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Surveying instrument telescopes are usually 
required to have a magnification of about 18 to 
40 power. In order to achieve these magnifica 
tions and have good light gathering capacity 
Without too much loss in definition because of 
aberrations, it is ordinarily necessary to make 
the telescope quite long. It has been found that 
by making use of spherical reflecting surfaces as 
Well as refracting surfaces it is possible to use 
shorter lengths for the same magnification while 
maintaining the light gathering capacity and se 
curing definition equally as good as in the Or 
dinary refracting type telescopes known in the 
art. In some cases it may be desirable to use 
spherical reflecting surfaces of infinite radius or 
plano Surfaces. 
This new System can also be used to increase 

the light gathering capacity of telescopes of a 
given length and magnification without reducing 
the definition or they can be used to improve the ; 
definition of telescopes of given length, magni 
fication and aperture. The new shorter survey 
ing instrument telescopes forming this invention 
make it possible to design surveying instruments 
which are more compact and therefore easier to : 
handle and carry and less ungainly in appear 
ace, 
Another requirement of surveying instrument 

telescopes is that they should be capable of being 
focused from infinity down to about 5 ft. target 
distance. Methods of doing this have been de 
vised for the reflecting telescopes herein de 
scribed and are an important part of the inven 
tion. 
A third requirement of surveying instrument 

telescopes is that a reticle should be provided at 
a focal plane, so that the image of a target is 
seen through the telescope as if Superimposed on 
the reticle and the retice markings can be set 
on any desired point of the target for the purpose 
of reading angles between points etc. The reticle 
may also be provided with stadia, lines for de 
termining distances from the instrument to a 
graduated rod held at Some distant point. 
The principal object of the invention is to pro 

vide a telescope for a Surveying instrument which 
is shorter than those usual in the art but which 
has good light gathering capacity and definition 
and suitable magnification by including at least 
one spherical reflecting surface and providing 
the telescope with focusing means and a reticle 
for setting on distant targets, stadia, rods or the 
like. 
The method by which this and other objects 

of the invention are achieved Will become more 
evident from the following description taken in 
connection with the accompanying drawings in 
which: 

Figure I is a view in elevation of a surveying 
instrument with the telescope and an optical Sys 
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ten for reading the protractor for vertical angles 
shown in Vertical Section. 

Figure II is a diagrammatic view of a differ 
ent embodiment of the optical system of Fig. I 
and which could be used for the telescope. 

Figure III is a diagrammatic view of an op 
tical Systein for a telescope in which the menis 
CUS lens and reflecting element with attached 
parts form an erecting system with a simple eye 
pleCe. 
Figure W is a diagrammatic view of an alter 

native optical System similar to that shown in 
Fig. III but having improved oblique chromatic 
aberration. 
Figure W is a diagrammatic view of an optical 

system for a telescope in which the eyepiece is 
not coaxial with the meniscus and spherical re 
?ector and which makes it possible to read a 
Scale through the telescope eyepiece when de 
Sired. 

Figure W is a diagrammatic view of an optical 
systein for a telescope using a conventional type 
objective in combination with a plano reflector in 
order to shorten the length of the telescope. 

Figure VII is a diagrammatic view of an op 
tical system for a telescope showing a system 
having an eyepiece coaxial With a meniscus, an 
optical system for reading a protractor for ver 
tical angles and a movable, reflector which can 
be used for reading the protractor when desired. 
Referring to Fig. I, the main casting 2 forms 

the outer shell of the telescope. It is provided 
with cylindrical bearing surfaces 4 and 6, which 
fit inside the bearing surfaces 8 and to attached 
to the standards 9 and . The telescope is 
turned in these bearing surfaces when changing 
the vertical angle or in transiting. 
The meniscus lens 2 and the reflector 4 act 

