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This invention relates to optical systems and
more particularly to a sighting device intended
for use with military arms.

In firing at a background or target where there
is relative motion between the gun and the
target, it is necessary in sighting, to allow the gun-
barrel to lead the target by a definite amount
since in the interval between firing and the arrival
of the projectile at the target, the target has
moved forward a distance depending on its
velocity during the interval. Since the elements
entering into determination of the proper angle
of lead are difficult to resolve mentally, mechan-
ical and optical devices have been devised in the
past for predetermining the proper lead of gun-
barrel over a target, but heretofore none of these
devices have been able to consistently operate
with the precision, accuracy, and reliance neces-
sary for a satisfactory sighting device adapted to
modern combat conditions.

In accordance with the present invention, an
improved sighting device is provided which
utilizes a novel combinaticn of known gyroscopic
and optical principles so that when the device is
adapted to a military arm, such as an anti-air-
craft or aircraft machine gun, accurate fire con-
trol is obtained.

It is one of the objects of the present inven-
tion to provide a sighting device adapted particu-
larly for gun use which will be highly accurate
and dependabie in the dlrectlng and controlling
of fire.

Another object of the present invention resides
in the provision of a novel device utilizing the
precessicnal movement of gyroscopes in order to
control the operation of a novel optical system
for giving precision in sighting.

Other objects of the invention include the ap-
plication of a novel calibrating system for sight-
ing devices and the provision of means for ad-
justing operation of the sighting device in ac-
cordance with the range of the target. Additional
objects and advantages of the novel system of the
present invention will appear in the reading of the
following specification in conjunction with the
attached drawings, in which numerals of like
character designate similar parts throughout the
several figures:

Fig. 1 is a view in perspective showing the novel
sighting device of the present invention mounted
upont an aircraft machine gun;

Fig. 2 is a vector diagram from which the
formula for the sight correction angle is derived
for the condition in which the gunner is moving
and the target is stationary;
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Fig. 3 is 2 similar diagram for the condition in
which the gunner is stationary and the target
is moving;

Fig. 4 is a similar diagram for the conditions in
which both gunner and target are moving;

Fig. 5 is a diagrammatic showing of one em-
bodiment of the novel optical system and gyro-
scopic. controi: therefor in accordance with the
present invexntion;

Fig. 6 is a diagrammatic representation of the
reticule images produced when the sxghtmg device
and the gun are at rest;

Fig. 7 is a representation of the retlcule images
of the sighting device as they appear under cer-
tain conditions of calibration;

Fig. 8 is a representation of the reticule images
as they appear under certain other conditions of
calibration;

Fig. 9 represents the reticule images as they
appear under certain conditions of firing; and

Fig. 10 is a view similar to Pig. 5 showing an-
other embodimernt of the present invention.

Generally speaking, the present invention com-
prises a novel optical system adapted particularly
for use in a gun-sight, whereby the correct sight
angle or angle of gun-barrel lead is obtained by
merely rotating the gun in train and elevation
upon its object until a moving reticule image be-
comes superimposed upon the object. In this con-
dition, the sighting device determines the proper
position of the gun-barrel, taking into account the
relative velocity between the object or target and
the gunner’s position, so that accurate fire con-
trol is obtamned. Also in accordance with the
present invention, a novel method of calibrating
the gun is provided to determine the rate of re-
sponse of the sighting device as a function of
angular velocity modified by range.

The displacement of the reticule image as the
gun is moving in order to maintain it trained
upon the target, effects the necessary sight cor-
rection between gun-barrel and guh-sighting de-
vice so that the transit time of a projectile is com-
pensated for by an amount proportional to the
relative angular velocity between gunner and
target.

It is well known that if a gyroscope is mounted
so that its axis of spin is in a certain plane, then
upon angular motion of that axis, the gyroscope
will precess about an axis at right angles to the
direction of application of the disturbing force,
provided that the gyroscope is free to precess
about such an axis. It is also known that the
torque exerted by a gyroscope in precessing, is

proportional to the rate at which the axis of spin
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is disturbed. These known laws have been utilized
in the present invention to control certain optical
elements which are made variable in order to dis-
place g reticule image in accordance with the ap-
parent angular velocity of an object upon which
the gun-sight is directed.

Having reference to Fig. 1, there is shown gen-
erally a machine gun 10 of conventional design,
carried by a flexible mounting designated 11 so
that the gun is free to be moved about associated
horizontal and vertical axes by an operator who
normally stands at the right of the gun 10, grasp-
ing handles 12 and having the stocks I3 tightly
pressed against his upper arms. In this position
the operator is directly in the line of sight of the
_object upon which the gun is directed. The
sighting device of the present invention is shown
at 14 rigidly mounted upon gun 10 by any well
known means, such as bolts §5. An eyepiece 16
is provided in the wall of the housing facing the
operator’s position and on the opposite wall
thereof is an annular member {1 surrounding an
aperture containing suitable transparent mem-
bers such as Polaroids, as will be later described.
An alternator 18, or other source of veltage is
shown connected to housing 14 by means of a

0

10

flexible cable 18 introducing an electrical driving .

source to the housing for a purpose to be de-
scribed below.

