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My invention is a catadioptric telescope having means
for focusing images formed by a single optical system
upon different image planes disposed at an angle to one
another, and preferably for also focusing images formed
by several optical systems upon the same image plane.

My invention is particularly applicable to the Maksu-
tov-Cassegrain type of telescope having a main optical
system comprising an achromatic meniscus lens having
a centrally disposed secondary mirror and a primary
mirror cc-axial therewith and containing a central open-
ing through which image rays are converged by the sec-
ondary mirror to a focal image plane normal to the
focal axis.

In accordance with my invention such image plane
is' surrounded by a housing having an opening and
coupling co-axial with the optical axis for direct visual
inspection of the image plane or preferably for the co-
axial attachment of an ocular, camera obscura or other
accessory. The housing also contains a peripheral open-
ing and coupling for the attachment of an accessory,
such as an ocular having an optical axis transverse to a
projection of the axis common to the mirrors. A mirror
or reflecting prism is movably mounted in the housing
into or out of registration with the central opening of
the primary mirror and the optical axis co-axial there-
with, so that when the prism is out of alignment with the
mirror opening an image is formed in a plane normal
to the common axis of the mirrors, but when the prism
is aligned with the mirror opening, an image is formed
in a plane transverse to the first image plane and pref-
erably in the object focal plane of a radial ocular.

In a preferred embodiment of my invention, an aux-
iliary optical system is mounted on the telescope with
its optical axis parallel with the optical axis of the main
optical system. The auxiliary optical system is pref-
erably of different focal length than the main optical
system and has an enlarged field of view so as to pro-
vide an effective finder for the instrument.

The prism is preferably movable into alignment with
the finder to bend the image rays focused thereby to
focal points in the object focal plane of the radial ocular.

By my improvements, either the image formed by the
finder or the image formed by the main optical system
may be brought into view alternately in a single ocular;
or images made by the finder and by the main optical
system may be simultaneously brought into view through
transverse oculars; or the image formed by the main
optical system may be photographed or scanned through
one accessory and observed intermitiently by shifting such
image to a different accessory, or the object may be con-
tinuously viewed through the latter accessory and the
finder, while the image thereof formed by the main opti-
cal system is being photographed, scanned or viewed
through another accessory.

The characteristic features and advantages of my in-
vention will further appear from the following descrip-
tion and the accompanying drawings in illustration
thereof, :
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In the drawings, Fig. 1 is a diagrammatic longitudinal
sectional view of a telescope of the Maksutov-Cassegrain
type embodying my invention; Fig. 2 is a diagrammatic
fragmentary longitudinal sectional view of the telescope
shown in Fig. 1 with an ocular substituted for the camera
obscura shown in Fig. 1; Fig. 3 is a fragmentary longi-
tudinal sectional view of the telescope shown in Fig. 1
with a camera obscura containing a television tube and
having a modified form of finder; Fig. 4 is a fragmentary
diagrammatic perspective view of the instrument shown
in Fig. 1, with some details of structure added and some
omitted; Fig. 5 is a diagrammatic perspective view of an
instrument similar to that shown in Fig. 4 but with modi-
fled details; Fig. 6 is a diagrammatic perspective view
of an instrument similar to that shown in Fig. 4 but with
further modified details; Fig. 7 is a diagrammatic pespec-
tive view of an instrument similar to that shown in Fig.
4, but with further modified details; Fig. 8 is a fragmen-
tary diagrammatic longitudinal sectional view of an in-
strument similar to that shown in Fig. 1, but with modi-
fied details; Fig. 9 is a fragmentary diagrammatic per-
spective view of an instrument similar to that shown in
Fig. 4 with further modified details; and Fig. 10 is a
fragmentary diagrammatic perspective view of an instru-
ment similar to that shown in Fig. 9 but with modified
details.

