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Patented Dec. 1, 1953 2,660,794 

UNITED STATES PATENT OFFICE 

COMPUTING GUN SIGHT 

Raymond . C. Goertz, Hempstead, N. Y., and . . 
Harvard L. Hull, York, Raj assignaurs to The t;" 
Sperry Corporation, a corporation of Delaware 

Application September 12, 1942; Serial No. 458,118 
(C.:33-49) 3 Claims. 

The present invention is related to the artin 
cluding computing-gun sights and gun turrets. 
The present invention is especially concerned 
“With computing gun sights of the type in which 
the sight is carried by or moved in synchronism 
with the gun or turret and is offset or “disturbed' 
'with respect to the gun by the annount necessary 
to give the proper lead angle of the gun with re 
spect to the present orientation of the target de 
fined by the line of Sight of the sighting mecha 
hism, to properly direct a projectile to the target. 

. Such a sighting. device is shown in copending 
application Serial No. 358,382, for Computing Air 
craft. Gun Sight, filed September 26, 1940, in the 
names of C. G. Holschuh and G. A. Wielehr, now 
Patent 2,396,701, granted March 19, 1946. The 
computing gun sight Of this prior application is 
intended for direct manual operation in an air 
craft. The present invention constitutes an in 
provement of and a Simplification of the gun 
sight of the prior application, including a manu 
ally controlled power means for rotating the guns 
and a simplified lead connputing mechanism Suit 
able for use: either on aircraft or on the ground, 
against any moving targets. 

Disturbed... gun Sights of the present type are 
subject to a type of instability which renders 
their efficient operation very difficult. This in 
'stability may be seen from the consideration that, 
if the line of sight should be lagging behind the : 
target, and the gunner desires to move the line of 
sight up onto the target, his natural action is to 
increase the velocity of tracking of the gun and 
sight. In so doing, the lead angle also increases, 
since it has one component (prediction) propor- : 
tional to the angular velocity of the guns, and 
thereforei-tends' to drive the sight:back with re 
spect to the gun and away from the target. This 
constitutes an unnatural response, to the natural 
tendency of the operator, and results in Confusion 'g 
"and difficulty in acurately maintaining the line 
of sight-in-track with the target. 
This objection to the disturbed sight is over 

come by the present invention, and a further ad 
vantage in-simplified tracking is obtained by pro 
viding a control of the sight: which at the first 
instant in response to a change in velocity, moves 
the sight forward, namely, in the direction of the 
target, rather than reversely, as has formerly 
been the case. This temporary forward motion 
is then wiped-out and reversed to provide the re 
quired lead-angle after a time delay sufficient to 
prevent the unstable dperation referred to above. 
In this manner an “aided tracking' type of con 
trol of the sight is obtained, which has been found 
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to be advantageous in facilitating accurate track 
ing With a moving target.'" 
In addition, the present invention provides the 

further feature that the orientation of the sight 
is rendered independent of the computing ap 
paratus and is controlled solely by the manual 
control of the operator, whereby the effect of 
change in the lead: angle does not impair the 
ease and effectiveness of control of the tracking. 

Accordingly, it is an object of the present-in 
vention to provide improved computing gun 
sights of the 'disturbed sight' type, eliminating 
the unstable operation of prior art systems. 

It is a further object of the present-invention 
to provide improved disturbed gunsights in which 
the sight is instantaneously actuated in a direc 
tion to follow the target upon a change of the 
position of a manual control, and is thereafter 
'delayably moved in the opposite direction to in 
troduce theirequired lead angle between the sight 
and the gun. 

It is a still further object of the present inven 
tion to provide inproved disturbed gun sights in 
corporating an aided tracking type of control of 
the sight. 

It is another object of the present invention to 
provide inproved: disturbed gun sights in which 

...the control of theorientation of the line of sight 
is made independent of the lead angle, whereby 
ease of tracking is greatly improved. 

It is still another object of the present inven 
tion to provide improved disturbed gunsights in 
cluding means for delayably offsetting the sight 
by the required lead-angie to prevent unstable 
operation, the amount of delay being adjusted in 
accordance. With the projectile time of fight: to 
provide improved operation both with distant and 
with close-in targets. 

It is a further object of the present invention 
to provide an electrically operated disturbed gun 
Sight incorporating at least Sonne of the advan 
tages described above. 

It is still another object of the present inven 
tion to provide a simplified mechanical construc 
tion for a disturbed gun sight also including 
these advantages. 
Other objects and advantages will become ap 

parent from the Specification, taken in connec 
tion. With the accompanying drawings wherein 
the invention is embodied in concrete form. 
In the drawings, 
Fig. 1 shows a schematic perspective view of a 

representative gun turret, such as may be used 
With the present invention. 
“Fig.2 shows a schematic circuit diagram of an 
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electrical embodiment of the control for a dis 
turbed gun sight according to the present inven 
tion, showing the control along one coordinate. 

Fig. 3 shows a diagrammatic view of a ne 
chanical embodiment of the present invention for 5 
controlling the device of Fig. i. 

Fig. 4 shows a schematic diagram of a con 
plete mechanical embodiment of the present in 
vention, including the features and advantages 
described above, and 

Fig. 5 shows an improved form of the circuit 
of Fig. 2. 

