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ABSTRACT: A system for automatically providing to a gun 
computer in a ?re control system the proper jump error cor 
rection signals to compensate for the jump errors associated 
with each of a plurality of different types of projectiles to be 
?red by a gun. The system comprises elevation and de?ection 
channels. each of which includes a single control for supplying 

'3 CU." 4 MM" no‘ a short term correction signal to compensate for the variation 
[1.8. (‘I 307/", in environmental effects through a switching circuit to a cor 

89/ U5 rector circuit which scales the associated short term cor~ 
lltJ‘l- . [I02] [/00 rection signal and adds thereto a predetermined ?xed jump 
Field of Search .......................................... .. 307/ l l, signature signal derived as a function of the selected projectile 

I32ER. I I2. 149: 89/l35 (General); 3l8/20.050, type in order to produce the proper jump error correction 
20.530 signal for the selected projectile type. 
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JUMP ERROR CORRECTION SYSTEM 

BACKGROUND OF THE INVENTION 
This invention relates to a system for providing correction 

signals to a gim'computer of a ?re control system to compen 
sate forthe empirical or jump errors associated with the aim 
ing of the gun and particularly to a system for automatically 
providing these jump error correction signals when different 
types of projectiles are used. 

In gun ?re control systems many standard ?ring conditions, 
such as range, time of ?ight, gun tube wear, etc., can be com 
puted from available input parameters to direct the position 
ing of the gun. However, there are nonstandard ?ring condi 
tions known as jump errors, which cannot be computed but 
must be empirically derived from ?ring tests on a large 
number of projectiles. These jump errors represent the angu 
lar miss in both de?ection and elevation of one or more test 
projectiles from the computed intercepts of the target posi 
tion. As a result, jump error correction signals for these jump 
error values must be included for proper gun aiming. For each 
type of projectile to be ?red by the gun a different pair of 
elevation and de?ection jump error correction signals is 
required. 
Conventional systems for producing these jump error cor 

rection signals require a separate set of controls foreach type 
of projectile to be ?red by the gun. 
At the present time there is no known system for producing 

these jump error correction signals for a plurality of different 
projectile types by using only one set of controls. 

SUMMARY OF THE INVENTION 

Brie?y, applicants have provided an improved jump error 
correction system which utilizes a single set of elevation and 
de?ection controls for selectively providing different pairs of 
elevation and de?ection jump error correction signals to a gun 
computer, as required for a plurality of different projectile 
types that may be ?red by the gun. 

It is therefore an object of this invention to provide an im 
proved jump error correction system. 

It is another object of this invention to provide an improved 
system for developing jump error correction signals in a gun 
?re control system. 
A further object of this invention is to provide a system 

which uses only one set of elevation and de?ection controls to 
produce the elevation and de?ection jump error correction 
signals associated with any selected one of a plurality of dif 
ferent projectile types to be ?red by a gun ?re control system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects, features and advantages of the in 
vention, as well as the invention itself, will become more ap 
parent to those skilled in the art in the light of the following 
detailed description when taken in consideration with the ac 
companying drawings wherein like reference numerals in 
dicate like or corresponding parts throughout the several 
views wherein: 

FIG. 1 illustrates in general form a schematic block diagram 
of the invention. 

FIG. 2 illustrates a computer-controlled gun in a ?ring situa 
tion. 

FIG. 3 illustrates a schematic circuit diagram in accordance 
with one embodiment of the invention. 

FIG. 4 illustrates a schematic circuit diagram in accordance 
with a second embodiment of the invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring now to the drawings, FIG. 1 illustrates in general 
form a schematic block diagram of the invention in a ?re con 
trol system. A gun aiming computer 11 is utilized for develop 
ing gun elevation and de?ection lead angle signals as a func 
tion of both standard ?ring conditions and nonstandard ?ring 
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2 
conditions. These gun elevation and de?ection lead angle 
signals from the computer 11 are used to position a gun reticle 
or telescope 13 in elevation and de?ection, while not moving 
the gun barrel (FIG. 2. Item 14), so that the reticle will be 
directed at the spot where the projectiles. from the gun in the 
?re control system are landing. When the gun reticle 13 has 
been positioned by the output'signals from the computer 11, 
the gun and reticle are then repositioned to‘ the desired target 
location, thereby increasing the probability of hitting thetar 
get (FIG. 2, Item 16). This type of tire control weapons system 
is called a disturbed reticle system andrisone of many types to 
which the principles of the inventionare applicable. "Another 
type of ?re control weapons system in which the system of the 
invention may be utilized is called a gun director system. In a 
gun director system, both the gun l4 and the reticle 13 are 
manually positioned to the desired target 16. The gun 14 is 
then positioned by the outputs of the computer 11 to compen 
sate for the angular miss of the target 16 while the reticle I3 is 
held stationary. Therefore, this invention is applicable to‘both 
a disturbed reticle system and a gun director system as well as. 
to any other type of gun ?re control system in which compen 
sation must be provided for the jump parameter. "'~ _ 
The standard ?ring conditions, such as range, 'time-of-?ight, 

