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WEAPON FRING COMPUTER 

BACKGROUND OF THE INVENTION 

Weapons such as cannons and mortars normally are 
emplaced in defilade to conceal them from the enemy. 
For the vast majority of targets, placing pieces in defi 
lade precludes sighting the weapon directly at the tar 
get (direct fire). Consequently, indirect fire must be 
employed to attack the targets. The gunnery problem 
is primarily the problem of indirect fire. The solution 
of this problem requires weapon and ammunition set 
tings which, when applied to the piece and the ammuni 
tion, will cause the projectile to burst on, or at a proper 
height above, the target. The steps in the solution of the 
gunnery problem are 

a. Location of the target and battery, 
b. Determination of chart data (direction, range, and 

vertical interval from weapons to target), 
c. Conversion of chart data to firing data, 
d. Application of firing data to the weapons. 
Weapon firing is accomplished by a team effort. The 

elements of the gunnery team are 
a. Observers. The observers (to include all target ac 

quisition devices) detect and report to the fire di 
rection center the location of suitable targets, initi 
ate calls for fire, and conduct an adjustment if nec 
essary. 

b. Fire Direction Center. The fire direction center 
(FDC) evaluates the information received from the 
observers, determines firing data, and furnishes 
these data in the form of fire commands to the fir 
ing battery. 

c. Firing Battery. The firing battery applies the firing 
data to the weapons and fires the weapons. 

The prior art methods of computing the firing data 
vary depending on the type of weapon. For example, 
for field artillary the computation is usually provided 
by a digital computer. On the other hand, when mortars 
are being fired, the computations are made by graphi 
cal techniques and hand computations using a plotting 
board, special scales, slide rules, nomographs, charts 
and tables. In the event of a failure in a field artillery 
digital computer, the backup computations are per 
formed in the same manner as for the mortars. Hand 
computations are subject to human error, especially 
because many different scales and tables must be read 
and geometric constructions must be made. In addi 
tion, considerable training time and skilled personnel 
are required. The invention provides a primary means 
of computing mortar firing data in a manner suitable 
for use by personnel having a minimum of training, and 
a backup means of computing field artillery firing data. 

SUMMARY OF THE INVENTION 

The present invention is a fire control computer 
which computes weapon firing data from known infor 
mation set into the computer by handset controls in a 
predetermined sequence of operations. The fire control 
computer is analog in nature and uses handset knobs 
and switches coupled to dials to input known informa 
tion to potentiometers and resolvers. Other knobs and 
switches are used to null electrical signals to resolvers 
and potentiometers to provide the desired information 
on dials which may be read by the operator. 
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DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a diagram of a typical grid coordinate sys 

tem used for weapon firing. 
FIG. 2A is a portion of the circuit diagram common 

to both of the alternate preferred embodiments of the 
present invention shown in FIGS. 2B and 2C. 
FIG. 2B is a portion of the circuit diagram for one 

preferred embodiment of the present invention. 
FIG. 2C is a portion of the circuit diagram for a sec 

ond preferred embodiment of the present invention. 
FIG. 3 is a diagram of an operators panel for the pres 

ent invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to FIG. 1 there is shown a typical grid 
coordinate system used for weapon firing. Under actual 
field conditions the grid coordinates will be on a map 
of the area. The weapon will be in a position on the grid 
coordinate system identified by the distance in meters 
along the grid east coordinate Ew and the distance in 
meters along the grid north coordinate Nw. Similarly, 
the observer will be at a position identified by the dis 
tance in meters along the grid east coordinate Eo and 
the distance in meters along the grid north coordinate 
No. Similarly, the target will be at a position identified 
by the distance in meters along the grid east coordinate 
Er and the distance in meters along the grid north coor 
dinate NT. 
The information required for firing the weapon is the 

direction from the weapon to the target measured as an 
angle from the grid north coordinate to the straight line 
drawn between the weapon and the target. This is iden 
tified in FIG. 1 as the angle 8w. The angles for weapon 
firing are measured in mils. An angle of 1 mil will sub 
tend an arc of 1 meter at a distance of 1,000 meters. In 
addition to the direction from the weapon to the target 
8wr, it is required to know the angle of elevation from 
the horizontal of the weapon and the amount of charge 
to be used in firing the weapon. The angle of elevation 
and the charge is a function of the range Rw from the 
weapon to the target. If the grid positions of the 
weapon and the target are known, the direction angle 
6w and the range Rw may be obtained in a fairly 
straightforward manner by solving the following equa 
tions: 

E - Ew = Rw sin 6wr 

(1) 

N - Nw Rwr COS 8wr 

(2) 

It should be apparent that even in this ideal situation, 
the determination of the range and the direction angle 
requires a fairly complex computation or table lookup 
procedure. 
In the less than ideal situation, of course, the compu 

tations become increasingly difficult. For example, 
many times the grid coordinate position of the target is 
unknown. Furthermore, the weapon firing personnel 
may not be able to see the target and thus would not 
have any way of determining the range or the direction 
angle from the weapon to the target. Thus, in many 
types of weapon firing, an observer located at a point 
distant from the weapon position may make estimates 
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of the direction angle 8or from the observer to the tar 
get and the range Ror from the observer to the target. 
This information is transmitted to the weapons firing 
personnel. Then, if the grid position Eo and No of the 
observer is known, the direction angle 8w and the 
range Rw from the weapon to the target may be deter 
mined by trigonometric relationships. It should be ap 
parent that the trigonometric computation would be 
fairly complex. Additional complications are brought 
in by the fact that many times the grid position of the 
observer is not known. In any case, if a certain mini 
mum amount of information is known, it may be possi 
ble to compute by actual computation or geometric 
constructions or table lookup procedures the weapon 
firing information needed. 
FIGS. 2A and 2B show a circuit diagram for one em 