Fig. 1 shows a schematic perspective represen 
tation of one form of gun control and Sight. In 
this case, the guns are mounted on a platform 
2 for rotation about a suitable axis, in this case . 

illustrated as being a vertical axis, whereby the 
guns may he rotated in azimuth. Also carried 
by platform 2 is the sighting device, illustrated 
schematically as being a telescope f3, which may 
be any type of device adapted to define a line 
of sight to a distant target. ... -- 
By a sighting device in the present case is 

meant any device defining an axis and capable of 
indicating or determining when this axis is 
oriented toward a target, and may include radio, 
infra-red, photoelectric or other devices as well 
as the usual optical telescope or sight. 
Platform 2 is adapted to be rotated in azi 

muth by means of a suitable servo device f4 which 
drives a pinion 6 engaging an internal fixed ring 
gear , whereby the platform 2 is caused to ro 
tate by the interaction of pinion 6 and fixed in 
ternal gear ft. Servo 4 is controlled from a 
manual control member 8 by means of Suitable 
control mechanism, indicated by the control box 
9. 
Manual control member 3 and its associated 

circuit, are preferably of the type disclosed in 
Figs. 12A and 12B of copending application Se- 40 
rial No. 428,030 for Positional Control System, 
filed January 24, 1942, in the names of H. L. Hull, 
R. C. Goertz, and W. C. Hartman, now Patent No. 
2,526,665, or in Figs. 2-4 of Copending applica 
tion Serial No. 403,618 for Handle Control Sys 
tem, filed July 23, 1941, in the names of H. L. 
Hull, W. C. Hartman and R. C. Goertz, now Pat 
ent 2,414,102, granted January 14, 1947, and are 
adapted to produce an electrical voltage corre 
sponding in sense and magnitude to the Sense 5 
and magnitude of displacement of control men 
ber 8. As shown in copending application Se 
rial No. 428,030 in its simplest form, the means 
employed for converting the displacement of con 
trol handle 8 into a corresponding electrical 55 
voltage signal nay coin prise merely a resistive 
potentiometer Winding having its opposite ter 
minals connected to a constant Source of , alter 
nating or direct potential, and having a novable 
contact arm actuated by control handle 8. The 60 
voltage between the contact arm and the mid 
point of the resistive winding then provides the 
required electrical control signal. 

Fig. 2 ShoWS One form of control circuit which 
nay, for example, be included in control box 9 65 
in Fig. 1, Operative in response to the control 
Signal produced by the control member 8 to 
Orient the guns . Thus, the control signal de 
rived from the manipulation of control handle 
8 is connected to input terminals 2, and is 

thereby impressed across resistor 22. Resistor 22 
is connected in series with a resistor 23, whose 
function will be described below, and the result 
ant Series voltage across these two resistors is 
impressed upon the input of any suitable con 
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4. 
ventional type of amplifier 24. Amplifier 24 is 
preferably chosen to have a large amplification, 
whereby it innay produce full output voltage for 
a very Small input voltage. The output of an 
plifier 24 then actuates a suitable servo device 
4. Servo A may be of the well-known Wickers 

variable-speed hydraulic transmission type, in 
which a predetermined input control signal volt 
age produces a corresponding and preferably 
proportional rate of turn of its output member 
28 connected to pinion 6, shown in Fig. 1. If 
desired, any of the servo devices shown in FigS. 
10A-10) of application Serial No. 428,030 may 
be used here. 
Connected to be rotated simultaneously With 

platform 2 is a generator 23, sihown for ex 
ample as driven from a pinion 3 journaled in 
platform 2 and connected to generator 29 by 
any Suitable mechanical Inseans, indicated at 32. 
Generator 29 is preferably of the type which 
produces an output voltage directly proportional 
to the Speed at which it is driven, and this volt 
age is impressed upon resistor 23 in Series with 
condensei 33. This voltage is of the same type 
(alternating or unidirectional) as the Signal volt 
age impressed across terminals 2. Preferably, 
generator 29 is of the permanent magnet direct 
current type, and the control signal is unidirec 
tional or is converted suitably into a unidirec 
tional voltage across resistor 23. 

Neglecting for the nonent the effect of con 
denser 33, it will be seen that the control signal 
Voltage impressed on resistor 22 will serve to 
actuate Servo 4, and thereby sets up a rate of 
turn of platform 2. This rotation of platform 
2 produces a voltage by means of generator 29, 
which is impressed upon resistor 23 to oppose the 
voltage acroSS resistor 22. By making amplifier 
24 Sensitive and responsive to small values of in 
put voltage, an equilibrium condition will be 
reached in which the voltage input to amplifier 24 
is just that necessary to produce a rotation of 
platform 2 and generator 29 such as to produce 
a voltage across resistor 23 differing from that 
aCrOSS resistor 22 Only by the small amount nec 
essary to actuate amplifier 24 to maintain oper 
ation of the rest of the System. Since the voltage 
Output of generator 29 is proportional to its 
Speed and that of platform 2 and guns f, it 
Will be seen that in this way the control signal 
Voltage impressed on terminals 2 ?, and there 
fore, with condenser 33 omitted, the defiection of 
control nember 8, will be substantially propor 
tional to the angular velocity of the guns and 
that, in effect, a “rate' type of control is pro 
vided, as described more in detail in application 
Serial No. 403,618, in which a predetermined de 
flection of manual control in ember 8 produces 
a corresponding angular velocity of guns f and 
platform 2. 
Condenser 33 serves to provide a type of inte 

