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18 Claims.

The invention described herein may be manu-
factured and used by or for the Government for
" governmental purposes, without the payment to
“us of any royalty thereon.
This invention relates to improvements in opti-
cal instruments for the measurement of the azi-
muth and the altitude of celestial and terrestrial
objects. Basically the invention relates to sex-
tants in which optical and mechanical means are
utilized for measuring both horizontal and verti-
cal angles. Reference is made to co-pending ap-
plication Ser. #381,474 which has eventuated
‘into Patent No, 2,266,741 and of which the sub-
ect matter of this application is an improvement.
It is well known that manifold difficulties are
experienced at the present time in using the con-
. ventional hand-held sextants or octants aboard
aircraft. These difficulties are derived princi-
- pally from the inability of the user to hold the
- Instrument steadily or to obtain, from within an
enclosed airplane, a view of essential celestial or
terrestrial objects.
The primary object, therefore, of this inven-
tion is to provide a sextant of novel construction
and arrangement whereby it is adapted to be in-
stalled and used aboard aircraft for making ob-
servations and measurements of celestial and
terrestrial objects without the difficulties and in-
convenience attendant upon the use of the con-
ventional hand-held sextant. An object of the
‘invention is to provide an instrument which, in
addition to its use as a sextant, can be used for
steering a course, preserving a heading, and
measuring the relative bearing of a star or other
object from the airplane.
.. To this end, the invention provides a sighting
device mounted within an airplane or other ve-
hicle with its entrance portion exteriorly of the
vehicle and its eyepiece portion interiorly of the
* vehicle. Reflector means, adjustable in altitude,
are associated with the entrance portion for re-
“flecting the image of an observed object into the
‘sighting device and the latter is rotatable in azi-
muth to give a view in all directions. Means are
provided for measuring or indicating the altitude
and bearing of the observed object. 'The device
- Is adjustably mounted in the airplane by means
. permitting tilting of the instrument to compen-
sate for changes in the altitude of the craft dur-
ing observation periods. This feature facilitates
levelling and steadying of the instrument when
making an observation.
The invention, in addition to providing means
which will permit of observations being made on
objects exterior to an airplane from a reasonably
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confined position within the airplane, such not
now being possible with the conventionally used
hand-held sextants due to the many structural
and other obstacles encountered in and about
the airplane, provides also a plurality of eye-
bieces of different magnification,

Other objects and advantages of the invention
will become apparent from the following detailed
description of invention, reference being had to
the accompanying drawings wherein:

Fig, 1 is a view illustrating the installation of
the instrument in a vehicle;

Fig. 2 is a view similar to Fig. 1; the instru-
ment being shown in longitudinal section;

Fig. 3 is a horizontal cross section on line 3—3
of Figure 2;

Fig. 4 is a similar cross section on line 4—4 of
Figure 2;

Fig. 5 is a cross section on line 5—5§ of Fig. 2;

Fig. 6 is a cross section on line §—=6 of Fig, 2;

Fig. 7 is a cross section on line T—7 of Fig. 2;
and

Fig. 8 is a diagrammatic view of the bubble cell
heating circuit.

The optical units of the instrument are en-
closed within a casing consisting of an elongated
sighting tube | and a housing 2, the latter being
secured over one end of the tube which has its
other end obliquely disposed as shown. Secured
within the tube between the obliquely disposed
end thereof and the housing 2, are three Iongi-
tudinally spaced tubular members or short bar-
rels 3, 4 and 5. The outermost barre]l 3 has its
outer end obliquely disposed in conformity with
the corresponding outer end of the tube | and
serves as a support or holder for a cover glass 6
and a reflecting prism 1. The tube is thus pro-
vided at its obliquely disposed end with a window
fhrough which luminous rays from a distant ob-
Ject will pass’and fall upon the prism from which
they are reflected down the tube. The interme-
diate barrel 4 is fitted with lenses 8 and 9 of the
objective and a spacer (0 between the lenses.