bodiment of the weapon fire control computer of the 
present invention. As shown in FIG. 2A, power for the 
circuitry is supplied by batteries 10. The direct current 
from the batteries 10 is coupled through a push-to 
close power switch 12 to a solid state inverter 14 which 
provides an alternating current output when the switch 
12 is closed. The output of the solid state inverter 14 
is coupled to the primary coil of a transformer 16. The 
transformer 16 will have secondary coils to provide the 
required voltages for the operation of the circuitry. The 
terminals P1, P2, P3, P4, P5 and P6 correspond to simi 
larly labelled terminals in the remainder of the circuit 
diagrams where the voltage on the transformer termi 
nal is applied. 
The circuitry shown in FIG. 2A further includes a po 

tentiometer 20 which represents the algebraic differ 
ence between the observer's grid east coordinate and 
the weapon grid east coordinate (E - Ew). The poten 
tiometer 20 is positioned by handset knob S4. A poten 
tiometer 22 is provided to represent the algebraic dif 
ference between the observer's grid north coordinate 
and the weapon grid north coordinate (No - Nw). The 
potentiometer 22 is positioned by handset knob S5. A 
potentiometer 24 represents the algebraic difference 
between the target grid east coordinate and the weapon 
grid east coordinate (E - Ew). The potentiometer 24 
is positioned by handset knob S10. A potentiometer 26 
represents the algebraic difference between the target 
grid north coordinate and the weapon grid north coor 
dinate (N - Nw). The potentiometer 26 is positioned 
by handset knob S11. A potentiometer 28 is provided 
to represent the range from the observer to the target 
Rot. The potentiometer 28 is positioned by handset 
knob S3. The output of the potentiometer 28 is applied 
to one of the rotor windings of a resolver 30. The sec 
ond rotor winding of the resolver 30 is coupled to 
ground potential. The rotor of the resolver 30 is posi 
tioned by handset knob S2. The angular displacement 
of the knob S2 is representative of the direction angle 
from the observer to the target 6or. A first stator wind 
ing 32 of the resolver 30 provides an output which is 
representative of the function Ror sin 6or. A second sta 
tor winding 34 provides an output which is representa 
tive of the function Ror cos 6or. 
The first stator winding 32 of the resolver 30 is cou 

pled to one input of a summing junction 36. The output 
of the potentiometer 20 is coupled to a second input of 
the summing junction 36. One output of the summing 
junction 36 is coupled to a contact for position (d) of 
a first pole of a multipole-multiposition selector switch 
S1. A second output of the summing junction 36 is cou 
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4 
pled to a contact (a') of a double pole/double throw 
switch S6. The output of the potentiometer 24 is cou 
pled to a contact (b') of the switch S6. A pole terminal 
(c') of the switch S6 is coupled to a first stator winding 
38 of a resolver 40 shown in FIG. 2B. 
The second stator winding 34 of the resolver 30 is 

coupled to a first input of a summing junction 42. The 
output of the potentiometer 22 is coupled to a second 
input to the summing junction 42. One output of the 
summing junction is coupled to a contact for position 
(e) of the selector switch S1. A second output of the 
summing junction 42 is coupled to a contact (a) of the 
double pole/double throw switch S6. The output of the 
potentiometer 26 is coupled to a contact (b) of the 
switch S6. A pole contact (c) of the switch S6 is cou 
pled to a second stator winding 44 of the resolver 40. 
Referring now to FIG. 2B, the rotor of the resolver . 

40 is positioned by handset knob S12. The angular po 
sition of the knob S12 is representative of the direction 
angle from the weapon to the target 6, T. A first rotor 
winding 46 of the resolver 40 is coupled to a second 
pole of the switch S1 identified as S1'. A second rotor 
winding 48 of the resolver 40 is coupled to one input 
of a summing junction 50, to a third pole of the switch 
S1 identified as S1' and to one input of a divider circuit 
64. The output of a potentiometer 52 is coupled to an 
input of the summing junction 50. The potentiometer 
52 is positioned by handset knob S14. The output of 
the potentiometer 52 is representative of the range 
from the weapon to the target Rwr. The output of the 
potentiometer 52 is also coupled to the contacts repre 
sentative of positions (d) and (e) of the third pole S1' 
of switch S1. The output of the summing junction 50 is 
coupled to a contact representative of position (b) of 
switch S1. 
The basic functional operation of the circuits shown 