together as the objective. The inside central 
part of the meniscus is provided with a round 
spot of reflecting material 6 such as aluminum. 
The aluminum or other front surfaced mirrors 
may be made by deposition in a vacuum. Light 
passes through the meniscus lens 2 to the re 
flector 4, which in this embodiment is a glass 
element provided with a reflecting material such 
as aluminuin on its front Surface, and which re 
fects the light to the refecting spot f6, which in 
turn reflects it through the light transmitting 
area, 8 which in this embodiment is a hole acaca 
in the reflector f4, whence it passes through 
the ayepiece 22 and the reticle 2. The menis 
cus lens is designed (by known methods) So as 
to balance the Spherical aberration of the re 
flector f4 and reflecting spot 6 without adding 
appreciable chromatic aberration. 
The meniscus lens f2 fits into the meniscus lens 

mount 24 and is held in place therein by the 
ineniscus lens cap 26, which screws over the 
neiscus lens mount 24. The meniscus lens 
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mount 24, fits inside the main casting 2 and is 
held in place by the meniscus mount cap 28 
which screws over the main casting 2. 
The reflector f4 fits inside the reflector draw 

tube 30 and is held against the spacer 32 by the 
spring washer 34 which acts between the reflector 
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draw tube 30 and the reflector f4. The spacer 32 . 
is a very accurately machined part having an 
aligning surface 36 in a plane perpendicular to 
axis of the telescope so that the front reflecting 
surface of the reflector 4 which is aligned thereby 
is centered with the axis of the telescope. The 
ring 38 screws inside the reflector draw tube 30 
and holds the spacer 32 against the reflector f4 SO 
that the proper adjusted spacing is maintained 
between the reflector 4 and the meniscus f2. 
The reflector draw tube .30 is actuated by the 

focusing knob 49 for focusing the telescope. Mo 
tion of the focusing knob 40 parallel to the axis 
of the telescope is prevented by the ring 42 which 
is fastened to the main casting 2 as by the Screw 
44. The focusing knob 40 turns the focusing 
screw 46 which is threaded to act in the self align 
ing nut 48. The self-aligning nut 48 is circular 
in cross section taken parallel to the axis of the 
focusing screw 46 and fits in a circular hole 50 
drilled perpendicular to the axis of the focusing 
screw 46 in the reflector draw tube 30. 
This focusing arrangement provides a method 

which maintains the reflector 4 centered on the 
telescope axis. This is of primary importance in 
a telescope for a surveying instrument because 
One of the principal purposes of a Surveying in 
strument is to obtain a definite line of sight to a 
target which can be read with respect to the 
graduated limbs or protractors of the instrument, 
The eyepiece 22 is essentially a standard four 

lens erecting eyepiece with an achromatic eye 
lens. It fits in a coaxial sleeve forming part of 
the main casting 2 which centers it with the axis 
of the telescope and the rest of the optical parts. 
The position and size of the diaphragm 63 be 
tween eyepiece lenses 56 and 58 in the previous 
case is such as to make the opening in the dia 
phragm 63 an exact or slightly smaller image of 
the reflecting spot 6 by the first lens 54 and sec 
ond lens 56 of the eyepiece. This is done to 
eliminate unwanted oblique rays of light which 
otherwise could pass directly through the 
meniscus lens 2 and the hole 8 and on through 
the eyepiece. 
For this embodiment, the reticle 20 is provided 

at the focal plane between the third eyepiece lens 
58 and fourth lens 69 of the eyepiece instead of in 
the more usual place at the focal plane between 
the objective and first lens of the eyepiece. This 
is done in order to simplify the mounting of the 
reticle which would be somewhat difficult at the 
latter focal plane because it would have to be 
mounted within the movable reflector draw tube 
30. • 

The elements of the eyepiece 22 are all held to 
gether by the main eyepiece tube 5. The four 
eyepiece lenses 54, 56, 58 and 60 are mounted in 
their mounts 53, 55, 57 and 59. The first, second 
and third eyepiece lenses 54, 56 and 58 and the 
diaphragm 63 are assembled as a unit and slide 
into the main eyepiece tube 5 until the shoulder 
on the mount 53 for the first eyepiece lens comes 
against the end of the main eyepiece tube 5. 
The diaphragm 63 screws inside the mount 55 for 
the second eyepiece lens. The third eyepiece lens 
mount 57 then screws Over an extension of the 
diaphragm 63 which serves to join the mounts 55 
and 57. The joining tube 52 screws inside the 
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4. 
mount 55 for the second eyepiece lens on the op 
posite side of the second eyepiece lens 56. The 
mount 53 for the first eyepiece lens is then 
screwed over the joining tube 52 to complete the 
assembly of the three eyepiece lenses 54, 56 and 58 
and the diaphragm 52. 
The mount 59 for the fourth eyepiece lens 

