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UNITED STATES PATENT OFFICE 
2,671,613 

ELECTRICAL, GUN DIRECTING SYSTEM 
William W. Hansen, Garden City, N. Y., assignor 

to The Sperry Corporation, a corporation of 
Delaware 
Application April 19, 1943, Serial No. 483,69 

(C. 235-61.5) 6 Claims. 
1. 

This invention relates generally to the art of 
gun fire control, and more particularly, to means 
for, and methods of, continuously controlling the 
firing of guns so as to effect hits against rapidly 
moving targets, such as airplanes. Although 
primarily intended as an anti-aircraft director, 
the apparatus of the present invention will ob 
viously function equally well to solve the more 
simple fire control problems, such as directing 
fire against surface craft, stationary targets, and 
So forth. 
In presently used gun directors, such as that 

described in U. S. Patent No. 2,065,303 entitled 
"Apparatus for the Control of Gun Fire,' issued 
December 22, 1936, in the names of E. W. Chafee, 
et al., are essentially mechanical devices. In 
such directors, electrical energy is utilized only to 
supply power for operation of the various me 
chanical components, such as cams, differentials, 
variable speed devices, and so forth, which de 
vices mechanically accomplish all the various 
arithmetical and algebraic computations neces 
sary for the solution of the fire control problem. 
Some of the more important advantages of the 

electrical gun directing system herein disclosed 
over prior mechanical directors lie in its light 
ness, compactness, cheapness, and general Sin 
plicity. In order to attain the necessary accuracy 
in a mechanical director, low scale factors must 
be maintained throughout, and each element, 
therefore, must be comparatively large. As a re 
sult, the whole director becomes a large, heavy, 
and unwieldy device. On the other hand, each 
element of the present electrical gun director is 
inherently small and light, and in general, the 
accuracy attained in each element is not a func 
tion of its size. The complete electrical gun di 
rector may, therefore, be much smaller and 
lighter than an equally accurate mechanical di 
rector. 
Another advantage attained in the present 

electrical gun director is the reduction of the 
"shaft and gearing' problem. In designing a 
mechanical gun director it becomes quite Some 
problem to actually fit the various component 
parts together in a unitary structure of a reason 
able size. This is due to the great number of 
shafts and gearing which must cooperate with 
other shafts and gearing without interfering with 
still other parts of the director. In the present 
gun director, since data is transmitted mainly in 
the form of electrical voltages rather than shaft 
displacements, it becomes possible to design each 
component separately with regard only to its par 
ticular function, and then simply connect the 
various components together with conducting 
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leads. Besides resulting in a more compact di 
rector, Such a construction also has the advan 
tage Of being easier to service. 

Also, in mechanical directors considerable diffin 
Culty is often met in in Suring stable performance 
of the Servo and follow-up devices involved. As 
is Well known, stable operation of such devices 
depends essentially on having a big difference be 
tween the time constant of the various compo 
nent devices and the time constant of the com 
plete System. Since an enormous range of time 
constants is readily available in the electronic 
equivalent of mechanical Servos, this difficulty is 
eliminated. 
Another problem encountered in the design of 

a mechanical director is that of backlash in the 
gears. Since there is no electrical equivalent to 
backlash, this problem is also eliminated in the 
present electrical director. 

In presently used mechanical directors the 
prediction of the future position of the target 
is carried out in rectangular coordinates, and is 
based upon the assumption that the target is fly 
ing in a straight line at a constant velocity. 
Since present target position data, is necessarily 
received from the sighting system in spherical 
coordinates, it becomes necessary in these direc 
tors to convert these spherical coordinates into 
the corresponding present position rectangular 
coordinates to compute the future position of the 
target in rectangular coordinates, and then to 
convert these computed future position rectangu 
lar coordinates back into the corresponding 
future position spherical coordinates, which last 
data, may then be employed for controlling the 
angular position of the gun and the fuze setting 
of the projectile. 

In the present application there is disclosed an 
electrical gun director which accomplishes the 
prediction of the future target position in 
spherical coordinates directly without first con 
verting to rectangular coordinates. In the past 
this has been thought impractical because of the 
difficulty involved in obtaining the many higher 
order time derivatives of the incoming present 
position data, which are necessary in order to pre 
dict in spherical coordinates. In the present ap 
plication this difficulty is overcome by employ 
ing electrical differentiating and smoothing cir 
cuits, which are much more accurate and prac 
tical than mechanical differentiating circuits to 
obtain the necessary higher derivative data. By 
thus predicting in spherical coordinates, the 
necessary double conversion from spherical co 
ordinates to rectangular coordinates and then 
back again to spherical coordinates, and the re 
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sulting loss of accuracy involved in this double 
conversion are eliminated. 
As previously stated, presently used fire control 

directors base their prediction of the future po 
sition of the target upon the assumption that 
the target is flying in a straight line at a con 
stant velocity. In the present invention, the 
future position computed is the true future po 
sition based, not upon any assumptions at all, 
but upon the true mode of motion of the target 
as determined by the instantaneous values of the 
successively higher order derivatives at the time 
of firing. In this way the gun director of the 
present invention is capable of effectively di 
recting gun fire against a target which is flying 
at an accelerating rate, or in a curved path, or 
having any other mode of motion. 
Another advantage accomplished by predicting 

in spherical coordinates is that it becomes pos 
sible to apply the present position spherical co 
ordinate data received from the sighting System 
directly to the guns as a first approximation, and 
to compute in the predicting and ballistic appa 
ratus only correction factors which may then 
be applied to the gun to finally position it. This 
avoids the necessity of carrying the major por 
tion of the final gun position data, all the way 
through the computing system, thus allowing the 
use of higher scale factors in the computing ap 
paratus and resulting in greater accuracy in the 
ultimate solution. 

Accordingly, an object of the present inven 
tion is to provide an electrical gun directing 
System. 
Another object of the invention is to provide 

a, simple, cheap, compact, and accurate gun di 
recting system. 
Another object of the invention is to provide 

a gun director operating wholly in spherical co 
ordinates. 

Still another object is to provide electrical fire 
control apparatus for computing the prediction 
corrections in spherical coordinates directly from 
the present position spherical coordinates of the 
target. 
A further object of the invention is to provide 

apparatus for accurately computing the predic 
tion corrections to be applied to a gun in order 
tÓ hit a target Which is traveling at an accel 
erated rate, or in a curved path, or according to 
any other node of notion. 
A still further object is to provide a gtn, "di 

rector wherein only correction terms are involved 
in the computing apparatus. 
Other objects and advantages will become ap 

parent in the specification taken in connection 
with the accompanying drawings wherein the in 
wention is embodied in concrete foin, 

In the drawings, 
Fig. I is a schematic diagram of the complete 

gun directing system of the present invention. 
Fig. 2 is a schematic diagram of the azimuth 

component of the predicting circuit of Fig. 1. 
Fig. 3 is a wiring diagram of a smoothing and 

differentiating circuit which may be employed 
in connection with Fig. 2. 