in FIGS. 2A and 2B will now be described. The first 
condition to be described is that where the target grid 
coordinates are known and the weapon grid coordi 
nates are known. Switch S6 is put into position (b). The 
potentiometer 24 is set by knob S10 to the algebraic 
difference between the target grid east coordinate and 
the weapon grid east coordinate (E.T. - Ew). Similarly, 
the potentiometer 26 is set by knob S11 to the alge 
braic difference between the known target grid coordi 
nate and the weapon grid north coordinate (NT - Nw). 
Now, with switch S6 in position (b), the voltage repre 
sentative of E - Ew is applied to stator winding 38 of 
the resolver 40. Similarly, the voltage representative of 
N - Nw is applied to the stator winding 44 of the re 
solver 40. Switch S1 is placed in position (a). The sec 
ond set of contacts S1' for the switch S1 will couple the 
first rotor winding 46 of the resolver 40 through a sum 
ming junction 60, which will be ignored for the present, 
to contact (a) of the first set of contacts for switch S1. 
The pole of switch S1 is coupled to a voltmeter 56 
adapted to act as a null meter. With power switch 12 
held in the closed position, the knob S12 is rotated until 
the voltage output on the first rotor winding 46 goes to 
zero as shown by the voltmeter 56. The position of the 
knob S12 then represents the direction angle from the 
weapon to the target 6 wr. This angle 6 wr may then be 
read from a counter coupled to the knob S12 and cali 
brated to read in military mils. 
To determine the range from the weapon to the tar 

get, Rwr, the switch S1 is placed in position (b). The 
switches indicated as S1' and S1' will not electrically 



3,739,153 
S 

change from the position shown in FIG.2B. The second 
rotor winding 48 will have an output voltage as a result 
of the prior setting of the resolver by knob S12. This 
output voltage is coupled to the summing junction 50. 
The third input to the summing junction 50 will be ig 
nored for the present. The output of the summing junc 
tion 50 is coupled to position (b) of switch S1. Voltage 
is then applied to the voltmeter 56. As the power switch 
12 is held closed, knob S14 is rotated until the output 
voltage from the potentiometer 52 applied to the sum 
ming junction 50 balances the voltage from the second 
rotor winding 48 from the resolver 40 as shown by the 
voltmeter 56. When the voltages are balanced, the 
knob S14 position will indicate the range from the 
weapon to the target Rwt. This range may then be read 
from an indicator which may be calibrated in meters. 

In many situations the weapon grid coordinates may 
be known but the target grid coordinates will not be 
known and the target cannot be seen by the weapon fir 
ing personnel. In this case, an observer located at some 
position distant from the target and the weapon is used 
to provide weapon firing information. Assume now that 
the weapon grid coordinates are known and the ob 
server grid coordinates are known. Referring again to 
FIG. 2A the algebraic difference between the observer 
grid east coordinate and the weapon grid east coordi 
nate (Eo - Ew) is set on potentiometer 20 by knob S4. 
Similarly, the algebraic difference between the ob 
server grid north coordinate and the weapon grid north 
coordinate (No - Nw) is set on potemntiometer 22 by 
knob S5. Switch S6 is placed in position (a). 
Now, the observer will sight on the target to provide 

an estimate of the direction angle from the observer to 
the target 6or and an estimate of the range from the ob 
server to the target Rot. The direction angle 6or is set 
on knob S2 which rotates the rotor of the resolver 30. 
The range Rot is set on knob S3 which sets potentiom 
eter 28 to give a signal representative of the value of 
the range Rot. The first stator winding 32 of the re 
solver 30 will provide an output signal representative of 
Rosin 6or. This signal is applied to the summing junc 
tion 36 where it is summed with the signal from the po 
tentiometer 20 which is representative of Eo - Ew. The 
output of the summing junction 36 will then provide a 
signal which is representative of E - Ew in accordance 
with the following equation: 

(E - Ew) - (Eo - Ew) = Rot sin 6or 

(3) 

In a similar manner the second stator winding 34 of 
the resolver 30 will provide an output which is repre 
sentative of Ror cos 6or. This signal is applied to the 
summing junction 42 and is summed with the output of 
the potentiometer 22 which is representative of No - 
Nw. The output of the summing junction 42 provides a 
signal representative of NT - Nw in accordance with the 
following equation: 

(N - Ny) - (No - Ny) = Ror cos 6 
Thus, contact (c') of switch S6 will provide a signal 

representative of the target grid east coordinate with 
the offset for the weapon grid east coordinate. Simi 
larly, contact (c) of switch S6 will provide a signal rep 
resentative of the target grid north coordinate with an 
offset for the weapon grid north coordinate. These sig 
nals are applied to the stator windings of the resolver 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
40. The remainder of the circuitry for finding the firing 
information Rwt and 8w will operate in the same man 
ner as described previously. 
In many situations the weapon grid coordinates may 

be known but the target grid coordinates are not known 
and the observer grid coordinates are not known. Be 
fore the observer can provide meaningful data regard 
ing the position of the target, the observer's grid coor 
dinates must be known. The circuitry of the present in 
vention provides a means for providing this informa 
tion. Assuming now that the observer can see the 
weapon position, one method of locating the observer's 
grid coordinates is to have the observer sight on the 
weapon and provide information regarding the direc 
tion angle from the observer to the weapon and the 
range from the observer to the weapon. This informa 
tion is set on knob S2 and knob S3. Knobs S12 and Si4 
are set to zero. Switch S1 is set to position (d) or posi 
tion (e). With switch S1 in position (d) or (e), the set 
of contacts labeled S1' will provide a ground signal to 
the first rotor winding 46 of the resolver 40. In a similar 
manner, since knob S14 is set to zero (ground), the 
switch contact labeled S1' will provide a ground signal 
to the second rotor winding 48 of the resolver 40. Fur 
ther, since knob S12 is at zero, the stator windings 38 
and 44 of the resolver 40 will be at ground. Switch S6 
is set to position (a) and ground will be applied to sum 
ming junctions 36 and 42. Now, with switch S1 in posi 
tion (d), and switch 12 depressed, the output of the 
summing junction 36 is applied to the voltmeter 56. In 
this condition knob S4 is rotated until the voltmeter is 
nulled with the signal from the stator winding 32 of re 
solver 30. The potentiometer 20 will then be set to the 
observer grid east coordinate with the offset for the 
weapon grid east coordinate in accordance with the fol 
lowing equation: 

