


?? ? ******** ***…** KVD 

2,414,819 E. LAKATos 
COMPUTER FOR BALLISTIC INTERACTIONS 

Jan. 28, 1947. 

l9 Sheets-Sheet 2 Filed Dec. 29, 1944 

//W/E/W7OA 
AE. LA AK47 OS 

A. 

A77OARWAY 

er ? 

  

  

  







2,414,819 

??? 

SS 

l9 Sheets-Sheet 5 

E. LAKATOS 

COMPUTER FOR BALLISTIC INTERACTIONS 

Filed Dec. 29, 1944 

Jan. 28, 1947. 

T I IC 

//w/AW7OA 
AE LAAKA 7 OS 

A77OARWEY 

  

  

  

  

  





2,414,819 E, LAKATOS 

COMPUTER FOR BALLISTIC INTERACTIONS 

Jan. 28, 1947. 

l9 Sheets-Sheet 7 29, 1944 Filed Dec. 

86/7 Z8 Z, 88Z 

ZZ 944 Z2// 

/AV/AE/W/ 7 OAR 
AE. ZAAKA 7 OS 

A77OARAWAY 

  

  

  

  

  





?3 5? 1.? 85 rrngs REEERENCE Ajdig å få}} 

Jan. 28, 1947. E. LAKATOs 2,414,819 
COMPUTER FOR BALLISTIC INTERACTIONS 

Filed Dec. 29, 1944 19 Sheets-Sheet 9 

- - - SS SSSSSSSSSSSqSqSMSSSSSSS -/W/AW7 OA-------- 

AE. ALM4AK247 OS 
a}/ 

A77?????? 
  



2,414,819 E, LAKATOS 

COMPUTER FOR BALLISTIC INTERACTIONS 

19 Sheets-Sheet 10 Filed Dec. 29, l944 

//V/AW7OA 
A. AAAA7 OS 

AB/ 

A 77OAPAWAY 

  

  



??) ??) 2 " '""" | - % : a - 4 e^4 à* 285 - 6 .. 5 (Rnse prEER.F.C. 3ä: šº 

Jan. 28, 1947, E. LAKATOS 2,414,819 
COMPUTER FOR BALLISTIC INTERACTIONS 

Filed Dec. 29, 1944 19 Sheets-Sheet lil 

wVEw7OA 
AE L4AKA 7 OS 

477OARWEY 

  

  





Jan. 28, 1947. 

. 2 

AFT/ G. / 7 

E. LAKATOS 

COMPUTER FOR BALLISTIC INTERACTIONS 

Filed Dec. 29, 1944 

i 

2,414,819 

19 Sheets-Sheet l3 

A/G /3 s 

A. Z.A.A.A7 OS 

  

  





????????????? AW giza ? ???? ???. ? ?: ? žš 5 “ o : , 5 RSS REFERECE Jtgdii C: fÄfjU3Y 

Jan. 28, 1947. i. e. LAKATos 2,414,819 
COMPUTER FOR BALLISTIC INTERACTIONS 

Filed Dec. 29, 1944 19 Sheets-Sheet 15 

. . . foo 2?? 3OO 400 soo so ?00 Oo 

YAAPos 
sood 

A/G.22 

200 Soo 

to as 

o Oy 200 KO) 09 too So ?óó ?00 soo 

//V/EM7OA 
-- " - — n— — *** - - ------- - - - - - ---- — — — — -- AE – A4AK247 OS. — — — — — — — — — — — 

A3Y 

4 TTOARWEY 

  



?? ?? ?? : { ?? ?? ??? ?? ???? ????? ???? 

Jan. 28, 1947 E. LAKATOS 2,414,819 
COMPUTER FOR BALLISTIC INTERACTIONS 

Filed Dec. 29, 1944 19 Sheets-Sheet 16 

????? / ?200 A/G 23 

.9?? Cross wiwo 

s .040 .800 

o 25 5?? 

. 09:20 .4OO 

OOS foo 

. ? O ? - ?OO 

O ?00 2OO 300 400 soo 6?? ?00 8?? 

A/G 24 SC Oo 
TEMPERPA TUAPE 

25? 

225 

200 

f75 

725 

VOO 

75 

SO 

25 

----- - - - ------ - - - - - - ? -- ------------------- ??- - - - ------------------------- ? - - - - Aw/EAV7 OAR - - - - - - - - - - - 

At LAAA7 OS 

A77OAPWEY 

  

  

  





Jan. 28, 1947. E, LAKATOS 2,414,819 
COMPUTER FOR BALLISTIC INTERACTIONS 

  



R R E C E 235-61?5 

Jan. 28, 1947. E. LAKATOS 2,414,819 
COMPUTER FOR BALLISTIC INTERACTIONS 

Filed Dec. 29, 1944 19 Sheets-Sheet 19 

+ + + + ? | | | | | | | ? + + + + 
9 1 1 1 1 ? 1 1 1 ? + . + + + + + +1 ?? 

e Q 

//w/ENTQA 
SSAASSSS AASAA AAAASS AAA SSYAAS SSAS SSAS SSSSS SSSSSiS iAAS SS S SS S SS S S SS AAAASAAASAAAS S S AAAAS SAASAA SS SAAS '????? 

A77OAMEY 

  

  



, 

Patented Jan. 28, 1947 s 2,414,819 

UNITED STATES PATENT oFFICE 
2,414,819 

COPUTER FOR, BALLSTEC INTERACTIONS 
Emory Lakatos, Summit, N. J., assignor to Bell 
Telephone Laboratories, incorporated, New 
York, N.Y., a corporation of New York 

- Application December 29, 1944, Serial No. 50,285 
2 Cairns. 

This invention relates to apparatus for the 
control of artillery fire, and particularly to elec 
tromechanical artillery computers. 
The object of the invention is an apparatus cor 

recting for the ballistic effects of non-standard 
bailistic conditions and for the ballistic effects of 
interactions between non-standard ballistic Con 
ditions. 
In prior electromechanical artillery computers, 

it was assumed that the ballistic effects are in 
dependent of each other, and that independent 
corrections could be made for each effect. It has 
been found that this assumption is incorrect, 
and that certain ballistic effects interact with 
other bailistic effects to produce an appreciable 
error. Assume that both the muzzle velocity of 
the weapon, and the density of the air are non 
Standard. In prior computers, corrections were 
made for non-standard muzzle velocity with 
standard air density and for non-standard air 
density at standard muzzle velocity. In the 
present computer, corrections are Inlade also for 
the effect of non-standard air density on the 
correction for non-standard muzzle velocity and 
for the effect of non-standard muzzle velocity on 
the correction for non-standard air density. 

in the drawings: 
Fig. 1 schematically shows a System for trans 

mitting data froin the observing stations to the 
computer; 

Fig. 2 Schematically shows a System for gen 
erating voltages proportional to the coordinates 
of the present position of the target; 

Fig. 3 schematically shows a system for Syn 
thetically generating voltages proportional to the 
coordinates of the present position of the target, 
o: voltages proportional to the rates of change 
in Said coordinates; 

Fig. 4 schematically shows a system for in 
dicating the present position of the target with 
respect to the gun, for generating voltages pro 
portional to the rates of change in the coordi 
nates, and voltages proportional to the coordi 
nates of the predicted position of the target; 
* Fig. 5 schiematically shows a system for indi 
cating the azimuths and quadrant elevations of 
two guns, generating a voltage proportional to 
the range of the second gun, and generating volt 
ages proportional to the maximum effects of the 
Wirid: 

Fig. 6 Schematically shows a System for indi 
cating the deflection angle of a first gun, for 
generating voltages proportional to the range 
of the first gun, and for indicating the ballistic 
elevation angle of a Second gun; 
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Figs. 7 and 8 schematically show a system for 
indicating the ballistic elevation angle of a first 
gun 

Figs. 9 and 10 show, in elevation and plan, the 
geometric relationships between the observation 
stations, target and guns; 

Fig. 11 Schematically shows a summing ampli 
fier used in Figs. 1 to 8; 

Fig. 12 schematically shows a controll circuit 
used in Figs. 4, 5, 6, 8; 

Fig. 13 Schematically shows a number of poten 
tiometer networks; 

Figs. 14 to 18 show curves related to the net 
works of Fig. 13; 

Figs. 19 to 28 show curves related to Figs. 7 
and 8; . 

Fig. 29 shows an operation table for the 
Switches and potentiometers of Fig. 5 and the re 
lays and amplifiers of Fig. 4. 

Fig. 30 shows the assembly arrangement of 
Figs. 1 to 8, inclusive, to make up a Schematic 
diagram of the complete system. 
The present director is primarily intended 

for the control of coast defense artillery, but 
the invention is not limited to such use, as it may 
be used in many other artillery directors in which 
unusual accuracy is required. 
The largest coast defense weapons have ranges 

of twenty miles or more, thus, a target moving 
along the coast may be under observation for 
twenty to thirty miles on each side of the gun. 
A number of observation stations are distributed 
at convenient points along the coast and, as 
these stations may be more than twenty miles 
from the director, the transmission of the ob 
served data from the observation stations to the 
director by the usual synchronous transmission 
systems, may be impractical. In the present 
system, the even degrees of azimuth or the hun 
dreds of yards may be transmitted orally at regul 
lar intervals over a telephone System between 
the observing station and the director, while the 
fractional values of the data less than one degree 

transmission system of the type shown in United 
tates Patent 1483,235, February 12, 1924, R. W. 

Morse. 
As shown in Fig. 1, each base end station is 

furnished with a telephone instrument con 
nected to the secondary winding of a composite 
coil 2 having line windings intercalated in Series 
with the data transmission line. A capacitor 3 
confines the telephone current to the transmis 
sion line. At the director, a similar composite. 
coil 4 has line windings intercalated in the trans 
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mission line, in combination with a capacitor 5’. 
The secondary Winding Cf cCmposite coil 4 is con 
nected by connection 5, 6 to a telephone switch 
board , Fig. 2, located near the director. The 
Switchboard Operator and the fire control oficer 
may conveniently be furnished with complete 
telephone instruments, while the director at 
tendants may be furnished with headsets plugged 
into jacks mounted at convenient places on the 
director and connected to the telephone switch 
board. 
The majority of the observation stations are 

equipped with some known form of azimuth in 
strument, though some of the stations may be 
equipped with a known form of range finder, 
Such as a depression position finder. The azimuth 
instruments, symbolically represented by the in 
strument 8, Fig. 1 may be simple theodolites 
arranged to indicate the whole gegrees of the 
azimuth angle on a Scale 9. 
pression pcsition finders are equipped with con 
Venient scales to indicate the range in even hun 
dreds of yards. The brushes 3, of the data 
transmitting potentiometer are rotated by a shaft 
geared to the shaft of the azimuth instrument 8 
or to the range shaft of the depression position 
finder. If one complete rotation of the brushes 
1). í l represents one degree in azimuth, the gear 
ing will have a step-down ratio of 1 to 360. 
Similarly, if the full range is 36,000 yards and 
one complete rotation of the brushes (, 
represents one hundred yards, the gearing for 
the range finder will have the Sanhe ratio as 
for the azimuth instrument. 
The upper end of potentiometer winding 
2 is connected through the upper line winding 
of transformer 2, one side of the transmission 
line, the upper line winding of transformer 4. 
the winding of a potentiometer 3, connection 
9, the armature and break springs of the third 
pile-up of key 5, the armature and break springs 
of the third pile-up of key 6, resistor 2), the break 
spring and armature of the lowest pile-up of 
key 5, the break spring and armature of the 
lowest pile-up of key 5. connection 2, the wind- . 
ing of potentiometer 4, the lower line winding 
of transformer 4, the other side of the trans 
mission line, and the lower line winding of 
transformer 2 back to the lower end of poten 
tiometer winding 2. Connection 9 is also con 
nected through the armature and break spring 
of the third pile-up cf key 7, the armature and 
break spring of the third pile-up of key í 8. re 
Sistor 22, the break spring and armature of the 
lowest pile-up of key 8, and the break spring : 
and armature of the lowest pile-up of key 
to connection 2. The near end of the trans 
mission line is thus shunted by the two resistors 
20 and 22 in parallel. 
Connection i 9 is also connected to the arma 

ture of the third pile-up of key 23. The make 
Spring of the third pile-up of key 23 is con 
neeted to the armature of the upper right-hand 
pile-up of key 24. Similarly the connection 2 
is connected to the armature of the lowest pile 
up of key 23 and the make spring of this pile-up 
is connected to the armature of the lower right 
pile-up of key 24. 
The brush () is connected by connection 25 to 

the armature of the upper pile-up of key 23, the 
make Spring of this pile-up being connected to 
the armature of the upper left pile-up of key 24. 

Similarly the brush f is connected by con 
nection 26 to the armature of the second pile-up 

Similarly, the de- : 
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4. 
connected to the armature of the lower left pile 
up of key 24. 
Thus, When the key 23 is operated, the brush 

0, through the connection 25, and the upper 
end of the potentiometer winding 2 through the 
Connection 9, are respectively connected to the 
armatures of the upper pile-ups of key 24. Simi 
larly, the brush through the connection 23 
and the lower end of the potentiometer wind 
ing 2 through the connection 2, are connected 
to the armatures of the lower pile-ups of the 
lkey 24. 
The upper right make Springs and the lower 

left make Spring of key 23 are connected through 
varistor 28 and resistor 28 to the upper left 
make and lower right make springs of the key 
24. The varistor 27 is shuinted by a second varis 
tor 29 in series with a resistor 39. The varistors 
27 and 29 may each comprise a pair of copper 
copper-oxide elements connected in opposing re 
lationship. The lower make Springs of key 3 
are Connected to the two sides of the varistor 29. 
A Sensitive meter, Such as a milliammeter, 32 is 
connected to the armatures of the key 3i. The 
network formed by the varistors 27 and 29, and 
the resistors 8 and 33, protects the meter 32 
from injury if too large a current should acci 
dentally be applied to the meter 32. 
A source of voltage 33 may be connected by 

switch 34 to the brushes of the potentioleters 3 
and 4. The observaticn stations may be located 
at widely different distances from the director, 
thus. as disclosed in copending United States pat 
ent application Serial No. 451,857, filed July 22, 
1942, by W. Koenig, Jr., and assigned to the as 
signee of the present application, for accurate 
results, it is necessary to balance each of the 
transmission lines. Over the telephone the op 
erator of the chserving instrument is instructed 
to rotate the brush to to the upper end of the 
potentiometer winding 2. Key 3 is placed on 
the lowest contacts and key 23 is operated. Key 
24 is then operated upward and the brush of 
potentiometer 3 is adjusted until the meter 32 
indicates zero current. The operator of the azi 
muth instrument is then instructed by telephone 
to rotate the brush to the lower end of the 
potentiometer winding í2, key ?4 is operated 
downward, and the brush of potentiometer 4 
adjusted until the meter 32 again registers Zero. 
These adjustments are repeated until key 24 may 
be operated upward or downward without affect 
ing the Zero reading of meter 32. The trans 
mission line and potentiometer winding 2 is 
then balanced against the resistors 20, 22. 
The switch 3 may also be operated to the up 

per contacts so that the meter 33 in conjunction 
with the network formed by the resistors 35, 36 
and 37 will form a voltmeter for checking the 
Voltage of the source 33. 
The meter key 24 is multiplied to all the line 

balance test keys, such as key 33 for each of the 
transmission lines to the other Observation sta 
fions, and each- of-the- other data transmission 
lines is balanced as described above for the data 
transmission line No. 1, 

After the data fransmission line has been hal 
anced, the line transfer key 7 is operated con 
necting brush 8 and connection 23 through the 
make contacts of the upper pile-up to connection 
4, connecting the upper end of the potentiometer 
winding 2 through the transmission line and 
COnnection 9 and the make contacts of the third 
pile-up to connection 3S, connecting brush if 

of key 23, the make Spring of this pile-up being 75 and connection 25 through the make contacts of 
aq h 
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AzATo be the azimuth of the target T with respect 
to the station A. 