screws inside the main eyepiece tube 5. This 
thread also serves as a means of focusing the 
fourth eyepiece lens 60 on the reticle 20. The 
reticle 20 is mounted in the reticle mount 6 
which is held in position inside the main eyepiece 
tube 5 by screws 62. These screws 62 also serve 
for adjusting the position of the reticle 20. 
To the right of the eyepiece 22 in Fig. Ian aux 

iliary eyepiece is shown within the Scale reading 
eyepiece tube 3-f. This eyepiece may be used for 
reading the graduated protractors in instruments 
having an optical system for reading the protrac 
tors. In the latter case the focusing knob 40 and 
the auxiliary eyepiece situated on both sides of 
the main eyepiece 22- give a Symmetrical appear 
ance to the eye end of the telescope. 
Depending on variations in the rest of the Sur 

veying instruments or in the characteristics, de 
sired, variations of the telescope described above 
are possible within the scope of the invention. 
For example, the method of focusing could be 
changed to one in which the reflector 4 remains 
fixed and the entire eyepiece. 22 is moved for 
focusing. This would require a greater focusing 
movement which might interfere with transiting 
the telescope but in cases where this was not in 
portant a more sensitive focusing method would 
be provided. In cases where no auxiliary eye 
piece is needed focusing of the reflector 4 could 
be accomplished by a knurled knob rotatable 
around the outside of the eyepiece 22. This 
might provide a smooth movement with less dan 
ger of tilting the reflector f4. 
Instead of the concavemeniscus shown in Fig. I 

it would be possible to use a meniscus convex to 
the target by cementing an element on the inside 
surface of the meniscus at the center in Order to 
provide the necessary convex reflecting surface. 
In case an erecting telescope was not necessary a 
simpler eyepiece such as a Ramsden, eyepiece 
could be combined with the reflector and menis 
cus shown in Fig. I or with the One just described; 
A system for obtaining an erecting telescope 

without an ordinary four lens eyepiece is shown 
in Fig. II. Light passes through the meniscus 7 
to the reflector T2 which reflects it to the reflect 
ing spot 74 which in turn reflects it to a focal 
plane T6. The first erector 78 changes the light 
into parallel or nearly parallel rays which are 
imaged by the second erector 80 at the focal 
plane 82. From here the light passes through the 
eyepiece 84, consisting of two achromatic lenses. 
A reticle could be provided at either of the focal 
planes 76 or 82. The system would preferably be 
focused by moving the first erector 78. Focusing 
in this manner would not change the image 
quality because of the parallel rays between the 
first and second erectors 78 and 80. 

Figure III illustrates an optical system for a 
telescope which gives an erect image with a sim 
ple eyepiece and without erectors. Light passes 
through the meniscus lens 90 to the front re 
flecting surface 93 of the reflector element 92 
which is provided with a reflecting coating. This 
reflecting Surface brings the light from the tar 
get to a focus at focal plane 96. The light passes 
on to the reflecting spot 94 which reflects the 
light in almost parallel rays to the auxiliary 
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lens 98. The light passes through this lens 98 
and the reflector 92 to a focal plane 00. The 
auxiliary lens is cemented to the reflector ele 
ment 92 at a central clear spot. The first Sur 
face of the auxiliary lens 98 and the last surface 
of the refector element 92 act as a single lens and 
bring light to a focus at the focal plane 00. The 
meniscus is designed to eliminate the net spheri 
cal aberration of the reflector 92, the reflecting 
spot 94 and the combined lens formed by the aux 
iliary lens 98 and the second surface of reflector 
92 without introducing appreciable chromatic 
aberration. 
The focusing of this telescope is accomplished 