Eo - Ew a Row sin 6ow 
(5) 

In a similar manner, when switch S1 is set to position 
(e), the signal from the second stator winding 34 of the 
resolver 30 is nulled with the output of the potentiom 
eter 22. When a null position is reached, the signal 
from the potentiometer 22 will be representative of the 
observer grid north coordinate with the offset for the 
weapon grid north coordinate, in accordance with the 
following equation: 

No - Nw R Row COS 6ow 

(6) 

Now that the observer grid position has been deter 
mined, the observer may then provide information con 
cerning target location and firing information may be 
determined as previously described. 
Another method of determining the observer grid po 

sition is to set in target grid position east and north on 
knobs S10 and S11. Then with switch S6 in position 
(b), weapon firing information 6 wr and Rw is deter 
mined with knobs S12 and S14 following the procedure 
described previously. Now, the observer may sight on 
the known target and give the direction angle and range 
from the observer to the target 6or and Ror. If there is 
no known target, the weapon firing personnel may fire 
a marking round with the firing information previously 
determined. The observer then sights on the burst of 
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the marking round and gives his direction angle and 
range information. This information is set on knobs S2 
and S3. Switch S6 is then placed in position (a) and 
switch S1 is placed in position (d) or (e). Knobs S4 and 
S5 are then used to null the signals. The potentiometers 
20 and 22 will then provide signals representative of 
the observer grid east coordinate offset for the weapon 
grid east coordinate and the observer grid north coordi 
nate offset for the weapon grid north coordinate re 
spectively. 

After the observer has been located and the initial fir 
ing data to a particular target has been determined, ac 
tual weapon firing may commence. If the first round 
misses, the observer will report the observed errors in 
6 or and Rot. These values are set in on knobs S2 and 
S3. The nulling procedure previously described is used 
to determine new values of 6w and Rwr. This proce 
dure is continued until actual target hits are obtained. 

If all conditions of materiel and weather are standard, 
firing a weapon at a particular range and deflection 
angle would cause the projectile to strike the target. 
However, standard conditions of materiel and weather 
seldom exist. For example, there may be crosswinds or 
headwinds or tailwinds which may affect the trajecto 
ries of the ammunition being fired. Other errors may be 
introduced due to particular characteristics of the am 
munition being used. The usual way of compensating 
for these non-standard errors is to conduct a registra 
tion. The operational procedure requires that a known 
target be fired upon until hits are scored. The differ 
ences between the initial and final values of direction 
and range to target are the registration errors. An error 
in direction is treated as a bias and is to be added to all 
other target direction coordinates. An error in range is 
treated as a proportional error. For example, an error 
of +300 meters when firing at a target with a 3000 
meter range gives an error of 10 percent. All other 
target ranges are thereafter to be decreased by 10 per 
cent. The circuits shown in FIG. 2B adds appropriate 
circuitry to the circuitry previously described to pro 
vide for these error corrections, without requiring any 
calculations by the operator. 
Under normal conditions without a direction adjust 

ment, knob S12 would be rotated until the signal on 
rotor winding 46 of the resolver 40 is zero. For the di 
rection adjustment, we would like to sum a fixed volt 
age representative of the fixed direction angle bias with 
the signal on rotor winding 46. For this purpose, a sum 
ming junction 60 is provided to accept the signal from 
switch contact S1' for positions (a), (b) and (c). The 
output of summing junction 60 is coupled to position 
(a) of switch S1. A potentiometer 62 is provided to give 
a positive or negative direction adjust signal. The po 
tentiometer 62 is operated by knob S7. The output of 
the potentiometer 62 is applied to a divider circuit 64. 
Ignoring the operation of the divider 64 for a moment, 
it would be desirable to couple the direction adjust sig 
nal from the potentiometer 62 directly into the sum 
ming junction 60 and thereby provide for the direction 
angle bias. Then when knob S12 is rotated to achieve 
a voltage null at the output of summing junction 60, the 
signal on rotor winding 46 will be not quite at zero. 
However, because the direction angle bias is small, the 
signal on rotor winding 48 will still be essentially the 
same. However, with a resolver the scale factor de 
pends upon the amplitude of the excitation to it. Thus 
the amount of adjustment to provide for a fixed angle 
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8 
bias, depends upon the signal on the stator windings 38 
and 44 which would depend upon the range from the 
weapon to the target. To compensate for this, the signal 
on rotor winding 48 is coupled to one input to the di 
vider 64. The fixed voltage from the potentiometer 62 
is coupled to the other input to the divider 64. The sig 
nal from the potentiometer 62 is then scaled to be pro 
portional to the resolver excitation. The divider output 
is coupled to the summing junction 60 to provide the 
adjustment for the fixed angle bias. 
After conducting the registration, to store the direc 

tion bias in the computer, switch S6 is set to position 
(b). Knobs S10 and S11 are set to the known target grid 
coordinates used for the registration. Knobs S12 and 
S14 are left at the positions finally determined by the 
registration. Switch S1 is set to position (a) and the 
input to voltmeter 56 is nulled by adjusting potentiom 
eter 62 with knob S7. 
As noted, the range adjustment for the registration 