ABTo be the azimuth of the target T with respect 
to the station B, and 

AzAB be the azimuth of the base line AB. 
Then sin (ABT– AAB) 

ATa=AB) (1) 
In Fig. 2 the observation station B is connect 

ed to operate in conjunction with the receiving 
potentiometer 44, so that the shaft 6 rotates 
in accordance With the azimuth AzBTo. The 
shaft 76 is geared to one pinion of the differential 
gear 9. The handwheel 98 is geared to the other 
pinion of the differential gear 9 and is manip 
ulated to set in the azimuth of the base line AzAB, 
as indicated on the coarse dial 99 and the fine 
dial f)0. The shaft C is connectest to the planet 
gear of the differential 97 and will be rotated in 
accordance with the difference between the azi 
muth of the base line AzAB and the azimuth 
AzBTo, that is, in accordance with the angle 
ABTo. A grounded source of Voltage 3 is connected 
through the break contact of a relay 4 to the 
winding of a potentiometer 65. The Winding of 
potentiometer (5 may conveniently be in the 
form of a card of insulating material having one 
straight edge, closely and evenly wound with in 
sulated Wire, the Wire being bared along the 
Straight edge of the card in order to make a good 
contact with the potentiometer brush. The card 
is So shaped in Width that the resistance of the 
potentiometer windings will have the desired 
variation in resistance. The potentiometer card 
is arranged on an arc of a circle concentric With 
the center of rotation of the brush. 
The winding of potentiometer 5 has a sinus 

oidal variation of resistance and the brush is de 
Signed to Select, a, vOltage proportional to sin 
ABTo. However, as the angle ABTo cannot 
exceed 180 degrees, an improved Scale factor 
may be attained by spreading the winding 
of potentiometer 5 over 360 degrees and 
moving the brush of the potentiometer through 
the angle 2ABTo. Thus the shaft OS ro 
tating the brush of the potentioneter f05 is 
geared to the shaft 92 so as to rotate through 
twice the angle of rotation of the shaft 02. 
The voltage selected by the brush of poten 

tion eter 5 is supplied to resistor 9. Resistor 
í08 and the winding of potentiometer í09 are 
connected in parallel with resistor 97. The 
brush of potentiometer 99 is adjusted to select 
a voltage proportional to the even thousands of 
yards in the base line AB and is connected 
through resistor 3 to the input circuit of an 
amplifier 5, of the type shown in Fig. 11. Re 
sistors 10 and I il form a potential divider con 
nected across the Winding of potentiometer 9. 

... The winding of potentiometer 2 is connected 
across resistor f and is adjusted to select a volt 
age proportional to the portion of the base line 
AB exceeding the nearest 1,000 yard unit, and is 
connected through resistor f4 to the input cir 
cuit of amplifier || 5. 
The amplifier shown in Fig. 11 is of the type 

disclosed in United States patent application Se 
rial No. 391,331, filed May 1, 1941, by K. D. 
Swartzel, and assigned to the assignee of the pres 
ent application. The first stage of the amplifier 
shown in Fig. 11 has a double triode is, with 
a common cathode connected to ground through resistor f7, and a grounded source of Voltage 

h s 
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8 
f8 with its negative pole connected through re 

sistor f 19 to the cathode of vacuum tube 6. 
The resistances of resistors 7 and 9 are so 
Selected that the negative Voltage applied to the 
cathode of vacuum tube is neutralizes the posi 
tive potential difference produced across the re 
sistor f : 7 by the anode currents flowing in the 
vacuum tube I i 6, thus the cathode of the vac 
uum tube ( 6 is substantially at ground poten 
tial. A grounded source of voltage 29 is con 
nected across the winding of a potentiometer 2, 
the brush of potentiometer 2 being connected to 
the control grid of Oine Section of the vacuum 
tube 6 and adjusted So that the output voltage 
of the amplifier, for zero input signal voltage, is 
accurately reduced to zero. A Source of voltage 
22 is connected to the anode of this section of 
the vacuum tube i 6, thus compensating for vari 
ations in the activity of the cathode of vacuum 
tube 6 as described in an article “Sensitive 
D. C. Amplifier with A. C. Operation,' by S. E. 
Miller, Electronics, November, 1941, page 27. 
The input circuit is connected to the control 

grid of the Second section of the vacuum tube 
i is, and the anode of this section is connected 
to the CCntrol grid of vacuum tube 23 by an in 
terstage coupling network of the type disclosed in 
United States Patent 1,751,527, March 25, 1930, 
H. Nyquist. A resistor 24 in series with a ca 
pacitor 25 connected from the control grid of 
vacuum tube 23 to ground compensates for the 
phase shift due to the interelectrode capacitances 
of the Vacuum tube and the capacitance of the 
Wiring. The Screen grid of vacuum tube 23 is 
energized in the usual manner by a source of 
voltage 26. The anode of vacuum tube 23 is 
connected to the control grid of vacuum tube 27 
by a similar interstage coupling network having a 
compensating capacitor 23. The screen grid of 
Vacuum tube C7 is grounded through a low re 
Sistor 32. A grounded source of voltage 29 has 
its negative pole connected to the cathode of 
vacuum tube 27, while another grounded source 
of Voltage 30 has its positive pole connected 
through resistor 3 to the anode of vacuum tube 
l2. The potentials of the sources 29 and f30 
are so selected that they form with the resistances 
of the resistor 3 and the anode-cathode path 
of vacuum tube 2, a balanced bridge. Thus in 
the absence of a voltage applied to the signal grid 
of vacuum tube 27, the anode of vacuum tube 27 
is at ground potential. If a negative voltage be 
applied to the control grid of vacuum tube 6, an 
amplified negative voltage will be applied to the 
control grid of vacuum tube 27 decreasing the 
anode-cathode resistance of vacuum tube 27 and 
causing a positive voltage to be produced acroSS 
the output circuit of the amplifier. Thus the am 
plifier reverses the polarity of a voltage applied 
to the input circuit, 
Assume that a source of voltage e1 is Connected 

through a resistor having a resistance r1, that the 
winding of a potentiometer is connected across 
the output circuit of tie amplifier from-the anode . . . . 
of vacuum tube f2 to ground, and that the brush 
of this potentiometer is connected through a re 
sistor having a resistance ro to the input of the 
amplifier. Assume that the Source applies a posi 
tive voltage el to the input, circuit, that the volt 
age from the control grid of vacuum tube 6 to 
ground is eg, that the output voltage is e0, and 
that the fraction of this voltage selected by the 
wiper of the potentiometer is ke0. The pOSitiVe 
voltage applied to the control grid of vacuum 
tube ( 6 will cause a n?gative voltage to be pro 
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duced across the Winding of the potentiometer in 
the output circuit, thus, a current can flow from 
the source e1, through resistor r1, resistor ro and 
the lower portion of the potentiometer winding 
back to the source e1. If the voltage gain of the 
complete amplifier is fairly high, this current will 
increase until the Voltage eg between the control 
grid of vacuum tube S and ground is reduced 
substantially to Zero. Let this current be i, then 

?1 = ??? 

r 

— keo = iro 
Substituting the value for i, then 

470 === ????k ? ??eo rt 

O 
e 

-6)= (2) 
If the ratio is unity 

e ?- ?0 -- (3) 
that is, the output of the amplifier is equal to the 
input voltage ei divided by the Voltage ratio of 
the potentiometer connected acroSS the output 
circuit. The voltage ratio k of the potentiometer 
will vary with the variation in resistance of the 
inding. Thus, by shaping the card of the po 

tentiometer, the ratio ic may have a desired func 
tional variation. If the voltage ratio ic of the po 
tentiometer is unity, 

that is, the voltage ratio for this input is de 
termined by the ratio of the resistances of the 
feedback resistor and the input resistor. 

Let a second Source of Voltage e2 be connected 
through a resistor having a resistance r2 acroSS 
the input circuit of the amplifier. 

Let the current from the Source el be il and the 
current from Source e2 be i2 then, as the voltage 
eg will again be substantially Zero, 

If k =unity, and ro=r1=r2, the output voltage of 
the amplifier Will equal the negative of the sum 
of the input voltages. 
The shaft 6, Fig. 2, rotating in accordance 

With the azimuth AzBTo, is geared to One pinion 
of a differential gear 35; while the shaft 93 
rotating in accordance With the azimuth AzATo, 
is geared to the other pinion of the differential 
gear 35. The planet pinion of the differential 
gear 35 is geared to the shaft 36, which will 
thus be rotated in accordance with the difference 
between the two azimuths, that is, the target an 
gle AToB. With base lines of adequate length 
and a sufficient number of observation stations, 
the target angle AToB need never be less than 3 
degrees and, of course, cannot exceed 180 de 
grees. Thus to secure increased accuracy and a 
better scale factor With potentiometers of rea 
sonable diameter, the shaft 36 is geared to turn 
through four times the angle of rotation of the 
planet pinion of the differential gear 35, thus 
giving a four-fold increase in Scale factor, 
The potentiometei cards 37 and 38 are de 
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10 
signed so that 90 degrees of the target angle are 
spread over 360 degrees of the potentiometer cir 
cle. The potentiometer cards 37 and 38 are 
shaped approximately in accordance with a co 
sine function extending over one quadrant, ex 
cept that some of the turns of wire on the wide 
end of the card are short-circuited and at the 
narrow end of the card, the card is of constant 
width and a number of turns at the end are also 
short-circuited. The short-circuited turns on the 
narrow ends of the two cards overlap at the Zero 
angle. With zero angle at the bottom and clock 
wise rotation, and expressing angles in terms of 
the target angle, the potentiometer winding 37 
has the following Variations, 0 to 0.3 degree short 
circuited turns on narrow end; 0.3 to 2.3 degrees 
the Space is filled with an insulating bridge on 
which the brush can slide; 2.3 to 3.0 degrees 
short-circuited turns on the wide end of the card; 
3.0 to 88.7 degrees the width of the card decreases 
in accordance with a cosine function; 88.7 to 89.4 
degrees the card has a narrow constant width; 
89.4 to 90.0 degrees the turns on the narrow end 
of constant width are short-circuited. With 90 
degrees at the bottom, ciOckWise rotation, and ex 
pressing the angle in terms of the target angle, 
the potentiometer winding í38 has the following 
variations 90.0. degrees to 90.6 degrees, the turns 
of the winding on the narrow end of the card are 
Short-circuited; 90.6 to 91.3 degrees the potenti 
ometer card is of narrow constant width; 91.3 to 
177 degrees, the potentiometer card varies in 
width with the cosine function; 177.0 to 177.7 de 
grees the turns on the windings at the Wide end 
of the potentiometer card are short-circuited; 
177.7 to 179.7 degrees an insulating bridge is in 
serted on which the potentiometer brush can 
slide; 179.7 to 180.0 degrees the turns of the wind 
ing on the narrow end of the card are short 
circuited. The output circuit of amplifier 5 is 
connected by connection 139 to the short 
circuited turns on the narrow ends of the po 
tentiometer cards 37 and 38. The short-cir 
cuited turns on the broad ends of the potention 
eter cards i 37 and 138 are respectively ground 
ed through resistors 40 and i 4 l. Resistors 40 
and 4? have resistances equal to the resistance 
of 3 degrees of the potentiometer winding at the 
wide end. The brushes of potentiometers 37 and 
38 are respectively connected through resistors 
42 and 43 to ground, and are connected to the 
springs of the cam-operated Switch 44. The 
cam shaft 46 is geared to the shaft 36 and 
turns at one half the speed of the shaft 36, that 
is, through twice the target angle. 
The junction of the winding of potentiometer 
37 and resistor 40 is connected to the al'mature 

of cam-operated switch 45. the Spring of Switch 
45 being connected through the back contacts of 

relay C4 and the resistor 47 to the input cir 
cuit of amplifier || 15. The brushes of potentioïn 
eters 37 and 38 are respectively connected 
to the break f 48 and the-make 49 Springs-of 
cam-operated switch 44, the armature of Switch 
44 being connected through the back contact 
and armature of relay O4 and resistor 47 to the 
input circuit of amplifier 5. 
The cams of the cam switches f44 and 45 are 

shaped so as to produce the following Sequence 
of operations, expressed in terms of the target 
angle. From 0 to 2.6 degrees switches 48 and 
49 are open, and switch 45 is closed, thus a 
voltage proportional to the sine of 3 degrees is 
sent back through resistor 47 to the input cir 

75 cuit of amplifier (15. At 2.6 degrees switch 48 
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may be converted into the rectangular coordinates 
of the position of the target with respect to the 
pivot gun by adding thereto the rectangular CO 
ordinates of the observation stations with respect 
to the pivot gun. 
Switch 72 is operated to select a voltage of 

appropriate polarity from the source it or 7, 
and is connected to the Windings of poten 
tiometers 73, 75 and |77. The Wiper of poten 
tiometer T3 is adjusted to select a voltage propor 
tional to the nearest unit of 10,000 yards in the 
X-coordinate of the observing station with respect 
to the pivot gun, and is connected through re 
sistor 74 to the input circuit of amplifier 64. 
The wiper of potentiometer 5 is adjusted to 
Select a voltage proportional to the nearest unit 
of 1,000 yards in the X-coordinate and is con 
nected through resistor T 6 to the input circuit, 
of amplifier St. The wiper of potentiometer 
77 is adjusted to select a voltage proportional 

to the nearest yard of the X-coordinate and is 
connected through resistor 78 to the input 
circuit of amplifier 83. The output circuit of 
amplifier 63 will thus have a negative voltage 
proportional to -Xo, a rectangular coordinate of 
the present position of the target with respect to 
the pivot gun. 

Similarly, the Switch 82 is adjusted to select 
a voltage of appropriate polarity from the source 
8 or 8 and is connected to the windings of 

potentionineters 23, 85 and S. The brushes of 
potentiometers 83, 85 and 3d are respectively 
connected through resistors 33, 88 and 83 
to the input circuit of amplifier 57, and are 
respectively adjusted to select voltage propor 
tional to the nearest unit of 10,000 yards, the 
nearest unit of 1,000 yards and the nearest yard 
in the Y-coordinate of the observation station 
with respect to the pivot gun. The output circuit 
of amplifier 57 will thus produce a voltage of 
negative polarity proportional to the rectangular 
coordinate -Yo of the present position of the 
target with respect to the pivot gun. 

In Songe cases, as when a target is first brought 
under observation at extreme range, the target, 
may only be visible from one of the base line 
end stations. In Such cases, this base line sta 
tion is equipped With some form of range finder, 
Such as a depression position finder, in addition 
to the azimuth instrument. The data transmis 
sion potentiometer associated with the azimuth 
instrument is connected as usual by the transmis 
Sion line and the appropriate key 3 to the receiv 
ing potentiometer 7, Fig. 2. The range finder 
is also equipped with a data transmitting poten 
tioneter which is connected through a second 
transmission line and the appropriate key if 
(Fig. 1) to the receiving potentiometer 44, Fig. 2. 
The base line azimuth handwheel 38 is rotated to 
set the dials S3 and 93 to Zero. The even hun 
dreds of yards as received over the telephone are 
set in by the handwheel is, and are indicated by 
special graduations of the dial 75. 
wheel 58 is manipulated to keep the meter 6) on 
Zero thus causing the brushes 5 and 46 to track 
the corresponding brushes of the range finder 
transmitting potentiometer and the shaft to 
rotate in accordance With the units of distance 
leSS than 100 yards, as indicated on a special grad 
uation of the dial 72. The rotations proportional 
to the hundreds of yards and of the distances 
less than 100 yards, are combined in the differ 
ential gear 73 SO that the shafts ( and O2 are 
rotated preportionally to the measured distance 
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to the target and the shaft 96 is rotated propor 
tionally to twice this distance. 
The key 200 is operated operating relay 04, 

disconnecting the battery 3 from the Wind 
ings of potentiometers 5, 29 and 2, and 
connecting the battery 83 to the winding of 
potentiometer 20 ?. The winding of poten 
tion eter 29 is of uniform resistance, and the 
brush is connected through resistor 202 to the 
input circuit of amplifier 5. The operation of 
relay 4 also disconnects the potentiometers 37 
and 38 from the resistor 47, and connects the 
output circuit of amplifier 5 to the input circuit 
through resistor 3. The positive voltage in the 
output circuit of amplifier 5 will thus be pro 
portional to the distance from the observing 
station to the present position of the target and, 
as before, this voltage is Supplied to the poten 
tiometer windings í50 and í5 | to produce voltages 
proportional to the rectangular coordinates of 
the present position of the target with respect 
to the observation stations which are supplied to 
the amplifiers 64 and 67. 
The output circuit of amplifier 54, Fig. 2, is 

Connected by connection 25 through the upper 
make-before-break Springs of relay 205, Fig. 4, 
the upper make-before-break Springs of relay 
S63, Fig. 3, and resistor 207, Fig. 4, to the input 
circuit of an amplifier 28, of the type shown in 
Fig. 11, having a feed-back resistor 299. The 
otentionnetter winding 23 is on a card varying 

in width with a cosinusoidal function extending 
through a connplete revolution, the winding being 
grounded at the points where the card is of 
naximum width. The output circuit of amplifier 
3S is connected to the potentiometer winding 29 

at the point where the card is of minimum width, 
and through resistor 24 to the input circuit of a 
unity gain amplifier 2:5, of the type shown in 
Fig. 11, having a feedback resistor 26. The 
output circuit of amplifier 25 is connected to the 
winding 219 at the other point where the card 
is of niinimum width. 
The output circuit of amplier S, Fig. 2, is 

connected by connection 2 through the lower 
make-before-break springs of relay 285, Fig. 4, 
and the lower make-before-break springs of relay 
323, Fig. 3, through resistor 23, Fig. 4, to the in 
put circuit of amplifier 29, of the type sihown 
in Fig, 11 having a feedback resistor 220. The 
potentiometer winding 22 is similar to the po 
tentionneter winding 2 i B, and is g’Ounded at te 
points where the card is widest. The cutput, Cir 
cuit of amplifier 249 is connected to the poten 
tiometer winding 22 at one of the points where 
the card is narrowest, and through resistor 223 
to the input circuit of a unity gain amplifier 223, 
of the type showin in Fig. il, having a feedback 
resistor 224. The output circuit of annplifier 223 
is connected to the potentiometer winding 22 at 
the other point where the card is arrowest. 

