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This invention relates to telescope objectives.

The object of the invention is to provide an
cbjective lens for a telescope or other sighting
device by which the astigmatism and curvature
of fleld of the system is corrected and a sharp
ir_na,ge maintained at the center of the field of
view.

A particular object of the invention is to pro-
vide an objective with a negative Pefzval sum and
with a backward curving field suitable for use in
a sighting device according to my copending ap-
plication Serial No. 511,062 filed concurrently
herewith. ) .

For convenience in description the term ‘“ob-
jective” as used in the present patent applica-
tion includes both the types of lenses described
in the copending case which are designated there
as “objectives” and ‘“‘erectors,” an erector or re-
lay lens merely being an objective which works
at finite conju- ates.

It is recogmzed that a sighting system must
have a small Petzval sum if it is to have a flat
anastigmatic field image, The present invention
is the first to provide an objective which makes

.a& considerable negative Petzval contribution

tending to balance the positive contribution of

the rest of the sighting system, particularly the
eyepiece and field lenses. At the same time the
objective can be corrected for zonal spherical
aberration so as to give critically sharp defini-
tion on the gxis, an achievement not previously
thought possicle without resorting to aspheric
surfaces.

The present invention applies particularly to
that ‘type of objective consisting of two collec-
tive members separated by & ceniral airspace,
each member comprising a thick meniscus com-
ponent strongly concave toward the central air-
space and at least one positive component on the
convex side of the meniscus component. BY
© “thick” is meant thicker than about 0.08 F,
"where Fis the focal length of the objective, and in
the specific preferred embodiments described be-
low in which the Petzval sum is negative this
thickness is at least 0.13 F. By “strongly con-
cave” is meant with a radius of curvature less
than F.

This type of ocbjective is well known and widely
used in photography, both at finite conjugates
and for distant objects. In its most common
form the thick meniscus components are nega-
tive doublets comprising a positive and a nega-
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tive element, and there are two positive compo- -

2

nents, one in front and one in the rear, each
of which is a single positive element with its outer
surface the more strongly curved.

The invention is equally applicable to varia-
tions from this form, such as those which include
a greater number of, or more complex, compo-
nents or have small airspaces in the thick
meniscus components, or which have one or more
compound  positive components combined with
simple or compound meniscus ' components, or
combinations of these features.

According to the invention the surfaces bound-
ing the central airspace in an objective of the
type described have radii of curvature less than
/3 where F is the focal length of the objective,
and the positive elements, particularly the outer
positive elements, have unusually high indices of
refraction. In general as the refractive indices
are higher, the concave inner surfaces may be
weaker while still effectively embodying the in-
vention, since the high index-of the positive ele-
ments aids in correcting the positive Petzval
sum. These reflective indices may be as high as
obtainable. At the present time published types
of glass go nearly to 2.1 in refractive index.,

According to one embodiment of the invention,
the average refractive index of all the positive
elements is greater than 1.6 and at least one of
the surfaces bounding the central airspace has -
o radius of curvature less than 0.21 F. Preferably
both inner surfaces have this short radius.

According to another form of the invention,.
the radil of curvature of the surfaces bounding
the central sirspace are shorter on the average
than the length of the central airspace, and pref-
erably both of these radii are shorter than the
length of this airspace. The refractive index of
the glass at these surfaces also has an important
effect. Accordingly this form of the invention
may be described in 8 slightly different way by
stating that the average value of R/(N—1) ex-
ceeds the length of the central airspace by less
than F/6, where R is the radius of curvature of
either surface bounding the central airspaca and.

. N is the refractive index of the glass on the

other side of that surface. )

A similar embodiment is best described by a
relationship between these innermost radii of
curvature and the index of the outer components
since both contribute to Petzval correction as
described above. According to the relationship,

both the outer positive elements have refractive

indices greater than 1.60, and the average radius
of curvature of the inner negative surfaces .is
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less than (0.25 Nor—0.16) F where Nor is the
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Ezample 4, Fig. ¢