gun tube wear, etc., are applied to computer 11 asstandard in 
puts since these may be readily calculated.‘ Another standard 
input term is the projectile type which is provided by the con 
trol circuit or ganged projectile-type selection switch 15. In 
this particular mechanization, the projectile selection switch 
15 is composed of three ganged control or switch sections (not 
shown) which provide control indications of the type of pro 
jectile selected to be ?red. by the gun 14 to the computer 11', 
the elevation jump error corrector circuit 17 and the de?ec 
tion jump error corrector circuit 19. The elevation jump. error 
corrector circuit 17 utilizes the control indication of the 
selected projectile type in conjunction with a short term cor 
rection signal XE supplied by the elevation correction entry 
circuit 21 to produce an elevation jump error correction signal 
J,,,(E). In a similar manner, the de?ection jump error cor 
rector circuit 19 utilizes the control indication of the selected 
projectile type in conjunction with a short term correction 
signal X” supplied by the de?ection correction entry circuit 23 
to produce a deflection jump error correction signal J,.,,(D). It 
should be noted at this time that each of the leads drawn from 
the selection switch 15 to the error corrector circuits 17 and 
19, respectively, represents a composite of the corresponding 
short term correction signal (X E or X,,) andthe control indica 
tion of the selected projectile type. 
The elevation and de?ection jump error corrector circuits, 

17 and 19, may be mechanized for either, or both, local or 
remote operation to utilize the control indication, or switch 
position, from the selection switch 15 to determine, as a func 
tion of the selected projectile type, to which one of a plurality 
of internal circuits in a network (Item 47 in FIG. 2 and Items 
89 and 97 in FIG. 3) the respective short term correction 
signal will be applied. If remote operation is desired, each of 
the error corrector circuits 17 and 19 may include, for exam 
ple, electronic switches such as a bank of ?eld effect 
transistors (FETs, not shown) each of which is selectively ena 
bled as a function of the position of the selection switch 15. 
The enabled transistor would, in turn, steer the short term cor 
rection signal from its input terminal (source) to its output ter~ 
minal (drain) and then to its associated internal circuit in the 
network. These electronic switches would then ultimately per 
form the same function in the error corrector circuit (17 or 
19) in remote operation ‘that the switch 15 by itself would per 
form in local operation. The embodiments shown in FIGS. 2 
and 3 basically illustrate local operation. However, it is to be 
understood that both local and remote operation of each of 
the error corrector circuits l7 and 19 are within the purview 
of the invention. 
The elevation and de?ection jump error correction signals 

compensate for the jump errors caused by the effects of non 
standard ?ring conditions, which cannot be readily calculated, 
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but must be empirically derived. The signals representing the 
standard ?ring conditions are applied to the computer 11 to 
position the gun reticle 13 in order to compensate for the 
known calculable factors. The gun is then positioned at a tar 
get and test ?red. Any angular deviations in elevation and 
de?ection from the computed target location are caused by 
these nonstandard conditions and are known as jump errors. It 
is to the correction or compensation of these jump errors in 
elevation and de?ection that this invention is directed. More 
particularly, the elevation correction entry circuit 21 and the 
de?ection correction entry circuit 23 each utilize only a single 
control (to be described later) to produce the short term cor 
rection signal, which is used with the plurality of projectiles to 
be ?red by the computer-controlled gun. 
The circuitry for producing the jump error correction signal 

for each of the elevation and de?ection channels can be 
mechanized from the equation 

J09: K1D+ (K29) where: 
J c,,=the jump error correction signal. 
X = a dial setting with the range, for example, from 

—- 1.0 to + 1.0. 
Kw=a constant of jump correction associated with 
each projectile type. 

Kzp=a constant of jump correction associated with 
each projectile type and dependent upon the X 
quantity. 

p= an integer from 1 to N, denoting which one of 
N projectile types is to be ?red by the gun. 

