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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 an improved form of
sextant for use in the navigation of aircraft and
more particularly relates to a sextant comprising
a. telescope journalled for rotation in suitable
bearings carried by a frame fixed to the air-
craft fuselage the telescope having an index
mirror or reflecting prism at its upper end which
is rotatable about a vertical axis with the tele-
scope. and also mounted for rotation about a
transverse or horizontal axis and tilted through
the medium of a manually controlled screw. The
telescope is arranged so that the index reflector
may be projected through the upper portion of
the aircraft fuselage and the telescope is pro-
vided. at its lower end with a conventional eye-
piece or ocular through which the image of a
celestial body may be observed relative to the
image of a means constituting an artificial hori-
zon. The means constituting the artificial hori-
zon may be either in the form of an illuminated
gyroscopically controlled. reticule or an illu-
minated bubble in a. level tube, the image of the
artificial horizon being transmitted to the eye-
piece' or ocular. By rotating the telescope in
azimuth about its. bearing axis and adjusting
the angle of tilt of the index reflector, the
image of a celestial body anywhere within the
visible celestial hemisphere may be brought
within view of the ocular and by adjusting the
angle of tilt of the index mirror about the trans-
verse or horizontal axis, the images of the celes-
tial body and the artificial horizon may be super-
imposed and the angular rotation of the index
mirror or reflector about its transverse axis is
then a; measure of the altitude of the celestial
body, optical. means being provided for trans-
mitting this indication visually to the eyepiece,
The relative azimuth bearing of the celestial
body: with respect .to the longitudinal axis of
the aireraft also.is suitably indicated by an azi-
muth scale rotated in unison with the telescope
and cooperating with a fizxed or stationary in-
dex.

In order to eliminate errors due to pitching of
the aircraft the optical systems for transmitting
the respective celestial body and artificial hori-
zon images to the eyeriece are so designed that
the images will' shift an equal amount in the
same direction so that when once superimposed

the measured altitude of the celestial body will ©
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not change even though the aireraft is oscil-
lating at the time of the observation.

In order to prevent inversion of the image of
the celestial body and the artificial horizon as
the telescope. is rotated in azimuth an erecting
prism is provided which is rotated automatically
about its: optical axis through an angle equal
to one-half of the angular rotation of the tele~
scope, the control of the erecting prism being
effected through suitable differential gearing.

A sextant constructed in accordance with the
present invention has a special utility on pres-
ent high speed closed cabin aircraft, since the
observation can be made from within the air-
craft eliminating the necessity of the observer
having to make an observation while exposed
to the air stream.or through a window as is at
present the customary practice.

The principal object of the invention is the
provision of a sextant for measuring the alti-
tude of a celestial body lccated anywhere within
the visible celestial hemisphere including a pan-
oramic reflector for receiving light from the
celestial body, the reflector being rotatable in
azimuth as well as being tiltable about a horizon-
tal axis.

Another object of the invention is the pro-
vision of a sextant for measuring the altitude of
8 celestial body including a telescope having an
index reflector for receiving light from a celes-
tial body, said reflector being rotatable in azi-
muth about a vertical axis and tiltable about
a horizontal axis to form a panoramic reflector,
an ocular associated with said telescope, an ar-
tificial horizon associated with said telescope,
and separate optical systems for transmitting
the images of said celestial body and said arti-
ficial horizon to said ocular, the angular rota-
tion of the reflector about a horizontal axis
necessary to cause superimposition of the re-
spective images being a measure of the altitude
of the celestial body.

A further object of the invention is the pro-
vision in a panoramic sextant of the character
described of rotatable optical means actuated
by relative rotation of the index reflector and
the ocular to maintain the images of the celes-
tial body and the artificial horizon continuously
erect,

Another object of the invention is the provi-
sion in a sextant having a panoramic reflector
for receiving light from a celestial body and
means constituting an artificial horizon, of op-
tical systems for forming images of said body
and said horizon visible through an ocular form-
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ing a part of the sexbtant, the said optical sys-
tems being so designed that the images will
shift an equal amount in the same direction due
to pitching motion of the sextant as a unit.

Other objects of the invention not specifically &

-enumerated above will become apparent by ref-
erence to the detailed description hereinafter
given taken in conjunction with the appended
drawings in which: .