Fig. 4 is a detailed schematic diagram of the 
ballistic mechanism of Fig. 1. 

Fig. 5 is a schematic Wiring diagram of the 
azimuth component of the difference indicator of 
Fig. 1. 

Fig. 6 is a wiring diagram of a circuit employed 
for various purposes in the System. 
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Fig. 7 is a representation of the potentiometer 75 

4 
unit employed for multiplying and for other pur 
pOSeS. 

Fig. 8 is a wiring diagram of the sum circuit 
employed for algebraically adding two voltage 
signals. 

Similar characters of reference are used in all 
of the above figures to indicate corresponding 
parts. Arrows are used to indicate the direction 
of flow of information or control influences. 

Referring now to Fig. 1, wherein the complete 
gun directing System is Schematically shown, an 
automatic radio sighting system is employed 
to obtain the azimuth angle (A0) as a propor 
tional rotation of output shaft 2, and the eleva 
tion angle (Eo) alŠ a proportional rotation of 
output shaft 3, of the present position of the 
target, and to provide the automatic range cir 
cuit 4 with the necessary information as on out 
put lead 5, for it to soive for and produce as a 
proportional rotation of shaft 6, present slant 
range (Do). 
Although the radio sighting system may be of 

any suitable type adapted to accomplish this pur 
pose, preferably a reflected-pulse radio sighting 
System of the type disclosed in copending ap 
plication Serial No. 441,188 for “Radio Gun Con 
trol System,” filed in the names of C. G. Hol 
Schuh et al., April 30, 1942, is employed. As de 
scribed in that application, periodic pulses of 
electromagnetic energy are radiated in a conical 
fashion about the target from a suitable reflec 
tor, schematically indicated at 7, which reflector 
has its radiation axis 37 slightly offset from its 
spin axis 38 as shown. 

Reflector 7 is also employed to receive back 
corresponding pulses reflected from a target lying 
within the irradiated conical portion of space. 
The phase and magnitude of the variation in in 
tensity of the refiected pulses is then inter 
preted by suitable detecting circuits which pro 
duce output signal voltages proportional to the 
angular deviation in elevation and azimuth of 
the axis of the cone of space irradicated (the spin 
axis of reflector ) with respect to the line of 
sight of the target. 
- These Voltage signals are then introduced into 
Suitable Servo mechanisms which reposition the 
'Spin axis of reflector 7 in such a direction as to 
reduce these siginal voltages to zero. Ira this 
nanner the Spin axis is continuously maintained 
coincident with the line of sight to the target, 
thus providing a measure of the angular posi 
tion of the target in elevation and azimuth. The 
azimuth and elevation output shafts 2 and 3 may 
be directly connected to the shafts which con 
trol the Orientation of the spin axis so that the 
angular displacement of shafts 2 and 3 will be 
respectively proportional to the present azimuth 
(AO) and present elevation (Eo) of the target. 
The automatic range circuit 4 receives on lead 

5 both the transmitted pulses and the corre 
*Sponding reflected pulses of electromagnetic en 
ergy. As is well-known, the lapse of time be 
tWeen a transmitted pulse and a corresponding 
received pulse is proportional to the distance to 
the target. The automatic range circuit 4, which 
may be of the type disclosed in copending appli 
cation Serial No. 432,290 for “A Pulse System,' 
filed February 25, 1942 in the name of W. M. 
Silha Vy, or any other suitable type, is adapted 
to neasure this time interval and provide on its 
output shaft 6 an angular displacement popor 
tional to this time interval, and therefore pro 
portional to the Slant range (Do) to the target. 
‘Although the sighting system i has been de 
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scribed as an automatic radio sighting system, 
it is contemplated that an ordinary manually 
operated Optical sighting device, such as a tele 
Scope, may be employed in conjunction with a 
conventional manually operated optical range 
finder in order to obtain the spherical coordinates 
(Ao, Eo and Do) of the present position of the 
target. 

Referring again to Fig. 1, it may be considered 
that an ultimate function of the computing ap 
paratus there disclosed is to produce angular dis 
placements of shafts 8 and 9, respectively pro 
portional to the angle of train (A.T.) of the gun 
and the quadrant elevation (Q.E.) of the gun 
required for effective gun fire, and on shaft 0 
an angular displacement proportional to the 
correct projectile time of flight (tip). The oper 
ation of the computing apparatus in accomplish 
ing the Solution for ange of train Will first be 
considered. 
As shown, the present azimuth (A0) shaft 2 

is employed to actuate a permanent magnet gen 
erator if, which accordingly produces upon its 
output lead 2 a voltage signal corresponding in 
magnitude and polarity to the magnitude and 
Sense of the rate of change or first time deriva 
tive (AO) of the present azimuth angle (AO). 
This voltage signal is then introduced into the 
predicting circuit 3 Where it is further succes 
sively differentiated in order to obtain the second 
and third derivatives (Ao) and (Ao) of the pres 
ent azimuth angle. As will later be described 
in more detail, the predicting circuit 3 multi 
plies these successively higher derivatives by 
factors respectively proportional to correspond 
ing powers of the time of flight which is received 
as a proportional rotation of input shaft & from 
shaft 0, and the interconnecting shafts and 
gearing. The various products so obtained are 
then additively combined to produce on output 
lead 5 a voltage signal corresponding to the 
azimuth prediction correction (AA). This COr 
rection, which represents the change in the 
angular position of the target in azimuth during 
the projectile time of flight (tip), is then intro 
duced into the difference indicator 25. 

