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The invention relates to a high aperture objective of the
extended Gauss-type which consists of seven single lenses
forming five-components; 'of ‘which components, taken in
the order; from :the long towards the short conjugate side
of the objective; the first and second -each consist of a sins
gle imeniscus dens; (Ly; Ly) of positive :power. turning 1ifs
concave side; towards the diaphragm; the third is.a nega-
tive meniscus: component positioned on the same: side -of
the diaphragm as: the first-and  second::components with
its' concave side: turned towards the diaphragm, and con-
sists. of .a:biconvex lens (L3}, and a biconcave lens (L4);

the fourth is:a ‘meniscus of weak power, positioned on the
opposite side of the diaphragm with-its concave side turned .

towards -the: diaphragm ‘and: consists, of ‘4 biconcave lens
(Ls), and a-biconvex lens (Lg); and the fifth is a single
biconvex lens (Ls). "

Objectives of ithis type:having. a relative ‘apérture upito:
f/1.2"and an angular field 24 of 40° have been described -

in the United States: patent specification’ 2,836,102,

My invention has. for its principal object to provide an -

o

TABLE, I (PG 1)
[F=100; f/1.1; Pu=40°]

objective of the type referred:to yielding a still higher aper-, -

ture while maintaining a good state-of correction in a flat
field-of approximately:40°, :
In accordance ‘with my invention, this can: be achieved

by observing a number of conditions in combination as

follows:

n>1.7

______________________________

in which Lgypeerint designates the lenses and Hsubscript 1S
the: refractive index for the d-line of the spectrum of the
lenses in the order indicated above,. going from the first to
the fifth component, -and Fsubseript 1S the radius: of curva-
ture. of the lens surfaces, likewise taken: in the ‘order in-
dicated.

The conditions' indicated by I and. II, while allowing
to. increase  considerably the relative aperture of the . ob-

jective, appear: to be especially effective for the correction .

of astigmatism in a flat field whereas the conditions re-
ferred to by III and IV have a particularly favorable in-
fluence on thie correction of coma.

In the accompanying drawing:

FIG.'1 and FIG. 2 show two examples-of objectives in
accordance with my-invention;

FIGS. 3-5 show aberration curves:of the objective ac-
cording to FIG, 1; and

FIGS. 6-8 show aberration curves of :the objective ac-
cording to-FIG. 2.

The data of the examples illustrated -in FIGS. 1 and.2
are: given- in the following Tables I and II; . respectively:
Herein Neupseripy and : Fsupserips have the same meaning as
indicated ‘above; deypserips isthe axial thickness of, or the
axial distance bétween the lenses, and #subscript:1S. the Abbe
number. of the lens materials; the subscripts in all cases
increasing from the first.to the fifth component.

Radiusaof Lns+, Refractive Abbe
31 Cucvatuze, 7 - Thicknessor.| Index,ns | N amber;w
f Distance,d :]... -
ry=. 1§ -
Ly el oo d1=:9.515 r=1.7201 n=>50,8 :
raos e 382,6
dy=0.1
10 r3= . 65,7 ’
Lot dy= 8,545 | a=1.7342 " | wg=5L0 1
7a== 111040 '
dyi=:0:97,
ri= o 584 :
Lol .ol 52228 na=1.6422 v3=58.1 |
rg =320, : .
15 Lol dy= 4175 | A= 107184 =295
3 T7.5= 28.0 .
dr:=22:235 :
7y =— 44.4 :
Lsioiooio. dg =18, By=1. 5481 . | p=459 1
rg =:.-80.8 -
Ligevalopo.. 54 dy=1136 | | Ne=1. 7440 v=44,9
ro=-— 75, ’
20 dip=0: 1",
== 150, 4 .
Lo.ioiii dip= 7,96 | = 1.7342 - | r=5L0 .
rig=—106.5
25 TABLE 1L (FIG/2)
[F=100; £/0.95; 2uw=40°)
Radius of - | Lens Thick- | Refraetive
Curvature, ness:or, index, . {Abbenumber,
T Distance, nai »
30 ¢
= /1361
| ST, a1 =10.175 n1=1. 7650 v1=53.3
Al re = 1 482.9
d2= 0.2
ri=-. 60.8
35 Lol ds=9.31 ng=1.7885 va= 50,145 |
Ts= 1056
dy = 0.93
75 =881
d5=26.13 ' | ny=1. 6516 v3=58.5"
Te. =—=215.7 [
ds = 4.12 Ny=1.7215 1=29.3.
rr=. 208 X
d; =246
rg = —4101 . )
dg = 1,73 n5=1.5235 v5=50.9 i
ro.o=. . 92,0
dy =10.57 ne=1.7440 . [ po=44.9 |
rp=--71.4
dyp=:0.2 ;
45 m= 136.3 ;
Lot du= 8.24. N1=1.7550 vr=53.8.
’ r19="~~105.:6
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In the tables.and.in FIGS. 1 and 2 the lensés are identified
by L; . . . Ly, the diaphragm by D.’