It can be shown that the mathematical formula
upon which the sight correction depends utilizes
the same constant and variable elements for the
three cases of: '

I, Gunner moving and target stationary,
II. Gunner stationary and target moving; and
IIT. Gunner moving and target moving.

In the derivation of the formulae for the three
cases above set forth, Vb, the velocity of the
bullet has been considered as a constant. This is

substantially so, for the ranges and calibre for

which the gun-sight shown in Fig. 5, for ex-
ample, is intended for use.

In Fig. 2, which is a vector diagram setting
forth the conditions applicable to case I above,
S=the sight correction angle in radians, com-
monly called the angle of lead, by which the gun-
barrel is trained in advance of the sighting device
in order to compensate for the transit time of a
projectile, which time is obviously a function of
the range.

Ro=the range,
Vg=the gunner’s velocity vector
Vb=hullet velocity vector.

In this case the proper sight correction angle S
is found to be that for which the vector sum of

Vb and Vg=Ro
It will be seen that
.- Vg
sin 8= Vb sin @ (1)

where 6=the target bearing angle with respect to
the gunner’s course.
Let W=angular velocity of gun-sight axis, then

W———Z sin @ (2)
Let

Ro

K=33

and since over the ranges for which the device of
the present invention is intended for use, Vb is

=time of flixhi of bullet
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practically constant, then K, for a given gun and
type of bullet, varies directly with range, and
KW= ‘VTZ sin @
and
sin S=KW 3)

Having reference to Fig. 3 which relates to the
conditions set forth for case II above

Vi=target velocity vector

For proper sight correction angle the vector sum
of
Vb and Vi=Ro

Similarly to (1) above,
sin § =% sin @
and similarly to (2) above,

Vi .
W—R—(—) sin 6

then

sin S=KW (4)

Case III represents the usual combat conditions
existing hetween aircraft and these conditions are
s2t forth in Fig. 4. Since in this case, target,
gunner and bullet all have velocities with respect
to an observer on the ground, the relative velocity
between gunner and target is the vector differ-
ence, Vg—Vt and as Ro, the range, is the result-
ant or vector sum of all velocities, then

Ro=(Vg—Vit) +Vb
Similarly to (1) above,

P 14
sin S=(T—ng—1t—)- sin 6 (5)
and similarly to (2) above,
) _(Vg—W) .
W= g sin [/
introducing
K=t
and substituting in (5) above,
sin S=KW (6)
It wili be noticed that the Formulae 3, 4, and 6

are identical, hence the same formula applies ir
each of the cases I, IT and III, to give the cor-
rect sight correction angle. As W is the angular
velocity of the gun-sight axis, it is seen that the
sight correction angle varies with the speed of
rotation of the gun and the sight. As Kis r.id
to depend upon the time of flight of the bullet
from gun to target, it will be readily seen that K
is a function of the range and, therefore, the
sight correction angle depends not only on the
velocity of the gun-sight about its axis, but also
upon the range. The effects of gravity and
windage have been neglected in this formula, but
these effects can be considered in a manner to be
described later.

One embodiment of the gun-sight of the pres-
ent invention is shown in Fig. 5, which is a
partly schematic representation of the optical
system and the gyroscope control of the system.
Light from a target or background, not shown,
is transmitted through suitable light filters, such
as Polaroids 20 and 21 and to the eye of an ob-
server through eyepiece 16. Disposed in the line
of sight between Polaroids 20 and 21 and eye-
piece 16, is a reflecting glass 22, mounted in a



2,464,195

5

plane at 45° to the neutral axis of sight. This
glass may have its surfaces treated in any con-
ventional manner so that it is transparent to
about 60 per cent of light and opaque to about
40 per cent of light. A reticule 23, the surface
of which may be of glass etched and painted
with & cross thereon, is illuminated by any suit-
able light source such as lJamp 24 shown mounted
directly below reticule 23. A lens 25 of any
suitable design is placed at its focal distance
from reticule 23 and serves to cause the image
of reticule 23 to appear in focus when super-
vosed on the field of the target. In order to
make the optical system' compact, reflecting
prisms 26 are utilized and are conventionally
mounted, as shown, in the path of light between
the reticule 23 and lens 25. Since reflecting
glass 22 is mounted at 45° to the neutral axis
of sigsht and since Polaroids 20 and 2! are
mounted perpendicular to the neutral axis of
sight, light coming from the reticule 23 will be
reflected from the surfaces of glass 22 to the
surface of Polaroid 21, thence to the eye of an
observer through eyepiece 16. This image,
which hereafter may be called the secondary
imagze of the reticule, will always appear sta-
tionary with respect to the line of sight as long
as reticule 23 is in fixed position.