In Fig. 10, let the azimuth of the present posi 
tion of the target, To, with respect to the pivot 
gun, G, be A0, then, as X0 and Yo are the rec 
tangular coordinates of the present pCSition of 
the target with respect to the pivot gun, it foll 
lows that: 

— Xo cos Ao--Yo sin Ao=0 (7) 

In Fig. 4, with zero angle at the lower ground 
in the potentiometer windings 20 and 22, and 
clockwise rotation of the brushes for increasing 

75 
angle, the brush 2 will select a voltage propor 
tional to the cosine of the angle of rotation, and 
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oxide couple, across the resistor 32 and meter 
33, and this resistor 323, together with the re 
sistance lamp 39, protects the meter 384 during 
the adjustment of the brush of potentiometer 
323. 
When the brush of potentiometer 223 has been 

adjusted to a satisfactory value, Switch 32 is 
moved to the first contact, thus supplying ground 
through the right-hand blade cf switch 386 and 
the left-hand blade of switch 327 to operate re 
lay 39 . 
The connection 29) is normally connected 

through the break springs of the first pile-up of 
relay 39, to the circuit in Fig. 7 which predicts 
the future position of the target. The operation 
of relay 33 breaks this connection and connects 
the Output, circuit Cf the amplifier 32 to the 
prediction circuit.S. he predictioacf. the futule 
position of the target is then based upon the 
smooth handset voltage from the output circuit 
of amplifier 32 i, in place of the unsteady Voltages 
from the observing equipment. 
When the voltages derived from the observa 

tions have Settled down to a Satisfactory degree 
of Smoothness, as shown by reduced movements 
of the needle of meter 384, the switch 327 may be 
moved to the second contact, thus releasing re 
lay 30 and again connecting connection 29) 
through the break Springs of the first pile-up of 
relay 39 to the circuits of Fig. 7. 
In a similar manner, the Operation of relay 388 

connects the connection 29 through resistor 337, 
the break springs of the fifth pile-up of relay 328, 
lamp 829, the break springs of the fourth pile-up 
of relay 30, the make springs of the sixth pile 
up of relay 338, resistor 330, the make springs 
of the fifth pile-up of relay 308 to one side of the 
meter 305. A source of voltage 332, having an 
intermediate point grounded, is connected across 
the Winding of potentiometer 333. The brush 
of potentiometer 333 is connected through the 
break springs of the first pile-up of relay 328 and 
resistor S34 to the input circuit of an amplifier 
33 , of the type shown in Fig. 11. The output 
circuit of amplifier 33 is connected through the 
make springs of the fourth pile-up of relay 303 
to the other side of meter 35. A feedback re 
Sistor 335 is connected from the input circuit of 
amplifier 33 through the break Springs of the 
third pile-up of relay 323 to the cutput circuit, 
of amplifier 33. The brush of potentiometer 333 
is adjusted until the readings of meter 305 are 
evenly spaced about zero. The connection 29 is 
normally connected through the break Springs of 
the second pile-up of relay 30 to the prediction 
circuit of Fig. 7. The operation of relay 30 con 
nects the output circuit of amplifier 33 through 
the make Springs of the second pile-up of relay 
38 to the prediction circuit of Fig. 7. 
The resistors 340 in series with the capacitor 

34t connected across the input circuit of the am 
Tplifier 32, and 342 in series with the capacitor 
343 connected across the input circuit of the am 
plifier 33, correct for slight phase shifts in these 
amplifiers and prevent the amplifiers from sing 
ing at a high frequency. 
The output voltages of amplifiers 64 and 67, 

Fig. 2, are respectively proportional to the coor 
dinates X0 and Yo, of the present position of the 
target. In some cases, it may be apparent that 
the target is about to disappear behind some 
obscuring medium, such as fog, a smoke screen, 
or other obstruction, and it is desirable to be able 
to continue o fire ait the target, even though fur 
ther observation of the target may be impossible 

20 
for a fairly prolonged interval. The circuit of 
Fig. 3 thus may be arranged to generate a Syn 
thetic course which will be an extrapolation, 
along a straight line at constant Speed, of the 
course of the target being observed. This means 
that the circuit of Fig. 3 must be adjusted to gen 
erate a voltage proportional to the instant ValucS 
of the voltages from the output circuits of ampi 
fiers 64 and 87, Fig. 2, and that these voltages 

lo Will have the same rates of change as the Volt 
ages from the observations, So that, throughout 
the desired time interval, the generated voltages 
will at all times be equal to the values which the 
voltages derived from the observations would 

15 have had, if it had been possible to continue ob 
servations of the target. It is thus necessary to 
generate voltages which at the instant of change 
over, will be equal to the instant values of the 
Voltages proportional to Xo and Yo; to generated 

20 voltages equal to X and Y; to. integrate the 
voltages proportional to X and Y over the de 
sired time interval, and to add the integrated 
voltages to the generated voltages proportional 
to X0 and Yo, so that the algebraic Sum of the gen 

25 erated voltages throughout the desired time in 
terval will be, at all times, equal to the voltages 
which would be obtained from the observations. 

In Fig. 11, let resistor iro be replaced by a ca 
pacitor of capacitance Co, let k = , and grounded 

30 source el be connected through resistor r1 to the 
grid of vacuum tube 8. As before eg is nearly 

The output voltage of the network will thus be 
the integral of the applied voltage. If the applied 
voltage el be coristant, il will also be constant and 

40 -eo will increase linearly with time, the Slope or 
rate of increase depending upon the magnitude 
of e1. If the capacitor Co be first charged to some 
desired voltage, then connected to the amplifier, 
as eg is nearly zero, — eo will rise immediately to 

45 the value of the desired voltage and will then rise 
or fall in accordance with the integral of the 
applied Voltage e1. 
With Switches 336 and 32, Fig. 3, on their Sec 

ond contacts, and relay 333 operated, the brushes 
50 of potentiometers 323 and 333 are adjusted to the 

best values to make the readings of the meters 
304 and 305 vibrate equally about Zero reading. 
Connection 24 is connected through the break 
springs of the fourth pile-up of relay 38, capac 

55 itor 345, resistor 336, the break springs of the Sec 
ond pile-up of relay 3 3 to ground, thus charg 
ing capacitor 3.5 to a voltage proportional to X0. 
Similarly connection 27 is connected through 
the break springs of the fourth pile-up of relay 

80 328, capacitor 347, resistor 348, and the break 
springs of the second pile-up of relay 323 to 

- -ground, thus charging capacitor 367 to a voltage 
corresponding to Yo. - - -- - - - U. 

As the adjustments of the potentiometers 323 
65 and 333 may not be the best approximation to 

the Riveirage rate of the target, and as the con 
stants of the circuits may not be exactly as de 
sired, an integrating period is provided in which 
the outputs of the amplifiers 32 and 33 are 

70 respectively compared with the observed results 
from the outputs of amplifiers 54 and 6, Fig. 
2. At the end of this period, the potention eter's 
323 and 333 are adjusted to correct for the errors 
accumulated during the interval. Since the 

75 operator cannot adjust the potentiometers 323 
o 

; i * B ?????? 
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and 333 at the same time, the integrating period 
for the X coordinate is arranged to start first, 
then after a short interval the integrating pe 
riod for the Y coordinate commences. Thus, 
When the integrating period for the X coordi 
nate ends, a short interval is provided for the 
adjustment of potentiometers 323, followed by 
an interval for the adjustment of potentiometer 
333, thus completing the adjustment. 
With switch 308 on the second contact, the 

Operator moves Switch 327 to the third contact, 
thus completing a circuit from ground through 
the right-hand blade of switch 385, the left 
hand blade of switch 32, and key 353, through 
the Winding of relay 33 to battery, thus oper 
ating relay 3 3. 
The operation of relay 33 extinguishes the 

Gx lamp, 3, by completing a short-circuit 
from the upper terminal of the lamp through the 
make Springs of the third pile-up of relay 33, 
the break Springs of the first pile-up of relay 352 
back to the lower Side of the lamp 3 ff. A cir 
cuit is also completed from the source 359 
through resistor 39, the break springs of the 
first pile-up of relay 352, the make springs (f 
the third pile-up of relay 33, lamp 3 2, left blade 
of SWitch 306 to ground, thus lighting the RX 
lamp 32. Similarly, the operation of relay 2 3 
extinguishes the GY lamp 3:5 by connpleting a 
circuit from the upper terminal of the armp 3: 5 
through the make springs of the fifth pile-up of 
relay 3 is and the break springs of the fifth pile 
up of relay 35 back to the lower terminal of 
the lamp 35. A circuit is also completed from 
the source 309 through resistor 3 A, the break 
Springs of the fifth pile-up of relay 354, the 
make springs of the fifth pile-up of relay 313, 
through lamp 38, and the left blade of Swiich 
306 to ground, thus lighting the RY lamp 3: . 
The extinguishiment of the two green lamps 3 í 
and 35 and the lighting of the two red lamps 
3:2 and 35, warns the cperator that the in. 
tegrating period has commenced. 
The operation of relay Si3 closes a circuit 

from ground through the make springs of the 
second pile-up. of relay 3:3 to the winding of 
relay 3:8, operating relay 38. 
The maximilm voltage selected by the brush 

of potentiometer 323, when used as a source of 
handset rateS produces in te 
amplifier 32i, a voltage proportional to the max 
imum target velocity multiplied by the maximum 
time of flight of the shell, that is, proportional to 
the maximum predicted displacement of the 
target. If this voltage were to be apied to 
the amplifier 32t, when the amplifier 32 is used 
to integrate the applied voltage, the resistors 324 
and S34 would have to have very large values 
of resistance, and the capacitors 355 and 2 
would have to have very large values of capaci 
tance. It is thus necessary to reduce the volt 
age Supplied by the brush of potentiometer 323 
to the input circuit of amplifier 321. The oper 

output circuit of 
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ation of relay 38 connects-resistor 358 through 
the make Springs of the first pile-up of relay 28, 
in parallel relationship with resistor 359, the 
combination of resistors being connected in se 
ries relationship with resistor 369 from the brush 
of potentiometer 325 to ground, and connects the 
upper end of resistor 382 through the ink 
Springs of the first pile-up of relay 3.8 through 
resistor 324 to the input circuit of amplifier 32. 
The resistors 353, 359 and 360 thus form a po 
tential divider reducing the voltage supplied by 
the brush of potentiometer 323, yet maintaining 

22 
constant the impedance presented to the brush 
of potentiometer 323, so that the voltage selected 
by this brush will not be changed. 
The operation of relay 3 8 connects the output 

circuit of amplifier 32 through the make Springs 
of the fourth pile-up of relay 38, capacitor 345 
and resistor 346, through the Inake Springs of 
the second pile-up of relay 328 to the input cir 
cuit of amplifier 32, thus causing the output 
voltage of amplifier 32 to rise instantly to the 
current value of Xo, and then to continue chang 
ing proportionately to the setting of the brush 
of potentiometer 323, thus starting the integrat 
iing period. 
The operation of relay 38 also connects the 

connection 294 through resistor 36 and the 
make springs of the fifth pile-up of relay 3 8, 
through lamp 319, the break Springs of the first 
pile-up of relay 30, the make springs of the first 
pile-up of relay 388, and resistor 32) to one side 
of the meter 384. The output circuit of ampli 
fier 32 is connected through the make springs of 
the third pile-up of relay 388 to the other side 
of meter 394 thus opposing in meter 304 the 
voltage of the connection 204, proportional to the 
observed values of Xo against the output voltage 
of amplifier 32. Thus inequality of these volt 
ages will be indicated by the meter 304. 
A source of voltage 380, having its positive pole 

grounded, is connected through resistor 38, the 
break springs of relay 382, and capacitor 383 in 
parallel with resistor 384, to ground, thus charg 
ing the capacitor 383. The Source of voltage 380 
is also connected through resistor 385 and re 
Sistor 386 to a Second source of voltage 387, also 
having the positive pole grounded. The voltage 
of the source 38) is appreciably larger than the 
Voltage of the Source 387, and may be, say, -350 
volts, while the voltage of the source 38 may be, 
Say, -190 volts. The negative pole of the source 
387 is connected to the cathodes of the double 
triode 383, which is preferably a high amplifica 
tion tube having a sharp grid voltage anode cur 
rent cut-off. The end of resistor 385 is connected 
through resistors 389 and 33 to the control grids 
of the double triode 388, thus negatively biasing 
the control grids of the triodes 388 So that the 
anode currents are reduced to a small value. The 
ungrounded terminal of the capacitor 383 is COil 
nected to the anode of the upper section of a 
double diode 39, the cathode of this section be 
ing connected to the control grid upper Section 
of the double triode 388. The operation of relay 
33 completes a path from ground through the 
break springs of the first pile-up of relay 35, 
the make springs of the first pile-up of relay 
33, through the winding of relay 382 to battery, 
thus operating relay 382. As soon as relay 382 
is operated, the capacitor 383 commences to dis 
charge through resistor 384, thus reducing the 
negative potential applied to the anode of the up 
per section of the double diode 39t. When the 
potential of this anode has fallen until the anode 
is less negative than the cathode, that is, the 
anode is positive with respect to the cathode, cur 
rent Will flow from the anode of the upper Sec 
tion of the double diode 39 through resistor 369, 
resistor 386, and source 337, to ground, thus pro 
ducing a voltage drop across resistor 389 which 
impresses a positive potential on the control grid 
of the upper section of the double triode 388, re 
ducing the bias on this control grid. So that the 
grid potential is above the cut-off point. Cur 
rent can then flow from ground through relay 
356, the anode of the uppe; section of the triode 
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383 to the cathode and through source 387 to 
ground, operating relay 356. 
The operation of relay 356 completes a circuit 

from battery through the winding of relay 35, 
the bireak Springs of the Second pile-up of relay 
35, the nake springs of relay 356 and the make 
Springs of the fourth pile-up of relay 313 to 
ground, operating relay 35. Relay 35 locks up 
through the make Springs of the second pile-up 
of relay 35 and the make springs of the fourth 
pile-up of relay 33. 
The operation of relay 35 opens the circuit 

through the break Springs of the first pile-up of 
relay 35, thus releasing relay 382. 
The Operation of relay 35 completes a circuit 

from ground through the make springs of the 
fourth pile-up of relay 35 and the winding of 
relay 328 to battery, thus operating relay 328. 
The operation of relay 328 connects lesistors 362, 
363 and 364 to form a potential divider reducing 
the voltage supplied by the brush of potention 
eter 333 to the input of amplifier 33, connects 
the capacitor 347 and resistor 338 from the out 
put circuit to the input circuit of amplifier 33, 
and connects the connection 27 through resis 
tor 365, lamp 329, break Springs of fourth pile 
up of relay 360, make Springs of sixth pile-up of 
relay 363 through resistor 33) to one side of the 
meter 305, the other side of the meter 305 being 
connected through the make springs of the 
fourth pile-up of relay 38 to the output of am 
plifier 33. The voltage generated by the am 
plifier 33 is thus opposed to the voltage propor 
tional to Yo Supplied by the connection 27, and 
the difference is indicated on the meter 305. The 
operation of relay 328 thus starts the integrating 
pelicd for the Y coordinate. 
The operation of relays 38 and 328 respec 

tively grounded the resistors 325 and 333, to pre 
vent these resistors from conducting any unde 
sired voltages to the input circuit.S of the ann 
plifiers 32 and 33. 
The Source 38) is connected through resistor 

395, the break springs of relay 392, capacitor 
393 and resistor 394 in parallel relationship, to 
ground, thus charging the capacitor 393 to the 
voltage of the source 38t). 