(1) 

It is to be noted, as indicated by the subscript p, that each K 
term in equation 1 will change and thereby change the jump 
error correction value wnenever the projectile type is 
changed. 
The K“, term, which is not affected by the X value, 

represents the true jump or jump signature of the projectile 
type. The jump signature of each projectile type is designated 
as the misalignment of the gun boresight axis with the projec 
tile's initial velocity vector. The magnitude of the jump signa 
ture correction term K“, for a given projectile type in the 
elevation and de?ection channels is determined by empirical 
?ring tests on a large number of projectiles of that type. Each 
of the test ?rings of the selected projectile type may result in 
an angular miss in both de?ection and elevation from the com 
puted intercepts of the target plane in a shot pattern. The 
average angular miss of the selected projectile type in eleva 
tion (as represented by the shell landing short of or over 
shooting the computed intercepts of the target plane) 
represents the true jump or jump signature K1,, of that selected 
projectile type. In like fashion, the average angular miss of the 
selected projectile type in de?ection (to the right or to the left 
of the computed intercepts of the target plane) represents the 
true jump or jump signature K1,, of that selected projectile 
type for the de?ection channel. Once these jump signatures of 
each projectile type are determined, they remain constant for 
that projectile type and therefore the K“, term can be auto 
matically provided in each of the elevation and de?ection 
channels whenever a particular projectile type is selected. 
The produce term (K2,) (X) is a more complex quantity. 

The X-factor of the (K2,) (X) term is scaled by the constant 
K2,,’ This X-factor is empirically derived periodically (for ex 
ample on a day-to-day basis) to compensate for the deviation 
of a particular projectile ?red from a particular gun at a par 
ticular time. Although the X-factor is determined for one pro 
jectile type, it is equally applicable to all of the projectile 
types. This X-factor is scaled by the K2,, factor in order to 
compensate for the different projectile types being more or 
less sensitive to such ?ring conditions as the projectile speed 
being different than calculated, a change in the temperature of 
the projectile and a change in the closeness of the ?t of the 
projectile in the gun barrel, etc. Each of the above conditions, 
which may contribute to the amount of the projectile devia 
tion. may be greater or less than the calculated values. 
The deviations of the projectile trajectories from the com 

puter predicted value of elevation may be due to a variance in 
the true jump or gun tube droop or to an error in the com 

4 
puted value of super-elevation (ea). Super~elevation (e0), 
under standard conditions, may be de?ned as the angle by 
which the projector (such as the gun barrel 14 in FIG. 2) is 
pointed above the line-of-sight to a target and is illustrated in 
FIG. 2. Errors in the computed value of the super-elevation 
(As) will occur when a plurality of nonstandard conditions ef 
fects are not included in the computation for reasons of sim 
plicity or because of the unavailability of the appropriate sen 
sors. Operational factors which are not included in the system 

10 for which the elevation jump error corrector circuit 17 is in 
tended include projectile powder temperature (Ty), gun tube 
wear (E.F.C.), ambient air temperature (T_,) and variation in 
air pressure (P). In considering the effects of these operational 
factors it is reasonable to assume that the deviation in eleva 

l5 tion of the projectile trajectories will be caused by As. 
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An equation for the standard conditions super-elevation e, 
(S) is: 

_1) mg 

EEK/*5“ (2) 
where: 

R=the gun to target range. 
m/K=the normalizing constant for each projectile 

type (Rn). ' 
m=the projectile mass. 
K =a constant basically related to the drag char 

acteristics a?ecting the projectile and caused by 
such factors as air pressure, air temperature, the 

aerodynamics of the projectile, etc.= 2. 
g=the acceleration due to gravity in meters per 

second squared. 
Vo=€he projectile velocity upon leaving the gun 

tu e. 
eo=super-elevation. 

In order to determine the value to be assigned to K2,, in the 
elevation channel, it is necessary to take the partial derivatives 
of so, where e, was developed in equation number 2, with 
respect to V0 and with respect to K in order to derive the 
resultant correction factors introduced by the above-men 
tioned nonstandard condition terms (i.e., AT”, AE.F.C., AT, 
and AP). The equation for the partial derivative of 6,, with 
respect to V0 is given by 

en (3) 

The equation for the partial derivative of so with respect to K 
is given by 

V0, (4) 

From an inspection of equations 2 through 4, it is apparent 
that while the coefficients for AK and AVO are different, they 

E. are both proportional to for a given 3'- ratio. The B‘. 
0 c--. _... 

ratio is determined by the projectile type that is being ?red. 