In order to obtain the azimuth ballistic cor 
rection (ð) - which takes into account the Varia ~ 
tion of the projectile from a straight line course 
after it has left the gun, there is provided a 
ballistic mechanism 6. The ballistic mechanism 
is adapted to receive, as proportional rotations 
of input shafts 7, 8 and 9, data correspond 
ing to the angle of train (A.T.), quadrant eleva 
tion (Q.E.), and time of flight (tip) from shafts 
8, 9 and 0, respectively. Since the ballistic cor 
rections will be influenced both by the presently 
existing atmospheric conditions and also by the 
muzzle velocity of the gun, there are provided 
knob and graduated Scale arrangements 2, 2, 
22 and 23, by proper adjustment of which data, 
corresponding to the change in muzzle velocity 
(AM.V.) from standard, the percentage change 
in air density (% Apa) from standard, and the 
velocity (Vw) and azimuthal direction (Aw) of 
the wind may be sent into the ballistic mecha 
nism. The ballistic mechanism, having received 
these various input data, is them adapted to pro 
duce on its output lead 24 a voltage proportional 
to the azimuth ballistic correction (8), as will 
later be described in more detail. This voltage 
signal is then also introduced into the difference 
indicator 25. The difference indicator 25 Operates in con 
junction with the angle of train servo 26 and 
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6 
subtracting differential 27 to form a follow-up 
system, which system acts to angularly displace 
shaft 8 by an amount proportional to the present 
azimuth angle (A0) appearing as a proportional 
displacement of shaft 2, plus the azimuth predic 
tion Correction (AA) appearing as a proportional 
Voltage on lead 15, plus the azimuth ballistic 
correction (6) appearing as a proportional volt 
age on lead 24. Shaft 8 is thus positioned in ac 
Cordance with angle of train (A.T.). Since the 
angle of train servo 26 drives shafts 8 and 29 
equally, the angular displacement of shaft 29 
also is proportional to angle of train (A.T.). 

in Operation the subtracting differential 2 
produces on its output shaft 28 an angular dis 
placement equal to the difference between the 
angular displacements of its two input shafts 
29 and 2, and therefore proportional to angle 
of train minus present azimuth angle (A.T.-Ao). 
The difference indicator 25 additively combines 
the azimuth prediction correction (AA) received 
On lead 5 and the azimuth ballistic correction 
(6) received on lead 24. It then makes a com 
parison between this sum (AA-+5) and the dif 
ference (A.T.-A0) received on shaft 28, and 
produces On its output lead 39 a voltage signal 
corresponding to the difference (dA) existing 
in these two quantities, if any. 
Since this voltage signal (dA) appearing on 

lead 30 is employed to control the angle of train 
Servo 26, it will be apparent that the servo will 
drive shafts 8 and 29 until the voltage signal 
(dA) has been reduced to zero. When this con 
dition is met, the following relationship holds: 

Re-arranging the above equation, we obtain the 
following equation: 

Accordingly, shafts 29 and 8 will have been angu 
larly displaced by an amount corresponding to 
the present azimuth angle (A0), plus the 
azimuth prediction correction (AA), plus the 
azimuth ballistic correction (6), and therefore 
by an amount corresponding to the true angle 
of train (A.T.) required to hit the target. 
Shaft 8 may then be employed to actuate an 

angle of train transmitter 3, which may be of 
any suitable type, Such as a conventional “Sel 
Syn” or “Autogon,” in order to transmit data cor 
responding to the correct angle of train (A.T.) 
to a remote gun battery by way of output lead 32. 

Similar apparatus is employed in order to con 
pute the elevation prediction correction (AE) and 
the elevation ballistic correction (çibs), and to pro 
duce upon shaft 9 an angular displacement pro 
portional to the Sum of present elevation angle 
(Eo) and these two corrections, that is, propor 
tional to quadrant elevation (Q.E.). In gener 
all the apparatus employed for the solution in 
elevation has been given the same reference nu 
meral as the corresponding azimuth apparatus, 
but has been primed. A quadrant elevation 
transmitter 3, which may be identical to trans 
mitter 3f, is provided to convert the quadrant 
elevation signal appearing as proportional rota 
tion of shaft 9 into corresponding electrical data 
appearing on lead 32. This quadrant elevation 
(Q.E.) may then also be transmitted electrically 
to a remote gun position. 
An angular rotation of shaft O proportional 

to the projectile time of flight (t) is produced 
in an identical manner, although this is a little 
more difficult to understand since the corre 
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sponding input data, appearing as an angular 
displacement of shaft 6, is in terms of slant range 
(Do), a distance, whereas the output data re 
quired is in terms of time. However, it will be 
appreciated that the time of flight Setting of 
shaft 8 may be treated as an equivalent slaint 
range setting because the actual time of flight 
plus a ballistic correction is a quantity (tipW) 
proportional to the slant range to the point of 
burst of a projectile. “Vº' is an arbitrary con 
stant of proportionality which may be called the 
mean projectile velocity. The product (ip W) is 
an arbitrary variable which inay be called “equiva 
alent range.' Now, having everything ira terms 
of distance, we can calculate a Slant range prer 
diction correction (AD) and a slant range-ballis 
tic correction (p), and we: can employ a follow 
up system to produce a rotation of shaft. 29' 
proportional to the present slant range (Do) plus 
these corrections, and tierefore proportional to 
the equivalent range setting (tip W) required. In 
rotating shaft 25 by this amount, the time of 
fight servo. 26' angularly displaces shaft it by 
a proportional, but in this case not equal, ailout. 
The proportionality factor is made equal to the 
mean projectile velocity (V) so that the angul 
lar displacement of shaft 9 corresponds to the 
true projectile time of fight (tip). 
This time of flight is then fed to the fuze con 

verter - and corrector 34, into which fuze dead 
time (FD.T.) is also introduced as by knob and 
graduated dial 35. Fuze converter and corrector 
34 is preferably of the type disclosed in copend 
ing application Serial No. 476,686 for “Guri Di 
recting System,' filed December 30, 1942 in the 
names of D. J. Campbel and W. G. Wing, al 
though any other Suitable type may be enployed. 
As described in that application, til Me Of fight 
(tp) is first converted to a corresponding fuze set 
ting by a suitable can arrangement. A variable 
speed device is employed as a differentiating 
mechanism to obtain the rate of change in this 
fuze setting. This rate of change is then multi 
plied in the same variable speed by fuze dead time 
to obtain the total change in fuze Setting which 
may be expected to occur in the dead time inter 
val. This change in fuze setting is then added 
to the present fuze setting to obtain the corrected 
fuze setting which may be expected at the end of 
the dead time interval. Output shaft 36 from 
the fize converte and corrector 34 is calSed to 
have a rotation proportional to this corrected 
fuze setting (F). The corrected fuze setting (F) 
may then be transmitted to a remote point, as by 
transmitter 3 '' and the electrical transmission 
channel 32''. 

Before taking up the detailed description of 
predicting circuit 3, ballistic mechanism , and 
difference indicator 25, the various electronic and 
electro-mechanical calculating units enployed as 
basic components throughout the System. Will first 
be described. These are shown in FigS. 6 through 
8, he circuits of Figs. 6. to 8 are described and 
claimed in the application of Edward L. Ginzton, 
Serial No. 594,571, filed May 18, 1945. 