In the drawings, I have shown my invention embodied
in a telescope of the Maksutov-Cassegrain type such as
shown in my application, Serial No. 787,995, filed No-
vember 25, 1947, now U. S. Patent No. 2,670,656, and
comprising an opaque barrel 1 having an end closure 2
containing a central opening 3 surrounded by an in-
wardly projecting tubular light shield 4. A spherically
concave mirror 5 contains a central opening 6 and may
be sleeved on the tube 4 and adjusted axially thereon
for focusing. The opposite end of the barrel is closed
by an- achromatic meniscus lens 7 which supports a
spherically convex secondary mirror 8 co-axial with the
primary mirror 5 and opening 3, and positioned within
the focal length of the primary mirror 5. Image rays
entering the barrel through the meniscus lens 7 are con-
verged by the primary mirror 5 on the secondary mirror
8. The rays lying within a right cone $ co-axial with
the mirror § are converged thereby through the tube 4
toward a focal image plane beyond the closure 2 and
whose position may be adjusted by axially adjusting the
primary mirror 5.

A housing 10 is formed on or secured to the closure
2 and contains a radial opening 11 surrcunded by a
cylindrical sleeve 12 for receiving an accessory such as
the ocular 13. The housing 10 alsc contains an opening
14 co-axial with the mirrors 5 and 8 and hence with
the optical axis of the instrument. The cpening 14 is
surrounded by a sleeve or coupling 15 for the attach-
ment of an accessory adapted to receive and utilize the
image rays converged by the mirror 8 toward an image
focal plane transverse to the axis of the mirrors 5 and 2.

In the form of my invention illustrated in Fig. 1, the
accessory comprising a camera obscura 16 having a
coupling member 17 complementary to the coupling
member 15 and provided with a shutter 18 and with
rollers 18’ for supporting a surface coated with a film
of photographic emulsion, such as an ordinary photo-
graphic film, and with a slot 18" for inserting a photo-
graphic plate (mot shown). The camera obscura 16
positions the photo sensitive surface in a plane coincident
with the focal image plane which lies at right angles to
the axis of the mirrors 5 and 8, )

In the embodiment of my invention, illustrated: in Fig.
2, the accessory 16a, coupled to the coupling member 15
of .the housing in place of the camera obscura 16, consists
of a sleeve for an ocular having an object plane coincident
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with an image focal plane of the mirrors 5 and 8 trans-
verse to the common axis thereof, and this ocular may
serve to position the eye of an observer, which is itself
a form of camera obscura having a light sensitive surface
formed by the retina.

In the embodiment of my invention illustrated in Fig.
3, the accessory comprises a camera obscura 16b cou-
pled by the coupling 17 to the coupling member 15 and
containing a television tube such as an iconoscope tube
or image orthicon tube having a sensitive surface coin-
cident with the image focal plane of the mirrors 5 and 8
normal to the common axis thereof.

In one embodiment of my invention, the housing 10
contains an opening 19 in a radial wall thereof adjacent
to the periphery of the barrel 1. A finder 19" is seated
in front of the opening 19 and may consist of a single
objective lens having an axis parallel with the common
axis of the mirrors 5 and 8, as shown in Figs. 1 and 2,
or the finder may consist of a plurality of lens elements,
such as the positive lens 19"’ and negative achromatic
lens 20 shown in Fig. 3 for providing a finder of greater
focal length than that provided by a simple objective and
which may approximate the focal length of the main
optical system of the telescope.

A total reflecting prism 21 js housed in the housing 10
and movable therein into and out of alignment with the
common optical axis of the mirrors 5 and 8, and, where
an auxiliary finder is used, the prism 21 may be moved
into or out of alignment with the axis of the finder.

In the form of the invention shown in Figs. 1 to 4, the
total reflecting prism 21 is a 90 degree Amici Roof prism
which is mounted on a slide 22 movable along a slideway
23 on the external face of the closure 2 within the housing
10. The slide 22 may be shifted by any suitable means,
such as a handle 24, to move the prism 21 along the op-
tical axis of the ocular 13 into or out of alignment with
the common axis of the mirrors 5 and 8 and into or out
of alignment with the optical axis of the finder.