The 3 ratio is typically established at that range at which it 

is desired to ?x the weights of AV‘, and AK and may be set at 
the maximum desired range or the most probable range. For 
illustrative purposes, assume the weights of AVO and AK are to 
be ?xed at the maximum desired range such that, as in a typi 

cal case, the ratio i=3” . By substituting the 

chosen value of the T15’- ratio in equations 3 and 4, the follow 

ing equations will respectively be derived. 

mew-?e) 
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The value of the (K2,) (X) term of equation 1 is given by the ' 

Since X, as previously de?ned, has a maximum value of one at 
the maximum range, the X-factor on the left-hand side of 
equation 1 drops out. The K2,, value for the elevation channel 
is then approximately equal to the sum of the jump corrections 
of and Ash and is given by the equation 

__(5 AVo(max. range) 
V02 

2 AK ( max. range)) 
V0 ' K 

(8) 

In typical case, A——-——V°(ma;; range) 
AK (max. range) = 

K .2. =.1 and 

By substituting the values of these ratios in equation 7, the ap 
proximate value of K2,, is given by the relationship 

The approximate value of K2,, for the de?ection channel is 
determined in a manner similar to that for the K2,, value in the 
elevation channel. 
To further explain the control system of the invention, FIG. 

2 illustrates a gun 14 with the gun reticle 13 mounted thereon 
and positioned in super-elevation so to ?re at target 16 at some 
range. 

FIG. 3 illustrates a schematic circuit diagram in accordance 
with one embodiment of the invention. It should be noted 
however, that only the elevation channel is shown since the 
de?ection channel is identical to the elevation channel with 
the possible exception of the use of different values for the 

“components. A potentiometer 31 is connected at one end to a 
source of a positive reference voltage +VM and at the other 
end to a source of a negative reference voltage —-VR,,;_ As an 
example, +V,,,,, may be a positive 1.0 volts and —V,;,, may be a 
negative 1.0 volts. The potentiometer 31 also has a center tap 
connected to a reference potential or ground in order to pro 
vide a less critical method of adjusting the movable arm 33 to 
zero volts and to minimize the loading of the potentiometer 
31. The movable am 33 is coupled through a resistor 35 to a 
noninverting input terminal (designated by the number 3) of 
an operational ampli?er 37. The operational ampli?er 37 can 
be a Fairchild 1:.A709 high performance operational ampli?er, 
manufactured by the Fairchild Semiconductor Corporation 
and described and illustrated in their handbook, Fairchild 
Semiconductor Linear Integrated circuits, Application Hand 
book, I967. The operational ampli?er 37 has an inverting 
input terminal (designated by the number 2), a noninverting 
input terminal (designated by the number 3) and an output 
terminal (designated by the number 6). A feedback resistor 39 
is coupled between the output terminal 6 and the inverting 
input terminal 2 of the operational ampli?er 37. The resistors 
35 and 39 and the operational ampli?er 37 present a high 
input impedance to the potentiometer 31 so as to prevent the 
loading and possible erroneous dial setting of the potentiome 
ter 31, and also provide a noninverting unity gain output signal 
(X;) at the output terminal 6 of the operational ampli?er 37. 
For example, if the movable arm 33 were positioned such that 
there was +0.5 volts applied between the noninverting input 
terminal 3 and ground, the output signal (XE) of the opera 
tional ampli?er 37 would be equal to +0.5 volts. The circuit 
connections required for the operational ampli?er 37 to 
present a high input impedance with a unity gain output 
(either inverted or noninverted) is well known in the art and is 
described in the Philbrick Researches Inc., Applications 
Manual for Computing Ampli?ers, 1966, on page 40 of Sec 
tion ".2. In this embodiment, the circuitry comprised of the 
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6 
potentiometer 31, resistors 35 and 39 and operational ampli? 
er 37 correspond to the elevation correction entry circuit 2] 
of FIG. I, with the output signal of the operational ampli?er 
37 representing XE. » 
The X; output from the operational ampli?er 37 is applied 