preferably by moving the auxiliary lens 98 and 
the reflector 92 together by an arrangement for 
example as shown in Fig. I. The elimination of 
unwanted light is somewhat more difficult in this 
embodiment but can be accomplished for exam 
ple by the conical tubular diaphragm O2. The 
elimination of this unwanted light could be sin 
plified if the system were designed so that the 
distance from the focal plane 00 to the reflector 
92 was greater in proportion to the distance be 
tween the meniscus 90 and the reflector. 92, So 
that the light passing through the meniscus 
around the reflecting spot 94 and directly through 
the auxiliary lens 98 could be more easily dia 
phragmed before entering the eyepiece without 
interfering with essential rays. 
Other variations of this embodinent are also 

possible. For example a system may be designed 
having a light translmitting area through the re 
flector 92 Without the auxiliary lens 98 or a 
meniscus concave to the target could be used if 
a concave reflector were cemented centrally to 
the inside surface thereof. If a hole is provided 
in the reflector 92, a positive lens could be 
provided in or near this hole but not attached to 
the reflector. This lens might then be used for 
focusing the telescope by moving it instead of the 
reflector, 
A further variation of this embodinent is 

shown in Fig. IV, in which the oblique chromatic 
aberration has been corrected by adding one 
more element and making the reflector element 
of flint glass. Light from the target passes 
through the meniscus if 8 to the front reflecting 
surface 3 of the reflector 2 which brings it 
to a focus at the focal plane 5. The light passes 
on to the reflecting spot f f4 provided on the in 
side surface of the meniscus if which reflects 
the light in nearly parallel rays. The auxiliary 
lenses 8 and 20 are cemented centrally to the 
first and second surfaces of the reflector if 2 and 
form a cemented triplet with the central portion 
of the reflector 2, which brings the light to a 
focus at the focal plane 22, whence it passes 
through the reticle and eyepiece. This system 
is preferably focused by moving the reflector f2 
with the attached lenses f 8 and 20. The un 
wanted light can be eliminated by the methods 
discussed in connection with Fig. II. 
In Fig. W a system is shown having the eye 

piece axis displaced from the line of sight. Light 
from the target passes through the meniscus 30 
to the leflector 34. The reflector 34 forms an 
image on the reticle 36, the direction of optical 
path being changed by the reflector 32 cemented 
to the inside surface of the meniscus 3 at its 
center. The rays diverging from the reticle 35 
pass through the penta, prism f38 to the first 
erector 40 which sends thern forth in Substan 
tially parallel form. The second erector f 2 
brings them to a focus at the focal plane 44. 
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The target superimposed on the retice is seen 
through the eyepiece 46. 
The meniscus 3C is designed to neutralize the 

spherical aberration of the reflector 34 without 
introducing appreciable chromatic aberration. 
The erectors and eyepiece are designed to mini 
mize aberrations in the ordinary manner. The 
penta, prism f38 is used instead of a simple re 
flector or right angle prism to obtain an unre 
verted image. 
This System has the advantage of providing an 

erecting telescope in which the space between the 
meniscus and the reflector almost equals the 
length of the telescope, Therefore an exception 
ally large aperture is possible with high magni 
fication and freedom from aberrations. No prob 
elin of eliminating unwanted light exists in this 
embodiment since it is automatically eliminated 
when the direction of the optical path is changed 
by the reflector 32. 

Focusing may be accomplished in this embodi 
ment by moving the reflector f34. 
The motion of the reflector can easily be ac 

conplished without danger of tilting because of 
the absence of the eyepiece which makes it neces 
sary to move the reflector from one side as in Fig. 
I. If the reticle were placed at the focal plane 
44 instead of as shown, focusing could also be 
accomplished by moving the first erector 40. 

