180
a d, = 0.23980 ny, = 1.7882
Ry, = — 142180  83,,=0
\ 3% dsi'= 0.21082 ny, = 1.7170
Ry, = + 0.85877

1

b

Ly,
CS = s§;, = 0.20481
v L R, = — 51.97363 g . :T‘
= 0 n, = 1.548
4 R'4 = + 0.90361 4 = 0.05237 4
845 = 0.16263
Ry = — 0.82289
A Ls ds = 0.04135 ng = 1.7618
R's = + 095715
s = O RG
Rg = + 0.95715 )
VI L dg = 0.20668 ng = 1.7882
R’s = — 0.81680
sg; = 0.00276 (8)
Ry = + 1.46299
LP= VI L, d; = 0.12128 n, = 1.7882
R’y = — 2.14263 —_—
§. A lens as defined in claim 1, wherein the character- dimensions of radii, thicknesses, and spacings being
istics of the lens components and their spatial relation- expressed in proportion to the equivalent focal length of

ship to each other are substantially in the proportions the entire lens system, which is considered as unity:
indicated by the data in the following table, all linear

F = 1.00000 /1.24 200, = 44°s'_ = + 0.71784 F

thicknesses and
Lens radii spacings N
R, = + 7.76825
A I L, d, = 0.070290 n, = 1.61772
R{ = + 1.05870
812 = 0.606421 ()
Ry, = + 152799
Ly, d,, = 0.100000 n, = 1.78831
R}, = + 601587 4
$2,5 = 0.040000
: B I
L, Ry, = + 6.01587
d,, = 0.164620 n,, = 1.78831
b Ry = — 418430 %
8,3 = 0.002756
R;, = + 0.98508
L;, d;, = 0.239812 n; = 1.78831
Ry, = — 142181 °
83,5 = 0
M m
Ry, = — 142181
L, d;, = 0.210869 ng, = 1.71736

® Ry, = + 085922

CS = 55, = 0.0204805
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~continued

F = 1.00000 £/1.24 203, = 44° s, = + 0.71784 F
thicknesses and

Lens radii spacings N
R, = — 51.95935 ———
v L, d, = 0.052373 n, = 154814
R} = + 0.90368
545 = 0.162631
R; = — 0.82289
v Ls ds = 0.041347 ng = 1.76180
R = + 095715 :
556 =0 RG
Rg= + 095715
Vi Lg  dg = 0.206734 ng = 1.78831
;= — 0.81701 -
s = 0.002756 (8)
R, = + 146318
LP= VI L, d, = 0.121284 n; = 1.78831
Ry = — 2.14293 —
6. A lens as defined in claim 1, wherein the character- 7. A lens as defined in claim 1, wherein the character-
istics of the lens components and their spatial relation- _ istics of the lens components and their spatial relation-

ship to each other are substantially in the proportions 15 ship to each other are substantially in the proportions
indicated by the data in the following table, all linear indicated by the data in the following table, all linear
dimensions of radii, thicknesses, and spacings. being dimensions of radii, thicknesses, and spacings being
expressed in proportion to the equivalent focal lengthof ~ expressed in proportion to the equivalent focal length of

the entire lens system, which is considered as unity: the entire lens system, which is considered as unity:
F = 1.00000 £/1.21 20, = 45° §' = + 0.71429F
thicknesses and
Lens radii spacings N
Ry = + 4.53990
A 1 L, d, = 0.068682 n, = 1.67250
R'; = + 1.00221
8y; = 0.592560 (a)
R, = + 1.36189
B n i d, = 0.335195 n, = 1.78705
R, = — 422752
5,35 = 0.002830
R; = + 0.95494
M 1§ S d; = 0.400773 ny = 178822

R’y = + 114955
CS = 55 = 0.164177

Ry= + 6.75332
v L, d, = 0.044204 ny = 1.58279
R’y = + 0.66855
545 = 0.172282
Rs = — 0.79570
v Ls ds = 0.030467 ng = 1.83037
R's = + 0.96306
ss6 =0 RG
Rg= + 0.96306
VI Lg dg = 0.209150 ng = 1.78826
R'g = — 0.78469
sg7 = 0.002747 (8)
R, = -+ 1.28382
LP= VII L, d, = 0.111430 n; = 1.78830
R’y = — 2.349%0 -
F = 1.00000 /1.24 20, = 45.5° s',= + 0.71784F
thicknesses and
Lens radii spacings n4/va
R; = + 7.76825
A 1 L, d, = 0.070290 1.61772/49.78
R’y = + 105870
81, = 0.606421 (@)
R, = + 1.52799
B I L, d, = 0.264620 1.78831/47.37
R, = — 4.18431
853 = 0.002756
R;, =+ 0.98508
L,n d,ﬂ = 0.239812 1.78831/47.37
R',a = —14.21809
M 1II 83,5 = ]
R3b= — 14.21809
L;, de = 0.210869 1.71736/29.52