to a movable pole 41 of a ganged two-pole, three-position 
switch 43, which represents one of the three switch sections 
(not shown) included in the selection switch 15 of FIG. I. A 
local or remote control unit 46 is_used to position the switch 
43 as a function of the selected projectile type from either a 
local or remote position, depending upon the desired opera 
tion, as previously discussed in relation to FIG. I. The other 
pole 45 of switch 43 is connected to the source of the positive 
reference potential +V,M, While each pole of the switch 43 is 
shown to have three positions, it is to be understood that any 
desired number of positions could be utilized. Each of the 
positions for the poles 41 and 45 of switch 43 represents a pro 
jectile type that could be ?red by the gun controlled by the 
computer 11. The X; output from operational ampli?er 37 
and the positive reference potential are respectively applied 
through poles 41 and 45 to a switched resistor network 47 
which in turn is connected to the inverting input terminal 2 of 
an operational ampli?er 49. The operational ampli?er 49 is 
similar to the operational ampli?er 37 and provides a high 
input impedance to the resistor network 47. A feedback re 
sistor 51 is connected between the output terminal 6 and the 
inverting input terminal 2 of the operational ampli?er 49. The 
operational ampli?er 49 may be connected as an inverter 
since the output of the resistor network 47 is applied to the in 
verting input terminal 2. The noninverting input terminal 3 of 
the operational ampli?er 49 is connected through resistor 53 
to the reference potential or ground in order to minimize the 
bias current error inherent in operational ampli?ers. 
The switched resistor network 47 includes ?rst and second 

sets of parallel resistance branches 55 and 57, respectively. 
The ?rst set of parallel branches 55 is composed of resistors 
59, 61 and 63, each having a value representative of a dif 
ferent K1,, and is coupled through the pole 45 to receive the 
positive reference voltage +V,,,,, in order to produce the 
selected K1,, term of equation 1. The second set of parallel re 
sistance branches 57 is composed of resistors 65, 67 and 69, 
each having a value representing a different Km and is cou 
pled through pole 41 to receive the elevation short term cor 
rection signal X of the (I(,,,) (X) term of equation 1. This 
second set of parallel resistance branches 57 produces the K2,, 
value which scales the X output (XE) from the operational 
ampli?er 37 as a function of the selected projectile type to 
produce the (K2,) (X) term of equation 1. The K", term from 
the ?rst set of parallel resistance branches 55 and the K2,, 
scaled X value, or the (K2,) (X) term, are applied to and 
summed at the inverting input 2 of the operational ampli?er 
49. The output signal at the output terminal 6 of the opera 
tional ampli?er 49 is the jump error correction signal J,.,,(E) 
for the selected projectile type and is applied, as shown in FIG. 
1, to the computer 11 to correct for the elevation jrmp error 
associated with the selected projectile type. 
The operation of the circuitry of FIG. 3 will now be mathe 

matically analyzed to correlate the operation thereof with 
equation 1. In general, the gain of an operational ampli?er is 
controlled by the ratio of the feedback resistance to the input 
resistance. With switch 43 in the position shown, which in 
dicates projectile type number 1 is to be ?red, the gain of 
operational ampli?er 49 would be determined by resistors 51, 
59 and 65, the positive reference voltage +VM and the am 
plitude of the output signal X; from operational ampli?er 37, 
and is given by the equation 

J on, (E)=the elevation jump error correction signal 
for projectile type number 1. 
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Xn=the output of operational ampli?er 37 which 
is'determined by the mechanical setting of the 
movable arm 33 of potentiometer 31. 

Rm=the feedback resistance of resistor 51 in the 
operational ampli?er 49. 

R59=the resistance of the ?rst set of parallel resist 
ance branches 55 (resistor 59) which is switched 
into the circuit when projectile type number 
1 is to be ?red. 

R§5=the resistance of the second set of parallel 
resistance branches 57 (resistor 65) which is 
coupled through pole 41 to the output terminal 
of the operational ampli?er 37 when projectile 
type number 1 is selected to be ?red. 

In like fashion when switch 43 is placed in the second posi 
tion, which indicates that projectile typenumber 2 is to be 
?red, the gain and hence the output of the operational ampli? 
‘er 49 would be determined by the equation 

and ?nally, when switch 43 is placed in the third position, 
which indicates that projectile type number 3 is to be ?red, the 
output of the operational ampli?er 49 would be determined by 
the equation 