The focal plane of the objective is represented by

3 a dotted line 1{. The lowermost barrel 5 is fitted

with a lens 12 having one of its principal focal
planes at |1, and a lens I3 of the same focal
length as lens {2 but having its focal plane at 14,
The lenses 12 and 13 are separated by a spacer 15
but since the rays between these lenses are in
parallel pencils the extent of separation of. the
lenses is not critical. They may be close to-
gether or separated a comparatively large
amount without changing any of the optical
characteristics such as field of view, magnifica-
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tion, ete., This permits the instrument to be
made of any overall length width within wide
limits, Spacers of varying lengths may be in-
serted between lenses 12 and 13 or other suitable
construction may be employed to obtain the de-
sired spacing between the lenses, such spacing in-
volving no change in the rest of the optical
system.

The housing 2 has an integral circular exten-
sion or drum 1§ to receive the eyepiece units of
the instrument, the axis of the drum being at
right angles to the axis of the tube |. The inte-
rior of the housing is divided into a reflector
chamber 17 in line with the housing end of the
tube, and a bubble-cell chamber 18 located be-
tween the reflector chamber 17 and the drum
extension 16. The bubble-cell chamber is open
to the reflector chamber through an orifice {9
and open to the drum through an orifice 20,
The reflector chamber containg a pair of mirrors
21 and 22 arranged as shown so that the light
rays from lens {3 fall upon the mirror 21, are
reflected therefrom to the mirror 22 and from
the latter are reflected to the bubble-cell cham-
ber 18. Access to the chamber (8 for installing
or removing the bubble-cell 23 is permitted
through an opening in a side of the housing
which normally is covered by a hinge door or
cover plate 24. Suitable means including the
nut 25 are provided for holding the door 24
closed, and g spring 26 on the inner side of the
door engages a projection 27 on the cell and
holds the latter in position. When the door is
opened, the bubble-cell can be readily removed
or replaced.

The bubble-cell 23 is mounted in the chamber
18 with the bubble in the focal plane of the leng
i3 and hence an image of the bubble is seen
together with the image of a distant object
viewed through the optical system of the instru-
ment. The bubble-cell is of a conventional and
well known construction wherein the bubble
moves on the under side of the spherical surface
of the top cover glass. The radius of curvature

of the bubble cell is so chosen in relation to the 4

focal length of the objective lens as to produce
the same amount of movement of the bubble,
when the instrument ig tilted in the vertical
plane of line of sight, as the movement of the
object image. This relationship is brought about
by having the radiug of curvature of the bubble
cell equal to the equivalent focal length of the
part of the optical system forming an image of
the observed object on the bubble cell, Collima-
tion may then be made with the images any-
where in the field. However, a crossmark 28
is provided on the bubhle-cell for use as a bagic
reference mark when taking bearings, as here-
inafter explained. The bubble is illuminated by
8 small electric lamp 29 arranged in the bubble-
cell compartment |8 as shown in Pigure 2. To
maintain or change the size of the bubble, which
increases in size at low temperatures due to the
contraction of the liquid when cold, there is pro-
vided in the bubble-cell g heating element 30,
the temperature of which is controlledq by a
rheostat 31 having an operating knob 32, The
heating element and the rheostat are connecteq
in electrical circuit with a hattery 33, The in-
stallation of the heating element and associated
parts is shown in Figure 5 and a wiring diagram
of the circuit is shown in Figure 8. Within the
bubble-cell chamber and above the bubble-cell,
an inclined reflector 24 is mounted to reflect

images of the bubble and the observed star or 756 screw without turning and fo

other distant object along
opening 20,

The eye-lens units for observing the image

of the object and bubble-cell are enclosed in th

6 drum 16 which has a removable cover plate 35
The cover plate has a sight orifice 36, adapte;
to be placed in line with the orifice 20 of th

bubble-cell chamber, and a

formed eye-tube 37 over the end of which

10 arranged an eye-guard 38.