As shown, a gyroscopeé 27 of conventional de-

sign is mounted to spin in a horizontal axis in s
At right angles -

bearings carried by gimbal 28.
to the axis of spin and in a horizontal plane,
is a second axis of rotation about which gyro-
scope 21 is free to precess, namely, that through
horizontzl shaft 29 of gimbal frame 30. An-
other gyroscope 3f, mounted to spin in a hori-
zontal axis by means of bearings carried by
gimbal 32, is mounted se as to be rotatable about
3, precessional axis through vertical shaft 33
carried by gimbal frame 34. These gyroscopes
may be spun by any conventional means. For
example, they might have incorporated into their
structure suitable electric motors and be driven
by a voltage source such as 18 of Fig. 1. An
arm 35 extends from gimbal frame 30 and car-
ries a mirror 36 normally at an angle of 45° to
the horizontal, rotatable about axis 29 accord-
ing to precession of gimbal frame 36. Another
arm 317 is carried by gimbal frame 34 and there
is mounted thereon mirror 38 disposed in a ver~
tical plane and adapted to be rotated upon pre-
cession of gyroscope 3! about vertical axis of
shaft 33. .

Another mirror 39 is fixedly mounted in a
vertical plane and all three mirrors 36, 38 and
39 are so mounted with respect to the line of
light from reticule 23 through lens 25 and re-
flecting glass 22, that light is reflected from
mirror 36 to mirror 38, thence to mirror 39
whence it is reflected back to mirrcr 38, thence to
mirror 26 to the surfaces of reflecting glass 22
and to the eye of an observer through eyepiece
{6. This image may be referred to as the pri-
mary image of the reticule.

A third image is also formed. and is appar-
ent on the surface of Polaroid 2{ through eye-
piece 16. This image is due to the reticule
image which is cast back upon the painted sur-
face of the reticule glass after traversing prisms
26, lens 25, glass 22, mirrors 36, 38, and 39, and
then returning over the same path. It is then
viewed by the eye through the same optical sys-
tem which forms the primary image. This
image, which may hereafter be called the ter-
tiary, actually moves over the surface of the
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reticule glass according to the movements of
mirrors 36 and 38, but it appears to stand still
to the observer since its motion is actually coun-
teracted by the motion of mirrors 36 and 38
through which it is viewed. Its movement can
be verified, since looking through the gun-sight
from Polaroids 20 and 21, it appears to move
with gun rotation, as it is not then viewed
through the movable mirrors 36 and 38.

Gimbal frames 30 and 34 carry additional
arms 46 and 41, respectively, which are also
rotatable with their gimbal frames about the
horizontal and vertical axes of shafts 28 and 33,
respectively. Arms 40 and 4{ (the latter shown
broken for clarity) carry, at their outer ex-
tremities, slotted guide members 42 and 43, re-
spectively, which are adapted to frictionally en-
gage leaf springs 44 and 45, respectively. These
springs are rigidly mounted at points 46 and 41
and having a predetermined stiffness or spring
rate, offer resistance equal to the force of pre-
cession at a rate proportional to the rotation
or précession of gyroscopes 27 and 3{. Split
blocks designated generally as 48 and 48 are in-
terposed between the ends of springs 44 and 45,
respectively, so as to alter the effective lengths
thereof. A handle 50 is mounted on the end of
shaft 51, carrying lever arms 52 and 53 which
are pivotally connected to conical ended rods
56 and 57. By means of handle 50, rods 56 and .
57 are simultaneously withdrawn from, or in-
serted into, semi-circular slots or holes. carried
by opposite faces of the split blocks 48 and 49.
In the drawing, rods 86 and 57 are shown in-
serted in the semi-circular slots of these - split
blocks so as to force pairs of the blocks apart
against the tension of the coil springs 54 and
55 and in this position the split blocks are main-
tained out of contact with springs 44 and 485,
Upon manipulation of handle 50 to withdraw
rods 56 and 57, the split blocks will be drawn
together by action of coil springs 54 and 55 and
will clamp springs &4 and 45 at fixed points
along their lengths in order to change the stiff-
ness or spring rate of springs 44 and 45 by a pre-
determined amount. The split pairs of blocks
48 and 49 are constrained to move toward and
away from each other in parallel relationship by
means of pins 60 and 61, which have their far
ends, not shown, fixed to any suitable portion
of the sight housing, such as member 64. Simi-
lar pins are utilized to maintain split blocks 49
in parallel relation when in motion, but these
pins are not shown since they are identical in
structure to pins 60 and 61, and it is believed
their operation is sufficiently described above.

Changing the stiffness or spring rate of the
springs 44 and 45 changes their resistance to pre-
cessional torque and serves to govern the move-
ment and the rate of movement of the gyroscopes
upon rotation of the gun-sight about its hori-
zontal or vertical axis. In order to damp the
movement of the gyroscopes and thus prevent ex-
cessive oscillation of the movable mirrors 36 and
38 upon precession of gyroscopes 27 and 3f. arms
58 and 59 extending from gimbal frames 30 and
34, respectively, are attached to pistons movable
within dash-pots 62 and 63 of any conventional
form.