Title operation of relay 35 completes a path 
from ground at the break Springs of the third 
pile-lip of relay 352 through the make springs of 
the third pile-up of relay 33 and the Winding of 
relay 392 to battery, thus Operating relay 392. 
Immediately upon the operation of relay 392, ca 
pacitor 393 commences to discinarge through the 
resistor 393. The ungrounded terminal of the 
capacitor 393 is connected to the anode of the 
lower section of the double diode 39, the cath 
Cde of this Section being connected to the control 
grid of the lower section of the double triode 388. 
The outer end of resistor 386 is connected 
through resistor 39 to the cathode of the lower 
diode of the double diode 391, and to the signal 
grid of the lower section of the double triode 
388, thus biasing the Control grid of the lower 
section of the triode 388 So that the anode cur 
lent is reduced to a small value. AS the voltage 
across the capacitor 383 diminishes, eventually 
the anode of the lower section of the double diode 
39 I will become positive With reSpect to it'S cath 
ode and current can flow from the anode to the 
cathode and through resistors 390 and 386 to the 
Source 38, thus reducing the bias On the control 
grid of the lower section of the double triode 388 
and permitting current to flow from . ground 
through the winding of relay 35, the anode and 
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cathode of the lower triode 338 and source 38 
to ground, thus opgerating relay 357. 
Tie operation of relay 35 competes a circlit 

froin battely through the winding of relay 332, 
he hire k springs of the fourth pili-lip of relay 
S52, tile nake Springs of relay 337, and the make 
springs of the fourth pile-up of relay 3:3 to 
ground, thus Operating relay 352, which locks up 
tirolgi the nake Springs of the fourth pile-up 
of reiay 352, and the make Springs of the fourth 
pile-up of relay 33. 
The operation of relay 352 completes a circuit 

from the Source 399 through resistor 3 i, the Gx 
lamp 3 i , the naake Springs of the third pile-up 
Cf relay 313, the nake springs of the first pile-lip 
cf relay 352, the break springs of the fourth 
pile-up of relay S3, through the left blade of 
switch 336 to ground, tilus lighting the green G: 
llalymp 3 i fi, to motify thic Opeli' at Ol' that the perioti 
of integration for the X coordinate has bae: 
completed, and til at the periodi for adjustment 
of the brush of pctentionnette 323 has comine:ced. 
The red Rx anp 32 is extinguished by a sho;', 
circuit from t!ie uppel' terminal of the lamp 
through the nake Spirings of the third pile-up of 
relay 33, the make Springs of tile first pile-up 
of relay 352, the break springs of the fourh 
pile-tip of relay 333, back to the lower teiiminal 
of the lamp 32. 
The operation of relay 332 completas a circuit 

fram ground thr:}igh the Ína!:e Springs of tile 
sixth pile-up of relay 332 and the winding cf 
relay 397 to batters, thus cherating relay 337. 
i:e operaticn of relay 33 connacts resistor's 
396 aitlici 898, reSpéicitively, in para:&l With re 
Sistol's 38 and 3 SÁ, thus 13 ducing the times of 
di Scharge C f tie capacitOi'S 33 at i 32 33. 
The operation of relay 352 completes a circuit 
Cr? grund thircul ütle break springs of the 

pile-up Cf relay 353, tlio Rake sp;"ingS Cf 
the fifti, pile-up of relay 352 and the winding of 
relay 382 to battery, thus operating rclay 3:2. 
The operaticªn of rela y 332 pcrimits the caracito: 
323 to discharge tirough the res:stors 834 angi 
393 in paralliei arisi c'entually the 3 nCd3 of tike 
tipper seation of the duty is diode 33 wiii 2conc 
positive with respect to the cathode. this educ 
iing the bias Gn the apper section of th; - T 
trio e 383, and permitting current to 

riod: 333 and hattory 33 to gri). 1rd, o!)- 

elt of the poe: 

7 thracug te 
the break Spi’i gS Gf 
35S, the make springs cf the Se...Orld 

ag 3:32, trá: make springs of Irel8y 88.08, and tlile 
make; Spring'; of t: 1e fourth pije-up of 'clay * i3, 
to ground, thus operati v 3. VFºlio O 3 
ti!) throligii t' e ring k 

Gurth pile-up of tela y 3 i 3. 
Te ceiration of reiay 353 rretinoves 1 rrald 

from the make spring of the first, pile-ut) of 'Clay 
3:53, thus tri JC e sig ; 322 and permitting 
capacitor 333 to recharge frorr the source 333, 
2nd coir pletes a circuit grond thirc:.gh th:2 
make spring of the firsi, ie-up of l'alay 333, th? 
break serings of the tje-up of relay 35? 

relay 392. 
The operation of relay 353 completes a circuit 

from the source 393 through resistor 30, the 

v?i và è à Ajiji i 
  

  

  



2,414,819 
25 

make springs of the fourth pile-up of relay 353, 
the make springs of the first pile-up of relay 352, 
and the make springs of the third pile-up of re 
lay 33 through the red Rx lamp 3:2 and the 
left blade of SWitch 398 to ground, thus lighting 
the red Rx lamp 32 to notify the operator that 
the time for adjustment, of potentionetter 323 
has ended, and completes a circuit from the lower 
terminal of lamp 3 through the make springs 
of the fourth pile-up of relay 353, the make 
Springs of the first pile-up of relay 352, and the 
make springs of the third pile-up of relay 33 
to the upper terminal of lamp 3 f, thus short 
Circuiting and extinguishing lamp 3. 
Immediately upon the operation of relay 392, 

capacitor 393 commences to discharge through 
resistors 394 and 398 in parallel, and eventually 
the anode of the lower Section of the double diode 
39 will become positive With respect to its 
cathcde, thus reducing the bias on the control 
electrode of the lower section of the double triode 
338 pel'mitting current to flow from ground 
through the winding of relay 357, the anode 
Cathode path of the lower Section of the double 
tricde 338 to the source 387, operating relay 357. 
The operation of relay 35 completes a circuit 

from battery through the winding of relay 353, 
the make springs of the third pile-up of relay 
353, the make springs of relay 35 and the make 
Springs of the fourth pile-up of relay 33 to 
ground, thus operating relay 354, which locks up 
through the make Springs of the fourth pile-up 
of relay 33. The operation of relay 354 con 
pletes a circuit from the source 339 through re 
sistor 34 and the green Gy lamp 35, through 
the make splings of the fifth pile-up of relay 
33, the make springs of the fifth pile-up of 
relay 35, the break springs of the third pile-up 
of relay 355, and the laft blade of Switch 39S to 
ground, thus lighting the green CY lamp 35 to 
notify the operator that the period for adjust 
ment of the brush of potentiometer 333 has com 
menced, and also completes a circuit from the 
upper terminal of lamp 35 through the make 
Springs of the fifth pile-up of relay 33, the make 
Springs of the fifth pile-up of relay 354, and the 
break Springs of the third pile-up of relay 355 
back to the lower terminal of the lamp 35, thus 
extinguishing the red Ry lamp 3 6. 
The Operation of the break springs of the second 

pie-up of relay 354 opens the circuit to relay 
392, releasing relay 392. 
The operation of relay 354 completes a circuit 

from ground through the break springs of the 
first pie-up of relay 355, the make springs of 
the first pile-up of relay 354, and the winding 
of relay 382 to battery, thus operating relay 382, 
The operation of relay 382 permits the capacil 

tor 383 to discharge through the resistors 384 and 
36, and eventually the anode of the upper sec 
tion of the double diode 39 will become positive 
With respect to its cathode, thus reducing the 
bias on the control electrode of the upper sec 

rtion of the double tricdé 388 and permitting cur 
rent to fiow from ground through the winding of 
relay 336, the anode-cathode path of the upper 
section of the double triode 338 and the source 
387, operating the relay 356. 
The Operation of relay 356 connpletes a circuit 

from battery through the winding of relay 355, 
the make Springs of the third pile-up of relay. 
334, the make Springs of l'elay 356, and the make 
springs of the fourth pile-up of relay 313 to 
ground, thus operating relay 355 which locks up 
through the make springs of the Second pile-up 
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of relay 355 and the make springs of the fourth 
pile-up of relay 33. 
The operation of the break springs of the first 

pile-up of relay 355 opens the circuit to relay 
382, thus releasing relay 382. 
The operation of relay 355 completes a circuit 

from the source 309 through resistor 34, make 
springs of the third pile-up of relay 355, make 
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springs of the fifth pile-up of relay 35, make 
Springs of the fifth pile-up of relay 33, througin 
the red Ry lamp 36 and the left blade of switch 
366 to ground, thus lighting the red RY lamp 
3f6, notifying the operator that the time for ad 
justment of the potentiometer 333 has ended. 
A circuit is also closed from the lower terminal 
of the green Gy lamp 35 through the make 
springs of the third pile-up of relay 355, the make 
springs of the fifth pile-up of relay 354, the make 
springs of the fifth pile-up of relay 3 í 3 to the 
upper terminal of lamp 35, thus short-circuiting 
and extinguishing the lamp 35. 

If the operator should find that he has not 
been able to obtain a satisfactory adjustment of 
the potentiometers 323 and 333 in the intervals 
allotted by the adjustment sequence, he can press 
the push-button key 350, thus releasing relay 
313, which in turn releases all the relays 351,352, 
353, 354 and 355, and the operator can then 
restore the key 350 again Operating relay S3 
and instituting a new sequence of adjustment. 
In a typical system of this character, the Op 

erations occurred in the following Sequence, 
counting time from the instant that Switch 32 
was moved to the third position, thus Operating 
relays 3:3 and 318. After 5 seconds, relay 328 
operates. At 39 seconds after the start, the red 
Rx lamp 32 is extinguished, and the green Gx 
lamp 3 is lighted warning the operator to ad 
just potentiometer 323. At 4 seconds after the 
start, the green Gx lamp 3 is extinguished and 
the red Rx lamp 32 is lighted notifying the Op 
erator that the adjustment period has ended. 
At 44 seconds after the commencement, the red 
RY lamp 3 6 is extinguished and the green GY 
lamp 3:5 is lighted notifying the operator that 
the period for adjustment of potentiometer 333 
has commenced. At 46 seconds, the green GY 
lamp 3 5 is extinguished, and the red RY lamp 
316 is lighted, notifying the operator that the 
period for adjustment of potentiometer 333 has 
ended. 
The sequence of discharge times for the capaci 

tors 383 and 393 will then be for capacitor 383, 
5 seconds, for capacitor 393, 34 seconds, for ca 
pacitor 383, second operation, 2 seconds, for ca 
pacitor 333, second operation, 3 Seconds, and for 
capacitor 383, third operation, 2 seconds. With 
this timing sequence, a source 380 of -350 volts 
and a source 387 of -190 volts, the constants of 
the circuit were as follows: Capacitor 333, 1.08 
microfarads, capacitor 393, 4.00 microfarads, re 
sistor 384, 7.83 megohms, resistor 396, 5.23 meg 
ohms, resistor 394, 14.4 megohms, resistor 398, 
1.39 megohms, resistor 335, 150,000 ohms, resistor 
386, 7000 ohms, resistors 38 and 395, 50,000 ohms 
each, resistors 389 and 390, 1 megohm each. 

In a typical embodiment of the System, re 
sistors 324, 325, 333 and 335 were 10 megohms, 
and capacitors 335, 347 were 2 microfarads. If 
the settings of the brushes of potentiometers 323 
and 333 are incorrect during the integrating pe 
riod of 40 seconds, the outputs of the amplifiers 
32 and 33 f will have an accumulated error. 
When relay 318 is operated, capacitor 366 in 
series with resistor 36 is connected from the 
brush of potentiometer 323 to the input circuit 
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of amplifier 32 and the operation of relay 328 
Similarly connects capacitor 368 in series with 
resistor 363 from the brush of potentiometer 333 
to the input circuit of amplifier 33. 
The potential divider formed by resistors 353. 

359, 350 applies one-fifth of the voltage Selected 
by the brush of potentioneter 323 to the input 
circuit of amplifier 32. If Aes be the voltage 
error in the Setting of this birush, then since 

the integrated error in an integration period of 
40 Seconds Will be 

In Fig. 11, assume that a Source of voltage e3 
is connected through capacitor C3 ta-the control 
grid of vacuum tube S, and that a capacitor 
Co is connected from the control grid of vacuum 
tube 6 to the anode of vacuum tube 27. Let 
K=1, and, as before, e.g. will be nearly zero and 
eo Will equal the Voltage across capacitor Co. Let 
the Voltage e3 change by a small amount Ae3, 
then a charge 6=C3Ae3 will flow into capacitor 
C3 and an equal charge will fioW into capacitor 
Co, changing the voltage across Ce by the amount 

-9 
Co 

and causing an equal change — eo in the output 
Voltage. Thus, 

US 

-ri.Aeo C = C A???? 

The capacitors 365 and 358, Fig. 3, thus should 
be 

4. 
2Y - - - 2×? O.S 

microfarad each 
The resistors 346, 348, 357, 389 are necessary 

in Order to prevent the amplifiers from singing, 
They also serve to reduce transient disturbances 
in SWitching and may be of the order of 1 or 2 
megohms. It has been proven mathematically, 
and demonstrated experimentally that these re 
Sistors do not materially change the effects of 
capacitors 335, 347, 366, 368, if the product of 
resistance 367 and capacitance 366 is equal to 
the product of resistance 346 and capacitance 
345, and similarly for resistances 367 and 348 
and capacitances 368 and 347, respectively. 
After the brushes of potentiometers 323 and 

333 have been Satisfactorily adjusted, Switch 327 
is moved to the follrth contact. The left-hand 
blade of Switch 327 bridges the third and fourth 
contacts So that relay 33 is not, released. The 

cuit from battery through the winding of relay 
300, right-hand blade of Switch 327 and right 
hand blade of Switch 306 to ground, operating 
relay 300. The operation of relay 300 discon 
nects the connections 204 and 27 from the to 
meters 304 and 395, opens the output circuits 
of the amplifiers 64 and 167, Fig. 2, and con 
nects the output circuits of the amplifiers 32f 
and 33, Fig. 3, to the connections 204 and 27 
leading to the am???ners of Fig. 4. 

23 
The output circuits of the differentiator ann 

plifiers 283 and 283', Fig. 4, or the amplifiers 
32, 33, iig. 3, when arranged to supply rate 
Voltages, are respectively connected by connec 
tions 233, 29?, FigS. 3 and 5, through resistors 
793, 7), Fig. 7 and the winding of potentiometer 

2, and through resistOS 733, 73 is and the wind 
ing of pctentiometer 5, to ground. The 
brushes Cf potentionetters 32, 785 are rotated 
by the shaft 8 and assist in fractionating the 
Woltages from connections 23, 29 proportionally 
to the tine of fight of the shell from the pivot 
gun. Gil to the predicted position of the target. 
One of the most difficult problers encountered 

in the development of a computer for controlling 
artillery fire is the production of physical quan 
tities, such as electrical voltages, electrical cur 
rents, or physical micVeinents, which vary in 
magnitude in accordance wit: tie differential 
ballistic effects which control tie fight of the 
Shei after it, leaves the Weapon. The regular 
firing tables for a give; Weapon and annunition 
are based upon the aSSunption of Standard Con 
ditions. Such as lack of wind and earth rota 
tion, standard temperature and pressure of the 
air, norinal muzzie Velocity of the Weapon and 
weight of the projectile, etc. If any of these 
conditions are non-standard, an appropriate 
correction in the gun order's nu:St be made. 

In prior artillery computers, ballistic correc 
tions were made for only one type of Weapon 
and ammunition, and conditions, such aS air 
density, muzzle velocity, temperature, etc., which 
may be larger or Smaller than normal, Were a S 
Sumed to vary symmetrically above and below 
the normal value, Thus, in electromechanical 
computers, the card supporting the Winding Of 
a potentiometer, or, in mechanical computel'S, 
the contour of a three-dinnensional Can, WaS 
empirically shaped to produce a physical quan 
tity, such as the voltage selected by the brush 
of the potentiometer or the movement of the 
cam follower, which varied with the desired bal 
listic effect. 
With the larger weapons of longer range, such 

as the weapons used in coast defense batteries, 
it has been found that the assumption of Syn" 
metrical variation of the ballistic effects above 
and below the normal values is not Sufficiently 
accurate, and that these values must be inde 
pendently computed. Also, in the present con 
puter, the ballistic effects are determined for 
one weapon using two or more different types 
of shells or propellants, and for another different 
weapon, which may be a small caliber, Sihort 
range weapon used for practice Shooting. 

If the present computer were to be designed in 
accordance with the prior practice, five shaped 
potentiometer cards would be required for each 
balistic effect, that is, plus and minus Valles 
of the effect for one type of shell or propeliant, 
plus and ninus values of the effect for another 
type of shell or propellant, and one card for all 
values of the effect for the Subcaiiber Weapon. 

right-hand blade of switch 32 completes a cir- G5 In the present, invention, the card supporting 
the winding of a sincrle potentiometer is SO 
shaped and combined with any one of five re 
sistance networks that. for the same movementS 
of the brush of the potentiometer, the Cutput 
voltage from a given network will have the same 
variation as one of the desired ballistic effects. 