15 are suitably mounted in a similar holder 42. T

20 socket in the base of the dr

A crank handle 45 is pinned to the outward
25 extending portion of the shaft for turning ¢
latter to position either the low power unit

or the high power unit 42 in

20 and 36. A spring-pressed detent 46 is pr

vided in the erank handle

30 suitably placed notches or seats 47T in the dry

taining the incident ray and the normal to the
arallel to the tupe -
axis. The means for imparting movement toi
8 extending length- 3
" wise of the tube on the inside thereof and closely;

adjacent the wall of the tube. One end of the.

shaft extends into g spring-housing 49 in the
a thrust spring 50, face.
The other end of the shaft is journaled in an%a
annular bearing ring 5 fixed in the tube between |
the lens barrel 5 and the housing 2. The portion :
of the shaft which extends into the prism barrel
3 carries a worm 52 engaged by a gear sector 53
which is an integral component of the meang
for rotatably mounting the prism. At its oppo-

reflecting surface—being p

40 the prism include 3 shaft 4

barrel 3 and is engaged by

site end the shaft 48 is conn

54 and 55 to a stub shaft 56 disposed at right
angles thereto and having a bearing support in i

5 & bearing bracket, 57. The

to the top cover blate 58 of the housing 2, as
shown in Figures 1,2 and 4 and fits close against
the tube which is suitably apertured to receive

the shaft 56 and the bevel ge
§9 is mounted on the outer

65 48 and calibrated to read elevation directly in

degrees and minutes of are,

the axis of the sigh

¢
h

line with the orific

ected by bevel gears

bracket is fastened

ar 55, A hand knobh
end of shaft 56 tp .

The counter is en- :

closed in g housing 61 mounted on the tube | ;

Over an opening in the latter
6 and having a window 62

as shown in Figyre
through which the

o counter is viewed, The counter is luminated

move.

eETE
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only. The extent of movement may be such as normal flight and maintained in level position by

to permit rotation of the prism sufficiently to clamp 89,
move the line of sight between the limits of 5 The instrument is rotatable in the upper and
| degrees below the horizon to 95 degrees above. lower bearings to give a complete view in all di-
| The nut serves as a stop restraining any turning 5 rections about the axis of the tube. A vernier
of the shaft beyond the selected limits. Hence, setting mechanism of the throw-out type is pro-
overturning of the shaft, with consequent dam- vided for obtaining fine adjustments of the in-
; age to the worm and sector, is prevented. strument and as shown in Figures 1, 2 and 3
The instrument is installed in a vehicle with comprises a bearing bracket 90 fastened to the

the instrument tube vertically disposed and ro- 10 plate T8 and supporting a worm 81 adapted to be
tatably mounted in relatively upper and lower moved into and out of mesh with the gear 74
|| bearing assemblies. These assemblies are so con- on the tube | through a cut-out in the gear case
structed and arranged in the vehicle as to sup- 80. The worm is held in mesh with the gear by a
port the instrument with its entrance portion spring device 92 and is rotated by a hand crank
located exteriorly of the vehicle and its eyepiece 15 93. In order to make a rapid setting of the in-
portion located interiorly of the vehicle. A novel strument in azimuth, the worm is disengaged
type of installation in a vehicle such as an air- from the gear by turning the operating lever 94
. plane is illustrated in Figures 1 and 2 wherein of the throw-out mechanism and the instrument

- Is represented an exterior portion 66 of an air- is then rotated by hand for an approximate or
:plane or other vehicle, an interior portion 67, and 90 desired setting,
a bearing guide in the form of a cup or socket 68. From the foregoing description of the details of
 The upper bearing assembly comprises a disk 69 the invention it can be seen that observations for
engaging a suitable bearing collar 70 integral determining altitude and azimuth of a celestial