It is well known that the precessive torque
exerted is proportional to the angular velocity of
the disturbance of the gyroscope’s axis of spin.
If the gyro is allowed to precess through a large

‘angle, the spin axis, which moves through the

same angle, becomes appreciably displaced with
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tespect to the plane in which it is desired to meas-
ure the angular rate. This results in an error in
the measurement of angular rate in the desired
plane, and further causes the gyro to be affected
by angular rates in the plane at right angles to
that in which angular rate measurement is de-
sired. These errors are minimized to a negligible
amount when the angles through which preces-
sion occurs are small, but where the precessive
angles are appreciable, the errors become a size-
able factor. : . :

By means of the structure shown in Fig. 5, very
small angles of precession are adequate to cause
rotation of movable mirrors 36 and 38 a sufficient
amount to cause the primary image of the recti-
cule to move through an angle equal to the largest
sight correction angles occurring in present aerial
combat. The spring rate of springs 44 and 45
is made such that when the sight is trained upon
a target at long range, then the stiffness of the
spring controls the speed of precession in an
amount sufficient to allow the gun-barrel to lead
over the gun-sight by an angle which, depending
upon the muzzle velocity of the projectile and
the distance or range to be traversed, is correct
for making a hit. When the sight is trained
upon a target at short range, handle 58 is ma-
nipulated to withdraw conical-ended rods 53 and
57 from the split blocks 48 and 49 and force these
blocks to clamp springs 44 and 45 at a point along
the length of each which is predetermined to con-
trol the precession of gyroscopes 27 and 31 at a
different rate, thus changing the angle of lead of
gun-barrel over gun-sight by an ariount suffi-
cient to compensate for the transit time of a bullet
to reach the target at short range. )

In the operation of aiming the gun at a moving
target, the reticule images are at first all in
registry on the sight axis or zero reference, as in-
dicated in Fig. 6, but as the gun is trained upon
the target, the primary image will be displaced
and when, while the gun is still being rotated, the
primary image is superposed upon the target, as
shown in Fig, 9, the gun is in position to be fired.

In order to correctly center the reticule 23 with
reference to the complete optical system of the
gun-sight, there is schematically shown in Fig.
5, scale means 65 and 66 by which the reticule’s
zero position can be gauged. Scales 65 and 66
which, in actual practice may be micrometers of
any conventional form, serve also to enable the
gun-sight to be accurately bore-sighted to offset
the effect of gravity upon a projectile. When the
recticule 23 is in the zero-zero position, as indi-
cated by the scales 65 and 66, the secondary and
tertiary images are superposed at a Zero point
which point becomes an important reference
from which it is possible to introduce the correct
amount of bore-sighting to compensate for grav-
ity and windage and, by virtue of which, a novel
and valuable method of calibration (described
below), in order to introduce the correct value for
K, the range factor, can be based. Since the time
for light to travel from the target to the gunner
is practically zero as compared to the time that
it takes a projectile to travel from the gun to the
target, it is obvious that if the angle of sight cor-
rection disregards the transit time of the pro-
Jectile, then a hit cannot be correctly predicted.

The windage correction can be introduced by
offsetting the reticule image. Considering wind-
age to be a force exerted upon the projectile in
proportion to the air speed of the gunner, which
force acts in a horizontal direction upon the pro-
Jectile, reticule 23 can be moved horizontally and

vertically at predetermined amounts from the
zero reference in order to offset the effect of
windage and windage jump due to gyroscopic
action. of the projectile. As the particular meth-
od of determining the amount of windage cor-
rection is no part of the invention, and ‘since

" methods for computing the amount of correction

10

20

o
(513

30

40

45

50

55

60

65

70

((]

5 cated as 6.

are well known, this correction will not be further
described herein.

In accordance with the present invention, a
novel means and system is provided for calibrat-
ing a gun-sight in order to measure the (K) con-
stant of proportionality between sight correction
angle and angular velocity of the gun-sight, de-
veloped by the device.

Assuming that Polaroid 2{ is fixed, and as-
suming that Polaroid 20 has been rotated to ex-
clude most of the external light, reticule 23 can
be centered by means. of scales 65 and 66 so that
its primary, secondary and tertiary images co-
incide and this can represent the condition of
zero bore-sight and zero correction for muzzie
velocity. When the base of the gun-sight is sit-
uated in a horizontal plane and when the gun-
sight is otherwise at rest, the primary, secondary
and tertiary images will coincide as indicated in
Fig. 6. When it is desired to calibrate, i. e. meas-
ure the value of K, the range constant produced
by the device in the horizontal plane, reticule
23 can be moved so that its image will shift in
the horizontal plane by an amount measured
upon scale 65. This condition is set forth in
Fig. 7 and the amount by which the tertiary
image has been displaced horizontally is indi-
At the same time, the primary and
secondary images is 20. This apparent angle
through an angle ¢ in the opposite direction, so
that the total relative apparent movement be- .
tween the tertiary image and the primary and
secondary images is 24. This apparent angle
26 can, in practice, be measured by viewing
through the device a known reference scale.

Measurement of the value of K can then be

‘effected by rotating the device in a horizontal

plane at an angular velocity sufficient to bring
the primary and tertiary images into coincidence,
measuring the said angular velocity W by any
conventional means, such as a tachometer, and
substituting the known values 26, and W in the
formula

sin 20=KW
By similarly displacing reticule 23 in a vertical

- plane and rotating the device in a vertical plane,

the K in the vertical plane may be likewise
measured.

