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1 Claim, (CL 88—57)

Photographiec dbjective systems with large aper- - cident light is collective. - This construction is ad-~
tures and intended to include very great flelds vantageous for correcting the system.
require a construction whereby a very small Objective systems comprising four lens mem-
Petzval sum can be obtained. The Petzval sum bers are known. See for instance British Patent
may be defined as follows: Let r be the radius 408,787/1933. The system therein disclosed has
of the curvature of a lens surface facing the in-  a very large Petzval sum, namely 0.48 with which
cident light and » the refractive index before . a very large field cannot be corrected without re-
the light passes through this surface while n’ is sulting in great curvature., Another British Pat-
the refractive index after passing the light = ent, 427,008 shows some similarities to the pres-
through this surface, then the following term ex- ent invention. However both of the patented
presses the Petzval sum taken over all the sur- disclosures referred to cannot be used for the
faces of the system: . purposes of this invention.
. The particular characteristics which " dis-
15 __(_7_.._) ~ tinguish my invention are as follows. The radii
o o . - of the fourth and fifth surfaces which enclose.
N i ) : the lens shaped air space between the second
I?eb Jkeglgtvsenfgff ZT: li::mvggmgﬂf sﬁigxz?;]lstsénm}ls (;j’;,g and the third mem_ber of the system are both con-
either intended. for small apertures or they are YEX ,li:owards th‘; Incident light and tihe ,rad;us :
systems in which distortion cannot be corrected ©Of the rear surface of this air lems is greater
or they are subject to disadvantageous reflec- then the radius of the front surface thereof by at 20
tions, In systems which are intended for & very least 30 .percent.‘ Again, said radius—to the rear
great field with satisfactory aperture, it is neces- Of the air lens—must not exceed double the focal
i length of the whole system. On the other hand
sary to obtain a very small Petzval sum to cor- t N .
: N ‘ his.radius is at least five times, but not more
rect the spherical aberration over a greater aper- than t . i 25
P g N en times the length of the radius of the 25
ture and the distortion, the astigmatism and the rear surface of the third members
coma over a great field and also to reduce to a )

s : Another characteristic feature is that the focal
minimum the tendency to form internal reflec- >
_tions. If such a system comprises eight air- length of the second lens member must Be at

30 €xposed surfaces and the four first surfaces are l%a:g:ogi-lgalf °fbb‘;t 'rll‘:;? :ﬁ:iloggﬂfnfc ;tl)clzlnle&gg; %0
~collective and the next two surfaces dispersive, 2F “1¢ ISt member a g
such difficulties may be caused to disappear 01: the three first, members must be less than three
to be materially dinylinished in accordaglg: with" times the focal length of the whole system.

. Pam N ey The following table contains the data for a
;gft}f bject of this invention as hereinafter set lens system with a focal length of I according to

. g . . . : ” _ an
35 The invention is embodied in an objective lens 1Y invention. The radii, thicknesses and sepa.
: s rations are given in terms of the focal length of
system such, for instance, as is shown in the ac- ‘the system. . The radius is reckoned plus when
‘companying drawing in which the system com- ' . . ,

prises four lens bodies having eight' éxterior sur- - SPBVeX to the incident llght'
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4o faces. The lenses are marked Li, Ia, etc. The hic : 40
distances between the lenses are marked A;, Az Ragif | Letsthicke | py opace | Refractive power
and As. The axial dimensions are marked di, .: : ‘
dz, etc. 'The radii of curvature are marked ry, 73, =10, 508 d=0.133| A1=0.003 | = Lu=—1.603/61
etc. The system is charactérized by the features - nepzal | d=0dor | A0.0 Le—1Lotr

45 hereinafter set forth in accordance with the in- =070 di=0. 036 . Ly=—1.501/57 45
vention. . . © rp==-1,271 ds=0.231 Ls=-1.6870/47

'The system consists of four members. The notass)  de=0.0u v Lo=—1.673/32
first and the second members are each formed : ;-=_=i-g~§gg
by a simple collective lens. The third member 10 0. 855
50 is a simple dispersive lens. . All the surfaces of 50

the said three members are convex towards the The data given in the following table shows,
incident light. The fourth member is a triple: by means of the so-called Seidel's coefficients,
lens consisting of two exterior dispersive lenses how a lens of the given data may be constructed
cemented to an interior biconvex lens and at to provide a system according to this invention.
55 least the cemented surface which faces the in- The first column gives the “specific power” of 55
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‘sums in each column give
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each surface. This specific power indicates the
percentage of the total power of the whole sys-
tem of each surface according to its collective or
dispersive action.