with the instrument tube. Disk 69 is supported body, such as a star, can be readily and con-
by suitably placed vibration absorbing means or g5 Vveniently made from a reasonably confined posi-
shock units 71 which may be made of rubber and tion, as from within a closed airplane, With the
which in turn transmit the weight of the sextant low power eyepiece 40 in position the maximum
to & ball sector 72 encircling the tube and slidably feld is visible for initial ohservation such as
received in arcuate bearing socket or guide 68 would be desirable in order to view an entire
‘parallel to the fore-and-aft axis of the airplane. 30 celestial constellation. The observer simply
Suitable bolts 13, extending through units 1, looks into the eye-tube 37 and rotates the sextant
loosely connect the disk 69 and the ball sector 72, in azimuth and the entrance prism in altitude
The lower bearing assembly comprises a sleeved until the desired constellation is viewed. Light
" bearing collar 74, the sleeve 15 of which is pro- rays from a selected star of the constellation pass
vided with a bearing scale 16. The sleeved collar 33 through the cover glass 6 and are reflected by
Is integral with the tube I and is supported on a brism T to the objective lens 8 and 9. They are
bearing ring 71, riveted to a supporting plate brought to a focus at {1 prior to passing through
18 and provided with a depending integral sleeve lens 12, Lens (2 converts the rays to parallel
:19. The collar 14 is provided with gear teeth pencils which are again hrought to a focus at (4
alnd, together witf; the bearing ring 71, is en- 49 by leni 13 after being reflected by mirrors 21 and
closed by a protective cover or casing 88 which 22, At 14, the image of the star and the image
may be releasably fastened to the ring by screws of the bubble cell are in the same focal plane and
or other suitab.le fgsteners. Upon the upper sur- both images are viewed simultaneously by the
ge}c;a oflthgicas?hg is mlou_'r;ted ’I?Iil inldix % pointer low é)s)wer eyepiece 40 after reflection by the mir-
or reading the scale 76. e plate is sup- 45 ror 34.
ported by suitable shock units 82 (similar to units This arrangement of lenses and mirrors gives
11) on an gdjustable bracket member 838 to which an erect image of the object with a convenient
:;1111)(; eplaétgdlioﬁgfegyafpnnected ]];)Iy bolts 84. ;I‘he eye positiogl for obtserving, both features being of
T " bearing assemblies are angular- paramount importance in an aircraft sextant.
ly movable _with_regpgact to_ the airplane about a 9 By a rough setting or adjustment of the instru-
cpmlmon a)ltll_s coinciding with the center of the  ment, the image of the star is brought adjacent
mrcte‘of w lchttl}fa socket 60 is a segment; this  the image of the bubble. After an approximate
center lgslng‘ex erior of the airplane. setting thus made, the high power eyepiece 42 is
| . An attaching bracket member 85, rigidly fas- moved into position for viewing the object image
| E‘;gg‘é tios t?:ugﬁ;id égtiﬂfiggr%g?ms;Osfsthef %1111" ¢35 and the bubble. A vernier setting of the instru-
€, € a21 s O e ment is then made for positioning the object
bg‘u,’;l“gdb; actlfetdf?'a‘ 1193’ adsh}ftable con‘nectxon con- image in coincidence with the image of the bub-
5 it:;l ﬁ o be tls% aced a ongl atnsaélc ConC??tlic ble and for an accurate measurement of altitude,
L }Y)rm o;es I?ilfﬁgl: . :r?llqlertlzgti osr?ciéeshov./n ﬁl Si?“lilgg?e(sa o The altitude angle of the star is read from the
1, 2 and 7 and comprises runners 87 on the sides gﬁgrg;zeilr*nﬁ{%haggllgﬁé‘elatwe bearing is read from
of the bracket 83 arranged to slide in arcuate : | ) ;
| guide slots 88 in the sides of the attaching The mstrument may also be used in much the
| bracket 85. A clamp mechanism 89 is associated ;ame‘éne?n_ner as pel‘orus for measuring be'arm’gs.
| with one of the runners for clamping the bracket ¢3 1% otl .81‘ té) measure such beaymgs t'he Instru-
i members 83 and 85 against relative movement. ment 1s ro ateg 1n‘az1m'uth until the image of a
| The adjustable bracket and bearing construc- c}lstz}nt OI?_JeCt 15 seen through the eyepiece on the
tlons, in addition to supporting the weight of the ~ vertical line of the crossmark 28. The bearing
| instrument, facilitate leveling of the instrument  ©f the cbject from the airplane is then read on
when making sextant observations from an air- 7o Scale 16. In a similar manner the image of a
lane since they permit tilting of the instrument  Star may be placed on the intersection of the
n a substantially vertical plane including the crossmark of the bubble cell and a determina-
.fore and aft axis of the airplane. Hence, the in- tion of the relative bearing of the star is then
strument can be oriented with respect to the air- made by reference to the azimuth scale. This
plane for different altitudes of the craft during 75 reading may be valuable when used for steering

e
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purposes or for the correction of the magnetic
compass,