The prism 21 has a flat face normal to the optical axis
of the oculer 13; a flat face normal to the common axis
of the mirrors 5 and 8 and to the optical axis of the
finder 19’, and a diagonal “roof” face connecting these
two normal faces so as to bend rays at a right angle and
erect the image both horizontally and vertically.

The finder will ordinarily be of shorter focal length
and greater field of view than the main optical system.
To locate an object, the prism 21 is aligned with the finder
and the image rays from the object are thereby deflected
to an image focal plane in the object plane of the ocular
13. When the object is found and centered, the prism 21
may be moved into alignment at the common axis of the
mirrors 5 and 8 to thereby deflect the image rays con-
verged by the focused mirrors toward the image focal
plane which is coincident with the object focal plane of
the ocular 13. When the object has been accurately cen-
tered and focused by viewing the image through the ocular
13 and adjusting the mirror 5, the prism may be moved
away from the common axis of the mirrors 5 and 8 and
the shutter 18 of the camera obscura operated to expose
the light sensitive surface of the photographic film or
the light sensitive surface of the iconoscope, which are
parfocal with the object focal plane of the ocular 13.

During the photographing or scanning of the image
formed by the mirrors 5 and 8, the prism 21 may be
aligned with the finder and the image formed by the finder
may be continuously or intermittently observed through
the ocular 13. By attaching the ocular 16« in alignment
with the axis of the mirrors 5 and 8 and positioning the
prism 21 in alignment with the finder, as shown in Fig.
2, an object may be simultaneously observed by two per-
sons to facilitate instruction or the like.

As illustrated in Fig. 5, the prism 21 may be mounted
on a slide 22a which is slidable horizontally in guides
23q transversely to the optical axis of the ocular 13, and
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slide 22b which swings on a pivot 23b and along a slide-
way 23c¢ so as to move the prism 21 along a path trans-
verse to the optical axis of the ocular 13 into and out of
alignment with the common axis of the mirrors § and 8.

A finder may be used in an instrument having its fotal
reflecting prism movable transversely to the optical axis
of an ocular, as shown in Figs. 5 and 6. In such case, an
auxiliary total reflecting prism 21z may be positioned
adjacent to and behind the finder objective 19’ to deflect
the image rays from the finder toward the object plane of
the ocular 13, as indicated in Fig. 5 or a finder objective
19 may be positioned above the total reflecting prism
215 having a face normal to the optical axis of the in-
strument. The positions of the parts will depend upon
the chosen focal length of the objective 19’ or 19",

As illustrated in Fig. 7, a total reflecting prism 21 may
be mounted in a cage 26 fixed to a vertical shaft 26" jour-
naled in bearings 26" on the closure 2 to permit the prism
to be moved into or out of alignment with the common
axis of the mirrors 5 and 8 to deflect image rays to the
object plane of the ocular 13 or permit the focusing
thereof in a focal plane normal to the common optical
axis of the mirrors.

While it is ordinarily desirable that the optical axis of
the peripheral ocular be normal to the common axis of
the mirrors 5 and 8 and that a 90 degree total reflecting
prism be used, this is not essential.

For instance, as indicated in Fig. 8, the ocular 13 may
have its optical axis at an angle of 120 degrees to the com-
mon axis of the mirrors 5 and 8 and a 60 degree total
reflecting prism 21’ may be mounted on any of the sup-
ports shown in Figs. 4 to 7 and moved thereby into or
out of alignment with the common axis of the mirrors
5and 8.

Or, as shown in Figs. 9 and 10, the ocular 13, may be
so mounted that its optical axis is not radial to the com-
mon axis of the mirrors 5 and 8 but is parallel to and
spaced from a vertical radius from the latter axis. In
such case a Porro prism 21" may be mounted on a ver-
tical slide 22’ or on any of the supports shown in Figs.
4 to 7, and moved into or out of alignment with the com-
mon axis of the mirrors 5 and 8. When mounted as
shown in Fig. 4 or 9 the prism 21" also may be moved
into alignment with the optical axis of the finder 19" to
deflect rays therefrom toward the ocular 13, as indicated
in Fig. 9.