firing is proportional to the error for the registration 
round. This adjustment can be accomplished by chang 
ing the scale factor of the potentiometer 52 which rep 
resents the range from the weapon to the target. The 
scale factor adjustment is made by using an additional 
potentiometer 58 which is operated by knob S8. The 
output of the potentiometer 58 provides the voltage ex 
citation for the potentiometer 52. After conducting the 
registration, any error in range is compensated for by 
setting switch S6 to position (b). Knobs S10 and S11 
are set to the known target grid coordinates used for 
the registration. Knobs S12 and S14 are left at the posi 
tions finally determined by the registration. Switch S1 
is set to position (b) and the input to voltmeter 56 is 
nulled by adjusting potentiometer 58 with knob S8. 
This will provide the same percentage adjustment for 
all subsequent settings of potentiometer 52 and the 
reading from knob S14 of the range from the weapon 
to the target will be that used to fire the weapon be 
cause the correction has been automatically introduced 
by the circuitry. 
Another adjustment which may have to be made is 

the adjustment based on the difference in altitude be 
tween the weapon and the target. If the altitude of the 
target is either higher or lower than the altitude of the 
weapon, the weapon must be fired at an apparent range 
which is different from the actual geometric range from 
the weapon to the target. For example, if the target is 
at an altitude higher than the weapon, the weapon must 
be fired at an apparent range which is greater than the 
actual geometric range to be able to hit the target. 
When the weapon is an 81 mm mortar the change in 
the range used to account for the difference in altitude 
is equal to one-half of the difference between the alti 
tude of the weapon and the altitude of the target. Of 
course, the change in the range will be either added to 
or subtracted from the geometric range depending 
upon whether the target is higher or lower than the 
weapon. The circuitry shown in FIG. 2B provides 
means for giving this altitude adjustment. A potentiom 
eter 66 is provided. The potentiometer 66 is operated 
by knob S9. A two-position switch 68 provides either 
positive or negative voltage to the potentiometer 66 de 
pending upon whether the altitude of the target is 
higher or lower than the altitude of the weapon. When 
an altitude adjustment is to be made the knob S9 is 
turned to a position representing the difference in alti 
tude, Switch 68 is then turned to either positive or neg 
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ative. The voltage excitation to potentiometer 66 is 
scaled so that its voltage output represents one-half of 
the altitude difference set in. This output is coupled to 
the summing junction 50 to be added to or subtracted 
from the range signal from the resolver 40. Then when 
knob S14 is rotated to null the output of summing junc 
tion 50, the dial coupled to knob S14 will give the ap 
parent firing range and not the actual geometric range. 
This apparent range will reflect both the registration 
and the altitude corrections. 
As previously noted, the fire control computer of the 

present invention may be used for many types of 
weapon firing. For example, the fire control computer 
may be used advantageously for the firing of mortars. 
FIG. 3 shows an operator's panel for a fire control com 
puter used for mortar firing. The switches, knobs and 
dials are identified with reference numbers which cor 
respond to the reference numbers used in the circuit 
diagrams of FIGS. 2A and 2B. 
Knob S1 in the upper lefthand corner of FIG.3 oper 

ates all sets of contact for the switch S1. Further, when 
knob S1 is pushed, it operates the push-to-close power 
switch 12. The dial of the null detector 56 is displayed 
above the knob S1. Knob S2 operates the resolver 30 
which represents the direction angle from the observer 
to the target 6or. A mechanical counter 70 is geared di 
rectly to knob S2 to provide a visual reading of the di 
rection angle in mils. Knob S3 operates potentiometer 
28 which represents the range from the observer to the 
target Ror. A mechanical counter 72 is geared directly 
to the knob S3 to provide a visual reading of the range 
from the observer to the target in meters. Knob S4 op 
erates potentiometer 20 which represents the grid east 
coordinate of the observer. Knob S4 is geared directly 
to a mechanical counter 74 which visually displays the 
grid east coordinate. Recall that the output of potenti 
ometer 20 is representative of the algebraic difference 
between the observer grid east coordinate and the 
weapon grid east coordinate. One method of setting the 
potentiometer to the algebraic difference between the 
two coordinates while having the counter 74 read di 
rectly in the observer grid east coordinate is to have the 
knob S4 connected to the potentiometer 20 through a 
spring loaded mechanical clutch mechanism. By pull 
ing out the knob against the spring pressure, the clutch 
is disengaged. The operating procedure would be that 
the potentiometer 20 would first be set to electrical 
zero. Then the clutch is disengaged and the mechanical 
counter 74 is set to the weapon grid coordinate. Next, 
the clutch is engaged and the counter 74 is set to the 
observer grid coordinate. The net effect is that the me 
chanical counter 74 reads in the observer grid coordi 
nates directly while the output of the potentiometer 20 
represents the algebraic difference between the ob 
server grid east coordinate and the weapon grid east 
coordinate. 
Knob S5 operates potentiometer 22 which represents 

the observer grid north coordinate. Knob S5 will be 
geared directly to a mechanical counter 76 to provide 
visual indication of the observer grid north coordinate. 
Knob S5 will be identical in operation to knob S4. 
Knob S6 operates switch S6 which selects either the ob 
server input information in position (a) or the target 
coordinate information in position (b). 
Knob S7 operates potentiometer 62 which represents 