Referring now to Fig. 6, there is shown a cir 
cuit useful in various ways for operating on volt 
age signals in the System. As shown, an alectrol 
tube 9, indicated as a triode, is provided haying 
its grid connected to the ungrounded, side of the 
direct voltage input signal. (Vi). The cathode of 
tube 3 is connected to the grounded side of the 
input signal through resistors 8 and 82. The 
point 83 intermediate resistors 8 and 82 is con 
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8. 
nected through the variable resistor 84 to the 
negative side of the plate supply voltage, shown 
as battery 85. Battery 85 is grounded at a point 
intermediate its positive and negative terminals. 
The plate of tube 80 is connected to the positive 
Side of the plate Supply voltage through the re 
Sistor 85. A closed circuit is formed across the 
terminals of battery 85 through the resistors. 86, 
87 and 88, the last of which is variable. One out 
put lead 9 is connected to a point 91 intermedi 
ate the resistors' 87 and 88. The other output 
lead 95 is connected to the point 83. A grounded 
output lead 92 may also be used, if desired. 
The electron circuit through the tube may be 

considered as traveling from ground through re 
Sistor's 82 and 6, through tube 80 and resistor 
86 to the positive side of battery 85, and then back 
to ground. Another closed circuit is formed from 
ground through resistor 82 and variable resistor 
84 to the negative side of battery 85 and then to 
ground. 
With zero voltage signal (VI) applied to the 

giid of tube 33, that is, with the quiescent value 
of Current foWing through the tube, variable re 
Sistor 88 is adjusted until the point 9 and output 
conductor 33 are at ground potential. At the 
Sane time, variable resistor 84 is adjusted until 
the point. 83 and output conductor 90 are at 
ground potential. , 

If a positive voltage signal. (Vi) should be re 
ceived, it will be apparent that because of the in 
crease of current flow through resistor 86 the po 
tellitial of point 93 will decrease. Accordingly, 
the potential of point 9 and that of output con 
ductor $9 will decrease to a negative potential 
iroportional to the input voltage signal (Vi). 
át the Same tine, due to the increase of current 
flow through resistor 82, the potential of point 83 
and that of the output conductor 99 will increase 
in the positive direction by a corresponding 
anount, Similarly, should a negative voltage 
Signal be received, a proportional positive signal 
Will be produced on output lead 89 and a propor 
tional negative signal will be produced on lead 90. 
loreover, due to an increase of current flow 

through resistors 82 and 8 resulting from a posi 
tive input signal impressed upon the grid, the 
cathode of tube 88 will become more positive 
causing the grid to become more negative with 
respect to the Cathode. This will tend to de 
crease current flow through the tube thus oppos 
ing the effect of the received signal. In this way, 
inverse feedback is provided which stabilizes the 
ratio of output to input voltage signals by elimi 
nating the effects of changes in the tube chair 
acteristics caused by age of the tube, variations 
in external conditions, Sl:ch as temperature and 
humidity, and other reasons. 
The circuit shown in Fig. 6 may therefore be 

tised for two different purposes. It may be used 
as a "follower' circuit in which an output voltage 
signal is provided agross output conductors 90 
and 92, which is of the same polarity and pro 
portional to the input signal (Vi). Such a fol 
lower circuit is employed in a potentiometer mul 
tiplying unit, which will later be described, in 
Order to produce an output voltage signal from 
which current may be drawn, said output voltage 
signal being proportional to an input voltage 
signal from which it is undesirable to draw cur 
rent. The circuit shown in Fig.6 may be also 
employed as a "reversing" circuit wherein an 
output voltage signal may be obtained across out 
put conductors 89 and 92 proportional in magni 
tude to the input signal but of opposite polarity. 
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Referring now to Fig. 7, there is shown a po 
tentiometer unit useful for multiplying, obtaining 
functions of an independent variable, and for a 
combination of these two purposes. As there 
shown, one terminal 96 of the potentiometer 95 
is connected to the ungrounded side of the input 
voltage signal (Wii). The other terminal 9 is 
grounded. The contact arm 98 of the potention 
eter 95 is rotated in accordance with the shaft 
displacement signal (ac) from the input shaft 99. 
The potentionetter 35 is wound so that the re 
sistance from the grounded terminal 97 to a par 
ticular point on the potentionineter is proportional 
to the value of the function Fº (ac) corresponding 
to the value of a represented by that point. Con 
ductor ji, which is electrically connected to con 
tact arm S8, is introduced into a follower circuit 
of which may be of the type shown in Fig. 6. 
The output voltage of follower circuit which 
appears on output lead 2 is then proportional 
to the desired output signal. 

It will be apparent that the Voltage between 
conductor tie, which is connected to the contact 
arm 98, and ground will be proportional to the 
voltage input signal (Vi) and also proportional to 
the function F (ac) represented by the position of 
contact arim 33. The voltage of conductor () is 
therefore proportional to F(ac) (Vi). This is 
only true, however, when the Voltage acroSS Con 
ductor GQ is on open circuit, that is, when it is 
drawing no current. In order to be able to use 
this signal without drawing current therefron, 
the follower circuit fe is provided, and the out 
put voltage appearing on conductor 82 may be 
employed as the useful signal from which current 3i 
supplied by the plate supply voltage of follow cir 
cuit is , may be drawn without causing any in 
accuracy. As shown and described, the potenti 
ometer unit of Fig. 7 constitutes a "function and 
multiplying' unit wherein a voltage signal is ob 
tained on output lead 2 proportional to the 
product of the input signal (Vi) and a predeter 
mined function of the input shaft displacement 
signal (ac). 