To minimize the movement of the prism along the focal
axis of the ocular 13, a pair of opposite prisms 21a and
21b may be provided to deflect rays from a finder toward
the main prism 21" as indicated in Fig. 10. When the
prism 21" is aligned with the opening 3, the image rays
converged by the mirrors 5 and & are bent as indicated
by the heavy dotted lines in Figs. 9 and 10 and focused
in the object focal plane cof the ocular 13. When the prism
21" is lowered into alignment with the finder 19 (Fig.
9) or into alignment with the prism 215 (Fig. 10), the
image rays converged by the finder 19" are converged
toward the object focal plane of the ocular 13 and the
image rays focused by the mirrors 5 and 8 are focused to
an image plane normal to the common optical axis of
such mirrors.

While it is preferable to effect the deflection of the
image rays to the ocular 13 by means of reflecting and
erecting prisms of the Amici roof type or Porro type, as
shown, a plane mirror may be used in lieu of some or
all of the prisms to provide a reflecting surface trans-
verse to the optical axis of the focusing mirrors or to
the optical axis of the finder and both prisms and plane
mirors are included in the terminology used in the claims.

Having described my invention, I claim:

1. A telescope comprising an optical system of finite
focal length and having an optical axis, said system in-
cluding means for converging rays emanating from an
object toward an image focal plane, said means compris-
ing a primary mirror and a secondary mirror having sur-
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faces of complementary curvatures spaced along said
optical axis, an independent, auxiliary optical system of
different focal length than said first system and having an
optical axis parallel to the optical axis thereof, said aux-
iliary system including means for converging rays toward
an image focal plane, a reflector movable into operative
relation with either of said .optical systems and deflecting
the rays converged by either of said systems in the same
radial direction transverse to the optical axis thereof, an
ocular having an axis transverse to the last named optical
axis and in the path of rays -deflected by said reflector
from either of said optical systems, and means for po-
sitioning a light sensitive surface in operative relation to
one of said first named image focal planes.

2. A telescope comprising image forming elements
forming independent images of the same object from
groups of image rays moving in parallel spaced paths,
an ocular having an object plane transverse to said paths,
and a reflector movable to intersect either of said groups
and deflect either of them toward said object plane.

3. A telescope comprising a barrel having an end clo-
sure containing an axial opening, complementally focusing
mirrors within said barrel and forming a system having an
optical axis substantially concentric with said opening, a
finder having an optical axis parallel with and offset from
the axis of said system, an ocular having an optical axis
transverse to said optical axes, and a reflector having a
surface movable into either of said first two axes so as to
lie transversely thereto and thereby deflect image rays
from either said system or said finder into said ocular
there being a straight unobstructed ray path from one of
said mirrors to said axial opening when said reflector is
in the axis of said finder.

4. A telescope comprising a barrel having at one end
a closure containing a central opening, a lens at the other
end of said barrel and having a mirror at its center, a
mirror adjacent to said closure and co-axial with and
axially adjustable relatively to said first mirror, said sec-
ond mirror containing a central opening complementary
to said first named opening, a finder adjacent to the pe-
riphery of said barrel and having an optical axis sub-
stantially parallel with but offset from the common axis
of said mirrors, an ocular having an optical axis trans-
verse to the common axis of said mirrors and to the optical
axis of said finder and a reflector for deflecting image
rays from either of said axes to said ocular, there being
a straight unobstructed ray path between the mirror on
said lens and said central opening when said reflector is

positioned to deflect rays from said finder to said ocular. &

5. A telescope as set forth in claim 4 wherein the re-
flector comprises a prismatic system.

6. A telescope comprising image forming optical sys-
tems having optical axes having portions parallel to one
another and different focal lengths, a stationary ocular
having an optical axis disposed transversely to both of
said parallel portions, and a total reflecting prism di-
res:ting rays from either of said first named systems into
said ocular and including a movable element permitting
bassage of rays from one of said systems past the axis of
said ocular when the rays from the other of said systems
are bent toward said ocular.,