the registration point adjustment for the direction angle 
from the weapon to the target. Knob S8 operates po 
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10 
tentiometer 58 which represents the registration point 
adjustment for the range from the weapon to the target. 
Knob S9 operates potentiometer 66 and is coupled to 
mechanical counter 78 to give a visual reading of the 
altitude correction in meters. Two-position switch 68 
provides the proper polarity for the altitude correction. 
Knob S10 operates potentiometer 24 and is geared to 

mechanical counter 80 to provide a representation of 
the target grid east coordinate. Knob S11 operates po 
tentiometer 26 and is coupled to mechanical counter 
82 to provide a representation of the target grid north 
coordinate. Knobs S10 and S11 operate in a manner 
identical to knob S4 with the clutch mechanism to pro 
vide the difference between the target coordinates and 
the weapon coordinates. 
Knob S12 operates resolver 40 and is coupled to me 

chanical counter 84 to provide a representation of the 
direction from the weapon, in this case a mortar, to the 
target. Knob S4 operates potentiometer 52 and is cou 
pled to mechanical counter 86 to provide a representa 
tion of the range from the weapon, in this case the mor 
tar, to the target. The function of knobs S15 and S16 
will be explained later. 
As was noted previously, the information required 

for firing of a weapon is the direction angle from the 
grid north coordinate and the elevation of the weapon 
and the charge to be used in firing the weapon. The ele 
vation and charge are functions of the range from the 
weapon to the target. Once the range has been deter 
mined, the weapon firing personnel consult a chart for 
the particular ammunition being used which gives val 
ues for the elevation and charge which correspond to 
the particular range. There is usually some overlap in 
the chart for various levels of charge. For example, for 
a particular range, a certain charge and elevation may 
be provided by the table. Also, for the same range, a 
greater charge and a greater elevation may be pro 
vided. This gives some flexibility to the weapon firing 
personnel to control the trajectory of the ammunition. 
In any case, once the range from the weapon to the tar 
get has been determined, the remaining firing informa 
tion may be obtained. In FIG. 3 the firing Table 13 is 
shown as a plug-in cassette. There would be a particu 
lar firing Table for the type of ammunition being used. 
The plug-in cassette may be geared directly to the 
range knob S14. In this way, when the range is set on 
knob S14, the weapon firing personnel may read the 
elevation and charge directly from the firing table cas 
sette. By sliding the cover to either the right or the left, 
two sets of elevation and charge can be read for the 
input range setting. It should be understood that the fir 
ing table cassette, while being a convenience to the 
weapon firing personnel, is not critical for the opera 
tion of the present invention. The weapon firing 
personnel may read the range figure from the mechani 
cal counter 86 and then look up the appropriate eleva 
tion and charge from a firing table which may be sepa 
rate from weapon firing computer. 
The weapon firing computer described in FIGS. 2A, 

2B and 3 will provide all necessary weapon firing infor 
mation for the firing of an 81 millimeter mortar. The 81 
millimeter mortar has a continuously variable elevation 
and uses ammunition with up to nine increments of 
charge variation. 
When the weapon is a 4.2 inch mortar, additional fir 

ing data must be generated. With a small addition of 
circuitry, the weapon firing computer may accommo 
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date a 4.2 inch mortar. The 4.2 inch mortar differs 
somewhat from the 81 millimeter mortar in that the 4.2 
inch mortar is normally fired from one of three fixed 
elevation angles. A round of ammunition comes with or 
without extension. The extension is a tubular piece 
added on the rear of the ammunition round, containing 
additional charges. Range is adjusted by changing the 
amount of propelling charge, in one-eighth charge in 
crements. 

FIG. 2C shows the same circuitry as shown in FIG. 
2B with the additional circuitry necessary to accommo 
date the 4.2 inch mortar. A selector switch S16 is pro 
vided with an off position that disconnects the circuitry 
for the 4.2 inch mortar. The selector switch S16 also 
has six additional positions to select one of the three el 
evation angles with or without ammunition extension. 
The range from the weapon to the target Rwr is deter 

mined following the procedures previously described. 
The range Rw will be set on knob S14. The range must 
be converted to the amount of charge required. This is 
accomplished by providing a potentiometer 90 which 
is also set by knob S14. Potentiometer 90 represents 
the relationship between charge and range which is a 
linear function. However, the slope of the linear rela 
tionship is different for each of the ammunition/eleva 
tion choices. A set of six resistors 92 is used to change 
the scale factor for potentiometer 90 in accordance 
with the setting of selector switch S16. The output of 
potentiometer 90 is coupled to one input of a summing 
junction 94. 
The altitude correction is set on potentiometer 66 by 

knob S9 as previously described. The only alteration 
required for the 4.2 inch mortar is to adjust the scale 
factor for the ammunition/elevation choices. A set of 
six resistors 96 is used to change the scale factor for po 
tentiometer 66 in accordance with the setting of selec 
tor switch S16. The output of potentiometer 66 is 
switched to a second input to summing junction 94 
when selector switch S16 is in any position except OFF. 
The output of summing junction 94 is representative 

of the charge required for the range set on knob S14 for 
the particular ammunition/elevation combination se 
lected. In order to provide a charge readout, the output 
of summing junction 94 is coupled to one input of a 
summing junction 98. A potentiometer 100 is provided 
to represent the total charge required. Potentiometer 
100 is operated by handset knob S15 and its output is 
coupled to a second input of summing junction 98. The 
output of summing junction 98 is coupled to contact 
(c) of switch S1. 
To determine the total charge, switch S1 is set to po 

sition (c). With power switch 12 depressed, knob S15 
is rotated until a null is reached on meter 56. The rota 
tion of knob S15 is then representative of the total 
charge. Knob S15 may be coupled to a mechanical 
counter 102 shown in FIG. 3 to provide a visual read 
out of the charge. 
There is one additional correction required for the 