The FIGS: 3,4 and 5 illustrate in the usnal manner the
aberrations of the objective of FIG. 1 for the d-line of
the  spectrum, more particularly. the spherical aberration
and the unsatisfied ‘amount  of sine 'condition, the astig-
matism :and the: distortion; respectively. In a similar way
the FIGS. 6, 7 and 8 show the corresponding aberrations
of the objective according to FIG. 2.

I claim:

1. A ‘high -aperture: objective of the extended Ganss-
type having a relative: aperture: greater than-1/1.2"and a
field angle i of substantially. 40°, which. consists. of seven
single Jenses forming five components; of which COmpo-
nents, taken in the order from the long towards the short
conjugate side of the objective, the first and second.each
consist: of -a -single :meniscus lens 1(L;, L,) of -positive .
power turning its concave side towards the diaphragm; the.
third is a negative meniscus component positioned on the "
same side of :the diaphragm as the first and second compo- -
nents with: its concave side turned towards the diaphragm,
and consists of a‘biconvex lens (L) and a biconcave lens:
(Ly); the fourth is a meniscus of. weak power positioned
on the opposite side; of the diaphragm.with its concave
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3
side turned towards the diaphragm and consists of a bi-
concave lens (Ls) and a biconvex lens (Lg); and the fifth
is a single biconvex lens (Ly), which. objective fulfills the
following conditions:

F=100
Radius cf Lens Refractive Abbe
Curvature, r | Thicknessor | Index, na Number, »
Distance, d
=" 1115
Liwccaasein dy =9.515 n1=1.7201 v1=50.3
r= 3526
dz = 0:1
3= 656.7
Laoooooiio ds = 8.545 n2=1:7342 v3=51.0
re= 104.1
di =.0.97
| - T, rs = . 53.4
ds =22.8 ny=1. 6422 p3=58.1
rg =—320.1
§ 77— ds = 4.175 | my=1.7184 vy=29, 5
ree= 28,0
: - dp =22.235
rg == 44 .4
ds = 1.8 25=1, 5481 v5=45.9
rg = .~80:8
dy =11.36 7e=1.7440 vge=44.9
Fio=— 75.4 : .
dip=. 0.1
=" 150.4
Liroccicinas dii= 7.96 ny=1. 7342 =510
rig==~106.5

wherein Lgupecrips designates the lenses, reubseript the radius
of curvature of the lens:surfaces, dgypseripy the lens. thick-
ness or the distance between lenses along the optical axis,
Heunserips the refractive index for the d-line-of the spectrum
of the lenses; and vgpscrips the Abbe-number of the lenses,
all subscripts increasing from the long towards the short
conjugate side of the objective.

2. A high aperture objective of the extended Gauss-type
having a relative aperture greater than 1/1.2 and = field
angle of substantially 40°, which consists of seven single
lenses - forming - five - components, of . which components,
taken in the ordér from the. long towards the short con=
jugate side of the objective, the first-and second each con-
sist of a single meniscus lens (Lj, Ly) of positive power
turninig: its ‘coricave side towards the diaphragm; the third
is a negative mehiscus component positioned on the same
side of the.diaphragm as the first.and second components
with its. concave side turned towards the diaphragm, and
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consists of a biconvex lens (L3) and a biconcave lens
(Lig); the fourth is a meniscus-of weak power -positioned
on the opposite side of the diaphragm with its concave
side turned towards the diaphragm and consists of a bi-
concave lens (L;) and a biconvex lens (Lg); and the fifth
is a single biconvex lens (L4), which objective fulfills the
following conditions:

F=100
Radius of .. { Lens Thick- | - Refractive Abbe
Curvature, r hness or index, na number, ¢
Distanice, d
rr="136.1
3V BRI dj =10.175 =1 7550 »i=53.3
ra= 482.9
dg = 0:2
3= 69.8
| 7 I d3.= 931 N5=1.7885 va=50. 45
ry =105, 6 :
| dy=0.93
rs= 581
o 7 S s =26.13 M3=1.6516 v3=58.5
rg ==215.7 :
ds = 412 ng=1,7215 »=29.3
rr=.29.8
d7 =246
g = —41.1
Ly liiiao- ds =.1.73 ns=1: 5235 »5=50.9
rg="92.0
Lo dy:=10. 57, ns=1, 7440 rg=44.9
ro= =714
dig= 0.2
rii=136.1
Lylliioiaa. du= 8.24 ni=1. 7550 y1=53.3
T12=—105. 6

wherein Lyypsciips designates-the lenses, Fsybscrips the radius
of curvature -of the lens surfaces, dsupseript the lens thick-
ness or the distance between-lenses along the ‘optical ‘axis,
Heupsertps, the Tefractive index for the d-lifie of the spectrum
of the lenses, and rgupserips the: Abbe-number of the lenses,
all subscripts-increasing from the long towards:the short
conjugate side of the objective.
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