If it is desired to use a telescope as shown in 
this einbodiment of the invention in a surveying 
instrument provided with optical means for read. 
ing the protractors, it would be possible to read 
them through the same eyepiece 46 by providing 
a novable prism, 48 shown in dotted lines be 
tween the erectors 40 and 42. When looking 
at the target this prism would be moved out of 
the optical path and when looking at the pro 
tractor scales it would be moved in the optical 
path to pick up parallel rays coming through a 
prism or reflector 50 from the scale reading 
System and projected through the space between 
the meniscus 3 and the reflector 34. 
By adding two more reflectors or prisms be 

tween the second erector and the eyepiece focal 
plane it is possible to make the eyepiece coaxial 
with the axis passing through the center of the 
meniscus 3) and the main reflector 34. 
The embodiment shown in Fig. WI uses a con 

ventional type objective of crown and flint glass 
in combination with a plano reflector. This type 
makes it possible using a crown-flint objective 
lens to get a longer focus objective within the 
Same space. the objective 64 is made up of 
the objective crown 6 and the objective flint 
62 which are cemented together. The objective 
G4 images the target at S8, the direction of 

light being reversed by the plano refector 65 
and thrown perpendicular by the 45° reflector 
66. from this point on the optical system may 
be as shown in Fig. W. 

This System could be focused by moving the 
refector S5. 
This embodiment could also be modified by 

reflecting the light back along the optical axis 
from a reflecting surface provided on the inside 
Strface of the objective thence through a hole in 
the reflector f3. 
The reflecting surface on the inside of the ob 

jective lens may be easily accomplished by adding 
3, reflecting Spot to that surface of the objective 
Cl by cementing a Small reflector at the center 
of this inside surface. 

Fig. VII shows another system in which the 
same eyepiece can be used for finding the target 
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and reading protractors. The light from the 
target passes through the meniscus 80 and the 
glass plate 83 on which the reticle 82 is pro 
vided to the reflector 84 which focuses it on the 
reticle 82. The light again passes through the 
glass plate 83 to the reflecting spot (8 provided 
on the inside surface of the meniscus 80. The 
rays returning from the reflecting spot 8 
through the glass plate 83 are nearly parallel 
and are brought to a focus by the auxiliary lens 
186 at the focal plane f88. The target image 
superimposed on the reticle is viewed through the 
eyepiece made up of the first eyepiece lens 92 
and the second eyepiece lens f 94. 
To read the protractors, the movable reflector 
90 is moved to the position shown by the full 

lines, blocking off the light returning from the 
reflecting spot 81 and throwing the nearly paral 
lel rays coming from the scale reading system 
onto the auxiliary lens 86 which brings the 
scales to a focus at the focal plane 88 so they 
may be seen through the eyepiece. One manner 
in which such a scale reading system could be 
constructed is shown diagrammatically at the top 
of Fig. WII. Light which can be brought into 
the instrument in any convenient manner is di 
rected to pass through the glass protractor 85 
by the reflector 87 to illuminate a portion of the 
protractor scale 89. This portion of the pro 
tractor Scale 89 is imaged onto One surface of 3 
the reticle 9 superimposing it on the index mark 
93, by means of the reflectors f$5 and 97 and 
the lens 98. The light diverging from the reticle 
(9 passes to the lens 99 which sends it forth 
in substantially parallel form to the lens 86 
when the movable reflector 90 is in position 
for reading the scale. w 

This description of the scale reading. System 
is given here just to illustrate one way in which 
the same eyepiece may be used for both the tele 
scope and the scale reading system of a survey 
ing instrument. Obviously, a system similar to 
that shown in Fig. VII having a movable refect 
ing element, may be used with a conventional 
type telescope in Order to make it possible to use 
the Sane eyepiece for both the telescope and Scale 
reading Systems in a theodolite. 
In Fig. I a scale reading system is shown in 

diagrammatic form in which different eyepieces 
are used for the telescope and scale reading sys 
tem. In Fig. I, light is thrown into the instru 
ment by the reflector 3. The reflectors 5 and 7 
direct this light to pass through the glass pro 
tractor 3 illuminating a portion of the pro 
tractor Scale 5 provided thereon. This portion 
of the protractor scale 5 is imaged by the re 
flectors 7 and 9 and the lens 2 onto one sur 
face of the reticle 25 which is provided with an 
index mark 27. The reflector 29 directs the rays 
of light diverging from the reticle 25 onto the 
eyepiece lenses not shown but included within 
the scale reading eyepiece tube 3. 
The telescope in Fig. WII may be focused either 

by moving the reflector 84 or the auxiliary lens 
86. It is necessary as in Some other embodi 
ments to provide means such as the conical dia 
phragm 96 for blocking out the unwanted light. 
One mechanical method of focusing was shown 