4.2 inch mortar. The 4.2 inch mortar round is spin sta 
bilized and will drift in flight due to the spin. This re 
quires a direction angle correction as a function of 
range. The amount of the drift correction is a non 
linear function of range. However, the relationship may 
be approximated by two linear functions. The drift cor 
rection starts at some fairly high value for short range 
distances. The correction decreases as range increases 
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12 
up to some point after which the correction increases 
as range increases. 
The direction angle drift correction is provided by a 

potentiometer 104 which is operated by knob S14. The 
potentiometer 104 has three voltage inputs which are 
scaled by sets of resistors 106, 108 and 110 for the pos 
sible elevations. The lowest voltage is applied to a point 
along the potentiometer winding representative of the 
point on the drift correction vs. range curve where the 
slope of the curve changes from negative to positive. 
The output of potentiometer 104 is coupled to a sum 
mingjunction 112. The direction adjustment for poten 
tiometer 62 is coupled to a second input of summing 
junction 112. The output of summing junction 112 is 
then representative of the total direction angle correc 
tion and is coupled to divider 64. 

In the operating procedure for the 4.2 inch mortar it 
is initially necessary to null 6v and Rw twice. The rea 
son for this is that the first time, 6v is set before Rwr 
is set in and therefore the drift correction is not yet set. 
After the first nulling of Rw, it is necessary to renull 
6w to account for the drift correction. It is not neces 
sary to repeat the iteration because of the small magni 
tude of the drift correction. 

It should be apparent that the weapon firing com 
puter may be operated by relatively non-skilled opera 
tors simply by turning knobs and switches following a 
fixed step by step procedure. In practice a procedure 
chart would be provided to minimize the chance for op 
erator error, 

While the detailed circuitry for mortar firing has 
been described, it should be apparent that the circuitry 
may be modified to account for the special require 
ments of other types of weapon firing such as artillery. 
What is claimed is: 
1. A weapon site gunner operated computer for de 

termining the range and direction angle from a weapon 
positioned at known grid coordinates to a target, said 
computer comprising: 
handset data means for converting gunner handset 
data into computer instrumented representations 
thereof; 

first circuit means responsive to a first portion of said 
representations of said handset data which are a 
measure of known factors in the trigonometric re 
lation between an observer's position, the target 
position, and the weapon position for providing sig 
nals representative of the target grid coordinates in 
relation to the weapon grid coordinates; 

second circuit means responsive to a second portion 
of said representations of said handset data which 
are a measure of unknown factors in said trigono 
metric relation and to the signals of said first circuit 
means, for providing a null balance signal when 
said second portion of said representations com 
prises a correct representation of the range from 
the weapon to the target and the direction angle 
from the weapon to the target. 

2. A computer as claimed in claim 1 wherein said first 
circuit means includes means for converting the range 
and direction angle from an observer at known grid co 
ordinates relative to the weapon, to signals representa 
tive of the target grid coordinates in relation to the 
weapon grid coordinates. 

3. A computer as claimed in claim 1 wherein said sec 
ond circuit means includes 

F 
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a circuit coupled to receive the signals of said first 
circuit means for providing a first signal represen 
tative of the direction angle from the weapon to the 
target and a second signal representative of the 
range from the weapon to the target, 

signal detecting means for detecting when one of the 
second portion of said representations of said 
handset data is a correct representation of the di 
rection angle represented by the first signal of said 
circuit; and 

signal detecting means for detecting when another 
one of the second portion of said representations of 
said handset data is a correct representation of the 
range represented by the second signal of said cir 
cuit. 

4. A computer as claimed in claim 3 which further comprises: 
means for providing a fixed offset of the first signal 
of said circuit in response to one of the first portion 
of said representations of said handset data; and 

means for providing a proportional offset for the sec 
ond signal of said circuit in response to another one 
of the first portion of said representations of said 
handset data. 

5. A computer as claimed in claim 1 wherein said first 
circuit means comprises: 
a first potentiometer having its shaft position pro 
vided by said handset data means for providing an 
analog signal representative of the range from an 
observer position to the target; 

a first resolver having the angular position of its shaft 
provided by said handset data means, the angular 
position of the resolver shaft being representative 
of the direction angle from the observer to the tar 
get; 

said first resolver being coupled to receive the analog 
signal of said first potentiometer for providing a 
first signal representative of the range from the ob 
server position to the target times the cosine of the 
direction angle from the observer to the target, and 
a second signal representative of the range from 
the observer position to the target times the sine of 
the direction angle from the observer to the target; 

a second potentiometer having its shaft position pro 
vided by said handset data means for providing an 
analog signal representative of the difference be 
tween the observer grid north coordinate and the 
weapon grid north coordinate; 

a third potentiometer having its shaft position pro 
vided by said handset data means for providing an 
analog signal representative of the difference be 
tween the observer grid east coordinate and the 
weapon grid east coordinate; 

a first summing means coupled to receive the first sig 
nal of said resolver and the analog signal of said 
second potentiometer for providing an output sig 
nal representative of the difference between the 
target grid north coordinate and the weapon grid 
north coordinate; 