Figure 1 illustrates a side elevation of a sex-
tant made in accordance with the invention. |

Figure 2 is a view partly in section illustrat-
ing the detailed construction of the device of
Figure 1,
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axis, the bearing being provided with an arm
2% serving as a cam follower and adapted to be
engaged by a cam 26 rotatably mounted on a
vertical pivot 27 and adapted to be actuated
about its pivotal axis by means of a lever 28.
Upon clockwise rotation of the lever 28, the cam
26 will engage the cam follower 25 and rotate
the journal bearing 23, shaft 20 and worm 5§
about the pivot 24 to disengage the worm I§
from the gear 14, the bearing block 2{ com-
pressing the spring-pressed plunger 22, TUpon
the disengagement of the worm {5 from the gear
{4, the telescope tube {! may be manually ro-
tated by means of the handwheel 12 (Figure 2)

Figure 3 is a sectional plan view of a detail 15 and upon the counterclockwise rotation of the

of the sextant taken on line 3—3 of Figure 1,
Tizare 4 g 2 Adasrammatic view Whaskeaking

handle 28, the spring-pressed plunger 22 will
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Referring now to Figure 1, the reference nu- oq by the crank handle 13, Referring again to Fig-

meral | generally indicates a U shaped frame
adapted to be rigidly mounted within an air-
craft cabin or fuselage, and having a horizontal
extending upper leg 2 and a corresponding hori-
zontal extending lower leg 3. The lower leg 3
has a triangular plate 5 mounted thereon by
means of the resilient rubber mountings 6, the
plate serving as a support for a bearing journal
1, and similarly the plate member 8 supporting

a journal bearing 9 is secured to the upper leg

2 of the frame but by a single resilient mounting
6 of the same type as employed in supporting
the plate 5, The journal bearings 7 and 9 serve
as a journal for the telescope tube {i of the
telescope generally indicated by the reference
numeral 10, the upper portion of the telescope
tube Il being adapted to be projected through
the roof or upper portion of the aircraft fuselage,
and the lower portion of the telescope having a
conventional eyepiece or ocular I8a associated
therewith for visual observation of the image
of a celestial body relative to the image of an
element forming an artificial horizon. The tel-
escope 10 is adapted to be angularly rotated in
azimuth in the journal bearings T and 8 by means
of a handwheel 12, the angular rotation of the
telescope relative to the longitudinal axis of the
airplane heing indicated by angular movement
of an azimuth scale 13 carried by the tube i
relative fo a stationary pointer or index 1{3a.
The housing 58 rotatable with the telescope tube
11 serves as an enclosure for means constituting
an artificial horizon as hereinafter more particu-
larly described. Detailed construction of the
telescope and its associated mechanism will now
bhe described.

Referring to Figure 2, adjacent the portion of
the tube ({ journalled in the bearing 1, there is
provided a gear 14 formed integral with the tube
i1 and as seen in Figure 3 meshes with a worm
15 adapted to cause a vernier amgular adjust-
ment of the telescope tube {f in its journal bear-
ings T and 9. Worm {5 is enclosed in a housing
{8 supported on the stationary mounting plate
5 and the worm is actuated by means of a crank
{7 and crank handle 18 secured on the outer end
of a shaft 20 on which the worm I8 is rigidly
mounted. At its outer end the shaft is journalled
in a bearing block 21 slidably mounted in the cas-
ing 19 (Figure 2) and is urged inwardly by means
of a spring-pressed plunger 22 so as to bring the
worm 5 into meshing engagement with the
teeth of the gear 14, The shaft 20 is journalled
at its inner end in a bearing 23 which is pivotally
mounted on a pivot 24 to rotate about a vertical
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' of the telescope tube (4.