R;, = + 0.85922
CS = 55, = 0.204805
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-continued
F = 1.00000 f/1.24 20, = 45.5° s' o= + 0.71784F
thicknesses and
Lens radii spacings na/vyq
Ry = — 51.95926
v L, d, = 0.052373 1.54814/45.75
R’y = + 0.90368
845 = 0.162631
Ry = — 0.82289
v Ls ds = 0.041347 1.76180/26.95
R's = + 095715 RG
Sg6 = 0
Ry = + 0.95715
VI L dg = 0.206734 1.78831/47.37
R'¢= — 0.81701
sg7 = 0.002756 (5)
R; = + 1.46318
LP = VII L, d, = 0.121284 1.78831/47.37
Ry = — 2.14293

8. A lens as defined in claim 1, wherein the character-
istics of the lens components and their spatial relation-
ship to each other are substantially in the proportions 15
indicated by the data in the following table, all linear
dimensions of radii, thicknesses, and spacings being
expressed in proportion to the equivalent focal length of
the entire lens system, which is considered as unity:

F = 100000 {/1.2]1 2w,= 455" s§'_ = +0.73146F

thicknesses and

9. A lens as defined in claim 1, wherein the character-
istics of the lens components and their spatial relation-
ship to each other are substantially in the proportions
indicated by the data in the following table, all linear
dimensions of radii, thicknesses, and spacings being
expressed in proportion to the equivalent focal length of
the entire lens system, which is considered as unity:

Lens radii spacings ng/v,
Ry = +15.57624
A I L, d; = 0.057607 1.62299/58.06
R’ = +097577
! 812 = 0.597141 (a)
R, = +1.42875
B I L, , d, = 0.271172 1.78831/47.37
R', = —3.96903
8,3 = 0.005620
Ry = +0.98993
L;, ¢ d;, = 0.32175 1.78831/47.37
R'; = —2.34756
M I 83,5 =0
\ Ry, = —2.34756
L;, d3b = 0.160174 162830/28.68
R’;, = +0.76948
CS = sy, = 0.244476
R, = —3.69407 -
v L, dy = 0.061822 1.60859/46.46
Ry = +1.87809 N
545 = 0.147529
R, = —0.73689
v L, ds = 0.044961 1.78470/26.08
R's = +1.83793
s =0 RG
Rg = +1.83793
VI Lg dg = 0.185465 1.78831/47.37
R'g = —0.74765
sg7 = 0.002810 (5)
R, = +1.50255
LP=VH L, d, = 0.122238 1.78831/47.37
R’; = —2.10716 -
F = 1.00000 /1.20 2w, = 45.5° s',= + 0.73079F
thicknesses and
Lens radii spacings na/va
R, = + 18.89009
A I L, d; = 0.064575 1.56873/63.12
R', = + 0.98899
sz = 0.575133 ()
R, = + 1.60180
B n L, d, = 0.309137 1.78443/43.90
R, = — 2.86893
$53 = 0.002748
R, = + 0.90087
L;, d; = 0273415 1.68900/49.46
R, = —5.10170
M 1 $1,,= 0
Ry, = — 5.10170
Ly, d;, = 0.212961 1.78470/26.08

R’y = + 0.82618

CS = 554 = 0.229449
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-continued
F = 1.00000 1/1.20 20, = 45.5° §',= + 0.73079F
thicknesses and
Lens radii ) spacings n4/va
R, = — 28.30325 -
v L, d, = 0.054133 ' 1.54814/45.75
Ry = + 099630
545 = 0.148386
Ry = — 0.77446
A\ Ls ds = 0.032975 1.74080/28.09
R's = + 1.18404
s =0 RG
R¢ = + 1.18404
VI L dg = 0.197848 1.78831/47.37
R’s = — 0.79703
sg7 = 0.002748 (5)
R; = + 134773
LP=VII L, d, = 0.122281 1.78831/47.37
R; = — 2.12082 |
10. A lens as defined in claim 1, wherein the charac-  being expressed in proportion to the equivalent focal
teristics of the lens components and their spatial rela- length of the entire lens system, which is considered as

tionship to each other are substantially in the propor-  unity:

F = 1.00000 /1.20 20, = 46° s' = + 0.72236F
thicknesses and
Lens radii spacings na/va
R, = + 5.19539
A I L, d, = 0.063439 1.68893/31.17
R'y = + 0.97859
81 = 0.605430 (o)
R, = + 1.44340
B 11 L, d, = 0.270306 1.78831/47.37
R, = — 3.52283
8,3 = 0.002758
R; = + 1.00005
M I L; dy = 0477172 1.78831/47.37
R’y = + 095092
CS = sy, = 0.193075
: R, = — 9.10709 -
v L, d, = 0.048269 1.52341/51.47
Ry = + 0.90426
845 = 0.147565
Rs= — 091722
v L ) ds = 0.030340 1.84666/23.82
R's = + 0.83541
855=0 RG
Re = + 0.83541
VI L¢ dg = 0.217899 1.78831/47.37
R'g = — 0.822929
. sg7 = 0.002758 (8)
R; = + 1.24989
LP= VII L, d; = 0.121362 1.78831/47.37
Ry = — 249393 —_—

tions indicated by the data in the following table, all
linear dimensions of radii, thicknesses, and spacings ¥k * x &
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