In the present computer, these ballistic effects 
are computed with respect to the “ballistic eleva - 
tion angle” B for the gun. The “ballistic eleva 
tion angle' B corresponds to the elevation angle 
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of the gun as given in the firing tables, for firing 
at a target in the horizontal plane of the gun. 

If a single potentiometer per network is used, 
it may be shown that the most general output 
Voltage of the network can be expressed by the 
quadratic relationship: 

K(R-Z) (R-Z) 

Z is the portion of the resistance of the potenti 
Ometer Winding from the end of the winding 
which is assumed to be zero to the brush, the 
resistance of the complete winding being taken 
as unity, K is related to the applied voltage, the 
poles P1, P2 are real numbers with certain restric 
tions on their values, and the roots R1, R2 may 
be real or conjugate complex, with no restrictions, 
and (2) is the functional variation of ) with 
Variation of Z. 

It is evident that, by giving K1, R1, R2, P1 and 
P2 various possible values, a great variety of 
voltage characteristics (Z) may be obtained. 
These quanities are to be chosen so that the 
Expression 8 Will fit the ballistic data to a good 
degree of approximation. The Only real limita 
tions are on the locations of the poles P1 and P2. 
The nature of these can be shown as follows. 
The denominator of (8) may be written as 

An analysis of this equation will show that C is 
a positive quantity while D may be of either sign. 
As C=-PP and since C0 the poles P1 and Pa 
must have opposite signs. Further, neither pole 
can lie in the region 02261 as this would require 
a finite resistance circuit to give an infinite gain. 
Also D-P1--Pg and if C is expressed in terns of 
D and P1 there results C=-DP2--P2. The pole 
Pe may be arbitrarily taken to be positive. Hence 
we must have CD1-D. 
In fitting ballistic data, with (8), these restric 

tions, namely, C0, C1-D must be observed. 
The analysis can be considerably simplied by 

noting that Equation 8 may be also written as 
KZ (R — Z) 

(?P, Z) (IP, "Ž) (8a) 
This shows that the most general output voltage 
can be broken down into a constant term plus a 
variable term which vanishes at Zero elevation. 
Hence the fitting of ballistic data may proceed 
by first subtracting out the intercept at zero 
elevation and fitting the remainder with the vari 
able part of (8a). The intercept, if any, is later 
restored by methods to be described. With this 
understanding, 

7) (Z) = R - 

KZ (R-Z) . (9) 

Potentiometer circuits will now be described that 
permit the physical realization of the equations. 
In Fig. 13A, a grounded source of voltage E, is 

connected through a resistance A to the brush of 
a potentiometer B. The brush of this potenti 
Ometer is moved in accordance with the ballistic 
elevation angle B. The winding of potentiometer 
B varies in resistance from zero at the grounded 
end to unity, and the brush divides the winding 
into two fractions, Z and 1-Z where Z is less 
than One. A resistance 3 may be connected 
across the winding of potentiometer B. Resist 
ance A may have values from zero to any finite 
quantity; resistance 3 may have any value, in 
cluding Zero, when the upper end of the winding 
of potentiometer B i? grounded, or infinity, when 

10 

5 

20 

25 

30 

35 

40 

50 

55 

(50 

O 

5 

30 
the upper end of the winding of potentiometer B 
is Open circuited. 
The output voltage function may be taken as 

that between the brush of potentiometer B and 
ground and is designated as 1. It may also be 
taken across the winding of the potentiometer, 
or, What is the same thing across the resistance 
f3. This is designated as 02. At times it is neces 
Sary to take a linear combination of the voltages, 
Such as City 1--C22)2, where C1 and C2 are fixed frac 
tions. Also, the voltage functions, as generated 
by the bailistic networks, are for the maximum 
values of the ballistic effect, and must be further 
fractionated in the ratio m of the desired value 
to the maximum value of the effect. 
In Fig. 13A, the resistance of the handset po 

tentiometer HS1 is b1. One end is grounded and 
the other end is connected to the brush of poten 
tioneter B through a resistance ai. The values 
Of a1 and b1 are chosen such that c1=b1/(a1--bi). 
If the slider of HS1 is set at the fraction m of the 
resistance b1, the voltage between the slider and 
ground is then mo101. 

Similarly, the resistance of handset potenti 
Oneter HS2 is b2 and the resistance in series with 
it is d2. The values of d2 and b2 are such that 
C2=b2/ (d2-b2). The slider of HS2 is positioned 
by ganging or otherwise, so that it takes off the 
Same fraction m as in HS1, and the voltage from 
it to ground is mc222. 
The handsets HS1 and HS2, together with their 

associated resistors a1 and a2 are shown by dot 
ted lines in Fig. 13A. Unless al--b1 is very much 
greater than A, and a 2-1-b2 is very much greater 
than 6, Suitable modifications must be made in 
the values of E, A and 6. 
For further discussion, m may be taken as 

unity, that is, we shall restrict the treatment to 
the case of the maximum ballistic effect. 

Cg Se I 

In the circuit shown in Fig. 13A: 

— — IEZ(3+1 -- Z) - 
A (8-+ 1) + (8-1-1) Z— Z2 
=-f- (11) 
? (? - 1) -- (?-+- 1) Z- ?2 

By comparing (10) and (11) with (9), it will 
be seen that K corresponds to E in (10) and to 
E6 in (11). It will be noted that since the least 
value of 8 is zero, the negative pole P1 will be 
closer to the origin than the positive pole P2 is 
to Z=1. This necessarily restricts the types of 
Output characteristics obtainable. Furthermore, 
in (10) and (11) there is no control over the lo 
cation of the root R. In (10) it is at Z=6-1 
and in (11) at Z- Co. 

Generaliated, CaSe I 
The restriction imposed by Equations 10 or 11 

on the root R may be eliminated by adding to 
geteher appropriate fractions of 1 and U2 in a 
feedback amplifier as shown in Fig. 13A. 
?f? qSSSSSSSSSSSS S S S SqSSSLLLSqqSSSSSSSSqqqSqqSSSS SSqqqSq qSSSSSSSAAASS 

IEC Z 8 -- 1 -- c2f3/c?-- Z 
A (8 + 1) + (8 + 1) Z -- Z2 

By proper choice of the sign and value of 
C2/c1 the root R in (9) may now be placed any 
Where on the Z axis. The restrictions on the 
poles are still the same as for (10) and (11). 
The method for obtaining the fractionations c1 
and c2 has been described previously. If the ra 
tio c1/c2 is positive the switch S in Fig. 13A must 
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be operated to position 1, and if negative to posi 
tion 2. In the former case, the feedback ampli 
fier A2 adds together the Voltage components 
C101 and c22. In the latter case, the feedback 
anpifier A1 reverses the clay1 term in Sign and 
then the amplifier A2 will form the suum 
C2?2?C1?1. 

Generaliaeed CaSe II 
In Fig. 13B the connections to the winding of 

potentiometer B are interchanged and the sign 
of the driving voltage is reversed with respect 
to Fig. i3A and a handset potentiometer HS3 is 
ganged with HS1 and HS2 to supply a voltage 

, mk. 
If 2)=k-c12)1-C2v2 and if k is taken to have 

the value 

A (13 -- 1) -- 3 -- Z (1 — 3) - Z? (13) 
It is to be noted first of all that the coefficient 

of the Z tern in the denominator can be made 
anything between unity and negative infinity by 
proper choice of 3. This means that the nega 
tive pole P. may now be placed farther from the 
Oligin than the positive pole P2 is from Z=1. 
This Cases I and II cover any possible locations 
of the poles, Subject to the restrictions already 
Stated. 

Just as in Case I, the root R may now be 
placed anywhere on the Z axis by suitable choice 
of C1/C2. 
Thus, the circuits for Cases I and II permit 

the root and poles to be placed arbitrarily, sub 
ject to the limitation that the poles must be of 
Opposite Sign and cannot be Within the transmit 
ting band. Cases I and II are plotted on a unit 
Scale in Figs. 14 and 15 for various values of R, 
With Ples -.25 and EP2=1.5 for Case I and 
P1 --: — 1.5, P2= 1.25 for Case II. 

CaSe III 

As a useful special condition of Fig. 13A, take 
(3 as being infinite and c2=0, c1=1. In Equation 
9, this corresponds to R-P2 and K=E. Then, 

EZ 
"=??? (14) 

Fol' this circuit, the pole P1 may be placed any 
where on the negative Z axis. 

CdSe IV 

In Fig. 13B, let 3 be infinite, c2=0, cis-1 and 
k=E/(A-1), then, 

?? Z p 
A-I 1 A — 1— Z (15) 

For this circuit the pole P2 may be placed any 
where on the positive Z axis except between Zero 
and unity. 

In Fig. 13C, a Source of Voltage E1 is connected 
through a resistance A to the brush of potentiom 
eter B and a Second Source of voltage E2 is con 
nected through a resistance 3 to the potentiom 
eter winding. Then, 

– ZTE (6+ 1 - Z) + E2A) 
A(8 + 1) + (3-1) Z - Z (16) 

which can be made identical with Equation 12 
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32 
by letting E1 = E and E2A/E1 =c2/c. The applied 
voltages may be inade of opposite sign if desired. 
This circuit will tits give the same character 
istic as fig. 13A in a Somewhat Simpler manner. 

In an analCgous mainer, it is possible to insert 
a Source of viltage in Series with the resistance 3 
ii iig. 13B. and the voltage 21 can then be of a 
forria wilicia is ideratical with Eduation 13. 
3: Fig. 13H, a grounied source of voltage s 

is connected through a resistance 8 to the wind 
ing of piçten tiometer B. iThe brush of potentiom 
etær B is COnia Scted tilrough the Winding of a 
potentiometer HS, having a resistance A to 
ground. he voltage across the winding of 
potentiometer HS is designated v). Then, 

EAZ 
A(3-1) + Z(3- + 1) - Z2 (19) ) 

which is the same as Equation 11. 
In Fig. 43G, a source of voltage E is connected 

through a resistance Al, to the brush of potenti 
rimeter B. A handset potentioneter HS1, having 
a resistance 31, is connected across the winding 
of potentiometer B. Then, from Equation 11, 
the voltage U1 across the winding of potention 
eter HS1 Will be 

The Scurce of voltage E is also connected 
through l'esistance A2 and the Winding of poten 
tioneter HS2, having a resistance 32 to ground. 
The voltage across (32 Wiil be 

E8 
A -- (3 

The brush of potentiometer HS2 is connected 
through amplifier A, of the type shown in Fig. 11, 
to the busin of potentiometer HS1. The maxi 
mlin voltage will then be 

E 3 Z E6 (20) 

which is a special case of Equation 8d. 
CdSe VI 

In Fig. 13D a source of voltage E is connected 
through a resistance A to the brush of potention 
eter B. A resistance f3 is connected across the 
winding of potentiometer B, and a resistance a 
is connected from the upper end of the winding 
of potentiometer B to the brush. The handset 
notentiometer HS is connected either from the 
brush of potentiometer B to ground, or across the 
resistance 3. 

(21) 

*? -----Esza+??z)--- ? A(5???F55)-FZ(g-F?????A?A8)?Z"(A?6?o) 
(22) 

Thus in this case, 
c-a(Big 8a) 

A?3?or ?????? 

8(a - A) ID=1+ 
(3 or 

R= -- or or 1??? 
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It will be seen that by proper choice of values. Characteristics which may be obtained with 
of 8, a and A, the coefficient D may be made this circuit are shown in Fig. 6. The effect of 
greater or less than unity, thereby enabling the reversal of leads can be seen by using the scale 
poles to be placed as desired Without reversal of of reversed abscissae, 
the potentiometer winding; subject, of course, S' One method of choosing a circuit configuration 
to the limitations already described, namely, to produce a voltage function varying in accord 
C0, C1-i). By taking a suitable linear Com- ance With given data is to first normalize the 
bination of voltages C11--C22, the root R may data, that is, make the value of the data, for the 
be placed any desired place on the Z axis. maximum value of the parameter Z equal unity 

CdSe VII 10 and compute the other values accordingly. The 
data may then be plotted and the resultant It will be noted that Equation 8d, differs from curves compared with the curves in Figs. 14, 15 

Equation 9 only in the added constant K1. This or 16 in order to decide which circuit variant will 
diference is equivalent to shifting the Z axis în best fit the data. 
Figs. 14 and 15. Methods of adding constant is However, many of the curves of Figs. 14, 15 
voltages to the voltage functions given by Equa- and 16 appear to be qualitatively similar and the 
tion 9 have been described in connection. With proper choice is not easy. 
Figs. 13B and 13G. These may require a hand- A more accurate method is to divide the given 
set potentiometer, or at least, a pair Of fra C- data into the corresponding resistance ratio Z, 
tionating resistances, such as as and b3 in Fig. 20 and plot the quotient against Z. In Figs. 17, and 
13B. This may be obviated by constructing a 18, the curves of 
circuit that will give Equation 8a directly. Z 

In Fig. 13F, a grounded source of voltage E1 is 
connected through resistance A to the brush. of 
potentiometer B. The lower end of the Winding 25 plotted against z, correspond to the curves of of potentiometer B is connected through resist- Figs. 14 and 15. The plots of ance o to ground. A grounded Source of Con 
stant current II is connected to the junction of 2 
B and cy. A resistance 3 is connected to the upper data 
end of the winding of potentiometer B and 30 
through a source of voltage E3 to ground. The plotted against Z may be compared with the 
vindings of handset potentiometers may be con- curves of FigS. 17 and 18. 
nected from the brush of potentiometer B to The problem of choosing the coefficients of (9) 
ground to fractionate the voltage 1, or from the to fit the given Z/2) curve is still difficult. No 
upper end of the winding of B to ground to frac- 35 general method now known is entirely satisfac 
tionate the voltage 2 or acroSS resistance a to t0ly. 
fractionate the voltage 3. Then, The best general method is this: divide the 

D" = A(1+8+c)+cy(8+1) + Z(1+8-ca) - Z* (26) 
In any of these cases, the roots may be placed data, Z/ into three regions, writing for each re 

anywhere on the Z axis or may be conjugate con- gion one average equation: 
plex. If K in Equation 23 is negative, usually I 50 
will be negative, but, if K? is positive, I may be ?R?SZ/??K?EZ/p?D?2Z=nC?2Z? 
zero. By a judicious choice of the value of ox, 
the values of 8 and A may be controlled. 

Also, depending on the value of c, the poles 
P1 and P2 may be placed wherever desired, sub- 55 
ject only to the limitations already Stated. How 
ever, from the standpoint of practical design, it 
may be more desirable to reverse the connections 
to the windings of the potentiometer B. The nec 
essary design equations can be obtained by re- 60 
placing Z with 1-Z and 1-Z with Z. in Equations change in the matching errors over most of the 
23, 24, 25 and 26. range of C, in which case the choice would de 

Case VIII - - - - - - - - pend only on practical circuit-considerations such - ? - ? ? - ? - 

In Fig. 13E, a source of Voltage E is connected aS power dissipation. §???????1es a special case 
througha resistance Àto the brusnoi potentº a “????????? within ??????? ( ¥??? 
ometer B. A resistance 3 is connected across the h Ce : ????? 2. ??????: C t ??, ??????????? 

... winding cf potention eter B, and a resistance or ? C ? t?? give ? $???? ???????????n ??????; 
is connected from the lower end of the winding ????????????”??????????????????n ??? form EY (27) and 
of potentiometer B to ground. A handset p oten- "70 Solving for an four constants directly. This 
???ter HS is connected acroSs resistance c. might apply, for example, in the later Stages of 
'. 11'.71. Á, approximation where new matching constants 

Ea (27) would not be radically different from the old. 
a?A?Z? 22 In general, however, there is no simple rule for 

*“(1?6) 75 the choice of C. i 

where n is the number of points in the region. 
These three equations are solved for D, R, and K 
in terms of C. Solving for three constants in 
terms of the fourth allows specific values to be 
chosen that will give a physically realizable cir 
cuit. However, there is no rule for the proper 
choice of C to get the best match within the limits 
of realizability. Some cases show very little 
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appropriate transformation to permit matching it 
with a circuit of finite elementS. 
In principle, the inverse of Equation 9 is suit 

able as a transformation. For the lack of a suit 
able guide in choice of parameters, it is easiest to 5 
use the simplest transform, namely, 

--A- TAT-1-y 
whose single parameter can be varied to get the 10 

38 
Mathematically, RF is a function of a number of 
variables, thus 

RF=f(B1, MW, AD, WR, . . .) 
where B1 is the elevation angle, MIV the muzzle ve 
locity change from normal, AD the air density 
change, WR, the range component of the Wind 
speed, etc. 
This expression may be expanded into a series 

by Taylor's theorem, thus, 

best conditions. Then Z1 is used instead of the 
linear Z to get matches, and process is carried 
on in the normal manner. In getting Z1 the 
value of A is chosen with some attention to the 
resulting card shape, because the card shape Will 
be changed but little in the succeeding StepS. 

