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This invention relates to a method and means
for stabilizing a line of sight, and more par-
ticularly to an arrangement for the stabilzation
of mechanism such as radar antennae, tele-
scopes and other scanning or sighting devices
agalnst rolling and pitching motions when such
devices are mounted on moving vehicles, such
as air or water craft for example.

In stabilizing line of sight devices of the fore- -

going character, it has been previously pro-
posed to employ & gyroscope having suitable
mechanism associated therewith for transmitting
pitch and bank motions of the craft, to independ-
ent servomotor systems. In such an arrangement,
the mechanism to be stabilized may be mounted
in a convenient gimbal suspension and the two

servomotor systems are assoclated with the

gimbal suspension for maintaining the device
in a horizontal plane. This construction is
bulky, heavy and expensive, due to the fact that
two separate and - distinct servo systems are
required. Moreover, because a considerable mass
is necessary to be stabilized, it will be obvious
that a large amount of power from the servo
systems is needed in order to achieve the desired
results. ' ,

Another type of stabilizing system has also
been proposed heretofore wherein a gyroscope
is employed in combination with a single servo
system. This arrangement, known as the line
of sight method, includes a device associated
with a single axis of the gyroscope for energiz-
ing the servo system, and requires that the gyro-
scope be mounted on the mechanism to be
stablized, the latter and the gyroscope being
rotated in azimuth. The disadvantage of such
a system is that the mounting of the gyroscope
so that its gimbal system revolves or oscillates
in azimuth, results in the development of
acceleration forces which, under certain con-
ditions, cause precession of the gyroscope. Thus,
errors wili be introduced into the system and the
mechanism will not be properly stabilized.

One of the objects of the present invention is
to provide a novel method and means for effect-
ing stabilization of a scanning or line of sight
device which is so constituted as to avold the
disadvantages inherent in the systems hereto-
fore utilized.

Another obiect of the invention is to provide
a novel stabilizing arrangement including a gyro-
scope which is remotely located with respect to
the mechanism to be stabilized, thus avoiding
any tendency toward the introduction of errors
into the system by reason of acceleration forces,
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Still another object comprehends the utiliza-
tion of a single servo system in apparatus of
the foregoing character, thus achieving a rela-
tively simple structure which will be light in
weight and of low cost. .

A further object resides in providing a novel
stabilizing system employing a gyroscope and a
single servo system, wherein provision is made
for energizing the latter in accordance with
pitch and bank movements of the craft, the
arrangement being such that the servomotor 1s
responsive to combined pitch and bank motions.

A still further object is to provide a novel ar-
rangement for stabilizing a line of sight device
which is rotatable in azimuth, including & re-
motely positioned gyroscope having electrical
take-offs associated with the pitch and bank
axes thereof, the signals generated by pitch and
bank motions of the craft being combined and
conducted to the servomotor in a novel manner,
so that the latter effects an efficient stabilization
of the controlled device during rotation thereof:

Still another object comprehends a novel con-
struction wherein the device is efficiently stabil-
jzed or controlled so that a horizontal line of
sight is maintained regardless of whether the
device is rotated or oscillated for scanning or
sighting purposes.

Other objects and features of novelty of the
invention will appear more fully hereinafter from
the following detailed description when taken
in connection with accompanying drawing
wherein one form of the invention is illustrated.
It is to be expressly understood, however, that
the drawing is utilized for purposes of illustra-
tion only and is not designed as a definition of
the limits of the invention, reference being had
for this purpose to the appended claims.

In the drawing wherein similar reference
characters refer to like parts throughout the
several views; -

Fig. 1 is a diagrammatic view of a line of sight
stabilizing mechanism embodying the present
invention, and

Pig. 2 is a wiring diagram illustrating the man-
ner of electrically connecting the various com-
ponent elements of Fig. 1. ‘ )