It will be apparent that by linearly winding 
potentiometer 95, a voltage output signal (a Vi) 
may be obtained, which is proportional to the 
product of the voltage input signal (Vi) and the 
shaft displacement signal (ac). When the po 
tentioraeter unit is used in this Way, it will be 
referred to simply as a "multiplying' unit. A 
simplified modification may also be used simply 
as a “functiorº unit, in Which case, the potenti 
ometer 95 would be energized from a constant 
source of direct voltage and would be Wound in 
accordance with the desired function. In Such 
case, an output voltage signal would be produced 
proportional to the desired function of the shaft 
displacement input signal. With potentiometer 
95 constantly energized and linearly wound, a 
“conversion' unit is obtained which may be en 
ployed simply to convert a shaft displacement 
input signal to a proportional voltage output sig - 
nal. In the drawings of Figs. 2, 4 and 5, the po 
tentiometer unit of Fig. is schematically shown, 
and the particular one of its four possible func 
tions is indicated by appropriate initials marked 
within the unit. Referring now to Fig. 8, wherein there is 
shown a circuit for obtaining the algebraic Sun 
of two voltage input signals (V1 and W2), there 
are provided two electron tubes 4 and 5 
which are indicated as tetrodes, although pen 
todes would be equally suitable. The unground 
led side of one voltage input signal is applied to 

t 

20 

25 

3) 

si 

85 

10 
the control grid of tube 04 while the unground 
ed side of the other voltage input signal is ap 
plied to the control grid of tube 05. A plate 
supply battery 06, grounded at an intermediate 
point between its positive and negative terminals, 
supplies positive plate potential to the plates of 
each of the tubes through the resistor OT. The 
negative terminal of battery 06 is also connect 
ed to the plates of the tubes through the variable 
resistor C8 and resistor 09. The Voltage ap 
pearing at the point to between resistors 08 
and 09 is fed through a reversing circuit i?, 
which may be of the type shown in Fig. 6, and 
which supplies on its output lead f2 a voltage 
signal proportional to the sum of the two input 
signals (V1--Va). 
The cathode of tube 04 is connected to ground 

through the biasing resistor 3 and inverse feed 
back resistor f4, and the cathode of tube 05 is . 
connected to ground through respectively iden 
tical biasing and inverse feed back resistors 5 
and 6. The negative terminal of the battery 
is connected to a point 7 midway between re 
sistors f 3 and 4 through the variable resistor 

8. A similar connection is made from the neg 
ative terminal of the battery through the vari 
able resistor 9 to a point 20 midway between 
resistors 5 and 6. The screen grids of both 
tubes may be connected to the positive terminal 
of the battery, as shown. With both tubes 4 
and 05 operating at their quiescent conditions, 
that is, with both input signals at Zero potential, 
the variable resistors f O8, 8 and 9 are ad 
justed so that the points fo, 7 and 20, re 
spectively, are at zero potential. 
In operation, when a positive voltage input 

signal (V1) is received on the control grid of tube 
04, the resulting increase in current flow through 

resistor OT lowers the potential applied to the 
plates of both tubes. Since both tubes are 
tetrodes, this reduced plate voltage will have sub 
stantially no effect on the flow of current through 
tube 05. The reduction of the plate potential, 
however, will cause the potential of point O to 
become negative by an amount corresponding to 
the positive input voltage signal (V1). Should a 
negative voltage input signal be received on the 
control grid of tube 04, the potential of point 

O will become positive by a corresponding 
amount. In a similar way, the receipt of a posi 
tive or negative voltage input signal on the con 
trol grid of tube fo5 will cause the potential of 
point 0 to become more negative or more posi 
tive, respectively, by a corresponding amount. 
Since the amount of current flowing through re 
sistor 07 is the sum of the currents flowing 
through each of the tubes, and since the current 
through each of the tubes is dependent only on 
the input voltage signal applied to its control 
grid and is independent of the current flow 
through the other tube, it will be apparent that 
the potential at point 0 will be proportional in 
magnitude to the algebraic sum (V--W2) of the 
received input signals, but opposite in polarity. 
The polarity of this resultant potential is reversed 
in reversing circuit so that the voltage signal 
appearing on output lead 2 corresponds both 
in polarity and magnitude to the algebraic sum 
(W1--W2) of the received input signals. 
Inverse feed back for tube (04 is provided by 

resistors 3 and f4 and for tube iO5 by re 
sistors 5 and 6. As the current through tube 
4 increases or decreases as the resultant of the 

receipt of a voltage signal upon its control grid, 
the resulting change in cathode potential caused 
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by the change in current fow through resistors 
3 and 4 will tend to oppose the effect of the 

received signal voltage applied to the grid. An 
increase or decrease in current flow through re 
sistors 5 and 5 acts in a similar Way in Oppo 
Sition to the received voltage. Signal. (W2) causing 
the increase or decrease. There is thus provided 
the required inverse feed back required for ef 
fecting an accurate summation of the received 
signals. 

It will be appreciated that the sum circuit char 
acterized by Eig. 8 is not limited to obtaining 
the algebraic sum of only tWo voltage input Sig 
nals, but that any number of voltage input sig 
nas could be algebraically added. For each ad 
ditional input signal another tetrode Would be 
required connected in the circuit identically with 
tubes 4 and 5 so that its plate current also 
would flow through the common plate resistor 
O. 
Returning now to a consideration of the pre 

diction problem, that is, the nanner in which 
the predicting circuit 3 solves, for the prediction 
corrections (AA, AE and AD) in azimuth, eleva 
tion, and sant range, respectively. It may be 
said that no matter in what manner the target 
may be moving, each of its coordinates will in 
stantaeously have some specific law of motion 
which defines the value of that coordinate as a 
function of time, and which may be expressed for 
the azimuth coordinate, for instance, by the fol 
lowing formula: 

A(i) = A0--dit--d2t--dist3--------ant 
wherein zero time is taken as the time at which 
we are attempting to perform the predicting, that 
is, When A=Alo, and the dat’s are Unknown coeffi 
cients. If then it is desired to determine the 
ang Ular orientation of the target in azimith at a 
time (ip) later, We may employ a Taylor Series 
as follows: 

The azimuth prediction correction (AA) is then 
equal to the Sun of all the terms in the above 
expression Subsequent to the first, or AO term. 

This expression is enployed in predicting circuit 
3 to obtain a voltage signal proportional to the 
azimuth prediction correction (AA). 
As shown in fig. 2, the voltage from permanent 

magnet generator appearing on input iead 2 
and corresponding to the first derivative (A0) 
Of the azimuth angle (Ag), is introduced into a 
Sum circuit , which may be of the type disclosed 
in Fig. 8, as on lead 39, and also into a smoothing 
and differentiating circuit 42, as on lead 40. As 
will nore fully be explained hereinafter, smooth 
ing and differentiating eircuit A2 is adapted to 
further successively differentiate the input first 
derivative data, thereby producing On output 
Ieads 3 and 48 voltage. ?g??ls corresponding to 
the Second (?0) and third (?0) derivatives of the 
azimuth angle. 
Three potentiometer multiplying units 45, 46 

and A, aire provided, the contact arm of each of 
which is actuated in accordance with a required 
value of time of flight (tip) received as a propor 
tional rotation of input shaft ... Potentiometer 
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12 
unit 4 is energized in accordance with the third 
derivative (A0) and its contact arm is rotated 
proportionally to one-third time of fight (t), by 
Fedliction gearing 47, to produce uponits ??????? 
lead 48 a voltage proportional to AAot. This 
Voltage is then added in the sum circuit 49 to the 
Voltage appearing on lead A3 to produce upon 
lead. 50 a voltage proportional to Ao--4Aot. 
The Voltage signal thus appearing on lead SO 

is then multiplied in potentiometer, unit 46 by 
one-half the time of flight, to produce upon lead 
5 a voltage proportional to 4Aot--6Ao(t) . 
This voltage is then added to the voltage received 
on input lead f2, and the sum is again multiplied 
by the time of flight in potentiometer multiplying 
unit 5 to produce a voltage on output lead 5 
proportional to Aotp-4Aota?--'6Aot. This 
Voltage may then be taken as proportional to the 
azimuth prediction correction (AA) as derived 
from Taylor's series since mathematical investi 
gation of the anti-aircraft problem discloses that 
for the types of target courses most likely to be 
encountered under combat conditions the first 
three terms of this series provide sufficient data 
to obtain the degree of accuracy required in the 
final solution. 