In some cases, practical reasons may dictate 
the choice of the base function, despite the fact 
that some of the data, will have a negative loop in 
the error function near the Origin. In such cases 
the inverse transform just given Will remove these 
initial negative loopS. 

Use of further transformations 
It sometimes happens that the general method 

of successive approximations yields good matches 
with inconvenient element Values. Here we can 
make use of the fact that a bilinear transforma 
tion on the Z's leaves the matching errors unal 
tered, while changing the matching constants 
and hence the element Values. There are certain 
restrictions on the transformation to insure the 

2 5 

30 

35 

40 

realizability of the transformed circuit. If the 
transformation is 

-- AZ- 45 y=???? 
then if AD 0, A-12 P221, and if A<-1, 
A--1<P1<0. 

In prior computers, it was assumed that the 
ballistic effects are independent of each other, 
and that each effect could be independently cor 
rected. A more rigorous study of the firing tables 
has shown that this assumption is not correct, 
and that certain effects interact with some of the 
other effects. For example, aSSume for a given 
shoot, that the muzzle velocity of the gun and 
the density of the air are non-Standard. The 
effect of a non-standard muzzle velocity for 
standard air density and the effect of non-stand 
ard air density for standard muzzle velocity are 
given in the firing tables and appropriate correc 
tions for these effects were made in prior com 

--puters. But, no corrections were made for in 
teractions Such as the effect of non-standard air 
density on the correction for non-standard muz 
zle velocity, or for the effect of non-standard 
muzzle velocity on the correction for non-stand 
ard air density. In the present computer, cor 
rections are made, when necessary, for these in 
teractions between the ballistic effects. 
The normal range RN of the weapon fired un 

der normal conditions is tabulated in the firing 
tables as a function of the elevation angle B1. 
The firing range RF of this weapon will depend 
upon the elevation angle, and the ballistic effects. 

50 

55 

60 

70 

75 

????? VAD+," MV. WR+L'AD. WR+ . . (32) 

It is assumed that the elevation is kept at the 
value B1 and the partial derivatives are evaluated 
for this value. These derivatives are themselves 
functions of the elevation angle. The above ex 
pression is thus an implicit equation in elevation, 
which may be solved for B1 when RF, MW, AD, 
WR, etc. are determined. 
As explained below, in the present computer, a 

pctentiometer card is so shaped that, when the 
brush is rotated by the shaft 890 to the angle B1, 
the voltage selected by this brush is proportional 
tO FRN. 
The terms including only a single variable, such 

2S 

1 ôRw 

for a given value of RN will obviously have differ 
ent values when MW has equal values of Opposite 
sign. As explained above, a single potentiometer, 
having a brush rotated by the shaft 80, may be 
asSociated with a resistance network including 
a potention eter adjusted to the Value of the War 
iable MV that, by switching certain elements in 
the network, the output voltage will have the 
proper functional variation for one or the other 
sign of the variable. In this way, these “self 
interaction' effects are properly corrected. 
The “interactions' between different variables 

may be compensated by first producing a voltage 
proportional to the desired function of the eleva 
tion angle, fractionating this voltage proportion 
ally to one of the variables, say MV, then fur 
ther fractionating the result proportionally to the 

MV2 

other variable, say AD, and adding the resultant 
voltages to the other voltages representing this 
function, 
While the time of fight of the shell, IF, is 

principally a function of the elevation angle 31, 
it is also affected by non-standard muzzle velocity, 
air density and temperature. The time of flight 
may be expressed as, 

ôTF ---, ôTPF - —— — 
??Y???4D? 

From a study of the firing tables, it is found that 
the terms of higher order than the first Order are 
negligible and that the first order terms vary 
substantially linearly with the changes in muzzle 
Welcoity, air density, etc. Thus 

TF=TF(B) [1-I-K. MV--K2 AD+. . .] (34) 
Spotting controls are also provided, so that the 

" TF =TIF (B)-- 

firing officer may arbitrarily change the range or 
azimuth voltages by a small amount. A change 
in range spot will 'cause a change in the values of 

s 

. (33) 
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the ballistic elevation angle and the firing eleva 
ticin angle, thus changing the corrections for the 
deflection effects, drift, cross-wind and earth ro 
tation and slightly changing the azimuth angle. 
A change in the azimuth Spot will change the 
a Zimuth angle and Will also cause a slight short 
ening of the firing rainge RF, and the firing eleva 
tion angles. 
The height of site, that is, the difference in 

elevation or depression between the gun and the 
target is treated as a small angular correction to 
the elevation angle, with a further correction for 
the complementary angle of site which is treated 
as a correction in range. 
The complete list of interaction effects may be 

tabulated as follows: 
??V -- 
AD --. 

HS--- 
RS--- 
D.-- 
}ER) 
CW. 
AS 
TF 

i 
S 
i 
i 
S 
S 
S 
S 
i 
'r 

i 
S 
S 
S 
i S S 

Av AD RY Pv 
in which the effects are abbreviated to MV for 
muzzle velocity, AD for air density, RW for range 
component of the wind, PW for projectile weight, 
T for temperature, ERR, for the range effect of 
the earth's rotation, HS for height of Site, RS for 
range spot, D for drift, ERD for the deflection 
effect of the earth's rotation, CW for the cross 
compCnent Of the Wind, AS for the azimuth spot, 
TF for the time of flight of the projectile, and i 
indicates the interaction has been included in the 
effects which are corrected, S indicates the inter 
action is Small. 
In Fig. 10, the target will move from the pres 

et position. To to the predicted position Tp dur 
ing the time of flight TF of the projectile. The 
rates of change in the coordinates are X and Y, 
thus tine changes in the coordinates during tine 
title of flight of the shell will be 

DX=x TF and DY=Y TF 
T e present cCImputer is designed to contro 

the fire of a battery of 55-millimeter guns, firing 
arino: piei'oing Cr high explosive shells, and a sub 
caliber 75-millimeter gun. For convenience, the 
balistic effects for the arrhoir piercing shell vil 
be designated AP, for the high explosive shell HE, 
and for the i5-1iliiineter shell, SC. 
Ti e tiiile of ilight of the të she: i ior maximurin 

range is about 80 Seconds, thus, the circuit may 
Coilveriety b2 designed Cin the basis of a non 
inai II:aXinjii:h tine Of Ílight of 100 Scconds. The 
gains of the ainpifiers 233 and 283', Fig. 4, are 
adjusted so that the maximum voltage has the 
proper Scale factor for i00 seconds time of flight. 
When Operating with the subcaliber weapon, 

SC, switches 768, 70, 703, 7 C9, Fig. 7, are closed, 
connecting tie outputs of amplifiers 283 and 
383, Fig. 4, respectively, directly to the windings 
of potentioneters 732 and iO5, Fig. 7. The 
brushes of potentiometers C2, 705 are rotated 
counter-clock', jigg for increasing values of Bl 
from 22'o at tha grounded right end. The maxi 
mum range of a Weapon l'equires an elevation 
angle of less tilan 800 mils (6400 mils equal 360 
degrees). For convenience, the windings of po 
tentiometers 32, 705 have been shown as extend 
ing over an angle of 3200 mils. In this case, the 
shaft 89) may be geared to rotate through the 
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angle 4B1, or the brushes of potentiometers 702, 
705 may be geared to shaft 889 with a 4 to gear 
ratio. If preferred, the windings of potention 
eter 702, 95 may extend over an angle of 1600 
mils, with the brushes geared to shaft, 839 with 
a 2 to 1 gear ratio, or the windings may extend 
over an ange of 8200 milis, With the brush3es driven 
directly by shaft 8. In these cases, two, four 
or eight cards may be disposed about the shaft 
80 as arcs of the same circle. 
The brush of potentionetter 702 is connected 

through resistors 7 (9, 7 and SWitch 79 to 
round. The junction of resistors 7 and 7 is 

connected by connection. 1, through resistor 
500, Fig. 5, to the input circuit of the DX ann 
plifier 50?, of the type shown in Fig. 11, having 
a feedback resistor 502. In a specific computer, 
the winding of potentiometer 732, Fig. 7, had a 
total resistance Of 18,000 ohms, and the resistors 
740, 7 || ! were respectively 31,000 and 30,700 ohms. 
The card supporting the winding of potention 
eter 702 was shaped so that the winding varied 
in resistance with the unit resistance function 
shown by Solid line Z in Fig. 19, plotted against 
the angie of rotation of the brush Bi in mills (800 
mills equals 45 degrees). The voltage function de 
livered by the netwok varies with the function 
shown by the dotted line SC, plotted against the 
tine Of fight TF in SecondS. 

Siniilarly, with Switches 8, 99, Fig. 7, closed, 
the connection 29 is connected through the 
Winding of potention eter 35 to ground, and the 
brush of potentiometer 5 is connected through 
resistors 2, 3 and switch iE3 to ground. The 
junction of resistors 7 2, 3 is connected by con 
nection 75 through resistor $33, Fig. 5, to the in 
put circuit of the DY amplifier 583, of the type 
shown in Fig. 11, having a feedback resistor 505. 
The winding of potentiometer 75, Fig. 7, and 

the resistances of resistors 2, 3 are respective 
ly similar to the winding of potentioneter 702 
and the resistances of resistors T | 0, 7 , thus pro 
ducing the functions shown in Fig. 19. 
When firing with HE shell, switches 706, 707 

are open and Switches 6 and 7 are closed. 
The Connection 290 is thus connected through re 
sistor 700, having a resistance of 5672.5 ohms to 
the winding of potentiometer 32, and the brush 
of potentiometer 2 is connected through switch 
ii, resistor , resistor 8, having a resistance 
of 170.000 ohms, and resistor 1 í 9, having a re 
sistance of 65,000 ohins, to ground. The voltage 
applied to connection 7 | 4 will thein vary in ac 
cordance with the function shown by the dash 
double dot line HE in Fig. 19. 

Similarly, with switches 708, 763, Fig. 7, open 
and switches 2, 722 closed, connection 29 is 
connected through resistor $3 to the winding of 
potentiometer 05; the brush of potentiometer 

5 is connected through switch 23, and resistors 
3, 723, 724 to ground; and the voltage applied 

to connection 7 S varies in accordance With the 
HE function shown in Fig. 19. - 
When firing with AP shell, switches 703, 6, 

707, 7 7 are open, switches 726, 2 closed, thus 
connecting connection 290 through resistor 700 
and resistor Of, having a resistance of 2692.6 
ohms, to the winding of potentiometer 782, and 
connecting the brush of potentiometer 702 
through switch 723, resistors 7 , 7 8 and switch 
727 to ground. The voltage applied to connec 
tion 74 will then vary in accordance with the 
function shown by the dashed line AP in Fig. 19. 

Similarly, with switches 768, 72, 722, 709 open, 
and switches 28, 29 closed, connection 29 is 
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connected through resistors 703,704 to the wind 
ing of potentiometer 705; the brush of potentiom 
eter 75 is connected through Switch 728, resistors 
3 and 723 and switch 29 to ground; and the 

voltage applied to connection 5 varies with the 
function shown by the dashed ine AP, Fig. 19. 
When firing HE shell, switch 28, Fig. 7, is closed, 

connecting connection 7 f, through resistor 30, 
of 4500 ohms resistance and resistor 73 , of 56,700 
ohms resistance to connection 734. Similarly, 

through resistors 732, 33 to connection 735. 
When firing AP shell, Switches 20 and 25 are 

open, Switches 36, 737 closed, thus connecting 
connection 7 A through switch 36 and resistor 

0. 
switch 725 is closed, connecting connection 7 i3 

73 to connection 34 and connection 5 through 
Switch 3 and resistor 33 to connection 35. 
When firing HE shell connection 734 is con 

nected through resistor 566, Fig. 5, having a re 
sistance of 75,000 ohms, the two sections, each 20 
of 22,500 ohms, of the winding of potentiometer - * 
507, resistor 509, having a resistance of 10,000 
ohms, and switch 50 to ground. Resistor 508, 
having a resistance of 22,500 ohms is shunted 
across the lower section of the winding of poten 
tioneter 507. When firing AP shell, switch 5 
is closed, shunting out resistor 506, and switch 
50 is opened, connecting resistor 52, having a 
resistance of 150,000 ohms, in series with resistor 
59. - 

When firing HE shell, connection 734 is also 
connected through resistor 54, having a resist 
ance of 10.000 ohms, switch 55, and the two sec 
tions, each of 22,500 ohms, of the winding of po 
tentiometer 56 to ground. When firing AP shell, 
Switch 55 is opened, connecting resistor 517, 
having a resistance of 2,000 ohms in Series with 
resistor 54. 

Also, when firing HE shell, connection 734 is 
connected through switch 38, and the two sec 
tions, each of 22,500 ohms, of the winding of po 
tentiometer 59 to ground, and, through switch 
520 and resistor 52 l, of 95,000 ohms to ground. 
When firing AP shell, switch 5:8 is opened, con 
necting resistor 522, having a resistance of 12,500 
ohms, in Series with the winding of potentiometer 
59, and switch 52) is cpened, disconnecting re 
Sistor 52 . 
The brushes of potentiometers 587, 516 and 5: 9 

are respectively connected through resistors 523, 
524, 525 to the input circuit of amplifier 53. 
The brush of potentionneter 507 is adjusted to 

the temperature of the air, the brush of poten 
tioneter 56 is adjusted to the muzzle velocity of 
the pivot gun and the brush of potentiometer ; 
59 is adjusted to the density of the air, the nor 
mal values of these effects being at the mid-points 
of the potentiometer windings. 

Similarly, connection 735 is connected to sin 
ilar networks associated with potentiometers 526, 
52T, 528. The brushes of potentiometers 523, 
52, 528 are respectively ganged to move with 
the brushes of potentiometers 587, 5 S, 549 and 
are respectively connected through resistors 529, 
530. 53 to the input circuit of amplifier 54. 

Let TFM=maximum TF for standard conditions 
TAM=maximum effect of air density 
TVM-maximum effect of muzzle velocity 
TTM=maximum effect of temperature 

with the brushes of potentiometers 599, 56, 59 
(or 526, 527, 528. at the lowest points, the ampli 
fication of the X amplifier 283, Fig. 4, or the Y 
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amplifier 283', is readjusted so that the output 
voltage is proportional to 

TFM– (TAM--TVM--TTM) 
and the voltage supplied to the DX amplifier 50, 
Fig. 5, or the DYamplifier 584, is proportional to 

TFM ((TAM -- TVM -H-TTM)) 
When the brushes of potentiometers -509, 56, 
519 (or 526, 527, 528 are at the mid-points of 
their Windings, the Voltage supplied is propor 
tional to 

?E’ 
?EM TFM 

and when the brushes of potentiometers 509, 516, 
5.9, (or 526, 527, 528) are all at the highest 
points, the voltage Supplied is proportional to 

If Rh be the resistance of the winding of one of 
the potentiometers, Say the air diensity poten 
tiometer 59, and Ra the resistance of the series 
resistor 522, then 

?? 2TAM (35) 
R-H- RTFM – (TAM -H- TVM -H-TTM) 

The complete networks associated with the 
time of fight potentiometer are similar to Fig. 
13H and are a slight modification of Case II, 
Equation 11. Designating the series resistors 790, 
70 t, Fig. 7, by B, and the shunt resistors 7 l), if , 

8, 7 9 and in Fig. 5, 500, 507, 509, 512, 516, 57, 
5.9, 522 by A, the design equation is 

The design values for the curves of Fig. 19 are 

EE AP SC 

B-- 0.315478 0.46456 0. 
A - 3.20792 2.99.094 3.3222 
K - il... 607 123,678 49.00 

While normally K is a fraction, in the present 
case, due to the voltages supplied by potention 
eters 509, 516, 519, Fig. 5, to amplifier 50, the 
total voltage supplied to amplifier 50 for nor 
mal conditions is greater than the output voltage 
of amplifier 283, Fig. 4, thus K is greater than 
100 seconds. 
The voltages supplied to the input circuit of 

the amplifier 50 f, Fig. 5, correctly represent the 
change, DX, in the X coordinate. As the ampli 
fier 50 reverses the polarity of the applied volt 
ages, the output voltage of amplifier 50 will have 
a polarity which is the negative of the polarity of 
the applied voltages. The output circuit of am 
plifier 50 is connected through resistor 532 to 
the input circuit of an amplifier 533, of the type 
shown in Fig. 11, having a feedback resistor 534. 
The output voltage of amplifier 533 will thus cor 
rectly represent, in magnitude and polarity, the 
magnitude and sign of the change DX, in the X 
COOrdinate. 