Referring more particularly to Fig. 1, the novel
line of sight stabilization mechanism of the pres-
ent invention is illustrated therein as including
a device 10 to be stabilized, carried by a plat-
form or support i12 which is adapted to be ro-
tated by any suitable means such as a motor
{4 through reduction gearing 16. As shown, the
device 18, is mounted upon a shaft 18 which,
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. 3 ‘ ,
tarough link connections 20, is adapted to be
oscillated by means including a servomotor 22,
in a manner which will appear more fully herein-
after, in order to maintain the .line of sight of
device 10 in a horizontal plane as the latter ro-
tates with the platform (2. Control mechanism
including a remotely positioned gyroscope 24 is
provided for effecting the aforementioned sta-
bilization of the device 10 ip a manner to be later
described.
In utilizing the present invention on an air-
. plane, for example, and assuming for purposes of
description that device 10 takes the form of a
radar antenna, the platform 12 and parts sup-
ported thereby and Including the device 10, are
preferably suspended beneath the airplane body
s0 that as the platform 12 is rotated, as by means
‘of motor 14 within the body, and shaft 26 con-
.ecting the motor and platform, the device 10
will scan the horizon during normal level flight.
If, however, the airplane pitches about its trans-
verse axis or banks about its longitudinal axis,
the device 10 no longer rotates in azimuth. The
essence of the present invention therefore resides
in the provision of a novel arrangement for so
moving the shaft 18 and device 10, that the line
of sight of the latter rotates in azimuth irre-
spective of pitching or banking motions of the
airplane. »
" In order to effect the above-mentioned control,
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the gyroscope 24 may be of the artificial horizon

or gyro vertical type and comprises a casing 28
having a rapidly spinning member therein and
arranged to spin about an axis which is ver-
tically disposed with respect to the airplane. The
casing 28 is provided with oppositely directed
trunnions 30 and 32 which are pivotally mounted
in a gimbal ring or support 34, the latter having
diametrically opposed trunnions 36 and 38, at
right angles to trunnions 30 and 32, pivotally
mounted in bearings secured to a stationary part
of the airplane. For purposes of description it
is assumed that the direction of flight is in the
direction of the arrow 40, 48, this line also repre-
‘senting the axis of bank of the craft. On the
other hand, line 42, 42 is representative of the
axis of pitch of the airplane.

Means are provided for deriving signals from
the gyroscope 24 in response to pitch and bank
movements of the airplane and such means are
so constituted that the derived signals are repre-
sented by voltages, the values of which are de-
pendent upon the angle of pitch or bank with
respect to a horizontal plane. As shown such
means comprise take-offs in the form of variable
inductive devices 44 and 48, the former compris-
ing wound rotor and stator elements 48 and 50,
while the latter includes wound rotor and stator
members §2 and 54, respectively. Inductive de-
vice 44, hereinafter referred to as the pitch take-
off is shown as being associaed with the pitch
azis 42, 42 of the gyroscope and is so arranged
that. the rotor winding 48 is mounted on trun-
nion 32 while the stator winding is carrled by
the gimbal ring 34. On the othér hand, the in-
ductive device 46, which will be referred to here-
Inafter as the bank take-off, has its rotor 52
mounted upon the trunnion 38 while the stator
is carried by a stationary part. In the case of
both take-offs, the respective windings are so
arranged that during level flight, no voltage will
be generated in the stator windings 80 and 54.
However, during motion of the craft gbout its
pitch axis, relative movement between the wind-
ings 48 and 50 will take place and a signal volt-
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age proportional to the angle of pitch will be in-
duced in the stator winding §0. Also, in the
event of a bank, relative movement between the
windings 52 and 64 will cause a voltage to be
Induced in the winding 54 which will be propor-
tional in value to the angle of bank. It will be
understood that a combined pitch and bank will
be likewise reflected as induced signal voltages
in the stator coils 50 and 54 of the respective
take-offs 44 and 46, and here again the magnitude
of such signals will be proportionsl to the bank
and pitch angles with reference to a horizontal
plane. It is pointed out that the gyroscope 24
and take-offs 44 and 46 associated therewith are
remotely positioned with respect to the platform
i2 and mechanism to be stabilized, and prefer-

-ably located within the pilot’s compartment.

- ‘Novel means are provided by the present in-
vention for transmitting the pitch and bank
signal components derived from the gyroscope.
24 through the pitch and bank take-offs 44 and
48 respectively, to the servomotor 22, in order
that the latter may be effective to control the
operation of the antenna device 10 to achieve
stabilization thereof in azimuth, irrespective of
pitch and roll of the airplane. As shown such

‘means include a variable inductive coupling de-

vice 56 having a pair of separate stator windings
§8 and 60 which are respectively connected with
the take-offs 44 and 46 as by means of connec-
tions 62, 64 and 68, 68. The stator windings
58 and 60 are fixedly mounted with respect to
the rotatable platform (2 and are adapted to co-
operate with a rotor winding 10, connected with
the shaft 26, the arrangement being such that
when the magnetic coupling between the rotor
10 and stator 58 is a maximum, the coupling
between the rotor and stator winding 60 will be
a minimum and vice versa. The rotor winding
18 is connected through leads 12 and T4 with the
input of an amplifier 16, of any suitable type,
and the output of the latter is connected with
one of the field windings 78 of the servo motor
22, which in the form shown, may be a two-
phase induction motor having its other or fixed
field winding 80 connected to a source of alter-
nating current supply through a phasing con-
denser 82. Rotor 84 is connected through a suit-
able motion reduction mechanism 86 with the
rotor winding 88 of a variable follow-back induc-
tive device 90, the latter being provided with a
stator winding 92 connected in series with the
rotor winding 70 and the input of the ampli-
fier T6.