ure 2, the telescope tube I at its upper end is pro-
vided with a slotted opening 30 closed at its
lower end by means of a glass window 3! which
is mounted adjacent to a reflecting prism 382
which serves as an equivalent of the reflector
employed in sextants and known as an index
reflector mirror. "The reflecting prism 32 is piv-
otally mounted on transverse pivots 83, jour-
nalled in a bracket 34 carried by a suitable
mounting structure secured in the upper end of
the telescope tube §i. A gear sector 85 is rigidly
secured to the reflector 32 and rotatable there-
with and meshes with worm teeth 36 formed on
the upper end of a shaft 27 which extends down-
wardly through a long-drilled passage 38 formed
in the tubular member {1 and having a gear 39
mounted on its lower end, the gear meghing with
a ring gear 81 secured to a rotatable sleeve 40
knurled on its outer surface for manual rota-
tion relative to the telescope tube 1i. Manual
rotation of the sleeve 40 causes rotation of the
shaft 37 through the medium of the gears 39
and &{ causing the worm teeth 3% on the upper
end of the shaft 87 to rotate the gear sector .
35 and index reflector 82 about the horizontal
pivots 28 so that the index reflector 32 may be
tilted about the axis of the pivot 33 to receive
incident light from the celestial body and trans-
mit the same by reflection along the optical axis
An illuminated counter
mechanism 42 is arranged concentrically with
respect to the shaft 37 intermediate its ends and
enclosed in a housing 44 within an aperture cut
in the side wall of the telescope tube i, the
counter mechanism being provided with man-
ual resetting means 48 adjustable from the ex-
terior of the telescope. The counter mechanism
42 is so connected to the shaft 37 that as the
shaft is rotated the counter mechanism 42 in-
dicates the degree of angular tilt of the index
reflector 32 about its horizontal axis, the indica-
tion of this angular tilting of the reflector serv-
ing as the measure of the altitude of the ce-
lestial body as hereinafter more particularly
described. A sleeve 58 is journalled within the
lower portion of the tube {{ and to the lower
end of which, the eyepiece or ocular l0a is se-
cured. An annular bevel ring gear 5 is secured
to the upper end of the sleeve 59 concentric
therewith. Another sleeve member 52 is jour-
nalled within the sleeve member 58 adjacent its
upper end. A plurality of bevel type planet gears
83 are journalled on pivots carried by the upper
end of the sleeve member 52, the planet pinions
53 meshing with the bevel gear §I on one side
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thereof and meshing on their upper sides with
a bevel type annular ring gear 54 rigidly secured
to the tube II. The sleeve member §2. serves
as a. support for a dove- prism or other type of
image erecting prisim having its optical axis con-
centric with the longitudinal axis of the tele-
scope tube |1 and the gears 81, §3, and 54 serving
as a differential gear mechanism such that rota-
tion of the telescope tube I relative to the sleeve
50 will cause an angular rofation of the sleeve
B2 and dove prism 55 in the same direction but
with an angular velocity equal to one-half of the
angular velocity of rotation of the tube |1 relative
to the sleeve member 58, 1. e. for 180° of angular
rotation of the telescope tube [{ relative to the
sleeve 80, the sleeve 52 and dove prism 5% will be
rotated through an angle of 90° in the same
direction. Adjacent its central portion the tube
t is surrounded by a sleeve member 57 suitably
secured thereto by screws. or the like and hav-
ing a housing §8 holted to the front portion
thereof and.a housing 59 bolted to the rear por-
tion thereof, the sleeve 57 and housings 58 and
59 being angularly rotatable in azimuth in uni-
son with the telescope tube 1!, The housing
59 serves to enclose a gyroscope 68, the casing of
which is suitably transversely journalled as at
61 in a gimbal ring 62 which is rotatable about
pivots 68. The gyroscope 60 may be either elec-
trically or pneumatically driven in @ manner
well known in the art and may be of the self-
erecting type, the specific construction of the
gyroscope forming no part of the present inven-