A range finding device may be embodied in the
present invention, as shown in Fig. 10, and the
act of setting the range of the target introduces,
by the novel means shown, the proper rate of
gyroscopic precession control to correctly direct
fire. In addition to those elements shown with
numerals corresponding to the same parts as in
Fig. 5, there is also provided a pair of Polaroids
67 and 68, similar to 20 and 21 of Fig. 5, prisms
69 and 10, and reflecting glass 71, through which
may be viewed an image of a background or tar-
get, not shown. Reflecting glass 71 is disposed at
forty-five degrees to the neutral axis of sight
and may have its surfaces treated in a manner
similar to the surfaces of glass 22, so as to par-
tially transmit and partially reflect light.. Prisms
89 and 70 serve to direct light, in a conventional
manner, to eyepiece 16 from Polaroids 67 and

. 68. There are also provided an additional pair
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of Polaroids 72 and 73, similar to 67 and 68, and
a prism 14 for deflecting light from a target to
reflecting glass Tl. In the path of light.from
prism T4 to reflecting glass Ti, there is inter-
posed a system of focusing lenses 15, 16, 11, of
any conventional type, and also a prism 18 hav-
ing its upper and lower faces in non-parallel or
angular relation. Prism T8 is supported and
made adjustable vertically by arm 79 to which
it is secured by any conventional means. Ver-

10

tical arm T¢ has a horizontal, or otherwise angu- |

larly disposcd portion 80, which is connected to
shaft 8f and handle 82, by means of a loosely
pivoted link 83 and crank arm 84. Connected to
link 83 and movable by handle 82 is a block 85,
frictionally engaging spring 44 and slidable
therealong. Also connected to shaft 81, and
movable together therewith upon manipulation
of handle 82, is another crank arm 86, to which
is loosely pivoted a link member 87. A second
block 88, similar to block 85, frictionally en-
gages spring 48 and is slidable therealong in a
horizontal line of direction upon manipulation
of handle 82.

There is only one position of prism 78, between
lenses 15 and 16, at which the background image,
viewable through eyepiece 16, due to light re-
ceived at reflecting glass 7f from Polaroids 72 and
13. will be in registry, upon reflecting glass TI,
with the image of the background received
through Polaroids 67 and 68. This is true, since
due to the angular relation between its upper
and lower surfaces, light will be refracted and
leave the lower face at a constant angle from
the vertical. Therefore, the position at which
light strikes lens 76 depends on the axial posi-
tion of prism 78.

If the images of the background, as viewed
through eyepiece 16, do not coincide, then by
manipulation of handle 82, prism 78 can be
" moved to such a position that the images do

coin-~ide, and in this position the range of the
background or target is obtained. The correct
range setting is then utilized to control the rate
of precession of gyroscopes 27 and 31 in a man-
ner quite simillar to that set forth in the de-
scription of Fig. 5. Blocks 85 and 88 which,
while slidable along springs 44 and 45, respec-
tively, nevertheless tightly engage the surfaces
of the springs in such a manner as to act as ful-
crums for the flexing of the springs at the points
at which the blocks 85 and 88 grip springs 44
and 45. It will be seen, therefore that the rate
of precession of the gyroscopes will be varied in
- accordance with the points of contact between
blocks 85 and 88 and springs 44 and 45. respec-
tively. and these points of contact are dependent
upon the position of prism 18 which effects reg-
istry of the binocular images of the target. As
the registry depends directly upon the range of
the target, sliding blocks 85 and 88 can be main-
tained at the proper points along springs 44 and
45, so that the factor K, which varies with the
range, will be automatically introduced upon the
finding of the range of the target. Since the
device shown in Fig. 10, is otherwise similar to
that shown in PFig. 5, which has been fully de-

scribed above, it is believed that the operation

of the device, as shown in Fig. 10, will be clearly
understood from the description of Fig. 5 above,
without further description. Reticule 23 is ad-
justable in the manner as set forth for reticule
28 of Fig. 5, but for clarity, scales §5 and 66 are
omitted from Fig. 10. Also the novel system of
calibration, above described, in accordance with

15

25

35

40

45

50

55

10

which the correct value for K is introduced into
the instrument, is applicable to the embodiment
shown in Fig. 10. '

While the sighting device of the present inven-
tion is shown mounted to an aircraft machine
gun, it will be obvious that the novel sighting
device is also adapted for use as a bomb-sight
and for control of fire from anti-aircraft and
other guns which are intended to be fired at a
target having motion relative to the gun.

While the words “horizontal” and “vertical”
have been constantly referred to throughout the
specification as descriptive of the axes about
which gyroscopes 27 and 31, respectively, precess,
and the word “horizontal” has been used also
to define the axes of spin of gyroscopes 271 and
31, the respective axes are movable in pianes
other than the horizontal and vertical, partic-
ularly when the sighting device is mounted to an
aireraft machine gun as illustrated in Fig., 1.
Since the invention is obviously not limited to g
fixed sight and since the sight is equally effective
in operation regardless of its attitude with ree
spect to the horizontal and vertical, the word
“normally” as used in certain of the claims, has
reference to the case in which the base of gun-
sight 14 is in a horizontal plane. Reference there-
for to “horizontal” and “vertical” axes or planes
is not intended as a limitation of the invention
to an instrument having gyroscopes in fixed
planes and with fixed axes, but merely as an in-
dication of one condition of use. While the gyro-
scopes are mounted fixedly with respect to each
other, in use they may be rotated as a unit into
innumerable planes other than the horizontal
and vertical, as will be readily understood. Fur-
ther, it is to be understood that gyroscopes 27
and 31 may be of any conventiona] design. Their’
showing in Pigs, 5 and 10 is primarily schematic
and they may be driven by any means, such as
air, conventional in the art.