In assembling the mechanism heretofore de-
scribed, the shaft {8 carrying the antenna or
other device (0, is suitably rotatably mounted in
brackets 94, 96 carried by and rotating with the
platform (2, while amplifier 76, servo motor 22,
inductive device 90 and rotor winding 70 of the
coupling device §6 are supported by the plat-
form or connected with shaft 26, as shown, in
order that these elements may rotate with the
platform during scunning movement of the device
18. It will be understood that the rotor windings
48 and 52 of the pitch and bank take-offs and
rotor winding 88 of the inductive device 90 are

‘connected to the same source of alternating cur-

rent as the field winding 80 of the servo motor 22.
Moreover, rotor 84 of the servo motor 22 is con-
nected through the link mechanism 20 in order
to move the shaft 18 and device 18 in response
to pitch and bank signals derived from corre-
sponding motions of the airplane.

With the airplane, on which the present inven-
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tion is mounted, flying in normal level flight in

the direction of the arrow 49, Fig. 1, it is also
pointed out that the relationship between the
device 10 and rotor winding 70 is such that with
the line of sight of the device 18 coincident
with the direction of flight, the coupling between
the rotor winding 78 and the stator winding $8

" i§ at & maximum while the coupling between the
rotor and stator winding 68 is et & minimum, It
will be understood that these conditions will be
reversed when the rotor winding 78 and device
{0 are rotated one-quarter of a revolution. In
the latter situation, the line of sight of the device
18 will be directed at right angles to the longi-
‘tudinal axis of the airplane.

In operation, and with the parts arranged as
above set forth, as long as the alrplane is pro-
ceeding in level flight, the platform (2, and parts
connected therewith will be slowly rotated by the
motor I4 at a relatively slow, uniform speed and
the antenna or other line of sight device {0 will
scan the horizon. In the event, however, the
airplane pitches about its pitch axis 42, 42, it
will be obvious that the scanning plane of the
device 10 would no longer be horizontal. When
such a pitech condition  occurs, however, and
_assuming that the line of sight of device {0 is
positioned fore and aft at the moment, a pitch
signal will be derived from the pitch take-off
48 which is transmitted to the field winding T8
of the servomotor through amplifier 16 and
coupling device 86, it being recalled that the
rotor 10 and stator 58 have maximum coupling at
the time. In response to the energization of the
fleld winding 78 by the pitch signal, motor 22
will begin rotation and will displace angularly
the shaft §8 through link 20 causing compensat-
ing or stabilizing movement of the device 10
through shaft {8 and link mechanism 20. Since
the pitch signal developed by the pitch condition
will be proportional in magnitude to the angle
of pitch, the device 10 will be moved through
the same angle. As the rotor winding 88 moves,
in response to operation of the motor 22, a
signal voltage will be induced in the stator wind-
ing 92 of inductive device 90, which eventually
becomes equal and opposite to the pitch signal
induced in the rotor winding 70. When this con-
dition is reached, no further energy is supplied
to the field winding 18 and the motor stops, it
being pointed out, however, that both the afore-
mentioned signals are present in the rotor wind-
ing 10 and the circuit including the input of the
amplifier 76 and rotor winding 92. Thus, the
function of the inductive device 90 is to secure
a follow-back connection to the input of the
servomotor 22 in order to control its energization
in response to movement thereof.

It will be further understood that as the plat-
form 12 continues rotation, under the above
conditions, the coupling between the rotor and
stator windings 70 and 58 of the coupling device
56 decreases, in which event the pitch signal
diminishes and the signal from the device 80
predominates, thus reversing the operation of the
servomotor 22 and causing the device 10 to be
moved in the opposite direction to a degree equal
to the initial compensating movement of the
device. Here again, compensating movement
of the device 10 is arrested when the signal volt-
ages in the rotor winding 10 are equal and oppo-
site, and upon continued rotation of the plat-
form {2, the pitch signal will again predominate,
in response to the increase in coupling between
windings 58 and 70 whereupon the device 10 will

10

30

40

be oppositely. displaced as the servomotor res

verses its direction of rotation. Thus, the path.
described by the line of sight of the device 19,
with respect to the airplane is a sine wave, but
with respect to the ground such path will be a
horizontal plane and the line of sight will hence
be stabilized to rotate in azimuth.