grating or Snoothing control. Thus, if the guns 
lf and platform 2 are being rotated at a con 
stant angular velocity, a constant voltage will be 
generated by generator 29 and will charge con 
denser 33 substantially up to this voltage. Dur 
ing the time condenser 33 is charging to full volt 
age, the Voltage across resistor 23 will corre 
Spondingly decrease since the sum of the con 
denser Voltage and the resistor voltage must con 
tinuously be equal to the voltage produced by 
generator 29, which generated voltage is constant 
if the platform has a constant angular velocity 
of rotation. The deflection of the control handle 
8 necessary to maintain this constant angular 
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velocity of platform: t2 will continuously;decrease, 
Since in order to:maintain a...constantizangular 
velocity of platform f2, the displacement of con 
trol: handle: f8::must be always just sufficient to 
produce a control signalyoltage:across resistor2.2 
iwhich differs from:the voltage acrosscresistor. 23 
by the SEinall; constant amount necessary to main 
tains this 'sangular : velocity. The required :dis 
placement. Will therefore decrease as condenser 
33: charges; and the yoltages across resistor:23 
decreases. Thus, after bringing the platformand 
guns up to the desired angular:veloeity, the:con 
trol member 18 may be:gradually, returned; to its 
neutral: position without changing the angular 
:velocity...of the platform. In this way, condenser 
33 operates to cause the platform 2 and guns fif 
;to continue to rotate:at the same velocity, even 
after::manual controller. 8 is returned to its 
ineutral position... 

: Sighting idevice:f3 is also carried by platform 
2, but adjustable with respect theretto: by means 
of servo 42, so that if the manual controller 18 
is adjusted so that the line of sight defined by 
sighting devices. 3 is tracking with at target, it 
Will be clear that the guns. are moving at the 
same angular velocity as that of the target rela 
tive to the gun position. : 

If ai projectile is fired:;by the gun, it: will;take 
-a predetermined::time interval, known as the 
'time of flight,' before reaching the target:Eur 
ing:this time: of flight the targets will have ad 
vanced its position by an amount: roughly equal 
to; the angular velocity of the target relative to 
-the gun position-times the time-of-flight, which 
is termed; the prediction; leadiz angle: Accord 
ingly, in order to permit the gun: to effectively 
idirect: the projectile, the orientation of the:gtin 
must be advanced with respect to the orientation 
!of the target by an amount corresponding to this 
lead...angle. In the present: system, this is done 
by retarding the sighting: idevice 'if.3"relative.ito 
platform 2 on whichi it is carried i(and to the 
guns, f, thus producingia:''disturbed gun sight.” 

For this purpose, it will be noted that the volt 
age produced by generator'29 is proportional to 
the angular velocity of the platform: 2-and-guns 

and hence, when -the-sighting device--3 is 
tracking with the target, will also be stubstan 
tially proportional: to the-angular velocity of the 
target. . . . Tomultiply; this voltage by the time of flight, 
a potentiometer 34 is connected'-across the ter. 
minals of generator S-29. It - Will be "cleai is that 
the voltage derived between the variable arra:36 
of potentiometer. 34 and one of its fixed terminals 
...will be proportional to the deflection of-arm 36 
from its end position and will also be propors 
tional to...the voltage-impressed across the entire 
potentiometer:34, that is, will be proportional 
to the voltage-of-generator: 29, which has already 
been shown to be proportional to the gun or 
target angular velocity during proper; tracking 
conditions. Therefore; by suitably adjusting-arm 
36, as by means of a knob:37, proportionally to 
time of flight, the output voltage from potentia 
ometer 34 may be taken as proportional to the 
product of target'angular velocity and the time 
of fight. Since: time of flight is approximately 
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a function only of target range, knob-37 may be . . 
provided-with -a suitable scale-calibrated directly 
in range. . . 
The prediction-voltage thus-derived -is im 

pressed in series with a voltage produced from 
a follow-up potentiometer: 38 energized from a . 
battery 39, and the resultant voltage is impressed 

6 
supon an amplifier 4, which controls a servoi A2 
-driving the sight 3 with respect to platform: 12. 
Seryo. 42 is also mechanically. Connected by 2 a. 
Suitable coupling, indicated at 43, to the variable 
arm.:43 of follow-up potentiometer 38...i. 
In this way, servo 242 will continue to rotate 

until the voltage produced by follow-up potenti 
ometer 38 exactly balances, that is, is equal and 
opposite to, the prediction voltage, and in this 
way the angular, displacement of potentiometer 
arms A4, and hence of servo 42 and sight 3, will 
be proportional to the prediction voltage; which 
is instern proportional to the prediction lead angle 
trequired between sight 3 andguns ff. By suit 
ably choosing the gearing ratios and the Voltage 
magnitudies, the sight::f3 may be angularly dis 
placed from the Orientation of the guns if by 
exactly the properlead angle to provide So-called 
"prediction correction' or prediction leadstangle 
for the:guns, to allow for the motion of the target 
relative to the guns. 