In Fig. 3 there is shown apparatus which may 
be employed in smoothing and differentiating 
Circuit 2 to accomplish the function of that cir 
cuit. As there shown, the voltage received on 
input lead 40 corresponding to the first deriva 
tive (A0) of present azimuth angle (A0) is placed 
acroSS a Series circuit consisting of the condenser 
56 and resistor 57. Since the charging current 
flowing into condenser 56 will be proportional to 
the time rate of change of the Voltage appearing 
On lead 49, the current through resistor 57, con 
sisting only of this changing current, will be pro 
portional to the time, rate of change of the first 
derivative (AO) or, in other Words, proportional 
to the second derivative (A). 
The Voltage across resistor 57, corresponding 

therefore to the second derivative (Ao) of the 
present azimuth angle, is fed to the grid of an 
electron tube 58. The cathode of tube 58 is con 
nected to ground through the resistor 59 and the 
parallel circuit consisting of the condenser 60 
and resistor 6... The plate Supply battery 62 has 
a point intermediate to its positive and negative 
terminals grounded. The plate of tube 58 iscon 
nected directly to the positive side of battery 62. 
The negative side of battery 62 is connected 
through the variable resistor 63 to a point inter 
ediate resistors 59 and 6 . It will be evident 

that electron tube 58 and its a SSOciated circuit 
elements constitute a “follower circuit of the 
type shown in Fig. 6, except for the addition of 
the condenser 60 across resistor 6. 
As is Well known, the present azimuth data 

received from the radio Sighting system and 
appearing as a proportional rotation of shaft 2, 
Will always have some erratic perturbations 
Superimposed upon the true value represented 
thereby. This is caused by the inpossibility of 
obtaining perfect servo systems in the radio 
Sighting System for accurately following the 
target, by backlash in the gearing, and so forth. 
These erratic variations appearing on shaft 2 will 
be reflected as corresponding Variations in the 
first derivative voltage signal appearing on leads 
2 and 40. These variations in the first derivative 

data, in turn will be reflected into the voltage 
Signal appearing across resistors and represent. 
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ing the second derivative (Älo) of the azimuth 
angle. The purpose of condenser 60 is to operate 
in conjunction with resistor 6 to form a simple 
smoothing circuit in Order to average out the 
resulting false variations in the second derivative 
data. Accordingly, there is produced an output 
lead 43 a voltage signal (Ao)s proportional to a 
smoothed measure of the second derivative Volt 
age signal appearing acroSS resistor 57. 
In order to obtain a voltage on lead 44 propor 

tional to the third derivative (AO) of the present 
azimuth angle, the voltage appearing on lead 43, 
representing the second derivative (Ao), may be 
re-differentiated and re-smoothed by introducing 
it into apparatus identical With that just de 
scribed for obtaining the Second derivative. If 
desired, more refined circuits for differentiating 
and smoothing may be employed. Also, in ob 
taining the azimuth preliction correction (AA), 
only the first three derivatives have been utilized. 
It will be apparent that by applying the prin 
ciples of operation of the invention which have 
been described, it is p0SSible to carry as many 
terms of the Taylor series as is desired. 
Since the elevation prediction correction (AE) 

and the slant range prediction correction (AD) 
may be obtained in the same manner as described 
for obtaining the azimuth prediction correction 
(AA), a further description of the predicting 
apparatus is not necessary. 
In Fig. 4 there is shown the ballistic mechanisia 
6 of Fig. 1, the purpose of which is to receive 

time of flight (tip), quadrant elevation (Q. E.) 
and angle of train (A. T.), represented by the 
displacements of shafts 9, 9 and 8, respectively, 
and to produce from these input Signals and from 
other input signals corresponding to the change 
in muzzle velocity (A. M. W.), percentage change 
in air Velocity (%Apa), and the velocity and azi 
muthal direction of the Wind (Ww and Aw), the 
azimuth, elevation and slant range ballistic cor 
rections (6, gps and p) as proportional voltages or 
output leads 24, 24' and 24', respectively. 
Angle of train (A. T.) received on input shaft 
7 is introduced into a wind resolver 22. The 

purpose of the wind resolver, which also receives 
the velocity and azimuthal direction of the wind 
from knobs 22 and 23, respectively, is to produce 
On its output shafts 23 and 24 angular dis 
placements respectively proportional to the rear 
wind velocity (Wr) and the cross-wind velocity 
(We). The Wind resolver may consist of a differ 
ential in which the difference between the azi 
muthal wind direction (Aw) and the angle of train 
(A. T.) is obtained. This difference may be 
introduced into a disc and slide mechanism of 
the type which is employed in U. S. Patent No. 
2,065,303, entitled "Apparatus for the Control of 
Gun Fire' and issued December 22, 1936 in the 
names of E. W. Chafee et al. for the purpose of 
resolving the coordinates (R0) and (A0) of the 
present position of the target in the horizontal 
plane into the corresponding rectilinear coordi 
nates (aco) and (yo). The disc and slide mech 
anism is employed in a similar manner in the 
present device to compute the required compo 
nents of wind velocity (Wr and We) along and 
across the line of fire, from the velocity of the 
Wind and its angular direction with respect to the 
line of fire. Such a Wind resolver, as has herein 
been described, is shown and described more com 
pletely in the aforementioned copending appli 
cation Serial No. 470,686, wherein it is used for 
an identical purpose. 
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14 
The conversion units 26 and 25, respectively, 

actuated from shafts 24 and 23, produce on 
their output leads 28 and 27, voltage signals 
proportional to the cross-wind velocity (We) and 
the rear-wind velocity (Wr), respectively. The 
conversion unit 29, actuated in accordance with 
the percentage change in air density (% Apa) 
from shaft 30 and knob. 2, produces a propor 
tional voltage on its output lead 31. Similarly, 
the conversion unit 32, which is actuated in 
accordance with the change in muzzle velocity 
(A. M. V.) from knob 20 and shaft 33, produces 
On its output lead 34 a voltage proportional to 
change in muzzle velocity. 
The desired azimuth ballistic correction (3) is 

calculated in the ballistic mechanism in accord 
ance with the formula: 

In this formula and the following formulae, sub 
Scripts f and g are used to indicate different 
functions of time of flight and quadrant eleva 
tion, respectively. These functions are obtained 
from data, given in firing tables which have been 
empirically compiled. 