tion. The gyroscope 68 carries a vertically ex-
tending arm 64 having a conventional reticule 65
transversely mounted at its upper end. The
reticule 65 may bhe of any suitable form such as
cpaque glass plate having transparent cross hairs
marked thereon, the reticule being illuminated
by means of light transmitted from a light source
66 such as a small electric lamp supported with-
in the upper portion of the casing 59. 'The im-
age of the reticule 68 serves as an artificial
horizon or reference means which per se is well
known in the prior art. Under certain condi-
tions, it may bhe desirable to employ g different
form of artificial horizon reference means than
the gyroscopically controlled reticule 65, such as
provided for example by a bubble formed in a
liquid level tube 67 supported in an extension
of the housing 59 and adapted to be illuminated
by means of a light source 68 such as a small
electric lamp supported within the housing.
The optical elements employed in the sextant
in accordance with the invention will now be de-
scribed. As seen in Pigure 2, g refracting prism
10 is provided beneath the index reflector 82 ad-
jacent the upper end of the telescope tube 1 and
is so situated that it may transmit light reflected
from the index reflector 32 along the longitu-
dinal axis of the telescope tube i, A pair of as-
sociated lenses T1 and 12 are arranged concentric
with the axis of the tube {{ immediately below
the refracting prism 70 so as to bring the light
rays transmitted from the index reflector 32 to
a focus and transmitting the light to an achro-
matic lens 13 concentrically mounted within the
tube 1} intermediate its ends. Light transmitted
from the lens 13 passes in parallel rays through
"a clear glags reflecting reflector 74 placed imme-
diately beneath the lens 73 at an angle of 45°
to the longitudinal axis of the tube Ii and is
suitably secured therein. Light transmitted from
the lens 13 through the clear glass reflector 74
passes into the dove prism 5% and from there is
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transmitted along the axis of the telescope tube
11 to an objective lens 76 mounted concentrically
with the axis of the telescope tube {1 secured to
the sleeve member 50 and adapted to transmit
light to a 45° silvered reflector 17T mounted in
the lower portion of the slesve member 50 and
adapted to transmit light to the lenses 78 mount-
ed within the eyepiece {0a with their optical axes
at 90° to the longitudinal axis of the sleeve mem-
ber 88 and telescope tube #{. The image of the
gyroscopically controlled reticule 65 is transmit-
ted to a silvered mirror 79 supported by means of.
a bracket 88 carried by the housing 58 so that
the image of the reticule is transmitted substan-
tially perpendicular to the axis of the telescope
tube {1, The image reflected by the silvered
mirrer 79 passes through an inclined clear glass
reflector 8i, through a similarly inclined clear
glass reflector 82 each supported by a horizontal
bracket 83 secured within an aperture 84 formed
in the telescope tube {1, Light passing through
the clear glass reflectors 81 and 82 is projected
through the telescope tube {1 transverse to the
longitudinal axis thereof and through a pair of
lenses 85 and 88 secured in a suitable sleeve mem-
ber housed within an aperture on the opposite
wall of the telescope tube {1 and projecting light
on to an inclined silvered mirror 871 supported
within the housing 58, Light transmitted to the
mirror 87 is received by a second inclined sil-
vered reflector 88 enclosed within the housing 58
and f{ransmibtted to an achromatic lens 89 sup-
ported within the housing %8 and having its
optical axis parallel to the optical axis of the
pair of lenses 885 and 88, Light transmitted
through the lens 89 impinges in parallel rays
through an aperture $8 upon the inclined sur-
face of the clear glags refliector 74 previously
noted, to then be reflected into the dove prism
35 along the axis of the telescope tube {! and
from thence to the eyepiece 18a by means of the
objective lens 16 and reflector 17 previcusly de-
scribed.  TInder conditions where it is desired to
employ the bubble in the fiuid level tube 67 as