The instrument also provides means by the use
of which a course can be steered or a heading
preserved; such being accomplished by the ob-
servation through the instrument of a celestial
body such as the star Polaris, while the craft is
proceeding on its course or heading. Any devia-
tion of the craft from its course or heading is
corrected by subsequently turning the ecraft
either left or right in order to relocate or to main-
tain the image of the star in coincidence with a
suitable marking on the reticle or bubble cell of
the instrument. :

Having thus described the invention, what is
claimed as new is:

1. A sextant for making observations on ex-
terior objects from within a closed dirigible ve-
hicle and comprising a sighting device having an
entrance portion exterior of said vehicle and an
eyepiece portion interior of said vehicle, said
sighting device being mounted to rotate about
its longitudinal axis, horizontal reference means
including a bubble movable in an are having a
given radius of curvature, adjustable reflector
means associated with said entrance portion for
reflecting the image of an observed object into
said sighting device, optical means for transmit-
ting said image into the focal plane of said
bubble and an image of said horizontal reference
means and said object to said eyepiece, the
equivalent focal length of the part of said optical
means which transmits the image of the object
into the focal plane of said bubble being equal to
the said given radius of curvature of said bubble,
means responsive to adjustment of the reflector
means for indicating—when said image and ref-
erence means coincide—the altitude of said ob-
served object, and means responsive to a rotation
of said sighting device for indicating the relative
bearing of said observed object.

2. A panoramic sextant for making observa-
tions on exterior objects from within a closed
aircraft and comprising a sighting device mount-
ed on the aircraft for adjustment through hori-
zontal angles, said device having an entrance
portion exterior of the aircraft and an eyepiece
interior of the aireraf, horizontal reference
means movable in an arc having a given radius
in response to tilt of said aireraft, a reflector at
the entrance portion of the device for reflecting
in the sighting device an image of an observed
exterior object, said reflector being adjustable for
moving the line of sight through vertical angles,
optical means for transmitting to the focal plane
of the horizontal reference means an image of
the ohserved object and to the eyepiece the said
image of the observed object and an image of
the horizontal reference means, the equivalent
focal length of the part of said optical system
which transmits the image of the observed object
to the focal plane of the horizontal reference
means being equal to said given radius of cur-
vature of sald reference means, and means re-
sponsive to adjustments of the sighting device
and the reflector for indicating the position of
the observed object in terms of azimuth and alti-
tude.

3. A sextant for making observations on ex-
terior objects from within a closed space and
comprising a vertical sighting tube having an
entrance portion exterior of the space and an
eyepiece portion interior of the space, said tube
being rotatable about its vertical longitudinal
axis, an adjustable reflector at the entrance
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portion of the tube for reflecting into the tube

the image of an observed object, horizontal refs

erence means having a given radius of tilt, optical

means for transmitting to the focal plane of the
horizontal reference means an image of the ob-
served object and to the eyepiece portion the said
image of the object and an image of the refer-
ence means, the equivalent focal length of the
part of said optical system which transmits the

image of the observed object to the focal plane .

of the horizontal reference means being equal to
the said given radius, means operable for rotat-
ing the tube, means operable for adjusting the
reflector to bring the image of the object into
coincidence with the image of the reference
means, and means responsive to the adjustment
of the reflector for indicating the altitude of the
object when the image of the object and the im-
age of the reference means coincide, .

4. A panoramic sextant for making observa-
tions on exterior objects from within a closed ve-

hicle and comprising a tube extending vertically -

of the vehicle and adjustable through horizontal
angles, said tube having one end exterior of the
vehicle and ifs other end interior of the vehicle,
a reflector in the tube at the exterior end thereof

for reflecting into the tube the image of an oh- -

served object, said reflector being adjustable
through vertical angles, an eyepiece at the in-
terior end of the tube, horizontal reference means
tiltable in an arc having a given radius, an op-
tical system for transmitting to the focal plane
of the horizontal reference means an image of
the observed object and to the said eyepiece
the said image of the observed object and an
image of the said horizontal reference means,
the equivalent focal length of the part of said
optical system which transmits an image of the
observed object to the focal plane of the hori-
zontal reference means being equal to the said
given radius, means responsive to the adjust-
ments of the tube and the reflector for indicat-
ing the position of the observed object in terms
of azimuth and altitude and a supporting mount
for the said tube having an adjustable connec-
tion with the vehicle whereby it is adjustable
for leveling the sextant.