In order to compute the azimuth ballistic cor 
rection (8) in accordance with the above formula, 
the function unit 35 and the function and multi 
plying unit 36 are actuated in accordance with 
time of flight (tip) from input shaft 9, and the 
function and multiplying units 37 and 38 are 
actuated in accordance with quadrant elevation 
(Q.E.) from input shaft 8. The predetermined 
function of time of flight fi(tip) produced by the 
function unit 35 is multiplied by the proper 
predetermined function of quadrant elevation 
g1 (Q.E.) in the function and multiplying unit 3 
So that there is produced on lead 39 a voltage 
proportional to the first quantity of the equation 
for the azimuth ballistic correction (8). 
In a similar manner, the cross-wind velocity 

(We) is successively multiplied by the proper 
function f2 (tip) of time of flight and the proper 
function g2 (Q.E.) of quadrant elevation in the 
function and multiplying units 36 and 38, re 
Spectively. This product, which is equal to the 
Second quantity in the equation for the azimuth 
balistic correction (ô), is produced as a propor 
tional voltage signal on lead 40. The sum cir 
cuit i? operates to add the input voltages re 
ceived on leads 39 and 40 and to produce on its 
output lead 24 a voltage proportional to the 
azimuth ballistic correction (8) in accordance 
With the above formula. * 
The elevation ballistic correction or super 

elevation (bs) is computed in accordance with the 
following formula: 
ps=f3 (tip) g3 (Q.E.) --Wrf4 (it) g (Q.E.) -- 

% Apafs (tip) g5 (Q.E.) --AM. V. f6 (t)ge (Q.E.) 
wherein the first quantity is the elevation bal 
listic correction existing under standard condi 
tions and the next succeeding quantities take 
into consideration the actual conditions of rear 
Wind, air density, and muzzle velocity existing at 
the time of the solution. 
In order to Solve for the elevation ballistic cor 

rection (ps) according to the above formula, the 
function unit 42 and the function and multiply 
ing units 43, 44 and 45 are all actuated in Ca 
Cordance With the time of flight (t) from shaft 
19, and the function and multiplying units 46, 
47, 48 and 49 are actuated in accordance with 
quadrant elevation (Q.E.) from shaft 8. The 
function and multiplying units 43, 44 and is 
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are: respectively elergized in accordance with the 
rear wind velocity (Wr), percentage change in air 
density (% Apa), and the change: in lauzzle veloc 
ity (AM. W.), from leads 2, 3 f. and 34, respec 
tively. 
In accordance, with the theory of operation of 

the function and multiplying units, which by now 
should be well understood, there are produced 
as: proportional voltages on leads: 50, 5, 52 
and 53, measures of each of the: four quantities 
comprising the elevation ballistic correction (gps). 
The sum, circuit. 54, operates, to combine these 

0. 

four quantities and to produce; on lead, 24 voltage 
proportional to the elevation ballistic correction 
(qb) in accordance. With the above-set out formula. 
The slant range ballistic correction (p) is simi 

larly computed in accordance with the following 
formula: 

wherein the first two quantities are sufficient to 
compute the slant range ballistic correction under 
ormal conditions and the last three take care of 

existing variations from the normal conditions. 
As shown, the function units 55 and 56, and 

the function and multiplying units 57, 58 and 
f59, are actuated from the time of flight shaft. 9, 
and the function and multiplying units 60, 6, 
62 and 63 are actuated in accordance with quad 
rant elevation from shaft f8. The function and 
multiplying units í51, 158- and I59 are respec 
tively energized from leads 27, 3 and 34 in 
accordance with the rear wind velocity and the 
variations in air density and muzzle velocity from 
standard conditions, respectively. The various 
function and function and multiplying units op 
erate to produce on leads, 64, '65, 66, 67 and 
68 voltages proportional to the various Guanti 

ties comprising the slant range ballistie correc 
tion (p). The sum circuit 69, performs the re 

- quired algebraic addition of these various quan 
tities in accordance with the above formula. 
There is accordingly produced on output lead 
24' a voltage proportional to the Slant range 
ballistie correction (p). 

Referring now to Fig. 5 wherein the azimuth 
component of the difference indicator 25 of Fig. 
is schematically shown, a conversion potention 

eter unit 64 is provided to convert, the angular 
displacement of input shaft, 28 into a yoltage. On 
output lead 65 corresponding in magnitude... but 
having an opposite polarity. It will be recalled 
that the angular displacement of shaft 28 is pro 
portional to the difference between the angle of 
train (A. F.), appearing as a proportional rotar 
tion of shaft 29, and the present azimuth angle 
(AO), appearing as proportional rotation of shaft 
2. The voltage signal appearing on lead 65, there 
fore, corresponds to the quantity - (A.T.-AO). 
This voltage is introduced into a Sum circuit 66. 
Also introduced into sum circuit 66, as on leads 
f5 and 24, respectively, are voltage signals. Cor 
responding to the azimuth prediction correction 
(AA) and the azimuth ballistic correction (6). 
The sum of all these input voltage. Signals is thus 
produced on output lead 30. Accordingly, the 
voltage appearing on output lead 30 is the re 
quired signal voltage (dA) for actuating the angle 
of train servo 26 as expressed by the following 
relationship: 

A=(AA--5) - (A.T.-40) 
As previously stated, shafts 8 and 29 will con 
tinue to be driven by servo 26 until voltage signal 