While only two embodiments of the invention
have been described in detail, the invention may
be embodied in other forms and it will be under-
stood that many changes may be made without
exceeding the scope of the invention. It is, there-
fore, not intended to limit the invention to the
particular embodiments described, but by the
scope of the appended claims.

What is claimed is:

1. A sighting device for a gun rotatable about
normally horizontal and vertical axes, said sight-
ing dev'ce compris'ng a housing, an eyepicce for
viewing a backsrourd th-ough said housing, a
transparent glass w'thin said housing and an-

~ gularly disposed with respeet to the Iine of sight,
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an optical system within said housing, said sys-
tem comprising a reticule, means for directly
lighting said reticule, a lens p'aced at its focal
distance from said ret‘culs for projecting an
image of said ret‘cule in focus with the back-
ground viewed a first mirror rotatable about a
normally vertical axis, a second mirror rotatable
about a normally horizontal axis, a third mirror
to receive and reflect back light from said first

- and second mirrors, said mirrors being optically
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disposed between said lens and said eyepiece, a
first gyroscope mounted so as to precess about
& normally vertical axis upon rotation of said
gun about its normally horizontal axis, a second
§yroscope mounted so as to precess about a nor-
mally horizontal axis upon rotation of said gun
about its normally vertical -axis, said first and
second mirrors being connected to said first and
second gyroscopes, respectively, and so mounted
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with respect thereto as to be rotated about their
aforesaid axes upon precession of their respective
gyroscopes, said third mirror being stationary,
whereby upon precession of either gyroscope, the
image of the reticule becomes displaced.

2. A gun sight for a gun rotatable about nor--

mally horizontal and vertical axes, said gun sight
comprising an optical system and a control sys-
tem operative upon movement of said gun to ad-
just portions of said optical system in accordance
with the velocity between said gun and a target,
said optical system. including an eyepiece, a
reticule, a reflecting glass, said control system in-
cluding a first gyroscope mounted to precess
about a normally vertical axis, a second gyro-
scope mounted to precess about a normally hori-
zontal axis, a mirror in said optical system mount-
ed upon each gyroscope so as to be rotatable about
their respective axes of precession, said mirrors
being located in the path of light between said
reticule and said eyepiece, a stationary mirror
in said optical system and mounted adjacent the
mirrors mounted upon said gyroscopes and so
adjusted as to reflect light from one of the mov-
able mirrors back to said movable mirror, thence
to the other of said movable mirrors, to said re-
flecting glass and to said eyepiece, whereupon as
said control system is moved, the mirrors mount-
ed upon said gyroscopes will be rotated and dis-
place the image of said reticule upon the back-
ground sighted. .

3. A sighting device for a gun adapted to be
directed about normally horizontal and vertical
axes, said sighting device having an optical sys-
tem comprising certain light reflecting elements
fixed with respect to said gun, other light re-
flecting elements movable with respect to said
gun, a reticule and a reflecting glass in said op-
tical system, means for projecting an image of
said reticule in focus with the background viewed,
a gyroscope mounted upon said gun so as to
precess upon normally horizontal motion of said
gun about said vertical axis, a second gyroscope
mounted upon said gun so as to precess upon
vertical movement of said gun aboui said nor-
mally horizontal axis, said light reflecting ele-
ments being disposed in a line of light from said
reticule, one of said movable light reflecting ele-
ments being mounted upon each of said gyro-
scopes and rotatable thereby about their axes of
precession whereby upon movement of either of

 said movable elements, the image of thé reticule
is displaced.

4, A gun sight adapted to be mounted on a gun
in a fixed relation, comprising an optical system
and a mechanical system to control said optical
system upon movement of the gun-barrel, said
optical system comprising an eyepiece through
which a background is to be viewed, a reflecting
glass mounted in the line of sight, a reticule,
means for illuminating said reticule, a lens placed
at its focal distance from said reticule for pro-
jecting an image of said reticule in focus with

the background sighted, said mechanical system -

comprising a first gyroscope mounted to precess

about a normally horizontal axis, a second gyro- .

scope mounted to precess-about a normally verti-
cal axis, and a mirror mounted upon each gyro-
scope s0 as to be in said optical system and to be
rotatable about their respective axes of precession,
a stationary mirror mounted adjacent the first
mentioned mirrors and so situated that light
ifrom said mirrors is reflected from said station-
ary mirror back to said first mentioned mirrors, to
said reflecting glass and thence to said eyeplece
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to form a second image in focus with said back-
ground, whereby both said images are visible
through said eyepiece to an observer, said first
mentioned mirrors being rotated upon precession
of said gyroscopes, and means connected to said
gyroscopes to move one of said images with

‘respect to the other at a rate proportional to the

rate of movement of said gun.
5. A sighting device adapted to be trained upon
an object, comprising a housing, an aperture in