an artificial horizon, the image of the illuminated:

hubble will be projected vertically downward on
to the inclined surface of the clear glags reflec-
tor 81 and from there will he transmitted to the
eyepiece {0a in the same manner as the image
of the gyroscopically controlled reticule as pre-
viously described. In order to be gble to observe
the numerical value of the measured altitude of
a celesiial body through the eyepiece i8a, the
image of the indicia of the illuminated counter
mechanism 42 is transmitted frem a suitable
aperture or slit in the housing 44 enclosing the
counter mechanism to an inclined silvered reflec-
tor 92 arranged and supported within the tele-
scope tube [ diametrically opposite the slit or
aperture in the housing 44 so that the image
of the indicia of the counter mechanism directly
opposite the slit in the housing 24 will be trans-
mitted by the mirror 92 to the clear glass reflec~
tor 82 to be transmitted parallel with the image
of the gyroscopically controlled reticule 65 or the
illuminated bubble in the level tube 67 as the
case might be.
Operation

The schematic diagram illustrating the prin-
ciple of operation of the panoramic- sextant in
accordance with the invention ig illustrated in
Figure 4. Referring to this figure, it will be
seen that light transmitted from a distant star
or other celestial body S, impinges upon the in-
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dex reflector or prism 32 which is rolated in
azimuth with the telescope tube 11 so that the
incident surface of the prism 32 is perpendicu-
lar in azimuth to the direction of the incident
rays of light from the celestial body. The light
reflected from the index reflector or prism 32
is ‘refracted by the prism 70 and brought to a
focus by means of the lenses Tl and 712 at a
point indicated by the reference numeral [§8.
The bundles of light rays transmitted from the
celestial body S are then transmitted along the
axis of the telescope until they impinge upon
the lens 73 which is of such a character that
the light rays emerge therefrom as parallel rays.
By converting the rays of light transmitted from
the star or other celestial body into parallel rays,
the effect is the same ag if the star or celestial
body were then located at infinity. The rays
of light transmitted from the celestial body
through the lens 73 pass through the clear glass
reflector T4 without refraction and pass into the
dove prism 55 whereupon they emerge in an
inverted position parallel with their original di-
rection and pass into the objective lens 7§ and
after being reflected by the silvered mirror 17
are brought to a focus at an image plane indi-
cated by the reference numeral 162, the image
of the celestial body being observed by the eye
through the lenses 18 of the eyepiece i8¢, It
will be obvious that if the reflecting prism 82 is
rotated about its horizontal pivotal axis by means
of the adjusting mechanism previously described,
the image of the celestial body will be shifted
on the image of plane 182, It is a well known
optical principle that the focal length of any
complicated system of lenses and reflectors can
be reduced to an equivalent simple lens having
a focal length equal to the focal length of the
lens system, in other words, there exists a fic-
titious equivalent lens which is the same focal
length to cause an image at the plane 182 equiva-
lent to the optical system comprising the reflec-
tor 32, refracting prism 70, dove prism §B, re-
flector 77 and lenses T1, 72, 713 and 76. As previ-
ously described, the image of the gyroscopically
controlled reticule 65 is received and reflected
by means of a stationary inclined silvered mirror
79 and is transmitted through the lenses 85 and
86 which bring the image to a focus ab the point
104, it then being transmitted by silvered re-
flectors 87 and 88 to the lens 8% which trans-
forms the light into parallel rays in exactly the
same manner as the lens 13. Parallel rays of
light transmitted from the lens 89 is reflected
from the undersurface of the inclined clear glass
reflector 74 along an axis substantially parallel
with the axis of the telescope tube i{ and from
this point into the dove prism 55 and objective
lens 16 also to be brought to a focus at the image
plane 102, As is well known, the gyrescopically
controlled reticule 68 tends to remain parallel
with the surface of the earth i, e. becomes a
horizontal reference plane similar to the natural
horizon and in pitching motion of the telescope
and sextant as a whole will cause the image of
the reticule to shift vertically along the image
plane 102 and as previously explained, the image
of the star can be shifted by adjustahly tilting
the index reflector 32 about its horizontal pivots
33 so that by manually adjusting the tilt of the
index reflector 32, it is possible to cause the im-
age of the celestial body to be superimposed on
the image of the reticule at the plane {82, the
angle of tilt of the index reflector then heing a
direct measure of the altitude of the celestial
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body with reference to the gyroscopically con-
trolled base line formed by the image of the
reticule §5. In order however to take a proper
altitude measurement, it is essential that the ef-
fect of pitching of the aircraft be so neutralized
that the image of the celestial body on the im-
age plane 102 when once superimposed upon
the image of the reticule 65 will not thereafter
change, i. e, while both of the images may shift
if they shift together an equal amount in the
same direction whenh once superimposed, they
will thereafter remain superimposed and the an-
gle of tilt necessary to cause superimposition of
the images will be a true measure of the altitude
of the celestial body irrespective of the pitching
motion of the aircraft. This desirable effect may
he accomplished by designing the focal length of
the optical system for transmitting the image of
the celestial body to the image plane 102 equal
to the focal length of the fictitious equivalent lens
of the optical system including reflectors 79, 81,
88, 74, 71 and lenses 85, 86, 89 and 76 and dove
prism 85 forming a second optical system and for
transmibting the image of the reticule 65 to the
image plane 102 and further making the focal
length of each of these equivalent lenses equal
to the radius of rotation R of the reticule 85
about the pivotal axis 81 of the gimbal ring 62.
When this condition is satisfied, the angular
shift of the image of the reticule 5 on the im-
age plane 192 due to longitudinal pitching of the
aircraft will be exactly equal to and in the same
direction as the angular shift of the image of
the celestial body due to the pitching of the air-
craft so that all that is necessary is that the
observer adjust the angle of tilt of the index re-
flector 22 by means of the tilt-adjusting mech-
anism previously described with reference to Fig-
ure 2 until the images of the celestial body and
of the gyroscopically controlled reticule 65 are
superimposed and then the angle of tilt as meas-
ured by the counter mechanism 42 will be a
true measure of the altitude of the celestial body
relative fo the artificial horizon formed by
the reticule 65. When the illuminated bubble
in the level tube 67 is employed in place of the
gyroscopically controlled reticule 85 as an arti-
ficial horizon, it is only necessary that the radius
of curvature of the level tube be made equal to
the radius of rotation R of the gyroscopically
controlled reticule 65 in order to cause an equal
shift in the image of the celestial body and the
image of the bubble to thus obtain the same
results with either type of artificial horizon, In
order to facilitate the measurement of altitude,
the angular tilt of the index reflector 82 about its
pivotal axis 33 necessary to cause superimposed
images, is reflected from the illuminsted counter
mechanism 42 by means of the silvered mirror
92 and clear glass mirror 82 to be transmitted
along the same axis as the imags of the artificial
horizon previously described with reference to
Figure 2. Thus the image of the indicia of the
counter mechanism 42 corresponding to the an-
gular tilt of the index reflector will also appear
on the image plane {62 along with the images
of the celestial body and artificial horizon, so
that the observer by rotation of the sleeve Af)
(Figure 2) adjusts the angle of tilt of the index
reflector 32 and ohserves the indication thereof
without remeving his eye from the eyepiece 10a
(Figure 2).