R51 R51 

The ?rst term on the right-hand side of any of the equations of 
10, 11 or 12 corresponds to the ?rst term on the right-hand 
side of equation number 1 and the second term of any of the 
equations 10, 11 and 12 corresponds to the second term on 
the right-hand side of equation 1. As mentioned before, the 
mechanization, operation and mathematical analysis of the 
de?ection channel, other than differences in value, are identi 
cal to those of the elevation channel illustrated in FIG. 3. 
A second embodiment of the invention is illustrated by the 

schematic circuit diagram of FIG. 4. For the sake of simplicity, 
only the elevation channel is illustrated in FIG. 4 since the 
de?ection channel is identical in structure, operation, and 
analysis to that of the elevation channel, with the exception of 
changes in the value of the components. A potentiometer 81, 
which represents the elevation correction entry circuit 21 of 
FIG 1, is connected between the movable poles 83 and 85 of a 
ganged two-pole, three-position switch 87, which represents 
one of the three switch sections included in the selection 
switch 15 of FIG. I. A local/remote control unit 88 is used to 
position the switch 87 as a function of the selected projectile 
type from either a local or remote position in a manner similar 
to the local/remote control unit 46 of FIG. 3. A ?rst set of 
parallel resistance branches 89 includes the resistors 91, 93 
and 95, which are respectively connected on one side to cor 
responding stationary terminals associated with the pole 83 of 
switch 87. The junction point of the other side of the resistors 
91, 93 and 95 is connected to a source of positive reference 
potential +V,,,.,_ A second set of parallel resistance branches 
97 includes the resistors 99, 101 and 103, which are respec 
tively connected on one side to corresponding stationary ter 
minals associated with the pole 85 of switch 87. The common 
junction point of the other side of the resistors is connected to 
a source of negative reference potential, ‘VRPL A comparison 
of the circuitry of FIG. 3 to that of the elevation channel of 
FIG. 1 reveals that potentiometer 81 corresponds to the eleva 
tion correction entry circuit 21 of FIG. 1; selection switch 87 
corresponds to one of the three sections (not shown) in 
ganged projectile type selection switch 15, and the ?rst and 
second sets of parallel resistance branches 89 and 97 are con 
tained within the elevation jump error corrector circuit 17 of 7 
FIG. 1. 
The operation of the circuit of FIG. 4 will now be explained 

in relation to the position of selection switch 87 as shown in 
FIG. 4, which indicates that projectile type number one is to 
be ?red. In this position the relationship of resistor 91 to re 

sistor 99 will affect the value of the Kip, term of equation 
1. This is due to the fact that in position one, resistors 91 and 
99 are placed in series with the entire resistance of poten 
tiometer 81 and therefore the total current ?owing from the 

5 source of positive reference potential (+VM) to the source of 
the negative reference potential (—V,,,.,) is ?xed and is not af 
fected by the position of the movable arm of the potentiome 
ter 81. The X value of equation 1 can be correlated with the 
position of the movable arm of potentiometer 81 and is‘ba’si 
cally just the mechanical setting of the potentiom‘e'tef"8l 
which, for example, may vary from +1 to —l. The total re 
sistance of the potentiometer 81 in relation to the resistances 
of resistors 91 and 99 will affect-the K2,, value, and hence pro 
vide a scaling factor to the X value, by determining what por 
tion of the ~totalwoltage applied will be dropped across the 
total resistance of the potentiometer 81. It will be recalled that 
the setting X of the potentiometer will be scaled as aifunction 
of the selected projectile type by this K2,, value. A portion of 
the voltage drop across the potentiometer, as determined by 
the setting X of the potentiometer, will be tapped off as the 
output jump error correction signal J,,,(E). In order to deter 
mine the amplitude of the elevation jump error correction 
signal J°,1(E) which is applied to the corri 
puter 11 in FIG. 1, the resistance between the movable arm of 
the potentiometer 81 and the‘resistor 99 must be determined 
and will hereinafter be referred to as R_\-. Since X is the 
mechanical setting of the potentiometer 81, when the movable 
arm is positioned all the way up, the dial setting X = l and RX 
= the resistance of R81; when the movable arm is positioned 
halfway up, the dial setting of X = 0 and RX = ‘A of the re 
sistance of potentiometer 81; and when the arm is all the way 
down, the dial setting X =—l and R_\- = 0. This information can 
be inserted in the general equation of a straight line in order to 
show the relationship of R‘- to the dial setting in terms of the 
resistance of potentiometer 81 (R81) asfollows: 

X + l ' 
Rx: (R51) (13) 

where the total current through the serially connected re 
sistances of the resistors 91 and 99 and the potentiometer 81 
can be determined by the equation 

T=VRef_ ( _VRef) 
R9l+R81+R99 (14) 

Using the information from equations 13 and 14 the output 
jump error correction signal Jep1(E) can be deter 
mined by the equation 

_VRef 

15 

25 

30 

35 

45 

(15) 
55 where: 

Rm=the resistance of resistor 91 which is the resistance 
presented by the ?rst set of parallel resistance branches 
89 to one side of the potentiometer 81 when the selec 
tion switch 87 indicates that the ?rst projectile type is 
to be ?red. 