“one wall of said housing facing the object, an eye-

piece on a wall of said housing opposite said aper-
ture so that the object is in the line of sight pass-
ing through said aperture and said eyepiece, a
reflecting glass disposed within said housing in
said line of sight, a reticule, means for illuminat-
ing said reticule, means for optically super-
posing an image in focus with the background of
said object, a first mirror, a second mirror, a
first gyroscope mounted so as to precess about a
normally vertical axis, a second gyroscope mount-
ed so as to precess about a normally horizontal
axis, said first and second mirrors being mounted
upon said first and second gyroscopes, respec-
tively, so as to be rotatable about their axes of pre-
cession, a third mirror mounted adjacent said first
and second mirrors, said mirrors being in the light
path between said reticule and said eyepiece and
so disposed relative to each other that a light
from said reticule is thrown upon said reflecting
glass so that upon precession of either of said
gyroscopes upon movement of said housing, the
said mirror mounted thereon will be rotated, and
displace said image with respect to said back-
ground.

6. In a sighting device, an eyepieéce through
which an object may be viewed, a reflecting glass
disposed within the line of sight, a reticule,
means for illuminating said reticule, means for
focusing an image of said reticule upon the back-

_ground of said object, a reflecting member beyond

sald eyeplece and said reflecting glass and dis-
posed in the line of sight normal thereto, a first
mirror mounted so as to receive light from said
reticule through said reflecting glass, a second
mirror mounted so as to receive light reflected
from said first mirror, a third mirror so mounted
as to receive light from said second mirror and
reflect it back to said second mirror, thence to
said first mentioned mirror to said reflecting glass
and reflect a second reticule image toward said
eyepiece, a first gyroscope mounted to precess
about a normally horizontal axis upon movement
of the sighting device in a normally horizontal
plane, a second gyroscope mounted to precess
about a normally vertical axis upon movement of
said sighting device in a normally vertical plane,
said first and second mirrors being mounted to
be rotatable about the said axes of precession of
said first and seécond gyroscopes, respectively, so
that upon movement of said sighting device said
second reficule image is displaced upon said back-
ground,

7. Apparatus for sighting upon a background,
comprising a housing having an aperture in the
wall intended to face said background, an eye-
plece in the opposite wall thereof, a reflecting
glass within said housing and disposed in the
line of sight, a semi-transparent and reflecting
member located within said aperture, a reticule,
means for illuminating said reticule, means for
forming an image of said reticule viewable at
said eyepiece, a first mirror angularly movable
with respect to said housing upon movement
of sald housing in & normally horizontal plane,
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a second mirror angularly movable with respect
to said housing upon movement of said housing
in a normally vertical plane, said mirrors being
in the path of light from said reticule to said eye-
piece and disposed so that light from said reticule
passing through said reflecting glass strikes said
mirrors in sequence and is reflected back in re-
verse sequence to said reflecting glass forming a
second image of said reticule upon s2id back-
ground, moveable with respect to the first men-
tioned image and reflecting light frem said second
image through said eyepiece.

8. Apparatus for sighting uncn an ohiect, com-
prising a housing containing in one wall thereof,
an eyepiece, a combined reflecting and transpar-
ent member in the wall opposite said eyepiece, a
reflecting glass within said housine and disposed
in the line of sight between said eyepiece and
said reflecting and transvarent member, a reti-
cule, means for casting an image of said reticule
in focus with said obiect. said image betng re-
flected from said combined reflecting and trans-
parent member through =~id eyepiece. a first mir-
ror optically disposed between =said reflecting
glass and said evepiece. a second mirror outically
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disposed to -receive light reflected from said first .

mirror, a third mirror mounted to receive light
from said second mirror and reflect it to said
second mirror. said mirrers heing so disposcd
that they receive light in series from said reticule
through said reflecting glass and refiect said light
back to said reflecting glass, forming a second
image viewable from said eyepiece, and means
for moving said first and second mirrors in ae-
cordance with the relative velocitv between the
object being viewed and the sighting avpparatus
so that said second image is displaced with respect
to the first named image.

9. A sighting device adapted to be directed in
train and elevation upon an object, comprising
a housing having a transparent member in one
wall thereof. an eyepiece in the opposite wall
thereof, a reflecting glass disposed in the line of
sight, a reticule, means for casting an image of
said reticule in the plane of said object, said re-
flecting glass being so mounted as to project said
image upon the surface of said transparent mem-
ber to be thereby viewable through said eyepiece,
mirrors mounted within said housing so as to be
rotatable about different axes at right angles,
said mirrors being so disposed as to be in the path
of light between said reflecting glass and said
eyepiece and reflect light from an image of said
reticule upon said reflecting glass, and means
for rotating said mirrors upon movement of said
housing in elevation and train, whereby the last
named image moves with respect to the first
named image, and may be dlrected upon the
object to be viewed.