It is well known in conjunction with the optical
characteristics of periscopes and the like that the
images observed will become inverted ag the tele-
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scope is rotated relative to the eyepiece, and the
same Is true in the present instrument, so that
in order to prevent an inversion of the images as
observed through the eyepiece {da (Figure 2) as
the telescope 18 is rotated in azimuth to receive
light from a particular celestial body, the rotat-
able erecting prism 55 is provided and as is well
known in the art, if a dove prism such as the
prism 59, is rotated along with the telescope but
through an angular extent equal to one-half of
the angular rotation of the telescope, the images
transmitted through the dove prism will remain
erect and this result is obtained by meaus of the
differential gearing 51, §3, and %4 previously de-
scribed, i. e. a5 the observer holds the eyepiece
fixed and rotates the telescope in azimuth until
a particular celestial body is observed, the dove
prism 58 will rotate in the same direction ag the
telescope through an angle equal to one-half of
the angular rotation of the telescope, thus main-
taining the observed images continuously erect,
i. e. the image of the celestial body, the artificial
horizon, and the illuminated countermechanism
42 will remain continuously erect irrespective of
relative rotation between the eyepiece 18a and
the telescope {1. To obtain the relative azimuth
bearing of the celestial body with respect to the
longitudinal axis of the aircraft, the observer
simply notes the position of the stationary or in-
dex pointer 13« relative to the azimuth scale 13
(Figure 2).

While in the preferred form of the instrument
25 illustrated the means constituting an artificial
horizon is rotated in azimuth with the telescope,
it is obvious by a suitable construction the arti-
ficial horizon could be maintained stationary.

While a preferred form of the invention has
been illustrated in the drawings, it will be obvious
to those skilled in the art that other modifica-
tions and changes may be made therein falling
within the scope of the invention as defined by
the appended claims.