5. An optical instrument for making observa-
tions on exterior objects from within a closed
space comprising an optical system having an
entrance portion exterior of the said space and
an eyepiece portion interior of the said space and
vertically spaced bearings supporting the optical
system and in which the said system is mounted
to rotate about a substantially vertical axis, said
bearings being movable with respect to the said
space about a common horizontal axis to enable
tilting of the optical system in a substantially
vertical plane,

6. An optical instrument for making observa-
tions on exterior objects from within an aireraft
comprising an optical system having an entrance
portion exterior of the aircraft and an eyepiece
portion interior of the aircraft, and vertically
spaced bearings carried by the aireraft for sup-
porting the said optical system and in which the
said system is mounted to rotate about a sub-
stantially vertical axis,said bearings being angu-
larly movable about a common horizontal axis

‘substantially perpendicular to the plane of the

fore-and-aft axis of the aireraft.

7. An optical instrument for making observa-
tions on exterior objects from within an aircraft,
comprising an optical system having an entrance
bortion exterior of the aircraft and an eyepiece
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portion interior of the aircraft, and vertically
spaced bearings on the aircraft for supporting
the sald optical system and in which the said
system is mounted to rotate about a substantially
vertical axis, said bearings being angularly mov-
able relative to the aircraft about a common hor-
lzontal axis exterior of the aircraft and substan-
tially perpendicular to the vertical plane of the
fore-and-aft axis of the aircraft,

8. An optical instrument for making observa-
Hons on exterior objects from within an aircraft
tmprising an optical system having an entrance
_portion exterior of the aircraft and an eyepiece
portion interior of the aireraft, horizontal ref-
trence means disposed in said optical system,
means connecting the optical system and the air-
oaft and including vertically spaced bearings in
yhich the said optical system is mounted to ro-
fate about a substantially vertical axis, said bear-
Ings being angularly adjustable with respect to
the aircraft about a common axis exterior of the
hireraft and substantially perpendicular to the
vertical plane of the fore-and-aft axis of the air-
oraft, and releasable means for securing said
bearings in the position to which adjusted,

| 9. An optical instrument for making observa-
lions on exterior objects from within an aircraft
comprising an optical system having an entrance
bortion exterior of the aireraft and an eyepiece

ence means in said optical system, a .support
structure connecting the optical system and the
elreraft and including vertically spaced adjust-
iable bearing in which the said optical system is
‘mounted to rotate about a vertical axis and fixed
-guides supporting the said bearings, said bearing
being angularly adjustable in said guides about
& common axis exterior of the aireraft and sub-
stantially normal to the vertical plane of the
fore-and-aft axis of the aireraft whereby to
facilitate leveling of the instrument, and clamp
means associated with one of the guides and oper-
able to restrain relative movement between the
said guide and bearings,

. 10. A sextant for making observations of ex-
‘terior objects from within a vehicle and having
In combination an optical system provided with
an entrance portion exterior of the vehicle and an
‘eyepiece portion interior of the vehicle, hori-
zontal reference means in the optical system, and
means connecting the optical system and the
aircraft and including a bearing in which the
optical system is mounted to rotate about a ver-
tical axis and a fixed arcuate guide supporting
the said bearing, said bearing being adjustable in
said guide angularly about an axis normal to the
vertical plane of the fore-and-aft axis of the
vehicle,

11, A sextant for making observations on ex-
terior objects from within a vehicle and com-
prising a sighting tube having one end exterior
-of the vehicle and the opposite end interior of
the vehicle, an optical system in said tube in-
.cluding an adjustable reflector at the outer end
of the tube and an eyepiece at the inner end of
the tube, horizontal reference means in the said
‘optical system, and means connecting the tube
and the vehicle and including upper and lower
‘bearing assemblies in which said tube is mounted
“to rotate with its longitudinal axis vertical, said
bearing assemblies being adjustably angularly
about a common axis normal to the plane of the
.fore-and-aft axis of the vehicle,