a second summing means coupled to receive the sec 
ond signal of said resolver and the analog signal of 
said third potentiometer for providing an output 
signal representative of the difference between the 
target grid east coordinate and the weapon grid 
east coordinate; 

a fourth potentiometer having its shaft position pro 
vided by said handset data means for providing an 
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14 
analog signal representative of the difference be 
tween the target grid north coordinate and the 
weapon grid north coordinate; 

a fifth potentiometer having shaft position provided 
by said handset data means for providing an analog 
signal representative of the difference between the 
target grid east coordinate and the weapon grid 
east coordinate; and 

manual switching means coupled to provide a first 
output and a second output, said first output being 
the output signal of said first summing means when 
said manual switching means is in a first position 
and said first output being the analog signal of said 
fourth potentiometer when said manual switching 
means is in a second position; said second output 
being the output signal of said second summing 
means when said manual switching means is in a 
first position and said second output being the ana 
log signal of said fifth potentiometer when said 
manual switching means is in a second position. 

6. A computer as claimed in claim 5 wherein said sec 
ond circuit means comprises: 
a second resolver having the angular position of its 
shaft provided by said handset data means, and 
being coupled to receive the first and second out 
puts of said manual switching means for providing 
a first signal equal to zero when the angular posi 
tion of the shaft of said second resolver represents 
the direction angle from the weapon to the target, 
and a second signal representative of the range 
from the weapon to the target; and 

signal detecting means coupled to receive the first 
signal of said second resolver for detecting when 
the signal is essentially equal to zero. 

7. A computer as claimed in claim 6 which further 
comprises: 
a sixth potentiometer having its shaft position pro 
vided by said handset data means for providing an 
analog signal representative of the range from the 
weapon position to the target; 

a third summing means coupled to receive the analog 
signal of said sixth potentiometer and the second 
signal of said second resolver for providing an out 
put signal which is the difference between the two 
input signals; and 

signal detecting means coupled to receive the output 
signal of said third summing means for detecting 
when the signal is essentially equal to zero. 

8. A gunner operated weapon firing computer for de 
termining the range and direction angle from a weapon 
positioned at known grid coordinates to a target, said 
weapon firing computer comprising: 
handset data means for converting gunner handset 
data into shaft position; 

a first potentiometer having its shaft position pro 
vided by said handset data means for providing an 
analog signal representative of the range from an 
observer position to the target; 

a first resolver having the angular position of its shaft 
provided by said handset data means, the angular 
position of the resolver shaft being representative 
of the direction angle from the observer to the tar 
get; 

said first resolver being coupled to receive the analog 
signal of said first potentiometer for providing a 
first signal representative of the range from the ob 
server position to the target times the cosine of the 
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direction angle from the observer to the target, and 
a second signal representative of the range from 
the observer position to the target times the sine of 
the direction angle from the observer to the target; 

a second potentiometer having its shaft position pro 
vided by said handset data means for providing an 
analog signal representative of the difference be 
tween the observer grid north coordinate and the 
weapon grid north coordinate; 
third potentiometer having its shaft position pro 
vided by said handset data means for providing an 
analog signal representative of the difference be 
tween the observer grid east coordinate and the 
weapon grid east coordinate; 

a first summing junction coupled to receive the first 
signal of said resolver and the analog signal of said 
second potentiometer for providing an output sig 
nal representative of the difference between the 
target grid north coordinate and the weapon grid 
north coordinate; 
second summing junction coupled to receive the 
second signal of said resolver and the analog signal 
of said third potentiometer for providing an output 
signal representative of the difference between the 
target grid east coordinate and the weapon grid 
east coordinate; 
fourth potentiometer having its shaft position pro 
vided by said handset data means for providing an 
analog signal representative of the difference be 
tween the target grid north coordinate and the 
weapon grid north coordinate; 
fifth potentiometer having its shaft position pro 
vided by said handset data means for providing an 
analog signal representative of the difference be 
tween the target grid east coordinate and the 
weapon grid east coordinate; 

manual switching means coupled to provide a first 
output and a second output, said first output being 
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the output signal of said first summing junction 
when said manual switching means is in a first posi 
tion and said first output being the analog signal of 
said fourth potentiometer when said manual 
switching means is in a second position; said sec 
ond output being the output signal of said second 
summing junction when said manual switching 
means is in a first position and said second output 
being the analog signal of said fifth potentiometer 
when said manual switching means is in a second 
position; 
second resolver having the angular position of its 
shaft provided by said handset data means and cou 
pled to receive the first and second outputs of said 
manual switching means for providing a first signal 
equal to zero when the angular position of the re 
solver shaft represents the direction angle from the 
weapon to the target, and a second signal represen 
tative of the range from the weapon to the target; 
and 

signal detecting means coupled to receive the first 
signal of said second resolver for detecting when 
the signal is essentially equal to zero. 

9. A weapon firing computer as claimed in claim 8 
25 which further comprises: 
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a sixth potentiometer having its shaft position pro 
vided by said handset data means for providing an 
analog signal representative of the range from the 
weapon position to the target; 

a third summing junction coupled to receive the ana 
log signal of said sixth potentiometer and the sec 
ond signal of said second resolver for providing an 
output signal which is the difference between the 
two input signals; and 

signal detecting means coupled to receive the output 
signal of said third summing junction for detecting 
when the signal is essentially equal to zero. 
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