R99=the resistance of resistor 99 which is presented by 
the second set of parallel resistance branches 97 to the 
other side of potentiometer 81 when the selection 
switch 87 indicates that the ?rst projectile type is to be 
?red. h g _ g _ _ __ ___, 

X = the mechanical dial setting of the movable arm of the 
potentiometer 81 which may have a range of +1.0 to 
—l .0. The equation 15 may be readily reduced and rewrit 

60 

65 

tenaS 

0 2VRef X-Rgl 
Jmw)‘ R.1+R81+R.n)( 2 ) 

2.VRef 

75 (16) 
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The equation 16 can then be written in the form 

__ Rsr ) J “"1 (E ) _V““[X ($691+ Rsr+ R... 
Rn- R91 )]_V + (RQI'I' Rur‘i' R99 Re‘ 

(17) 

It is therefore apparent that, when projectile number one is to 
be ?red, the K", term of equation 1 in the elevation channel 
can be given by the equation 

Rro- R91 
K1131 (E ) = Ror-i-Rar-l-Ror 

and that the value for K2,, for the elevation channel can be 
determined by the equation 

(18) 

K =—-——-—— 
2”‘ R01+R81+R99 (19) 

As shown in equation number 17, the K2», value scales 
the value of X. 
When the selection switch 87 is placed in the second posi 

tion, indicating that the projectile type number two is to be 
?red, resistors 93 and 101 are serially coupled to the poten 
tiometer 81; and when selection switch 87 is in the third posi 
tion, indicating that the projectile number three is to be ?red, 
resistors 95 and 103 are serially coupled to the potentiometer 
81. The K“, and K2,, quantities, when the selection switch 87 is 
placed in either the second or third position, are derived in a 
similar manner to that described in relation to position one. In 
a like manner, the K“, and K2,, values for the de?ection chan 
nel in each of the three positions of the selection switch 87 can 
be similarly derived. 

In the embodiment shown in FIG. 4 it is necessary that the 
output jump error correction signal .l,,,(E) must ?rst be ap 
plied to a high input impedance voltage follower (not shown) 
‘similar to the operational ampli?er 37 of FIG. 2 before being 
applied to the computer 11 in order to prevent the loading of 
the potentiometer 81. This is due to the fact that any loading 
of the potentiometer 81 would cause errors in the value of the 
jump error correction signal. 
The invention thus provides a system for generating jump 

error correction signals to compensate for the jump errors as 
sociated with each of a plurality of different projectile types to 
be ?red by a gun, wherein only a single control is required for 
each of the elevation and de?ection channels although a plu 
rality of different projectile types may be ?red. 
While the salient features have been illustrated and 

described with respect to two particular embodiments, it 
should be readily apparent that modi?cations can be made 
within the spirit and scope of the invention as set forth in the 
appended claims. 
We claim: 
1. A system having elevation and de?ection channels for 

supplying error correction signals to a gun computer to cor 
rect for ?ring errors respectively associated with a plurality of 
different types of projectiles wherein each of the channels 
comprises: 

entry means for providing a short term channel correction 
signal for the plurality of projectile types; 

control means coupled to said entry means for providing a 
selection of the projectile type; and 

corrector means coupled to said control means and being 
responsive to the short term correction signal and to the 
selection of the projectile type for sealing the correspond 
ing short term channel correction signal as a function of 
the selected projectile type to develop the proper channel 
error correction signal. 

2. The system of claim 1 wherein said corrector means in 
cludes circuitry for producing ?rst and second constant 
values, using the second constant value to scale the short term 
correction signal as a function of the selected projectile type 
and adding the scaled short term correction signal to the ?rst 

5 
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30 

35 

40 

45 
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10 
constant value so that the proper channel error correction 
signal is produced for the selected projectile type. 

3. The system of claim 1 wherein said entry means includes 
a variable resistor having an adjustable output terminal. 

4. The system of claim 1 wherein: 
said control means of the elevation channel includes an 

elevation selector switch; and 
said control means of the deflection channel includes a 

de?ection selector switch ganged with said elevation 
selector switch, each of said elevation and de?ection 
switches including ?rst and second ganged poles, each of 
said ganged poles having a plurality of corresponding 
switch positions respectively corresponding to the plurali 
ty of different types of projectiles to be ?red by the gun. 