12, A sextant as claimed in claim 11 wherein
the said bearing assembly comprises a bearing

‘portion interior of the aircraft, horizontal refer- P
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collar integral with the tube, a ball sector slid-
ably received in the fixed guide, a disk loosely
connected with the ball secior and rotatably
supporting the said bearing collar, and vibration-
absorbing means hetween the disk and the sector,

13. A sextant as claimed in claim 11 wherein
the lower bearing assembly comprises a bearing
collar integral with the said tube, a two part
bracket consisting of an attaching unit fastened
to a fixed portion of the vehicle and g support
unit coupled to the attaching unit by a shiftable
connection constrained to be displayed along an
arc concentric with the common axis, a plate
rotatably supporting the said bearing collar and
loosely connected with the support unit of the
two part bracket, and vibration-absorbing means

. between the said plate and support unit,

14. An instrument for making observations of
exterior objects from within an enclosed vehicle
comprising an optical system including an eye-
piece for viewing images in a given focal plane, a
reflector for sighting an object, and optical means
forming an image of said object in said focal
plane, horizontal reference means disposed in
said optical system in said given focal plane so
that its image is viewed through said eyepiece,
said reference means being tiltable in an arc
having a radius equal to the equivalent focal dis-
tance of said optical means and a supporting
mount for attaching said optical system to the
vehicle with the said reflector exterior of the
vehicle and the said eyepiece interior of the ve-
hicle, said mount including a bearing in which
said optical system is turnable about a vertical
axis and also tiltable about g horizontal axis.

15, An instrument for making observations of
exterior objects from within an enclosed vehicle
comprising an optical system including an eye-
biece for viewing images in a given plane, a re-
fiector for sighting an object, and optical means
forming an image of said object in said focal
plane, horizontal reference means disposed in
said optical system so that its image is viewed
through said eyepiece, said reference means being
movable in an arc having a radius equal to the
equivalent focal distance of said optical means
and a supporting mount for attaching said op-
tical system to the vehicle with the said reflector
exterior of the vehicle and the eyepiece interior
of the vehicle, said mount including a bearing in
which said optical system is freely turnable about
a vertical axis and also tiltable in a substantially
vertical plane including the fore and aft axis of
the vehicle,

16. An instrument comprising an optical sight-
ing device including a rotatable tube, a support
for the tube including vertically spaced hori-
zontal members through which the said tube ex-
tends vertically, vibration absorbing means be-
tween said members, g bearing ring fixed on the
upper surface of the upper member, a bearing
collar fixed to said tube and supported on said
ring, and a casing covering the said ring and
collar and releasably fastened to the said ring.

17. An instrument comprising an optical sight-
ing device including a rotatable tube, a pair of
vertically spaced horizontal support members
through which the said tube extends vertically,
said members being loosely connected together
for relative movement, vibration absorbing means
between said members, a bearing ring free on
said tube and fixed on the outer surface of the
upper member, a bearing collar fixed on the tube
and subported by the said ring on which it is
adapted to turn said collar having an upstanding
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sleeve provided with a bearing scale, a removable
casing extending over the said ring and collar
and being releasably fastened to the ring, said
casing having an index for reading the said
scale, and meang operable for rotating said tube
including a rotatable hand-operated unit on the
said upper member and geared to the said collar.

18. A panoramic sextant for making observa-
tions on exterior objects located anywhere above
the horizon from within a closed vehicle, com-
prising a vertically disposed sighting tube having
an objective end positioned exteriorly of and an
eyepiece end interiorly of the vehicle, means for
mounting said instrument on said vehicle, tilt-
able means associated with said objective end
for reflecting an image of an observed object into

<

10

said tube, a level-bubble constituting a horizontal
reference means movable in an arc having a given
radius, optical means for transmitting said im-
age upwardly to the focal plane of said hori-
zontal reference means from where it is observ-
able through said eyepiece end together with an
image of said horizontal reference means, the
equivalent focal length of said optical means be-
ing equal to said given radius whereby said two
images after having been brought into coinci-
dence will move in the same sense and by the
same amount, and the angle of tilt of said tilt-
able means is a measure of the altitude of the ob-
served object,
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