. Spe- " Seidel’s coefficients
Number of face | cific
powerd A B r | P A
40,46 | 40.74 | +0.61
+0.51 | ~0.15| ~0.62
40.07 | +1.26 | +0.93
41,13 | —0.52 | —0.53
—1.04 | +0.32 | -+0.45
~1.42 | —2.056 | —3.36
—0.29 | ~0.13 | -+0.80
+0.62 | +0.23 | +1.65
—0,00 | ~0.00 ; ~0.00
40.00 | +0.47 | +0.03
40.04 | +0.17 | —0.04

This specific power is calculated in the follow-
ing manner: The passage of & ray of light ema-
nating from a point at infinity on the axis of
the system is calculated through the system in
a known manner. Let s, be the length of inter-
section for this ray measured on the axis bhefore
the ray passes through the surface having the
index » and related to the vertex of this surface.
Also let s’ be the length of intersection of this
ray after it passes through the same surface and
also related to the same vertex, then the auxil-
iary quantities are calculated successively ac-
cording to the following general equation:

h, s 8.8 S

hy s;sas; 81
and utilizing the same for each individual aux-
iliary quantity as follows: -

h_ B s by 8 8.
h ‘hy syhy s &Y
hy_8: .85
' h; s 8 8;
and so on. The specific power of each surface is
given by .

h(1 1)
= h\s, 8
The addition of the specific powers of all the
surfaces result in the total power of the whole
system which in the given example has the value
1.000. The specific powers also indicate the per-
centage of the whole power which is & result of
the actions of each surface. :

The five other columns in the same table give
the Seidel’s coefficients of spherical aberrations
A, coma B, astigmatism 7, curvature of field P
and distortion A for each surface. The total
the resulting value of
the whole system. It is easily seen that the co-
efficients for each single surface are so distrib-
uted as to approximate by addition nearly zero
in each column. When the system is to be cor-
Fected for a large aperture and a larger field it

is inconvenient to distribute the coefficients in

such a manner that the sum in each column is

2,164,028

strictly zero. But it is important that each co-
efficlent for @ single surface does not exceed a
certain value depending upon the desired aperture
and the desired field. The table shows clearly
the smallness of these coefficients and also the

.compensating action of the surfaces in relation

to the different aberrations and therefore evi-
dences the possibility of obtaining a good cor-
rected system by the described invention.

The calculation of these coefficients is rather
complicated to describe. They are however eas-
ily done. Let n, and n. be the refractive indices
in the medium in front of and behind the sur-
face ». Let 7 be the radius of curvature of the
surface » then the coefficient A, for a surface » is
calculated from the following equation:

GG Gamas)
A={5 Jynl——C ———

m r, S, n,s, 1S,

Further calculate the auxiliary quantities for each
surface » as follows:

o 1

“=7aYV (1_1
hx) "’(Z—E
w=r
Sl

In which d,-1 is the distance between the vertices
of the two adjacent surfaces u—1 and p. The
addition symbolized by =, must be carried out
beginning from the surface p=2 to the surface

—vy. Further, for each surface let (=e,+3, then
the other coefficients are calculated successively

from the above.

I claim: .

An objective lens system for photography in-
tended for large apertures and large fields, cor-
rected” for spherical and chromatical aberrations
and also for coma, astigmatism and distortion
comprising four members, the first and second
members being simple collective lénses, the third
member being a simple dispersive lens and the
fourth member being a triple lens consisting of
two exterior dispersive lenses cemented to an in-
terior biconvex lens with at least the front ce-
mented surface thereof collective, characterized
in that all the surfaces of the three first members

_are convex toward the incident light; the focal

length of the second member is at least one half
of but not equal to the focal length of the first
member; the total focal lengths of the three first
members is less than thrice the focal length of
the whole system; the radius of curvature of the
fifth lens surface in the system is at least thirty
per cent longer than the radius of the fourth
surface thereof and said fifth radius is at the
most twice the focal length of the whole system
and is also/at least five times and at the most
ten times greater than the radius of the sixth sur-
face of said system.. '
. MAX BEREK.
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