average refractive index of the two outer posi-
tive elements with respect to the D line of the Leais |N |V Radil Spacings
spectrum. For example, if the two outer posi- :
gixé?) iitlements have d;'efra.!ctive 1;1d.tcesf 1111151; i:mvgr 5 I&X ... 1.517164. 5 i,;ms;_am o :1=tlt:=géoomm,
0u, e average radius of curva! ure o e r 4= —Lhr= . 1= 87720
negative surfaces would be 0.2¢ F or smaller ac- M&IX..L7a57.2 tRa= —Ru=g0s o {0208
cording to this embodiment, while a limiting av- I & VIL.1L.76047.2) +3=" Bu2g f=r=89
erage radius of 0.2656 F would correspond to IV & VIL...[1.697]56.1 +R;=—-R::=44.1 tmtrm22]
Nor—1.70. Thus, less strongly curved inner sur- 10 V& VL.|L.673522 Sl o o o
faces embody the invention effectively when the T -
Lr:gg;:i I;)efdﬂ;g :vl::er pqsltive elements is higher, as Ezample 5, Fig. 5
In the most preferred embodiment of the in- -
vention at least one positive element in each of 15 e | N v Radit Spaciogs
‘the two members which make up the objective
has a refractive index greater than 1.66 and a & VI 1097501 FRo B fzmm. |
dispersive index greater than 35, and the radii of N&V..... 1.697(66. 1| +4-Ry=—Ry=23.6 ty=ti=10.8
curvattre of, the two inner conceve surfaces are L& IVe—- OB TR RED iy
less than 0.21 T 20 .
If the objective is to be used at about equal : .
conjugates, it is preferred that it be symmetrical Ezample 6, Fig. 5
with respect to the central airspace. . .
Tenses sccording to the invention are also use- Lens | N |V Radil Spacings
ful as photographic lenses, especially when very of
sharp definition is desired over a somewhat & Vi---uo%.l FRo-Recmimm. AT
smaller angular field than usual. H&V_..... 1.697|66. 1| +4-Ry=—Rs=20.4 ta=t3=9.1
Tn the accompanying drawing: & IV..... 1673322 +H=—Ri=fie h=tesid
PFigs. 1, 3, 4, and 5 show objectives according
to the invention. 30  1p all the examples the inner negative surfaces
ofF;lgé ?nitféoiatzoggsgoggﬁn::F?l?bgflimént ~ have rac}ii of curvature less than %3 F and the
Data for seversl examples of objectives accord- o orieo index of the positive elements 15 greater
ing to the invention are given in the conventional thanl 1-61 1’; agcord;xéc; Wmil;hthe 1r;ventgn;, tEx-
o e i the following tables, Example 2 cor- g5 “mples & 2, 9 anc b A2 e preferred Zeature
responds to Fig. 2 in the drawing. The refrac- gir?:g:ﬁgri?g:; sou;{a;es having radii of curva-
;;Yl;mgi’é Ighles %ég:?{:gggﬁeig élal,:::eho(f:atg;ei:p;&-) Other preferred features are shown in the fol-
millh:neters. lowing table as embodied in some or all of the
Ezample 1, Fig. 1 4o 'Xamples.
tens | n|v - Speclags ExampleNo. | Nor | (2Nop—10>Rix | Ptz sum | it g
I&VIL.....]1.617165.0| +Ry=—Ry=421mm, | fy=fs=8.3 mm, 2%4.4>10.9 | —. 9.3
+-By=—Ry=202 a=8=09 27.8512.5 | —.0109 2.7
H&V....on 1.617(55.0f +Ry=—Ry=36.2 tamf=13.6 27.8525.0 | +.0014 |-
01 & IV...[1.605[38.0] —Re=-+Ry=114 fy=ty=7.2 27.9527.3 | —.0016 4.0
+Ry=—Ry=19.9 #=23.6 26.4516.1 | —.0042 10.9
. 26.4>10.6 { —.0088 4.9
Ezxample 2, Figs. 1 and 2 50 Inthis table Nor is the average refractive index
] of the two outermost positive elements and RN
Lens N v Redll s pecings is the average radius of the two inner dispersive
surfaces.
- - Example 4, Fig. 4, shows a variation from the
; """""" i:ﬁ :j: Egi-g%mm' ;‘.-g;‘.}mm' 556 most common form of this type of objective in
----------- L A B ity Sy that there are two positive components in each
TEooeeeoee 1.617)35.6 +§:-§gié ' 2-41'70.6 of the two members. The splitting of the usual
I LOss o) S oty positive component into two serves to correct the
"""""" ) | —Rim218 1m0.7 zonal spherical aberration for a larger relative .
Vieoenees 1745464 —Ba=iohd o 60 aperture. The negative components close to the
‘ conjugate planes were added merely for chang-
/ ing the apparent stop pesition so as to meet the
Example 3, Fig. 3 conditions of use. o '
In Example 6 the inner surfaces have radii only
65 .106 F. This seemed, upon trying the lens, to he
Lens N|V Redil Spacings smaller than the optimum, and thus it appeared
that 0.1 P would be about as short as would be
| S 1.744{45.8| Rym=-}-56.0 mm ty=8.9 mm, useful. -
—— Lovrles.ol Bmtie oy What I claim is:
¢ S 1.617[35.6 g.--rggg tn:%% 70 1. An objective consisting of two collective
1617135, 6| Rym—24.2 =33 members separated by a central airspace, each
1. 617(55.0 %:ﬂg-g h:%-’z member comprising a thick meniscus compound
1 744l45.8| By=—114 Y component strongly concave toward the central
' Ryp=—39.0 BF=89 airspace and at least one positive component on
16