It will be seen that if guns are moving, for 
example, clockwise, in Fig. 1, sight 3 must be 
displaced in a counterclockwise Sense With respect 

5 to platform 2. If the sight 3 is tracking behind 
the target, and the gunner attempts to accelerate 
the sight: to "get-on' the target, it will.be. Seen 
that any increase: in gun and platform Velocity 
'will produce a displacement: of sight 3 tending 
to increase the lag between sight and target, and 
ithe-more the gunvelocity...is increased, the greater 
lag is produced, although the gunner is attempts 
ing to decrease the lag. This action is character 
istic of all disturbed sights, and renders track 
ing with the target very unnatural and difficult, 
thus preventing optimum utility of the device. .", 
To overcome this defect, a condenser:46 afida, 

resistor 4 are connected across; the inputSiter 
minals 2 supplied with the control. Signal,... and 
the voltages across resistori 47 is inserted in Series 
acress the voltage output of the time-of-flight 
potentiometer:34 and is therefore added thereto. 
The values of condenser, 46, and resistor:47...are 
chosen such that these elements: form: a dif 
ferentiating circuitinia:manner Well known in 
the art, whereby the voltage, derived acroSS re 
sistor 47 corresponds to the rate of change of the 
'control signal impressed on terminals 2. 
By adding this voltage to the leads angle Volt 

age, derived from 3 time-of-flight potentiometer 
34, the sight.f3 is initially actuated in such:a. 
manner...as to follow the target, rather than in 
the opposite sense as Would otherwise be the 
C3Se. 
, This action serves to overcome the tracking lag 
and the sight"catches up' to theitarget. At this 
instant of course, the correct lead angle is not 
present, but this is immaterial since firing is 
'done only. While : accurately tracking. With": the 
target; : In this way, the sight responds: as the 
operator: Would intuitively expect, and not op 
positely, and the operator is enabled to 'get:on' 
the target-much more:quickly to place, the sight in 
the proper tracking condition. . . 
: It will be seen that the rate voltage derived 
from resistor. 4 will die out as the control-signal 
persists, and that after a short-time the actual 
lead angle between sight 3 and guns, Will 
again. become proportional to the lead : angle 
voltage, as is: required, whereupon accurate fire 
can be obtained once more... In this way a stable 
arid easily-operated disturbed gun-Sight 5 System 
is provided, eliminating the instability charace 
teristie-of-prior art deviees. 5. 
The differentiating circuit 46, 47 also produces 
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a type of aided tracking control for the sight. As 
is known, in an aided tracking control, the con 
trolled device is actuated so that its displacement 
9 from a predetermined neutral position is related 
to a constant displacement p of the controlling 
member by a relation of the form 

6= k1p -k2pt 
where ki and k2 are proportionality constants and 
t is the time the control displacement p persistS. 
In the present case, the motion of the guns and 
platform carrying the sight produces the Second 
term of the right member of the above equation, 
while, the differentiating circuit AS, 4 produces 
the first term, at least in transient fashion, dur 
ing "getting on' the target, when aided tracking 
control is most useful and desirable. 

It is to be noted that the device thus far de 
scribed serves to Supply only the prediction lead 
angle. Other lead angle components may also 
be provided by inserting voltages, proportional 
thereto in Series with the input to annplifier 4. 
The Systern of Figs. 1 and 2 has been described 

with respect to motion about one axis only, illus 
trated as being the azimuth axis. . It is to be 

O 

understood that preferably the guns and Sight 
3 are made rotatable also about a second axis, 
such as an elevation axis perpendicular to the 
azimuth axis, under the control of a suitable 
manual control member, which may benenber 
8, displaced about a second independent axis, 
as is shown below in Fig. 4. A similar control 
between the elevational motions of the sighting 
device 3 and guns may be provided for no 
tion about the elevation axis, as shown in Fig. 4, 
whereby the gun sight of the invention may be 
utilized with targets moving in three dineInsions, 
Such as aircraft. 
The system of Fig. 2; still suffers the disad 

vantage that the gunner, in Order to maintain 
the sight in track with the target, must actuate 
the sight (by means of his control of the guns 
and platform 2) to compensate for changes in 
lead angle. It is preferable, from the standpoint 
of simple and effective tracking, that the Op 
erator be able to manipulate the sight without 
adjusting for changes in lead angle. This is done 
in Fig. 3, which shows a modified type of control 
System similar in principle to that of Figs. and 
2, but entirely mechanical in operation. Here 
control handle 8 is coupled to airn 5G and disr 
places the ball carriage 5 of a variable Speed 
drive 52, whose drive disc 53 is rotated at constant 
speed from a constant speed notor 54. In this 
way, the output cylinder 56 of variable Speed 
drive 52 is rotated at an angular velocity propor 
tional to the displacement of control 8. This 
rotation of cylinder 56 is led through suitable 
gearing 57 and a differential 58 to rotate an out 
put shaft 59 which is connected by way of gear 
ing 6, shaft 62, gearing 63, and shaft 64 to a. 
torque amplifier 66 whose output 67 drives pinion 
f5 with respect to fixed ring gear fi in the Same 
manner as in Fig. 1. Torque annplifier SS may be 
of any suitable type adapted to provide a high 
torque output from a relatively Small torque in 
put derived from shaft 64. Such amplifiers are 
well known in the art and are believed to require 
no further description here. One form of such 
torque amplifier is the well known Wickers hy 
draulic variable Speed drive. 
In this manner, displacement of manual con 

trol 8 sets up a corresponding angular velocity 
of platform 2 which carries all of the elements 
shown in Fig. 3, except the fixed ring gear , 
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in a manner similar to that shown in Fig. 1, 
and hence provides a rate control of sight 3. 
At the same time, the displacement of manual 

control 8 rotates a lever. 68 about a pivot 69, 
Lever 68 is connected through a further linkage 