in Fig. I in which a screw was used for moving 
the reflector. The fineness of thread used on such 
a screw, can be widely varied depending on the 
focusing motion required. It is also possible to 
use other mechanical methods for focusing. For 
example, for longer motions a rack and pinion 
can be used. A spiral cam which can be rotated 
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8 
about an axis fixed to the main telescope tube 
may engage and slide a pin attached to the re 
flector. mount and extending through a slot in 
the telescope tube to the cam to focus the tele 
SCOpe. 
The following tabulation shows two representa 

tive systems according to this invention. 
Fig. I system. 
OBJECTIVE 

R W. . d 

Radius rein Dispersion Separation 

-41.88 - 
.57 8.5 

-47. 46 64.5 
1,000 50.0 

-130.74 
1,000 50.0 (mirror) 

--47.46 - . -- 
,000 77.8 (mirror) dia. =ll 

EYEPIECE 

5.0 
Plano 

, 6. 55.0 2.0 
-9. 14 - 

.000 16.2 
Plano . 

1,617 55.0 1.5 
-9.8 .8 from surfacey. 

000 25.1 to diaphragm - 
-12.20. having 2.23 dia. 

1,617 55.0 2.5 
Pano 

1,000 5.4 
Plano 

523 58, 6. 17 
Plano 

- 1000 14.7 
--9.87 

1.5725 57.4 2.0 
-7.08 

1.689 30.9 0 
-299.5 

Fig. IV system. 
ERECTING OBJECTIVE 

R 7. W d 

--55.80 
1,649 33.8 5.3 

--46.06 
1. 105 

-45.75 (mirror) 
1. 105 

-46.06 (mirror). 
i. 102 

--49.99. 
1,517 64.5 3 

-45,75. 
1,649 33.8 3 

--38.10 
1,517 64,5 . 3 

-38. 64 
25.82 

EYEPIECE 

4. 
Plano 

1,523 58.6 2.5 
-9.25 

1. 6.5 
--8.00 

E. 523 58.6 2,0 
Plano 

We claim: 
1. In a sighting instrument, a telescope com 

prising a meniscus lens having spherical surfaces 
to transmit light rays from an object, an element 
beyond said meniscus lens having a spherical 
reflecting surface to bend said rays of light back 
toward Said meniscus lens and a central light 
transmitting opening, a reflecting surface on the 
center of the inside spherical surface of said 
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meniscus lens for reflecting the light from said 
spherical reflecting surface back toward the cen 
tral light transmitting opening in said reflecting 
element, said meniscus lens and reflecting Sur 
faces making up an objective combination which 
forms an image of the object, a first plano convex 
lens beyond said reflecting element, a second 
plano convex lens beyond said first piano convex 
lens, a diaphragm beyond said second plano con 
vex lens having an opening no greater than the 
image of the reflecting surface on the center of a 
spherical surface of said meniscus lens formed 
by said first and second plano convex lenses to 
block out light rays passing through the meniscus 
lens beyond the reflecting surface thereon and 
through the light transnitting opening in Said 
reflecting element and which pass on through 
said first and second plano convex lenses, a third 
plano convex lens beyond said diaphragm, a ret 
icle beyond said third plano convex lens, an eye 
lens beyond said reticle, said three plano convex 
lenses and said eye lens forming an erecting eye 
piece combination for viewing the inage formed 
by the objective combination, all of said lenses, 
said reflecting element, said diaphragm and said 
reticle being Centered on a single Optical axis and 
means for moving at least one of the optical parts 
with respect to the others while maintaining the 
moving part centered on the optical axis to focus 
rays of light from the object on Said reticle and 
form an image of the object on the reticle. 