In considering the aforementioned operation
in response to pitch of the airplane, it will be
appreciated that no signal is present in the
stator winding §8 since during pitch conditions
there Is no relative movement between the rotor
and stator windings of the bank take-off 46 to
induce a bank signal. '

In the event that the airplane banks about
the axis 40, 40, with the parts as arranged on
the drawing, it is apparent that while a bank
signal will be induced in the stator winding 60,
due to the relative movement between windings
52 and 54 of the take-off 46, still no signal volt-
age will be induced in the rotor winding 70 of
the coupling device 58. This will be readily un-
derstood when it is considered that the line of
sight of the device 10 is at the moment, aligned
fore and aft, and a bank is, in effect, a move-
ment about the line of sight and no stabilizing
or corrective movement is required. However,
chould the line of sight of the device {0 be
athwartship, the coupling between the stator
and rotor windings 60 and 70 will be a maxi-
mum and the operation of the motor 22, induc-
tive device 90 and device 10 will be precisely
the same as that heretofore described in ‘con-
nection with the pitch condition, the only differ-
ence being that the signal voltage is derived
{rom stator winding 60 instead of stator wind-
ng 58.

It will be understood that should the airplane
be subjected to simultaneous pitch and bank
condicions, the operation of the system will be
as described above, the only difference being that
the pitch and bank signals present in the stator

windings 58 and 60 will be combined alzebrai- .-

“cally in the rotor winding 70, and the resultant

GO

signal will control the operation of the servo-
motor 22 and the corrective movement of the
device 10. . :
From the foregoing it will be readily perceived
that the present invention provides a component
method and apparatus for stabilizing or cor-
recting a line of sight device which is mounted
upon an unstable vehicle, the arrangement being
such that corrective factors are introduced into
the system upon movement of the vehicle about -
right-angularly related axes, such factors being -
combined in such a manner that the line of sight
is stabilized for scanning or movement in a hori-
zontal plane. Through the use of the novel sys~
tem disclosed a single servomotor only is re-
quired and hence a great saving in expense and
weight is secured, which renders the construc-

. tion highly desirable for use on aireraft. It will
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be moreover appreciated, that the system lends
itself to considerable flexibility in installation,
since the rotatable platform may be mounted
either beneath the vehicle or -above the same,
according to the requirements of use. Also, the
invention provides a remotely positioned gyro-
scope which may be conveniently located at any
suitable place so that it will not be subjected

-to undesirable acceleration forces of the rotatable

platform, which would otherwise introduce er-

roi's in the corrective or stabilizing actions.
While in the foregoing, reference has been

made to a radar antenna as comprising the de-
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vice to be stabilized, it is understood that such
device may be any apparatus of the type hav-
ing a line of sight to be stabilized, such as a tele-
‘scope, range finder, etc. It will be also under-
stood that such device may be rotated in a
continuous or intermittent manner, if  desired,

and may even be of the type which may be

oscillated back and forth for sighting only a por-
tion of the horizon. Various other changes may

be made in the various component parts of the

system and in the particular circuit arrangements

shown, as will now appear to those skilled in the

art, without departing from the spirit of the

invention. Reference will therefore be had to the

appended claims for a deflnition of the limits
.-of the invention.

What is claimed is:

1. In combination with a line of sight device
of the type adapted to be mounted upon a vehicle
and being movable for scanning,
bilizing said device against pitching and rolling
‘movements of said vehicle for scanning in azi-
muth comprising a gyro vertical, means connected
with said gyro for deriving separate signal volt-

ages in accordance with said pitching and rolling .

movements, a single servomotor operatively con-
nected with said line of sight device, and means
connected to said last-named means and respon-
sive to said signal voltages for developing a con-
trol signal as a function of both of said signal
voltages to energize said motor,
. 2. In combination with a line of sight device of
the type adapted to be mounted upon a vehicle
and being movable for scanning, of means for
stabilizing said device against pitching and roll-
ing movements of said vehicle for scanning in
azimuth comprising a gyro vertical, means con-

nected with caid gyro for deriving separate signal

voltages in accordance with said pitching and
rolling movements, a single servomotor opera-

tively connected with said line of sight device,

means interconnecting said last-named means
with said servomotor and responsive to both of
said signal voltages for developing a control sig-
nal as a function of said two signal voltages to
energize said motor and means connected to said
interconnecting means and dependent upon the
- position in azimuth of said line of sight device for
modifying the operation of said motor.