, 72 to the sight. 3 and thereby displaces the 
line of sight 24, corresponding to the optical 
axis of telescope 3 in Fig. i., by a proportional 
amount and in the Sane sense as the desired 
rotation of platform 2, as to a position 4' rela 
tive to the gun orientation which is along 4. 
This action therefore corresponds to the effect of 
condenser 6 and resistor 47 described in Fig. 2, 
since the sight 3 is thus initially displaced pro 
portionally to the angular velocity of platform 
2, and provides a resultant “aided tracking' con 

trol of sight 3, which has been recognized as a 
desirable type of control for efficient tracking. 
At the same time, displacement of contro, 

member 8 moves another lever 6 about a pivot 
l, which motion is transferred proportionately 

through a link 78, link, 79 pivoted at 8, link 
82, and lever 83 pivoted about pivot 84, to pro 
portionately displace ball carriage 86 of a second 
variable Speed drive 8 also actuated from motor 
54. 
The rotation of output cylinder 88 of variable 

Speed drive 87 rotates, a shaft 9 carrying oppo 
Sitely threaded screws 92 and 93 cooperating with 
respective traveling nuts 94 and 95, upon which 
are mounted the pivots 8 and 69 described above. 
Thus, the rotation of shaft 9 serves to displace 
pivot 8, whereby lever 19 pivots about the new 
position of its pivot 80 and returns the ball car 
riage 86 to its neutral or centralized position to 
stop the rotation of shaft 9, which will then 
have rotated through an angle proportional to 
the defection of member 8. 
At the same time, rotation of shaft 9 operates 

to move the traveling nut 95 carrying pivot 69, 
whereby lever 68 pivots about its pivot T0 and 
turns the Sight 3 oppositely to its original mo 
tion. The angular displacement of shaft 9, and 
hence the angular displacement of sight 3 thus 
produced, Will be proportional to the displace 
ment of manual control 8 and accordingly will 
be proportional to the angular velocity of plat 
form 2, which will be equal to the angular 
velocity of the target during proper tracking. 

It Will be Seen that this angular displacement 
of sight 3 and shaft 9 will depend upon the 
position of the pivot TT about which lever 76 
rotates. This pivot is made adjustable, as by 
means of a tine-of-flight calm 96 and a slide 97 
actuated by a range knob 98, and is set in ac 
cordance with the time of fight of the projectile, 
determined in the same manner as with respect 
to FigS. 1 and 2, from a Suitable range finder. 
By adjusting pivot TT in accordance with the time 
of flight, the angle through which sight 3 is 
turned by shaft 9 is made proportional to the 
time of flight plus a constant. Since the original 
deflection of Sight 3 in the direction of motion 
Of the guns was proportional to the angular ve 
locity of the guns as determined by the angular 
displacement of control 8, this constant is 
chosen to be of Such value that the resultant 
position of Sight 3 will be displaced from the 
Orientation of the guns by an amount equal to 
the desired prediction lead angle, or to the angu 
lar velocity of the guns times the time of flight, 
producing the Same type of operation as in Figs. 
and 2. 
The motion of output cylinder 88 of variable 

Speed drive 87 is also additively coupled to that 
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of cylinder 56 by way of gearing 89 and different 
tial:58: In this way the input to torque amplifier 
6Sand: the platform 2 are additionally displaced 
by a component corresponding to the prediction: 
lead angle, 

- Since; the: sight 3 is thus displaced relative to. 
platform. 2 and guns f: by the same amount. 
as: the: gunsi and platform are oppositely dis 
placed with respect, to the target,...it will be seen 
that sight. 3 has no motion: relative to the target ji 
due to the action of variable, speed: drive: 81, 
which therefore sets in the properlead angle withi. 
outin: any-way impairing; the ease of tracking. 
nother words, the, gunner need not compensate: 

for the lead angle, a She illust, in Fig. 2. w 
. It will be seen that variable speed drive 8 acts. 
to initially delay the control of sight, 3...by the 
properlead angle, So that easier and stable track 
ing is possible. This delay" is controlles: by the 
“settling time' of drive: 87, which is 'the time: 20 
it stakes to resume a stable position after being 
displaced, and depends. On the speeds of motor 
5 and the amount: the balcarriage 86 is initially: 
displaced, which, latter in: turn depends: Or, the 
distance advantage of the lever System, 83; 82, etci. 
This settling time, in the device of Eig. 3; ; is: 
Selected to have a: value: large- enough; to pro 
videstable tracking by sight 3, and short enough 
to: obtain quick setting of the sight and guns to. 
the proper firing positions: 