10. A sighting device for mounting in fixed re-
lation to a flexible gun, comprising a casing, an
eyepiece in one wall of said casing, a transparent

member in the wall opposite said eyepiece and -

being in the line of sight between said eyepiece
and an object to be viewed, a reflecting glass
disposed within the line of sight, a reticule, said
reflecting glass being mounted at such an angle
to the line of sight as to refleet light to said
transparent member, a first mirror mounted to
receive light from said reticule through said re-
flecting glass, means associated with said mirror
to rotate it about a certain axis upon rotation
of said gun, a second mirror mounted to receive
light from said first mirror, means associated with
said second mirror for rotating it about an axis
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at right angles to the first mentioned axis upon
rotation of said gun and means adjacent said
first and second mirrors for doubling the light
from said mirrors back upon said mirrors and to
said reflecting glass, whereby upon rotation of
sald gun, an image viewed through said eyepiece
moves in accordance with the relative motion be-

‘tween the gun and the object viewed.

11. Sighting means for a gun adapted to be
mounted on a universal gun mount for moevement
in elevation and in azimuth, said sighting means
comprising an optical system including a reticule
fixed with respect to said gun and displaceable
means for forming an image of said reticule In
the fleld of view in which the target is observed,
said last-named means comprising a first mirror
mounted to receive an image of said reticule
thereon, a second mirror mounted to receive the
image from said first mirror, a third relatively
fixed mirror for receiving and transmitting the
image of said reticule back to said second and
first mirrors and therefrom into the field of view
in which the target is observed, and means re-
sponsive to the movement of said gun in elevation
and in azimuth for moving said first and- second
mirrors relative to said third mirror whereby said
image is displaced in coordination with the move-
ment of the gun.

12. Sighting means for a gun adapted to be
mounted on a universal gun mount for movement
in elevation and in azimuth, said sighting means
comprising an optical system including a reticule
fixed with respect to said gun and displaceable
means for forming an image of said reticule in
the field of view in which the target is observed,
said last-named means comprising g first mirror
mounted to receive an image of said reticule
thereon, a second mirror mounted to receive the
image from said first mirror, a third relatively
fixed mirror for receiving and transmitting the
image of said reticule back to said second and first
mirrors and therefrom into the field of view in
which the target is observed, and rate-of-turn
gyros actuated by movement of said gun in ele-
vation and in azimuth for moving said first and
second mirrors relative to said third mirror
whereby said image is displaced in coordination
with the movement of the gun. )

13. Sighting means for a gun adapted to be
mounted on a universal gun mount for movement
in elevation and in azimuth, said sighting means
comprising an optical system including a reticule
fixed with respect to said gun and displaceable
means for forming an image of said reticule in
the field of view in which the target is observed,
said last-named means comprising a first mirror
mounted to receive an image of said reticule
thereon, a second mirror mounted to receive the
image from said first mirror, a third relatively
fixed mirror for receiving and transmitting the
image of said reticule back to. said second and
first mirrors and therefrom into the field of view
in which the target is observed, means compris-
ing a pair of two-degree-of-freedom gyros
mounted for precession about two axes normal to
each other, yieldable means for said gyros for
constrainirnig precession of one of said gyros to
a rate of turn function during movement of said
gun in elevation and for constraining precession
of the other of said gyros to a rate of turn func-
tion during movement of said gun in azimuth,
and means connecting said first and second
mirrors to said gyros whereby in response to
movement of said gun in elevation and in azimuth
said first and second mirrors are moved by said
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gyros relative to said third mirror to thereby dis-
place said image in coordination with the move-
ment of the gun.

14. Sighting means for a gun adapted to be
mounted on a universal gun mount for movement
in elevation and in azimuth, said sighting means
comprising an optical system including a reticule
fixed with respect to said gun and displaceable
means for forming an image of said reticule in
the fleld of view in which the target is observed,
said last-named means comprising a first mirror
mounted to receive an image of said reticule
thereon, a second mirror mounted to receive the
image from said first. mirror, a third relatively
fixed mirror for receiving and transmitting the
image of said reticule back to said second and
first mirrors and therefrom into the field of view
in which the target is observed, means comprising
a pair of two-degree-of-freedom gyros mounted
for precession in axes normal to each other, yield-
able means for said gyros for constraining pre-
cession of one of said gyros to a rate of turn func-
tion during movement of said gun in elevation
and for constraining precession of the other of
said gyros to a rate of turn function during move-
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ment of said gun in azimuth, means connecting .

said first and second mirrors to said gyros where-
by in response to the movement of said gun in
elevation and in azimuth said first and second
mirrors are moved by said gyros relative to said
third mirror to thereby displace said image in
coordination with the movement of the gun,
and range setting means connected to said yield-
able means for altering the constraint thereof on
said gyros.

15. Sighting means for a gun adapted to be
mounted on 2 universal gun mount for move-
ment in elevation and in azimuth, said sight-
ing means comprising an optical system includ-
_ing & reticule fixed with respect to said gun and
displaceable means for forming an image of said
reticule in the field of view in which the target
is observed, means responsive to movement of
said gun in elevation and in azimuth for mov-
ing said image forming means relative to said
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reticule whereby said image is displaced in co-
ordination with the movement of the gun, range
finding means for said sighting means compris-
ing a movable prism for producing an image of
said target and for bringing said image into coin-
cidence with the image of said reticule in the
same field of view, means for altering the motion
of said image forming means, and control means
for operating said prism and said last-named
means.

ROBERT M. BURLEY,

CLINTON H. HAVILL.
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