16 
(dA) has been reduced to zero, at which time 
shaft 8 will have been angularly displaced an 
amount proportional to the angle of train (A.T.) 
at which the gun must be positioned for effective 
gun fire. The elevation and slant range com 
ponents of difference indicator 25 obtain the ele 
vation and slant range voltage signals (dE and 
dio) in an identical manner. 
It will be apparent that electrical calculating 

devices for performing the various operations ae 
complished by the devices shown in Figs. 6 
through 8 could be designed to operate on alter 
nating current voltage signals as well as direct 
current voltage signals. If desired, such devices 
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could then be incorporated in the gun directing 
System described, with only slight modification of 
the system, thus providing a gun directing system 
Operating on alternating current throughout. It 
is, therefore, not intended that the present in 
vention be limited to the use of direct current 
voltage signals. 
Since many changes could be made in the above 

construction and many apparently widely differ 
ent embodiments 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: 
i. A predictor comprising, in combination, an 

input terminal adapted to receive a quantity, pro 
portional to the first derivative of a variable, a 
Smoothing and differentiating circuit for convert 
ing the quantity applied to the input terminal into 
second and third derivatives respectively, a, plu 
rality of potentiometers each having a slidable 
tap: and a common driving means adapted to be 
lotated in proportion to an independent variable, 
Connections for applying the third derivative 
Guantity to the first potentiometer, a summing 
circuit. With input, connections. from a second 
derivative terminal of the Smoothing and dif 
ferentiating circuit and from the tap of the first 
potentiometer, an output connection from said 
Sunning circuit to the second potentiometer, a 
second summing circuit with input connections 
froin the tap of the second potentiometer and 
from the input terminal of the apparatus, and 
an output connection to the third potentiometer, 
the tap of the third potentiometer having an out 
put terminal at which the predicted value. ap 
????S. 

2. A prediction circuit for a gunfire director 
comprising, in combination, an input terminal to 
which a voltage may be applied proportional to 
the first derivative of one of the independent war 
iables of a prediction problem representing one 
of the coordinates of the target, a differentiat 
ing gircuit having an input fron said terminal, 
a first output terminal at which a second deriva 
tive voltage appears, and a second outplatter 
ninal at which a third derivative voltage ag 
pears, three potentiometers. With a driving shaft 
adapted to move in proportion to time of fight 
of a projectile, each of said potentiometers con 
prising a pair of relatively movable elements, one 
of which comprises an impedance winding and 
the other of which comprises a sliding tap, first 
and Second Sunning circuits, an input, connec 
tion from the third derivative terminal to the 
Winding of the first potentiometer, input, con 
nections to the first summing circuit from the 
Second derivative terminal and the tap of the 
first potentiometer, an output connection from 

  



2,671,618 
17 

the first Summing circuit to the winding of the 
Second potentiometer, input connections from the 
apparatus input terminal and the tap of the sec 
Ond potentiometer to the second summing cir 
cuit, an output from the second summing circuit 
to the Winding of the third potentiometer, and 
an output connection from the tap of the third 
potentiometer on which a voltage representing 
predicted value appears. 

3. A predicting circuit for a gunfire director 
comprising, in combination, an input terminal 
to which a function of one of the coordinates of 
the moving target may be applied, a differen 
tiating circuit having an input connection from 
Said terminal, and a plurality of output termi 
nals at which appear quantities representing 
Successively higher derivatives of the quantity 
applied to the input terminal, a plurality of Sun 
ming circuits equal to the number of output ter 
minals of the differentiating circuit, a plurality 
Of potentiometerS, One greater than the num 
ber of Summing circuits, each of the potentiome 
ters except the last having one of Said Summing 
Circuits aSSOciated thereWith, each of Said Sun 
ming circuits having one input from one of the 
Said terminals and a Second input from one of 
the potentiometers and having an output to a 
Succeeding potentiometer, the first potentiome 
ter haWing an input from the highest derivative 
terminal of the differentiating circuit, whereby 
the last potentiometer has an output represent 
ing the Taylor Series in which the number of 
terms is equal to the number of potentiometers 
employed, and terms of the Taylor Series are 
power functions of projectile time of flight and 
derivative functions of the coordinate of the tar 
get. 

4. Apparatus for computing a Taylor Series in 
terms of a first and Second Variable, compris 
ing means for differentiating a first Wariable, a 
terminal at Which a quantity proportional to 
the first derivative appears, means for Suc 
cessively differentiating, having terminals at 
Which Successively higher derivatives appear, a 
plurality of potentiometers equal in number to 
the number of derivative terminals, each poten 
tionetter comprising a pair of relatively movable 
elements, one of which consists of a winding and 
the other of Which consists of a slidable tap, 
means for producing relative motion of Said po 
tentiometer elements in proportion to the sec 
Ond of two variables in term S of which the Tay 
lor series is to be produced, and a plurality of 
Summing circuit.S one leSS in number than the 
number of potentiometers, the first of said po 
tentiometers having an input to its winding from 
the highest derivative terminal, all of the po 
tentiometers except the last having a summing 
circuit aSSOciated thereWith, each of said sum 
ming circuits having a pair of inputs, one from 
the tap of the potentiometer with which it is as 
S0ciated, and a Second from the derivative ter 
minal, one lower in Order than the derivative 
terminal to which the Summing circuit of the pre 
ceding potentiometer is connected, and each 
Summing circuit having an output terminal con 
nected to the winding of the next succeeding po 
tentiometer, whereby a quantity proportional to 
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the Sun of the Taylor series terms appears upon 
the tap of the last potentiometer. 

5. An electrical predicting circuit comprising, 
in combination, a differentiating device having 
an input terminal to which a derivative quantity 
is adapted to be applied, output terminals to 
which Successively higher derivatives of an in 
put quantity are Supplied by the differentiating 
Circuit, a plurality of potention letters having re 
atively movable members comprising windings 
and taps l'espectively, and a common driving 
means therefor movable in proportion to the 
Second quantity, a plurality of Summing cir 
cuits one leSS in inumber than the number of po 
tentiometers, each Summing circuit having an 
output connection to one of the potentiometers, 
and a pair of input connections, One from one of 
the potentioineter tapS and the other from one 
of the Said derivative terminals, whereby a quam 
tity proportional to the predicted value appears 
upon the tap of the remaining potentiometer. 

6. Apparatus for computing a series of terms 
representing a function of first and second var 
iables, said apparatus comprising an input ter 
minal, means for differentiating an input quan 
tity to produce Successively higher derivatives of 
the first variable with terminals at which such 
derivative quantities appear, a plurality of po 
tentiometers and Sunning circuit means, each 
of Said potentiometers comprising a pair of rel 
atively movable elements, one of which is a wind 
ing and the other of which is a sliding tap and 
having a common driving connection for pro 
ducing relative movement of the elements of the 
potentiometers proportionally to the second var 
iable, said Summing circuit means having dual 
input connections from Successively higher de 
rivative terminals and Successive potentiometer 
taps respectively, and the last of Said poten 
tioneter taps having an output circuit at which 
the computed value appears. 

WILLIAM W. HANSEN. 
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