5. The system of claim 4 wherein said entry means includes 
a variable resistor having an adjustable output terminal. 

6. The system of claim 3 wherein: 
said corrector means includes ?rst and second pluralities of 

resistors; and 
said control means includes ?rst and second vswitching cir 

cuits, said ?rst switching circuit being coupled between 
said ?rst plurality of resistors and one side of said variable 
resistor, and said second switching circuit being coupled 
between said second plurality of resistors and the other 
side of said variable resistor, said ?rst and second 
switching circuits respectively coupling one resistor from 
each of said ?rst and second pluralities of resistors in se 
ries with said variable resistor as a function of the selected 
projectile type; whereby the channel error correction 
signal is supplied from each channel to the gun computer - 
from said adjustable output terminal as a function of the 
ratio of the values of each of the resistors coupled in se 
ries with said variable resistor to each other and to said 
variable resistor along with the setting of said adjustable 
output terminal. 

7. The system of claim 6 further including: 
?rst means coupled to said ?rst plurality of resistors for 

receiving a ?rst reference potential; and 
second means coupled to said second plurality of resistors 

for receiving a second reference potential, said channel 
error correction signal being supplied from said adjusta 
ble terminal of said variable resistor as a function of the 
?rst and second reference potentials and the position of 
said adjustable terminal on said variable resistor, the 
value of said variable resistor, and the relative values of 
the resistors respectively coupled in series with said varia 
ble resistor as a function of the selected projectile type. 

8. The system of claim 1 wherein said entry means com 
prises: 

a variable resistor having a grounded center tap, a ?rst ter 
minal for receiving a ?rst reference potential, a second 
terminal for receiving a second reference potential, and 
an adjustable arm; and 

?rst ampli?er means coupled to said adjustable arm of said 
variable resistor for applying the short term channel cor 
rection signal to said control means. 

9. The system of claim 8 wherein said corrector means in 
cludes ?rst and second pluralities of resistors selectively cou 
pled to said control means as a function of the selected projec 
tile type. 

10. The system of claim 9 wherein said control means 
further includes: 

?rst means coupled to said ?rst terminal for receiving the 
?rst reference potential; 

second means coupled to said ?rst ampli?er means for 
receiving the short term channel correction signal; 

a ?rst switching circuit coupled between said ?rst plurality 
of resistors and said ?rst means; and 

a second switching circuit coupled between said second plu 
rality of resistors and said second means; whereby said 
?rst and second switching circuits respectively couple 
one resistor from each of said ?rst and second pluralities 
of resistors in series with each other as a function of the 
selected projectile type. 
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11. The system ofclaim 1 wherein: pluralities of resistors selectively coupled between said 
said control means includes ?rst means for receiving a ?rst input circuit of said second ampli?er means and said con 

trol means; whereby the gain of said second ampli?er 
means is a function of the respective resistors from said 
?rst and second pluralities of resistors applied thereto, 
the output of said first ampli?er means and the ?rst 
reference potential, and the output of said second ampli 
fier means is a function of the gain of said second amplif 

reference potential; and 
said corrector means includes ampli?er means having an 

input circuit for receiving the scaled short term channel 5 
correction signal and an output circuit for supplying the 
output channel error correction signal to the gun com 
puter, and ?rst and second pluralities of resistors selec 
tively coupled between said input circuit of said ampli?er er meani 
means and said comm] means; whereby the gain of said l0 l3. 'ljhe system of claim 12 wherein said control means 
ampli?er means is a function of the respective resistors funhermcludesi _ _ _ 
from said ?rst and second pluralities of resistors applied ?rs‘ means for recewmg the ?r? reference PPtemlal; 
thereto, the short term correction signal from said entry Second means Coupled to Sald ?rst ampll?el' means for 
means and the ?rst reference potential, and the output of receivillg the 5h?" Perm channel Correc?of‘ Signal; _ 
Said ampli?er means is a function of the gain of Said am_ 15 a ?rst switching circuit coupled between said ?rst plurality 
pli?er means, of resistors and said ?rst means; and 

12_ The System of claim 3 wherein; a second switching circuit coupled between said second plu 
said control means includes ?rst means for receiving the ram)’ of reslstors an?‘ sald sefionfi means; “fhel'eby Said 

?rst and second switching circuits respectively couple 
?rst reference potential; and _ v _ _ 

said corrector means includes second amp??er means hav_ 20 one resistor from each of said ?rst and second pluralities 
ing an input circuit for receiving an input Signal and an of resistors in series with each other as a function of the 
output circuit for supplying the output channel error cor- Selected molecule type 
rection signal to the gun computer, and ?rst and second 
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