It wilbe-clear here also that a similar.'control. 
may be provided for motions about a second axis. 
perpendicular to the axis: of rotation of sight: 3. 
and the: gians, to provide.three-dimensional con- . 
tro. 
-To: provide control: compensation for the lead. 

angle.ini Fig. 2, this: circuit...may be modified in: 
the:manner: shown in Fig. 5, by the addition of a. 
generator. 45 driven from the sight servo 42 isyns. 
chroneusly. Withi: sight:f3:... Generator. 45:iis. prefs' 40. 
erably of the same type as generator 29, and pro 
duces a voltage output proportional to the speed. 
at: which it is driven, which will therefore be pro-. 
portional: to the rate-of change of the prediction. 
lead angle. This prediction rate voltage is'.inri. 45 
serted in series: with the other:voltage input to. 
control: amplifier 24,i. As was seen in Fig. 2; the 
speed of;: the guns: obtained fron: gun servo is 
is proportional to the input voltage derived across 
resistor. 22:... In Fig.5, however, the gun rate will 50 
be proportional to the sum of the voltage across's 
resistor .22 and the voltage derived fron genera. 
ator; 45.3. Accordingly; the gun orientation-de 
rived by the devices of Fig. 5 in response: to:a. 
change in displacement of control. 8, will be ad 
waneed from the corresponding orientation' of 
the 'gun in Fig. 2; by an amount; equal: to the: 
2change in the .iead angle, so that the sight...and. 
gun are displaced in opposite. Senses by thesaime; 
angle, leaving the sight orientation unaffected by 
changes: in the position of control of 8, in a mans. 
ne:Sinaiar; to that in Fig. 3. 

: Preferably; also the voltage derived from gene. 
erator 45 is connected in series: with the input. 
welltage to control, amplifier, 4-, and thereby pros. 
vides, in a well-knownxmanner, a type of anti 
hunting control for the sight servo 42 permitting 
more accurate positioning of sight: 3: Withoutflag. 
or hunting in response: to the VoltageS. derived 
from potentiometer 34, resistor 47 and potentions 70 
eter 38, described in Fig.2. 

; Fig. 4 shows a modification of the device of 
Fig. 3, including control along both elevation and . 
azimuth coordinates and; incorporating several 
improvements. It will be noted that the device.75: 

15: 

5 bility:. Of 'operation and ease of tracking, 

30. 

35 

0: 

dependent: axes; corresponding:to . 

O 
of Figs. 2 and 3 is useful in obtaining the predic 
tion lead angle allowing for the motion of the 
target, but does not provide the ballistic corree 
tion required itc. allow: for variation of the pro 
jectile, from...the orientation of the gui 
ballistic coirection: for a gun haijingia, 
location;such as on a truck or tank or 
be considered to bein: elevation only; namely to 
be the so-called stiperelevation: correction, and 
as a sufficiently goods approximation rinay be: cons 
sidered to be propertionai: to the product. of the 
cosine; of the angle of elevation of the gun by the: 
time offilight: Such a correction is incorporated 
in the device of 'Fig. as will be described. 

In addition; it has been found that the settling: 
time discussed above should vary with the range. 
of the target or the time of flight in order to pro 
vide optimum operation. Thus, for close-in-tars 
gets having a short time of flight and range; it. 
is desirable thatashiort settling time be provided 
in order to enable the gunner to quickly get intos 
the is accurate 'firing condition. For longer. 
ranges and longer-times of flight, a longer set. 
tling time is desirable to provide improved sta 

feature is also incorporated in the device of Fig 
Referring to this figure, the sight 3. is shown: 

as constituting a mirrorf Opivoted about an: 
axis D2 preferably" horizontally disposed; and: 
parallel to the: elevation trunnions of the gun 
and Scooperating with a secondimirror fo3 pivoted. 
about, an axis 104; disposed along the axis of the 
gun. A: suitabile:Source of light, indicated: sche 
matically as a lamp bulb.: 06, projects: its:light: 
rays; through a 'screenior:rnasking member'. ..." 
having a suitable reticle, if 0.8 formed thereon, so 
that the image (EO of 'this: reticle is: refected: 
from.mirror.' O3:into 'mirrors. Of, and 'thiereby: 
into the 'eye'.09: of the gunner, Mirror... is: 
preferably of the reflex type; also: permittirigidi 
rect transmission; of light therethrough; such as: 
along the lines of sight 74. It will be seen that 
rotation of the mirror:f 63 will cause the image: 
ft; of the reticle iO8,' as: seen by the observer's 

eye, to move along-axis 502 of mirror: O so that. 
the lirie, of sight formed; by the reticle image: i. 
and the gunners: eye' if 09 will move in the slant 
plane containing the elevation gun trunnioris and: 
thešguin axis; and about an axis perpendicular to: 
this plane. This may be termed motion: in: gun. 
slant plane: azimuth..." Rotation of mirror foiliwill: 
cause: this reticle image iO to appear to nove: 
perpendicular to axis. 02; producing motion: of 
the line of Sig televation, AS. Will be seen. 
mirrors: Otiani. 33are argularly displaced in 
accordance with the elevation and islant; plane: 
azimuth components: of the leads angle required: 
for proper operation, and therefore the optical 
system, 3 is operated in a similar fashion to that 
of. Figs: 2 and 3; having its line of sight offset.or. 
disturbed from the gun orientation by the annount. 
and in the direction of the resultant lead angle, 
In operation, the gunner will actuate theirians: 