Similarly the output circuit of amplifier 504 is 
connected through resistor 535 to the input cir 
cuit of amplifier 536, of the type shown in Fig. 
11, having a feedback resistor 537. The Output 
voltage of amplifier 536 will thus correctly repre 
sent, in magnitude and polarity, the magnitude 
and sign of the change DY, in the Y coordinate. 
The output circuit of amplifier 533 is connected 
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by connection 538, Figs. 5, 6 and 4, through a re 
sistor Gil, Fig. 4, to the input circuit of an ampli 
fier 432, of the type shown in Fig. 11, having a 
feedback resistor 493. 

Similarly, the output circuit of amplifier 536, 
Fig. 5, is connected by connection 539, Figs. 5, 6 
and 4, through resistor 464, Fig. 4, to the input 
circuit of an amplifier 405, of the type shown in 
Fig. 11, having a feedback resistor 4 C6. 
The output circuit of amplifier 64, Fig. 2, or of 

the corresponding amplifier in the CD triangle 
solver 273, or the output circuit of amplifier 32 , 
Fig. 3, is connected by connection 204 through re 
sistor 496, Fig. 4, to the input circuit of amplifier 
A2. 

Similarly, the output circuit of amplifier 67, 
Fig. 2, or of the corresponding amplifier in the 
CD triangle solver 273, or the output circuit of 
amplifier 33, Fig. 3, is connected by connection 
2 through resistor 40, Fig. 4, to the input cir 
cuit Of amplifier 405. 

In Some cases, the data transmission System 
controlled by the data transmission potentiometer 
i2, Fig. 1, may be disabled, and only the values 
of the data, as telephoned at regular intervals 
are available at the computer. These data aire 
of a time in the past equal to the time interval, 
TD, between the regular transmissions of the 
data, and during this time interval the coordi 
nates of the predicted position of the target will 
have changed by the amounts XTD and YTD. 
Thus the output circuit of amplifier 283, Fig. 4, 

or of amplifier 32, Fig. 3, is connected by con 
nection 290 through the Winding of a poten 
tionnetter 488, Fig. 4, to ground. The brush of : 
potentiometer 408 is connected through a resistor 
499 to the input circuit of amplifier 602. 
Similarly the output circuit of amplifier 283', 

Fig. 4, or of amplifier 33. Fig. 3, is connected by 
Connection 29 through the Winding of a poten 
tiometer 4 1 0 to ground. The brush of poten 
tionnetter & ) is connected through a resistor 4 
to the input circuit of amplifier 405. 
The brushes of potentiometers 8 and 4 are 

adjusted to respectively select voltages propor 
tiOnal to XTID and YTD. 
The connection 294 supplies a voltage propor 

tional to Xo, the coordinate of the present posi 
tion of the target; the connection 538 Supplies a 
voltage proportional to DX, the predicted change 
in the coordinate of the target during the time 
of flight, TF, of the shell; and the wiper of poten 
tioneter 498 supplies a voltage proportional to 
the change in the position of the target during 
the time interval TD, thus the Sum of the voltages 
Supplied to the input circuit of the amplifier 602 
are proportional to the coordinate Xp of the 
predicted position of the target. Similarly the 
voltages Supplied to the input circuit of the ampli 
fier 405 are proportional to the coordinate Yp of 
the predicted position of the target. 
The output voltage of amplifier A82 will have 

a magnitude proportional to XP, and a polarity 
which is the opposite of the sign of XP, and thus 

The output circuit of 
amplifier 402 is connected through resistor $ 2 
to the input circuit of an amplifier 443, of the 
type disclosed in Fig. 11, having a feedback re 
sistor & 4. The output voltage of amplifier 4 3 
will then agree in magnitude and polarity with 
the magnitude and sign of the coordinate Xp of 
the predicted position of the target, 

Similarly the output circuit of amplifier 405 is 
connected through a resistor 45 to the input 
circuit of an amplifier 46, of the type shown in 
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Fig. 11, having a feedback resistance 47. The 
output voltage of amplifier 695 will have a magni 
tude proportional to the magnitude of YP, and 
a polarity opposite to the sign of YP, while the 
output voltage of amplifier 4 6 Will have a mag 
nitude proportional to the magnitude of YP and 
a polarity corresponding to the sign of the co 
Ordinate Yp of the predicted position of the target, 
As will be explained later, the shaft 340, Fig. 5, 

is rotated proporticially to the firing azimuth 
angle AF1, of the pivot gun, and is geared by the 
counter-shaft 555 to rotate the skaft 558 through 
twice the firing azimuth angle, 2AF1. The 
brushes 55, 552, 553 and 554 are rotated by the 
shaft 556 but are insulated from the shaft 53 
and from each other. 
The potentiometer cards 565, 545, 537 and 548 

all vary in width with a cosinusoidal function 
extending over substantially a complete quadrant 
but are each of Sufficient length to extend ovel 
substantially a half circle. For a short distance 
from the narrow end, the potentiometer cards are 
of constant width and a number of turns of the 
winding at the end of the card are short-circuited. 
The potentiometer cards 535 and 546 are formed 
On the circumference of a circle concentric with 
the shaft 556, the narrow ends of the cards being 
separated by an insulating spacer. A conductive 
bridge 349 is supported by this insulating Spacer 
and overlaps some of the short-circuited turns 
of the winding, but is insulated therefrom. The 
potenticmeter cards 537 and 543 are similarly 
disposed with respect to the bridge S50. 
The can switches 5 and 52 are operated fol' 

slightly more than one-half revoltition of the 
shaft 540, that is, for slightly more than 180 de 
grees of the angle AF1. The can switches 543 
and 544 are operated for slightly more than one 
half revolution of the shaft 556, that is, for slight 
ly more than 90 degrees of the angle AF1, and 
are operated twice for each revolution of the shaft 
548. The operation of cam switch 53 extends 
ground through the connection. 83, Figs. 5, 6 and 
4 to the winding of relay 42, Fig. 4, Operating 
relay 42 f. Similarly, the operation of can 
switch 532 will connect ground through connec 
tion 432, Figs. 5, 6 and 4, to the winding of relay 
422, operating relay 422. The operation of can 
switch 543 will connect ground through connec 
tion 433, Figs. 5, 6 and 4, to the Winding of relay 
423. operating relay 423. The operation of cam 
Switch 534 will connect ground through connec 
tion 433, Figs. 5, 6 and 4, to the winding of relay 
424, operating relay 424. In Fig. 4 with relay 42 
released, and relays 422, 423 and 424 operated, 
ground is connected through the armature and 
make spring of the second pile-up of relay 422 
through the armature and make spring of the 
first pile-up of relay 424 and the winding of relay 
426 to battery operating relay 426; and ground 
is connected through the armature and nake 
spring of the third pile-up of relay 422 through 
the armature and make spring of the Second pile 
up of relay 424 through the winding of relay 428 
to battery, operating relay & 23. With relay 42 
released, relay 422 operated, relay 423 released, 
and relay 424 operated, ground is connected 
through the armature and make spring of the Sec 
ond pile-up of relay 422, through the arnature 
and make spring of the first pile-up of relay 424, 
through the winding of relay 526 to battery, op 
erating relay 426; ground is connected through 
the armature and make spring of the third pile 
up of relay 422, the armature and make Spring of 
the second pile-up of relay 424, the Winding of 
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relay 28 to battery, operating relay 428; and 
ground is connected through the armature and 
make spring of the fourth pile-up of relay 422, 
the break springs of the second pile-up of relay 
423 through the winding of relay 327 to battery, 
operating relay 42. With relays 32, 422 and 424 
operated and relay 423 released, ground is con 
nected th1rough the armature and make Spring Of 
the second pile-up of relay 322, the armature and 
make spring of the first pile-up of relay 424, the 
Winding of relay 32 S to battery, operating relay 
426; ground is connected through the armature 
and make Spring of the third pile-up of relay 422, 
the armature and make spring of the second pile 
up of relay 24, the winding of relay 428 to bat 
tery, operating relay 28; and ground is con 
nected through the armature and make spring of 
the fourth pile-up of relay 422, the break springs 
of the second pile-up of relay 423, the winding of 
relay 427 to battery, operating relay 427. With 

424 released, ground is connected through the 
armature and make spring of the fourth pile-up 
of relay 42d, the break springs of relay 424, the 
Winding of relay 425 to battery, operating the re 
lay 423; and ground is connected through the 
armature and make spring of the fourth pile-up 
of relay 422, the break springs of relay 423, the 
Winding of relay 327 to battery, operating relay 
427. With relays 424, 422 and 423 operated and : 
relay 428 released, ground is connected through 
the al'mature and make spring of the second pile 
up of relay 24, the armature and make spring of 
the first pile-up of relay 423, the winding of relay 
425 to battery, operating relay 425; ground is con 
nected through the armature and make spring 
of the third pile-up of relay 42 f, the armature 
and make Spring of the second pile-up of relay 
fi23, the Winding of relay 427, to battery, operat 
ing relay 427; and ground is connected through 
the armature and make spring of the fourth pile 
up of relay 42, the break Springs cf the first pile 
up of relay 424, the winding of relay 423 to bat 
tery, operating relay 426. With relays 42 and 
423 operated and relays 422 and 424 released, 
ground is connected through the armature and 
make Spring of the second pile-up of relay is 2i. 
the arnature and make spring of the first pile-up 
of relay 423, the winding of relay 425 to battery, 
Operating relay 325; ground is connected through 
the arrnature and make spring of the third pile 
up of relay 32 , the ailmature and make spring of 
the Second pile-up of relay 23, the winding of 
relay 2 to battery, operating relay 427; and 
ground is connected trough the armature and 
make Spring of the fourth pile-up of relay 42, the 
break springs of the first pile-up of relay 424, the 
winding of relay $25 to battery, operating relay 
i26. With relays 424, 423 and 434 operated and 
relay 422 released, ground is connected through 
the allinature and make spring of the second pile 
up of relay 421, the armature and make spring 
of the first pile-up of relay 423, the winding of 
relay 25 to battery, operating 1'elay 425; and 
grolind is . Connected through the armature and 
make spring of the third pile-up of relay 42, the 
armature and make Spring of the second pile-up 
of relay 323, the winding of relay 427 to battery, 
operating relay 427. With relays 42 and 424 op 
erated and relays 422 and 423 released, ground is 
connected through the armature and break spring 
of the fourth pile-up of relay 422, the break 
springs of the first pile-up of relay 23, the wind 
ing of relay 425 to battery operating relay 425. 

65 - this relay being connected by connection 438 
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424 operated, ground is connected through the 
armature and break spring of the fourth pile-up 
of relay 22, the break springs of the first pile-up 
of relay 423, the winding of relay 325 to battery 
operating relay 425. With relays 42, 422, 423 
and 424 released, battery is connected through 
the armature and break spring of the fourth pile 
up of the relay 42 and the break Springs of the 
second pile-up of relay 424, the winding of relay 

10 28 to battery, operating relay 428; and ground 
is Connected through the armature and break 
spring of the fourth pile-up of relay 422, the 
break springs of the first pile-up of relay 423, 
the winding of relay 425 to battery operating re 

5 lay 425. With relays 42, 422 and 424 released, 
and relay 423 operated, ground is connected 
through the armature and break springs of the 
fourth pile-up of relay 42, the break springs of 
the second pile-up of relay 424, the winding of 

20 relay 428 to battery, operating relay 428. With relays 42 and 422 operated arrd relays 423 and . . . relays 42 and 424 released, and relays 422 and 
423 operated, ground is connected through the 
arnature and break Spring of the fourth pile-up 
of relay 42, the break Springs of the second pile 

is up of relay 424, the winding of relay 428 to bat tery, operating relay 428. 
The output circuit of amplifier 302 is connected 

to the break Spring of the first pile-up of relay 
42í, the output circuit of amplifier 4 í 3 is con 
nected to the make spring of this pile-up and 
the armature of this pile-lup is connected to con 
nection 429 to the conductive bridge 549, fig. 
5. Thus the operation of relay 42, Fig. 1, will 
SWitch the conductive bridge 549 from the output 
of amplifier 402, Fig. 4, to the output of amplifier 
43. Similarly, the output circuit of amplifier 
405, Fig. 4, is connected to the break spring 
of the first pile-up of relay 422, the output cir 
cuit of amplifier 46 is connected to the make 

40 spring of this pile-up, and the armature of this 
pile-up is connected by connection 430, to the 
conductive bridge 550, Fig. 5. 
The output circuit of amplifier 482, Fig. 4, is 

connected to the break spring of relay 425, the 
45 output circuit of amplifier 4 F3 is connected to 

the make spring of this relay, while the armature 
of the relay is connected by connection 435 to . 
the end of the grounded winding 545, Fig. 5. 
Similarly, the output circuit of amplifier 402, 

50 Fig. 4, is connected to the break Spring and the 
output circuit of amplifier 43 is connected to 
the make spring of relay 426, the arnature of 
this relay being connected by connection 436 to 
the end of the potentiometer winding 546, Fig. 5. 

ii. The output circuit of amplifier 485, Fig. 4, is 
connected to the break spring of relay 42, the 
output circuit of amplifier a 6 is connected to 
the make spring of relay 427, and the armature 
of this relay is connected by connections 437 

so to the grounded potentiometer winding 541, Fig. 
5. Similarly, the output circuit of amplifier 405, 
Fig. 4, is connected to the break Spring and the 
output circuit of amplifier 4 f6 is connected to 
the make spring of relay 28, the ?mat??????? Of 
the potentiometer winding 558, Fig. 5. 
The cam switches 54 í 542, 543, and 5á4, Fig. 

5, and the relays 421, 422, 423, 424, 425, 426. 
427 and 428, Fig. 4, connect the outputs of an 

o plifiers 402, ?i t3, 465 and 46, to the potentiometer 
windings 535. 546, 547 and 548, Fig. 5, so that 
the voltages selected by the brushes 55, 552, 553 
and 554 are correct. The complete Operation of 
the Switching system is given in the relay Oper 

With relays 2i, 22 and 423 released and relay 5 ation table of Fig. 29, which is tabulated for the 

- 
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significant values of the firing azimuth angle 
AF. In this table, for the can switches and 
relays, 0 means operated and R means released. 
For the potentiometer cards, bridges and brushes, 
G neans ground, + ineans the element is con- 5 
nected to the output of amplifier 43 or 416, 
Fig. 4, and - means the element, is connected 
to the output of amplifier 482 or 405, Fig. 4. 

In Fig. i0, the pivot gun G is fired at a 
virtual target Tv such that the shell, under the 10 
influence of the Sum of the range components, 
SR, of the ballistic effects, will tend to travel 
to a firing target TF, at a range RF1 and an 
azimuth AF1; and the shell, under the influence 
of the Sum of the deflection components, -SD, li) 
of the ballistic effects, will drift to meet the 
target at the predicted position TP. 

Let XF and YF be the coordinates of the point 
TF and XP and YP be the coordinates of the 
point TP. segas- 20 
Then 

--XF cos AF1 -- YF sin AF1=0 
—XF= — XP --SD coS AF1 

YF=Yp -- SD sin AF1 
— (XP — SD ccs AF1) cos AF1 + (YP-+-SD sin AF1) 5 

Sin AF1 = 0 
— XP cos AF1 -- YP sin AF1 -- SID=0 (37 

Also 
—XFt Sin AF1—YFI COS AF1 = RF1 30 

— XP — SD cos AF1) sin AF1 — (YP --SD sin AF1) 
cOS AF1 = RF1 

-- XP sin AF1 --YP cos AF1 = — RF1 (S8) 
Potentiometer brush 552, Fig. 5, selects a volt 

age proportional to - XP COS AF l and is con 
nected by connection 557 through resistor 600, 
Fig. 6, to the input circuit of an amplifier 60, 
of the type shown in Fig. 11, having a feedback 
resistor 8 (2. Brush 553, Fig. 5, Selects a volt- ?0 
age proportional to YP Sin AFi and is connected 
by connection 558 through resistor 63, Fig. 6, 
to the input circuit of amplifier 60 f. 
As explained hereinafter, Voltages from the 

ballistic correction circuits of Fig. 7, proportional 5 
to SD, are also Supplied through resistors 604, 
Fig. 6, 695 and 885 to the input circuit of am 
plifier Sil. The output circuit of amplifier 
6i, Fig. 6, is connected by connection 60 
to the winding of potentiometer 559, Fig. 5. 50 
The brush of potentiometer 559 is connected to a 
phase controlling network 580, of the type dis 
closed in Fig. 12. A Source of two-phase power 
56 is connected directly to one winding of a 
two-pinase notor 562 and through the control 55 
networks 55 () to the othel Winding of the motor 
56. 