the convex side of the meniscus component,
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characterized by the average refractive index of
the positive elements being between 1.8 and 2.1,
by the radius of curvaiure of each of the con-
cave surfaces bounding the central airspace be-

ing between v5 F and ¥ F where F is the focal 5

length of the objective, by the Petzval sum being
negative, and by at least one of said concave.
surfaces having a radius of curvature less than
021 P, : ’

2. An objective according to claim 1 which js 10

symmetrical with respect to the central airspace. .
3. An objective consisting of two collective

members separated by a central airspace, each

member comprising a thick meniscus compound

.component strongly concave toward the central 15

airspace and at least one positive component on
the convex side of the meniscus component, char-
acterized by the average refractive index of the
positive elements being between 1.6 and 2.1, by

the radius of curvature of each of the concave 20

surfaces bounding the central airspace being
between s F and ¥ F where F is the focal length
of the objective, by the thickness of each menis-
cus component being greater than 0.13 F, by the

refractive index of both of the outermost positive 25

elements being greater than 1.60, and by the aver-
age radius of curvature of the two said inner con-
cave surfaces being less than (0.25 Nor—0.16) F
where Nor is the average refractive index of the

two outer positive elements with respect to the 30

D line of the spectrum,
4. An objective according to claim 3 which has
a negative Petzval sum. oo
5. An_ objective consisting of two collective

members separated by a central airspace, each 35

member comprising a thick meniscus compound
component strongly concave toward the central
alrspace and at least one positive component on
the convex side of the meniscus component, char-

acterized by at least one positive element in each 40

_member having a refractive index greater than
1.66 and a dispersive index greater than 35 while
the average refractive index of all the positive
elements is greater than 1.60, and further charac-
terized by each of the two surfaces bounding the
central airspace having a radius of curvature less
than 0.21 F where F is the focal length of the ob-
jective, and by the thickness of each meniscus

component being greater than 0.13 F. 50

6. An objective according to claim 5 which has
a negative Petzval sum. . -

7. An objective consisting of two collective
members separated by a central airspace, each
- member comprising & thick meniscus compound

component strongly concave toward the central, 5%

airspace and at least one positive component on |
the convex side of the meniscus component, char- *
acterized by the average refractive index of the

48

6 . - :
positive elements being between 1.6 and 2.1, by -
the radii of curvature of the concave surfaces
bounding the central airspace being on the av-
erage longer than 0.1 F and shorter than the
length of the central airspace, where F is the
focal length of the objective.

8. An objective according to claim 7 in which
said central airspace is longer than either of said
radii of curvature. _ ’

9.. An objective consisting of two collective
members separated by a central airspace, each
member comprising a thick meniscus compound
component strongly concave toward the central
airspace and at least one positive component on
the convex side of the meniscus component, char-
acterized by the average value of the ratio :

R/(N—1)

for the two surfaces bounding the central airspace
exceeds the axial length of the central airspace
by less than F'/6, where R is the radius of curva-
ture and N the refractive index of the glass at
the surface and F is the focal length of the ob-
jective. . S o E ' :
10. An objective consisting of two collective
members separated by a central airspace each
member consisting of a thick meniscus compound
component strongly concave toward the central
airspace and at least one positive component on
the convex side of the meniscus component char-
acterized by the average refractive index of the -
positive elements of the objective being between
1.6 and 2.1, by the refractive index of each of
the outermost positive elements being greater
than 1.60, by the Petzval sum for the objective
being negative, by the average value of the ratio
R/(N—1) for the two surfaces bounding the cen-

“tra} alrspace exceeding the axial length of the

central airspace by less:than F/6, where R is the -
radius of curvature and N is the refractive index
of the glass at the surface and F is the focal
length of the objeetl(e, each of said two radii
of curvature being- between v F and % P and:
the average value of sald two radil being less
than (0.25 Nor—0.16) F where Nor is the average
refractive index of the two outer positive ele-
ments with respect to the D line of the spectrum.
11. An objective according to claim 10 in which
al Jeast one of said radii of curvature of surfaces
bounding the central airspace is less than 0.21 F.
12, An objective according to claim 10 in which
each of said radii of curvature of the surfaces
bounding the central airspace is less than 0.21 P,
13. An objective according to claim 10 in which-
the thickness .of each meniscus component is

greater than 0.13 F.
: FRED E. ALTMAN.
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