'ual controller: 8:to:maintaini the target central... 
sized with : respect. to the reticle image fol: atti. 
which is time, the proper tracking condition; for 
effective fire;is obtained. Manual icontrol mems. 
ber:8 in:Fig. 4:is shownias; being of the type: 
having...independenti displacements about two in 

e elevation: 
axis and the azimuthiaxis of rotation of the guns. 
and Sight; Thus, fixed to control Emember 8 is ; 
a memberififormed as: a sector of a circle havi . 
ing its centeralong the pivotaxist f2 of theman. 
"ual control 8. Disposed along the circumfer: 

"I T 
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ence of this circular member is a cable 3 
which is maintained in close contact with this 
circumference by means of an idler pulley 4. 
Upon motion of manual control 8 about axis 2, 
cable 3, operating against the pull of a Spring 
f 16, whose remote end is fixed as at i? 7, will serve 
to translate arm 50, and thereby displaces, the 
ball carriage 5 of the variable speed drive 52 in 
the same manner as in Fig. 3. The rotation of 
the output cylinder 56 of the variable speed drive 
52 is then led through differential 58 to output 
shaft 64 controlling a torque amplifier 66 driving 
the elevation pinion 6 engaging the elevation 
rack or ring gear 7 and thereby driving the en 
tire apparatus here shown, together with the guns 
fixed with respect thereto, in elevation, at a rate 
proportional to the elevation displacement of 
manual controller 8. This action is exactly 
similar to that of Fig. 3. 
At the same time, this motion of arrin 50 moveS. 

a lever 68 about a pivot 69 and thereby displaces 
the elevation mirror f, as by means of a Suit 
able cable 8, or other mechanical coupling, to 
displace the line of sight determined by the 
reticle image O in the same direction as the 

In addition, the no guns are starting to move. 
tion of arm 5C moves a lever 75 about a pivot 
and thereby displaces the ball carriage 86 of vari 
able speed drive 87, whose drive disc 9 is driven. 
from motor 9 in the manner to be described. 
The output cylinder 88 of variable speed drive 8 
drives a gear 2 meshing with an elongated pin 
ion 22 which is rotatably mounted on a link 2, 
coupled to lever 76, and which is internally 
threaded to receive a threaded shaft 23 novable. 35. 
in translation together with the ball carriage 86. 
as cylinder 88 turns, pinion 22 is rotated and 
the screw shaft 23, is thereby screwed in or Out. 
in a sense to restore ball carriage 86 toward its 
neutral position. In this respect, the device of 
Fig. 4 is similar to the linkage system. 83, 82, 9, 
92, 94, 8 of Fig. 3, and serves to delayably rotate ; 
gear 2 by an amount proportional to the dis- . 
placement of manual controller 8, and also pro 
portional to the angular velocity of the guns, and 
hence of the target when tracking thereWith. 
Gear 2 also operates through Suitable gear 

ing 24 to rotate a screw 93 carrying the nut 95 
which supports the pivot 69, and thereby delay 
ably rotates mirror 0 by the amount necessary 
to withdraw the line of sight from its original 
advanced position and to displace it from the gun 
orientation by the proper prediction lead angle. 
Pivot TT is made adjustable under the control of . 

55 the range knob 98 and time-of-flight can 96 in 
the same manner as in Fig. 3. Gear 2 also 
adds its motion to that of cylinder 56 in differen 
tial 58, also as in Fig. 3. 
As thus far described, the present System is 

identical with that of Fig. 3, merely replacing the 
sight 3 by an equivalent sighting device 0, 
O3. In order to introduce the Super-elevation 

component of the elevation lead angle, output 
shaft 59 of differential 58 Operates through a 
worm f26 and a worn. Wheel 2 to rotate a can 
28, whose follower 29 is thereby translated in 
proportion to the coSine of the angular displace 
ment of shaft 59, and therefore in accordance 
with the cosine of the ange of elevation of the 
gun. The displacement of follower 29 corre 
Spondingly displaces arm 3 carrying the rack 
32 cooperating with a pinion 33, which is 

thereby rotated through an angle corresponding 
to the cosine of the angle of gun elevation. Pin 
iOn 33 actuates a flexible shaft 34, Which in 
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turn rotates a screw shaft 36 rotatably mourited 
upon arm 5). Screw 36 in this manner traris 
lates a nut 37 mounted thereon, which carries 
the pivot 38 for lever 76. Thus, the displace 
ment of lever 76 produced by manual control 8 
is modified by an additive component propor 
tional to the cosine of the ange of elevation 
This modification of the displacement of lever 
76 produces a corresponding modification of the 
resultant angular displacement of output cyl 
inder 88 of variable speed drive 87, which thus 
operates through screw 93, and nut 95 to modify 
the lead angle of mirror O, which is thus con 
trolled both in accordance With the prediction 
lead angle and the Superelevation lead angle to 
provide the proper resultant lead angle in ele 
vation for effective fire, 