7. A telescope comprising an optical system having
complementary mirrors spaced along the optical axis of
said system, one of said mirrors containing a central aper-
ture and the other of said mirrors being substantially
aligned with said aperture, an optical accessory aligned
with the optical axis of said system, a second optical sys-
tem having a portion of its optical axis parallel with a
portion of the axis of said first named system, an ocular
having an optical axis transverse to the parallel portions
of the optical axes of both said systems, and means for
directing rays from either of said systems in the same di-
rection into said ocular, said means including a prism
movable into and out of alignment with said aperture,
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there being an unobstructed ray path from said aligned
mirror to said accessory when said prism is moved out
of alignment with said aperture.

8. A telescope ‘comprising an optical system having
complementary mirrors spaced along the optical axis of
said system, one of said mirrors containing a central aper-
ture and the other of said mirrors being aligned with said
aperture, an optical accessery aligned with the optical
axis of said system, a second optical system having its
optical axis paraliel with the axis of said first named Sys-
tem, an ocular having an optical axis transverse to the
optical axes of both said systems, and a total reflecting
prism movable into position to bend rays from said second
system into said ocular and movable into position to di-
rect rays from said first system into said ocular, the rays
from both systems being directed by said prism in the
same radial direction, there being a straight unobstructed
ray path from said aligned mirror to said accessory when
said refiector is positioned to bend rays from said second
system into said ocular,

9. A telescope comprising an opticai system having
complementary mirrors spaced along the optical axis of
said system, one of said mirrors containing a central
aperiure and the other of said mirrors being substantially
aligned with said aperture, a second optical system hav-
ing an optical axis parallel with a portion of such axis
parailel with a portion of the optical axis of said first
system and a focal length different from the focal length
of said first system, an ocular having an optical axis
transverse to the parallel portions of the optical axis of
both of said optical systems, and means for directing rays
in the same radial direction from either of said optical
systems toward said ocular and including a total reflecting
prism movable into and out of alignment with said aper-
ture, there being a straight unobstructed ray path from
said aligned mirror to the image plan thereof when said
prism is out of alignment with said aperture,

10. A telescope comprising an optical system having
complementary mirrors spaced along the optical axis of
said system, one of said mirrors containing a central aper-
ture, a second optical system having an optical axis par-
allel with a portion of such axis parallel with a portion
of the optical axis of said first system and a focal
length different from the focal length of said first
system, an ocular having an optical axis transverse
to the parallel poriions of the optical axis of both of said
optical systems, and a reflector movable into and out of
alignment with the optical axes of either of said systems
for directing rays therefrom along the optical axis of said
ocular.

11. A telescope comprising a barrel containing a high
power optical system including spaced mirrors having
complementary curved coaxial surfaces whose optical axis
is parallel with the axis of said barrel, a housing con-
nected with the end of said barrel opposite to the end
through which rays enter said telescope, said housing and
the adjacent end of said barrel containing viewing open-
ings aligned with said optical axes, an ocular in the pe-
riphery of said housing and having an optical axis trans-
verse to said first optical axis, means forming a low power
optical system carried by said housing and having an op-
tical axis which is parallel for a portion of its length with
a portion of said first named optical axis and including a
reflector adjacent to said second named optical axis and
directing rays passing along said third named optical axis
into substantial coincidence with said second named op-
tical axis, and a total reflecting prism movable in said
housing across said first named optical axis and along
said coincident optical axes and into and out of align-
ment with said epenings; the positioning of said prism
in alignment with said viewing openings and adjacent
to said reflector respectively permitting alternate viewing
of the field of view of either of said optical systems from
said ocular and positioning of said prism away from said
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viewing openings permitting viewing of the field of view
of said first optical system through said openings and si-
multaneous viewing of the field of view of said second
optical system through said ocular, the focal planes of
the two optical systems being then transverse to one
another.
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