2. In a theodolite having standards mounted 
for rotation about a vertical axis, a telescope 
mounted for rotation about a horizontal axle with 
respect to said standards comprising a barrel 
shaped housing, a meniscus lens mounted in One 
end of said barrel shaped housing and having 
spherical surfaces to transmit light rays from an 
object, an eyepiece mounted in the other end of 
said barrel shaped housing on the same optical 
axis as Said meniscus lens, a draw tube mounted 
within said barrel shaped housing between said 
meniscus lens and said eyepiece, said draw tube 
fitting accurately within said barrel shaped hous 
ing SO that it can only move parallel to the optical 
axis of said meniscus lens and eyepiece, an opti 
cal element having a spherical reflecting surface 
and a central light transmitting opening mounted 
within said draw tube and centered on the optical 
axis of said meniscus lens and said eyepiece, said 
reflecting Surface reflecting light rays passing 
through said meniscus lens back toward said 
meniscus lens, a reflecting surface on the center 
of a spherical surface of said meniscus lens for 
reflecting the light from said spherical reflecting is 
surface back toward the central light transmit 
ting opening in said reflecting element, said 
meniscus lens and reflecting surfaces making up 
an objective combination which forms an image 
of the object, an extension on said draw tube 
extending toward the eyepiece end of Said barrel, 
a knurled knob at the eyepiece end of said barrel 
shaped housing for moving by rotation thereof 
said draw tube through said extension in a man 
ner which Will not, transmit Strain to Said draw 
tube to bring the image formed by the objective 
combination into the focal plane of said eyepiece 
and a reticle at a focal plane of the optical Sys 
ten. 

3. In a sighting instrument, a telescope Com 
prising a meniscus lens having spherical surfaces 
of radius R1 and R2 to transmit light rays from 
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an object, an element beyond said meniscus lens 
having a spherical reflecting surface of radius R3 
to bend said rays of light back toward Said menis 
cus lens and a central light transmitting opening, 
a reflecting Surface conforming to the radius R2 
on the center of the inside Spherical Surface of 
said meniscus lens for reflecting the light from 
said Spherical Surface back toward the central 
light transmitting opening in said reflecting ele 
ment, said meniscus lens and reflecting Surfaces 
being in axial alignment, Substantially in accord 
With the following table, in which W is the recip 
rocal dispersion ratio commonly found in optical 
glass catalogues. 

Radius of Thieless Refractiye v. 
Curvature Separation Index, No 

Rs -41.88 
8.5 1.57 64.5 

R2 = -47. 46 
50.0 1,000 

R3s -130.74 
50.0 1.000 

R2se --47. 46 
77.8 1.000 

a four lens erecting eyepiece and a reticule in 
axial alignment with said meniscus lens and re 
flecting element and means for moving at least 
one of the optical parts with respect to the others 
while maintaining the moving part centered on 
the optical axis to focus rays of light from the 
object on said reticule and form an image of the 
object on the reticule. 
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CONWAY D. HILLMAN. 
ALLISTER L. BAKER. 
GEORGE GEIER, 

References Cited in the file of this patent 

UNITED STATES PATENTS 
Number Name Date 

169,917 Nystron ----------- Nov. 16, 1875 
214,501 Fritsch et al. -------- Apr. 22, 1879 

1,137,192 Ferber -------------- Apr. 27, 1915 
1,302,353 Friedrich ----------- Apr. 29, 1919 
1754,872 Baker et al. --------- Apr. 15, 1930 
2,387,13 Birdick ------------- Oct. 16, 1945 
2,403,660 Hayward ------------ July 9, 1946 
2,413,286 Bouchele ----------- Dec. 31, 1946 
2,504,383 Bou Wers et al. ------- Apr. 18, 1950 

FOREIGN PATENTS 
Number Country Date 

3,295 Great Britain ------------ of 1810 
2,008 Great Britain ------------ of 1854 

82,671 Germany ------------ Aug. 7, 1895 
255,831 Germany ----------- Jan. 22, 1913 

OTHER REFERENCES 
Maksutov article in Journal Optical Society 

America, New Catadioptric Meniscus Systems, 
May 1944, pages 270 to 284, inc. Publ. by Am. 
Institute of Physics, Lancaster, Fa. Copy in Divi 
sion 7. 
Bouwers: Text, Achievements in Optics, 1946, 

pages 53 to 59 inc. Publ. by Elsevier Publ. Co., 
Inc., New York. Copy in Div. 7. 

Strong: Text, Procedures in Experimental 
Physics, 1946, page 91. Publ. Prentice-Hall Inc., 
New York. Copy in Div. 7. 