3. A stabilizing system as set forth in claim 2
wherein the [interconnected] interconnecting
means includes a variable inductive device for
transmitting a signal voltage to said motor.

4. In a system for stabilizing a movable line of
sight device against bank and pitch movements
of a vehicle, comprising a reversible motor oper-
atively connected with said device, separate means

for deriving signals responsive respectively to:

bank and pitch movements of said vehicle, means
responsive to both of said bank and pitch signals
for developing a control signal as a function of

said bank and pitch signals [,] and means inter-

. connecting said last-named means and said motor
for energizing said motor in accordance with said
control signal.

5. In a system for stabilizing a movable line of
sight device against bank and pitch movements
of a vehicle, comprising a reversible motor oper-
atively connected with said device, an artificial
gyroscopic horizon device responsive to said bank
and pitch movements, separate means connected
with said horizon device for deriving signal volt-
ages responsive respectively to said bank and
pitch movements, means responsive to both of said
bank and pitch signals for developing a control

of means for sta- .

8

signal as a function of said bank and pitch signals,
and means interconnecting sald last-named means
and sald motor for energizing said motor in ac-
cordance with said contro] signal.

6. Apparatus.for stabilizing a line of sight de-
vice against bank and pitch movements of a ve-
:hicle, comprising means for mounting said device
for scanning movement in azimuth, and means

. for moving said device about an axis at right

Jo
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angles to the axis of the line of sight of said device
‘to maintain the scanning path of the latter in a
horizontal plane irrespective of bank and pitch
movements of the vehicle, comprising a reversible
servomotor operatively connected with said de-
vice to move the same in opposite directions about
said first named axis, means carried by said ve-
hicle and responsive to bank and pitch move-
ments thereof for developing bank and pitch sig-
nals, means connected to said bank and pitch
signal developing means for developing a control
signal as a function of said bank and pitch sig-
nals, means connected to said control signal de-
veloping means for modifying said control signal
in accordance with the position in azimuth of
sald device, and means connected with said con-
trol signal developing means to energize said mo-
tor in accordance with the modified signal.

7. Apparatus for stabilizing a line of 'sight de-
vice against bank and pitch movements of a ve-
hicle, comprising means for mounting said device
for scanning movement in azimuth, and means

for moving sald device about an axis at right

angles to the axis of the line of sight of said de-
vice to maintain the scanning path of the latter
in a horizontal plane irrespective of bank and

. pitch movements of the vehicle, comprising a re-

versible servomotor operatively connected with
said device to move the same in opposite direc-

tions about said first named axis, means carried

by said vehicle and responsive to bank and pitch
movements thereof for developing bank and pitch
signals, means connected to said bank and pitch
signal developing means for developing a control

signal as a function of said bank and pitch Esig-

nall signals, means connected to said control sig-
nal developing means for modifying said control

-signal in accordance with the position in azimuth

of sald device, means connected to said control
signal developing means to energize said motor in
accordance with the modified signal, and means
connected to said control signal developing means
and responsive to movement of said motor to re-
verse the operation thereof.

8. Apparatus for stabilizing a line of sight de-
vice against bank and pitch movements of a
vehicle, comprising means for mounting said de-
vice for scanning movement in azimuth, and
means for moving said device about an axis at
right angles to the axis of the line of sight of
sald device to maintain the scanning path of the
latter in a horizontal plane irrespective of bank
and pitch movements of the vehicle, comprising
a reversible servomotor operatively connected
with said device to move the same in opposite
directions about said first named axis, means
carried by said vehicle and responsive to bank
and pitch movements thereof for developing bank
‘and pitch signals, means connected to said bank

- and pitch signal developing means for developing

70
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a control signal as g function of said bank and
pitch signals, means connected to. said control
signal developing means for modifying said con-

.trol signal in accordance with the position in

azimuth of said device, and means connected to
said control signal developing means and fo said
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motor to derive a follow-back signal in response
to rotation of said motor to oppose said control
signal. .