Shaft. 59 is coupled to torque annplifier 66 driv 
ing pinion 6 With respect to fixed elevation rack 
7, similar to the arrangement of Fig. 3. 
The control of the azimuth mirror 03 is ex 

actly similar to that of the elevation mirror 0. 
and need not be further described, similar ele 
nents being given similar reference characters, 
but primed. It is to be noted, however, that the 
angular motion of the line of sight produced by 
azimuth mirror (3 occurs in the Slant plane de 
terrilined by the gun. Orientation and the pivot 
axis 2 of mirror i0 parallel to the gun eleva 
tion trunnions. The azimuth control of the guns, 
however, is generally about a fixed vertical axis, 
as in Fig. 1, or in a horizontal plane. In order 
to properly control the guns, therefore, it is 
necessary to convert angular displacements in 
azimuth in the slant plane into the correspond 
ing azimuth angular displacements in the hori 
zontal plane. As is well known, this conversion. 
may be performed by multiplying the Slant plane 
azimuth values by the Secant of the angle of ele 
Vation, or by dividing by the Cosine of the ele 
vation angle. For this purpose, output shaft 
59 of differential 58, corresponding to output 
shaft 59 of Figs. 2 and 3, which is angularly dis 
placed in accordance With the gun. Slant plane 
azimuth, Serves to actuate the drum cylinder 4 
of a variable speed drive 42, whose ball carriage 
43 is translated in proportion to the cosine of 

the ange of gun elevation by means of arm 3. 
By So doing, the disc 44 of variable speed drive 
2 is actuated in accordance With the ratio of 

the displacement of cylinder 4 to that of ball 
carriage 43, and will therefore be displaced in 
proportion to the product of the displacement of 
Shaft 59 by the Secant of the angle of elevation, 
the output derived from disc 44 is then led to 
a torque amplifier 66, Similar to that of Figs. 2 
and 3, and Serves to actuate the azimuth drive 
pinion f6 cooperating with the azimuth ring gear 

to rotate the entire apparatus in azimuth. 
As thus far described, the present device of 

Fig. 4 has added the Superelevation control and 
the correction for Slant plane data to the de 
vice of Fig. 3. In order to adjust the settling 
time in accordance with the time of flight, range 
knob 98 and can 96 actuate a link E 46, which 
in turn is pivoted to a lever 4 having a fixed 
fulcrum at 48. In this manner, lever 4 adjusts 
the ball carriage 8 of a further variable speed 
drive f49, whose drive disc 5 is driven at con 
Stant Speed fron constant Speed notor 9, in ac 
cordance with time-of-flight. The output cyl 
inder 52 of variable speed drive 49 then drives, 
the drive discS 9 and 99 of variable speed drives; 
8 and 8. In this manner, the settling time of 
the Variable Speed drives 8 and 87 is adjusted 
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in accordance with the time of flight or range of 
the target, So that optimum performance may 
be obtained both for close-in targets and for dis 
tant targetS. 
The apparatus of Fig.2 may be adjusted sim 

ilarly to allow for close-in or remote targets by 
adjusting the value of resistor 47 or condenser 
46. Preferably, for reasons of simplicity, resistor 
47 is made adjustable for this purpose. 
Although the above modifications have been 

described as using the friction disc type of vari 
able speed drive, it is to be noted that any other 
type of device yielding an output rate of turn 
corresponding to an input displacement may be 
used. 
As many changes could be made in the above 

construction and many apparently widely differ 
ent embodinnents of this invention could be made 
without departing from the scope thereof, it is 
intended that all matter contained in the above 
description or shown in the accompanying draw 
ings shall be interpreted as illustrative and not 
in a limiting Sense. 
What is claimed is: 
1. A computing gun sight comprising a sight 

ing device mounted on and adapted to be moved 
With a gun, means for producing a control volt 
age corresponding to a desired angular velocity 
of said gun, means responsive to said voltage, 
and including a speed generator adapted to 
produce a speed voltage proportional to the an 
gular velocity of said gun, for driving said gun 
and sighting device at said desired angular ve 
locity, and means for offsetting the orientation 
of Said sighting device from that of said gun in 3 
a direction opposite to the motion of said gun 
and in proportion to Said angular velocity, com 
prising means for displacing said sighting device 

5 

4. 
relative to said gun in proportion to said speed 
voltage, whereby said sighting device lags said 
gun by the prediction lead angle. 

2. A computing gun sight as in claim fur 
ther including means for momentarily further 
displacing said sighting device relative to said 

O 

5 

I 

gun in the same sense as the motion of said gun 
and in proportion to the rate of change of Said 
control voltage whereby an aided tracking con 
trol of Said. Sighting device is provided So, that 
it may be more readily tracked with a target. 

3. A computing gun sight as in claim 1, fur 
ther including means responsive to a change in 
said control voltage for initially displacing said 
sighting device relative to said gun in the same 
sense as the motion of said gun and for delay 
ably removing said initial displacement, where 
by said sighting device may be stably and easily 
tracked with a target. 

RAYMOND C. GOERTZ. 
HARWARD L. HULT. 
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