We claim:

1. A panoramic sextant for aircraft and the
like comprising a fixed support, a telescope jour-
nalled in sald support for rotation in azimuth
about its optical axis, said telescope having an
aperture for receiving light from s celestial body,
an ocular associated with said telescope, reflect-
ing meang adjacent said aperture for reflecting
light from said celestial body along the axis of
said telescope, means for rotating said reflecting
means about a horizontal axis, a first optical SyS-
tem for forming a real image of said celestial
body within said telescope observable through
said ocular, means constituting an artificial ho-
rizon including a reference element, a second op-
tical system for forming an image of said refer-
ence element within said telescope coplanar with
the image of said celestial body and observable
through said ocular, indicating means for indi-
cating the rotation of said telescope in azimuth
relative to the fixed support and indicating
means for indicating the amount of angular ro-
tation of said reflecting means about a horizontal
axis necessary to cause the images of said celes-
tial body and the reference element of said arti-
ficial horizon to be superimposed, the angular ro-
tation of said reflecting meang about s horizon-
tal axis being a measure of the altitude of said
celestial body.

2. The structure as claimed in claim 1, includ-
ing means for maintaining the image of said ce-
lestial hody viewed through said ocular erect ir-
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respective of the rotation of said telescope in azi-
muth, :

3. The structure as claimed in claim 1, includ-
ing a rotatable erecting prism for maintaining
the image of said celestial body viewed through
sald ocular erect irrespective of the rotation of
said telescope in azimuth.

4. The structure as claimed in claim 1, includ-
ing a rvotatable erecting prism for maintaining
the image of said celestial body viewed through
said ocular erect irrespective of the rotation of
sald telescope in azimuth and means actuated by
rotation of said telescope in azimuth for rotating
sald erecting prism about its optical axis an
amount equal to one-half of the azimuth dis-
placement of said telescope and in the same di-
rection as the azimuth displacement of said tele-
scope.

8. The structure as claimed in claim 1, includ-
ing optical means common to said first and said
second optical systems for maintaining the image
of said celestial body and said reference element
erect irrespective of the rotation of said telescope
in azimuth,

6. The structure as claimed in claim 1, includ-
ing a rotatable erecting prism common to said
first and said second optical systems and means
actuated by rotation of said telescope in agimuth
for rotating said prism about its optical axis an
amount equal to one-half of the azimuth dis-
placement of said telescope and in the same di-
rection as the azimuth displacement of said tele-
scope.

7. The structure as claimed in claim 1, in
which the focal lengths of the equivalent lens of
sald first and said second optical systems are re-
spectively equal to the radius of rotation of the
reference element of said artificial horizon upon
tilting of the axis of said telescope out of the true
vertical.

8. The structure as claimed in claim 1, in
which the means constituting an artificial hori-
zZon comprises a gyroscopically stabilized illumi-
nated reticule.

9. The structure as claimed in claim 1, in
which the means constituting an artificial hori-
zon comprises an illuminated bubble in a fluid
level tube carried by said telescope.

10. A sextant for observing the altitude of a
celestial body located at any point within the
visible celestial hemisphere comprising a sup-~
porting frame, a telescope journalled in said
frame for rotation in azimuth about itg optical
axis, said telescope including an ocular, an arti-
ficial horizon device carried by said telescope and
rotatable in azimuth therewith, said artificial
horizon device including a reference element, a
firgt optical system for forming an image of said
reference element on an image plane within said
telescope for observation through said ocular, said
telescope including a reflector element rotatable
therewith in azimuth, meang for rotating said
reflector element about a horizontal axis to
transmit incident light from said celestial body
along the optical axis of said telescope, a second
optical system for transmitting light from said
reflector to form an image of said celestial body
on the said image plane within said telescope and
observable through said ocular, said first and
said second optical systems being so correlated to
each other and to the radius of rotation of the
reference element of said artificial horizon de-
vice that the image of said celestial body may be
superimposed on the image of said reference ele-
ment by rotary adjustment of said reflector about
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a horizontal axis and said images will remain

superimposed irrespective of pitching of said tel-
escope out of the vertical, indicating means for
indicating the angular rotation of said reflector
about a horizontal axis in terms of the altitude
of said celestial body, an erecting prism common
to each of said optical systems for maintaining
the images viewed through said ocular erect irre-

spective of the rotation of said telescope in azi-
muth relative to said ocular and indicating means
for indicating the rotation of said telescope in
terms of the relative bearing of said celestial body

5 With respect to the fixed reference axis,
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