8. Apparatus for stabilizing a line of sight de-
vice against bank and pitch movements of a
vehicle, comprising means for mounting said de-
vice for scanning movement in azimuth, and
means for moving said device about an axis at
right angles to the axis of the line of sight of
said device to maintain the secanning path of the
latter in a horizontal plane irrespective of bank
and pitch movements of the vehicle, comprising
a reversible servomotor operatively connected
with said device to move the same in opposite
directions about said first named axis, a gyro
vertical adapted to be mounted on the vehicle,
separate means connected with the pitch and
bank axes of said gyro for deriving pitch and
bank signals in accordance with the degree of
pitch and bank of the vehicle, and means in-
cluding a coupling device connected with said
separate means for developing a control signal

10
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as a function of said pitch and bank signals and

for energizing said servomotor with the control
signal, said coupling device including coupling-
varying means movable synchronously with the
line of sight device during scanninz movement
thereof whereby said control signal is also a func-
tion of the movement of said device.

10. Apparatus as defined in claim 9 including
means for modifying said control signal in ac-
cordance with operation of said motor.

11. Apparatus as defined in claim 9 including
a variable inductive device for deriving a signal
dependent upon the operation of said motor, and
means to combine said last-named signal with
said control signal.

12. Apparatus for stabilizing a line of sight de-
vice against bank and pitch movements of a
vehlicle, comprising means for mounting said de-
vice for scanning movement in azimuth, and
means for moving sald device about an axis at
right angles to the axis of the line of sight of said
device to maintain the scanning path of the latter
In a horizontal plane irrespective of bank and
pitch movements of the vehicle, comprising a
reversible servomotor operatively connected with
said device to move the same in opposite direc-
tions about said first named axis, a gyro vertical
responsive to pitch and bank movements of the
vehicle, a first variable inductive means con-
nected with said gyro vertieal for deriving a pitch
signal voltage proportional to the angle of pitch
of the vehicle, s Second variable inductive means
connected with said gyro vertical for deriving a
bank signal voltage proportional to the angle of
bank of the vehicle, means connected to both of
sald inductive means and responsive to both of
said pitch and bank signal voltages for developing
& control signal as a function of said pitch and
bank signal voltages which varies in magnitude
synchronously with scanning movement of said
line of sight device, and means to energize sald
servomotor with sald control signal, :

13. Apparatus as defined in claim 12 includ

& follow-back circuit connection from said motor

to sald conirol signal developing means.
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14. Apparatus as defined in claim 12 wherein
sald control signal developing means includes &
pair of non-inductively related wound stator ele-
ments respectively connected with said first and
second variable inductive means, and a wound
rotor element synchronously movable with said
line of sight device successively into full induc-
tive relationship with said stator elements.

15. Control mechanism for a line of sight sean- -
ning device of the type adapted to be mounted
on an 2ircraft and being rotatable in azimuth,
comprising a gyro vertical adapted to respond to
pitch and bank movements of the aircraft, a pair
of independent take-offs associated with said gyro
for separately deriving pitch and bank signal
voltages proportional respectively to the angles
of pitch and bank, -means connected with said
take-offs and responsive to the pitch and bank
signals thereof for developing a single conirol
signal and means connected to said control signal
developing means for oscillating said device ia

‘opposite directions about an axis at right angles

to the line of sight axis thereof, and during rota-
tion thereof, in accordance with said control sig-
nal, whereby the line of sight axis of said device
is main:ained horizontal irrespective of pitch and

- bank movements of the aircraft.

16. Apparatus for stabilizing in a predetermined
plane a movable scanning device of the type
adapted to be mounted upon a mobile vehicle
subject to movement relative to said plane, com-
prising means including a single servomotor for
moving said device to maintain it in said plane,
and means carried by the vehicle and responsive
to movement of the vehicle about a pair of mu-
tually perpendicular axes relative to said plane
for energizing said motor.

17. Apparatus for stabilizing in pitch and roll
& movable scanning device of the type adapted to
ke mounted upon a mobile vehicle subject to
pitch and roll movement, means comprising a
three-degree-of-freedom gyroscope providing sig-
nals proportional to the pitch and roll movement
of the. vehicle, s servomotor for moving said de-

5 Vice to stabilize it in pitch and roll, and means

responsive to said pitch and roll signals for en-
ergizing said motor.

18. Apparatus for stabilizing in pitch and roll a
mopable conirolled device of the type adapted to
be mounted upon a mobile vehicle subject to pitch
and roll movement, means comprising a three-
degree-of-freedom gyroscope providing signals
proportional to the pitch and roll movement of
the vehicle, a servomotor for moving said device
to stabilize it in pitch and roll, and means re-
sponsive to said pitch and roll signals for ener-
gizing said motor.

PAUL A. NOXON. -
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