If the output voltage of amplifier 601, Fig. 6, 
is not equal to Zero, power Will be Supplied from 
the Source 581, Fig. 5, to the motor 562, rotating 60 
the shafts 540 and 356, adjusting the brushes 552 
and 553, Luntil the outpult voltage of the ampli 
fier 39 , Fig. 6, is reduced to Zero, and in ac 

3 

cordance with Equation 37, the shaft 540, Fig. 5, - . 
has been rotated through the angle AF1. The 
azimuth AF may be indicated by a suitable 
dial 564 mounted on a shaft 563 geared to the 
shaft 580. A Synchronous transmitter 555, 
driven by the shaft 553 transmits the indications 
of this angle to the gun position. 70 
The brush 551, Fig. 5, selects a voltage pro 

portional to XP sin AF1, and is connected by 
connection 566 through resistor 608, Fig. 6, to 
the input circuit of an amplifier 60, of the type 
shown in Fig. 11, having a feedback resistor 75 
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6. The brush 553, Fig. 5, selects a voltage 
proportional to YP coS AF1 and is connected by 
connection 55 through resistor €89, Fig. 6, to 
the input circuit of amplifier 6 í 9. Thus, from 
Equation S8, the output voltage of amplifier GiO 
will be proportional to RF1. 
The output circuit of amplifier 6, Fig. 6, is 

connected through resistor S 2 to the input circuit 
of an amplifier Si3, of the type shown in Fig. 
11, having a feedback resistor 6.4. The output 
voltage of amplifier 63 is equal in magnitude. 
but opposite in polarity, to the output voltage of 
amplifier 68. The output circuit of amplifier 
6) is connected to one end of the winding of a 
potentiometer S 5, the Output circuit oi ampli 
fier 63 being connected to the other end of this 
winding, the mid-point of the winding being 
grounded. The brush of potentiometer 63 is 
connected through resistor 66 to the input cir 
cuit of amplifier 601. The potentiometer 615 
forms an azimuth spotting control for the ranging 
officer as the addition of a deflection component 
proportional to the range to the input of the am 
plifier 39, is equivalent to an angular change in 
the az innuth AF Í. 

In Fig. 10, the firing target Tri is at a range RF 
and an azimuth AF with respect to the pivot 
gun Gi. The coordinates, -Xc and -Yo, of a 
Second gun. G-2, With respect to the first gun Gl, 
are determined by oldinary surveying methods. 
Draw Gib from the end of Xd perpendicular to 
?RF f, and d d paralle] to REF', and draw G2: " d 
perpendicular to RF, cutting RF at c. The 
firing target TF is at a range RF2, and azimuth 
AF2 with respect to the second gull G2. Let the 
difference in the azimuth of the target from the 
two guris be DA, then 
DA = AF2 - A Fl-angle G1. TF - G2 
angle Glab-angle G2ad=AF1 
ab=dc=—KcG cos AF1; G1b=-XG sin AF1 
did=bc=-YG cos AF1; G2d=-YG sin AF1 
TFC== RF2 cos DA, and as DA is usually a Small 

angle, 
Trc-RF2 
RF1 — RF2==G1c=G1b.--bc=—XG sin AF1 — YG 

CCS AF1—FRF2 = 2 - RF1 — XG Sin AF1-YG COS 
AF1 (39) 

In cases where the two guns are separated by 
more than a quarter mile, the assumption that 
RF2 cos D.A=RF2 may not be sufficiently accu 
rate. In such cases, a corrective term 1/2 RF1 
sinDA may be added, and the equation becomes 
—RF2 = - RF1—XG Sin AF1—YG coS AF1 -- 
1/2RF1 Sin?IDA. . . . 

Consider the lateral distance G2c: 
G2c= RF2 Sin DAl=G2d-dc=-Ya Sin AF1--XG 

cos AiFi 
RF2 Sin DAl-XG coS AFi-YG 

sin AF1 = 0 . . . (40) 
The output circuit of amplifier 6:3, Fig. 6, is 

connected by connection 67 through resistor 
573. Fig. 5, to the input circuit of an amplifier 574, 
of the type shown in Fig.11, having a feedback - 
resistor 55. 
The potentiometer winding 566, Fig. 5, varies 

in resistance with a complete sinusoidal function 
and is grounded at the diametrically Opposite 
points where the function passes through Zero. 
A source of voltage 57, having the positive pole 
grounded, and a second source of voltage 52, 
having the negative pole grounded are connected 
to diametrically opposite points of the potention 
eter winding 566, at the points where the func 
tion is a maximum. The brushes 567, 568, 569, 
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and 57) are rotated by the shaft 549 through the 
angle AF, but are insulated from the shaft 540 
and from each other. The brush 567 selects a 
Voltage proportional to a negative cosine, the 
brush 33 selects a voltage proportional to a 
positive sine, the brush 539 selects a voltage pro 
portional to a positive cosine, and the brush 57 
Selects a voltage proportional to a negative sine, 
all of these functions b3ing with respect to the 
angle AF. The brush 567 is connected through 
resistor 53 to the tihird contact of the double 
pole-double-throw Switch 589 and to the second 
contact of the double-pole-double-throw switch 
58. The brush 568 is connected through re 
sistor 5 to the first contact of Switch 580 and 
the Second contact of SWitch 53. The brush 563 
is connected through resistOr 59 to the fourth 
Contact of Switch 53), and to the fourth contact 
of Switch 58. The brush 57 ) is connected 
through resistor 56 to the second contact of 
switch 588, and the first contact of switch 58 . 
The Switch 53) is placed in the upper position 

when the coordinate Yo is positive and in the 
lower position when Yoi is negative; similarly, 
the Switch 38 is placed in the upper position 
When the coordinate Xc is positive and in the 
lower position when the coordinate XC is nega 
tive. 
The blades of Switch 58 are respectively con 

nected to ground through the windings of poten 
tioneters 582 and 583; and similarly, the blades 
of switch 58 are respectively connected to ground 
through the windings of potentiometers 584 and 
585. 
The brush of potentiometer 583 is adjusted to 

Select the Voltage proportional to the coordinate 
Yo and is connected through resistor 586 to the 
input circuit of amplifier 574. Similarly the 
brush of potentiometer 584 is adjusted to select 
a voltage proportional to the coordinate Xc and 
is connected through resistor 587 to the input cir 
cuit of amplifier 33. Thus, firon Equation 39, 
the output voltage of amplifier 574 will be pro 
portional to the magnitude of RF2, and will cor 
respond in polarity with the sign of RF2. 
The output circuit of annplifier 54 is connected 

through a resistor S$8 to the input circuit of an 
amplifier 588 of the type shown in Fig. 11, hav 
ing a feedback resistor 533. 

Tine brush of potentiometer 582 is adjusted to 
select a voltage proportional to the COOrdinate 
Yo and is connected through resistor 593 to the 
input circuit of an amplifier 534, cf the type 
shown in Fig. 11, having a feedback resistor 595. 
The brush of potentiometer 585 is adjusted to 
select a voltage proportional to the coordinate 
Xc and is connected through resistor 592 to the 
input circuit of amplifier 534. 
The output circuits of the amplifiers 574 and 

589 are respectively connected through the de 
coupling resistors 595 and 53 to the ends of the 
Winding Cf potentionineter 553, having a mid-point 
grounded. The brush of potenticmeter 598 is con 
nected through resistoi' 59 to the input circuit 
of amplifier 594. The winding cf potentiometer 
593 has a sinusoidal variation of resistance. The 
output circuit of amplifier 588 is connected 
through the winding of potentiometer 599 to 
ground. Tle brush of potentiometer 599 is; con 
nected to a control network 398, of the type shown 
in Fig. 12. A source of two-phase power 90 , has 
one phase connected directly to one winding of a 
two-phase motor 92 and the other phase con 
nected through the control network 989 to the 
other winding of motor 902. 
The voltage supplied to the input circuit of am 
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plifier 594 corresponds to the terms of Equation 40 
and the Sum of these terms should be zero. If 
the sun of these voltages is not zero, a voltage 
will be supplied from the output circuit of am 
plifier 594 to the control circuit 909, starting the 
motor 92, and rotating the brush of potentiom 
eter 598 until the sum of the terrins is reduced to 
Zero, and the shaft of motor 962 has been rotated 
through the angle DA. The shaft of motor 992 is 
geared to the planet gears of a differential gear 
S33 and the shaft 563 is geared to one pinion of 
the differential gear 993. The other pinion of 
gear 903 will then be rotated through the angie 
AiÉ--DA which equals AF2, the azimuth of the 
target with respect to the second gun. This angle 
may be indicated as by a dial 904 and is trans 
mitted by a Synchronous transmitter 905 to a syll 
chronous receiver at the guns. 

In Fig. 10, the angle To G TF is the angle of de 
flection AD, that is, the angle by which the line of 
fire leads the line to the present position of the 
target. Extend G TF to j; draw Toi perpendicu 
lar to G fi; draw gh perpendicular to GSi through 
e the intersection of DX and DY; draw Tpic and 
ef parallel to Gli. Angles e Tpg and e of equal 
AF. 
The line of fire must be rotated counter-clock 

Wise from To to TF, thus the tangent of AD is negative. 
-Tai - tan 4D??? 

Tj= Tf-fk-SD 
== DX cos AF1 - Dy sin AFI - SD 

G1j= G1TF--Trh--hij 
== RF1 --Teg -- ef 

= RF1 -- Dy cos A F1 -- DX sin AF1 

(IDX cos A F1 — DIY sin A F1 — SD) 
RF1 + (DX sin AF1 -- DIY cos A F1) 

-tan A.D.RF 

tan A D (DX sin AF1 -- DY cos AF1) — 
DX cos AF1 -- DIY sin AF1 -- SD = 0 . . . (41) 

The output circuits of amplifiers 6 and 63, 
Fig. 6, are respectively connected to the ends of 
the winding of a potentiometer 637, having a mid 
point grounded. The resistance of the winding of 
potentic meter 637 varies with a tangent function. 
The brush of potentiometer S3 is connected 
through resistor E 9 to the input circuit of an 
anplifier $28, of the type shown in Fig. 11, having 
a feedback resistor 52. 
The Windings of pctenticmeters 906 and 3 (), 

Fig. 5, vary in resistance with complete sinusoidal 
functions and are grounded at the points where 
the functions pass through zero. The output 
circuits of amplifiers 538 and 534 are respectively 
COnnected tC the points in tie Winding of poten 

- tan AD = 

tioneter 906 at which the fulnction is a maximun 
and similarly the outpit circuits of the amplifiers 
533 and 5 are respectively connected to the 
points in the potentiometer winding 9 () at which 
the function is a maximun. The brushes Si, 
938, 929, 9 , 9 í 2, 9 3 are rotated by the shaft, 
54, but are insulated from the shaft and from 
each other. The-brush. 9 Selects a positive cosine 
function, the brush 938 a positive sine function 
and the brush 999 a negative cosine function of 
the angle of rotation, that is, the angle AF2. The 
brush 9 if selects a negative sine function, the 
brush 9 2 a positive sine function and the brush 

8. w. 
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93 a negative cosine function of the angle of 
rotation AF. The brush 37 is connected by con 
nection 9 A through resistor €32, Fig. 6, to one 
end of the Winding of potentiometer 633. The 
brush 9 2, Fig. 5, is connected by connection 98 
through resistor 633 to the same ending of the 
winding of potentiometer 634. The brush S69, 
Fig. 5, is connected by connection 9.6 through a 
resistor 635 to the other end of the potentiometer 
Winding 634. The brush 9, Fig. 5, is connected 
by connection 9 7 through resistor 636, Fig. 6, 
also to the other end of the potentiometer Wind 
ing 68, which is grounded at mid-point. The 
winding of potentiometer 634 varies in resistance 
With a tangent function. The brush of poten 
tionetter 634 is connected through resistor 68 to 
the input circuit of amplifier 626. The brush 
903, Fig. 5, is connected by connection 9 3 
through resistor 625, Fig. 6, to the input circuit of 
amplifier 626. The brush 93, Fig. 5, is connected 
by connection 99 through resistor 624, Fig. 6, to 
the input circuit of amplifier 626. The brush of 
the azimuth spotting potentiometer 65 is con 
nected through resistor 523 to the input circuit 
of amplifier 628. As will b2 explained hereinafter, 
voltages proportional to the sum of the deflection 
CompCnents SD are supplied through resistoirs 
623, 63 and 622 to the input circuit of amplifier 
626. As the azimuth spotting potentiometer G 3 
is Supplied With voltages proportional to range, 
the voltage Selected by the Wiper of potentiometer 
65 is proportional to a deflection, and thus acts 
to slightly change the voltages proporticnal to the 
Sum of the defection componentS SID. 
The Cutput circuit of amplifier 625 is connected 

through the Winding of potentiometer 828 to 
ground. The brush of potentiometer 628 is con 
nected to a control circuit 629, of the type shown 
in Fig. 12. A source of two-phase power S33 has 
one phase connected directly to one winding of a 
two-phase motor 63l, and the second phase con 
nected through the control circuit 623 to the 
other Winding of motor b3 4. 

rom Equation 41 the voltages supplied to the 
input circuit of amplifier 625 should equal zero, 
and the output Voltage of amplifier 623 also 
should be zero. If the output voltage of amplifier 
826 is not zero, a voltage is applied to the control 
circuit 329, starting the motor 63 and rotating 
the brushes of potentiometers 634 and 637 until 
he sum of the input voltages Supplied to ampli 

er 628 is reduced to Zero. The brushes of potenti 
ometers S35 and 637, which are mounted on the 
shaft of motor 63 but insulated therefrom, are 
thus rotated through the angle AD, which may 
be indicated by a suitable dial 638. 
At long 1ranges, the rotation of the earth dur 

ing the time of flight of the shell moves the target 
With respect to the shell ploducing an effect of 
sufficient magnitude that a correction is required. 
With the Smaller weapons of Shorter range, such 
as the subcaliber weapon, the effect is inap 
preciable. From theoretical considerations, it 
has been found that the deflection effect is of the 
form A sin L — B cos L cos AF1, Where L is the 
latitude of the gun, A and B are factors which 
have been found to be, in part, functions of the 
ballistic elevation, Bl, of the gun. In the present 
computer, the linear deflection effect is propor 
tional to 

(RF1 Sin L-i607 RF1 coSAF1 cOS L)f(B1) . . . 

The output circuit of the --RF amplifier 60, 
Fig. 6, is connected by connection 639, Figs. 6, 5 
and 7, to the left contact of switch 738, Fig. 7. 
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The output circuit of the -RF1 anplifier 63, 
Fig. 6, is similarly connected by connection 6, 
Figs. 6, 5 and 7 to tha right-hand contact of 
switch 733, Fig. 7. The Switch 33 is placed on 
the left contact if the gun is located in the 
southern hemisphere and on the right contact 
if the gun is located in the northern hemisphere. 
The blade of SWitch 33 is connected through a 
resistor 739, having a resistance of 141,686 Öhms 
and the winding of potentiometer 760, having a 
resistance of 20,030 ohms, to ground. The Wind 
ing of potentiometer 740 varies in resistance with 
a sinusoidal function having 0 degrees at the 
grounded end. The brush of rotentiometer 49 
is adjusted to select a voltage proportional to COS 
L and is connected through a decoupling resistor 
743 i having a resistance of 100,000 ohms and the 
winding of potentiometer 742 to ground. 
The output circuit of amplifier 68, Fig. 6, is 

connected by connection C33, through resistor 
S23, Fig. 5, to a tap in the potentiometer winding 
92 and the output circuit of amplifier 63, Fig. 6, 
is similarly connected by connection 6 through 
resistor 922, Fig. 5, to a diametrically opposite 
point in the potentiometer winding 92. The 
potentiometer winding 92 has a sinusoidal 
variation of resistance and is grounded at the 
points where the function passes through Zero. 
The brush 923 is rotated by the shaft 5ii) to Select 
a voltage proportional to the negative cosine of 
the angle AF1, and is connected by connection 
g23 through the winding of potentiometer 743, 
Fig. 7, to ground. The winding of potentiometer 
83 has a cosinusoidal variation of resistance ex 

tending over one quadrant with 90 degrees at the 
grounded end. The brush of potentioineter 43 
is adjusted to the latitude of the gun and is con 
nected through the decoupling resistor 744, hav 
ing a resistance of 100,000 ohms, to the end of 
the winding of potentiometer 742. When firing 
with the subcaliber weapon SC, the Switch 75 
is closed connecting the brush of potentiometer 
742 to ground. When firing the larger Weapon 
with high explosive shell HE, the brush of poten 
tiometer 7 & 2 is connected through resistor 4i, 
having a resistance of 38,864 ohms, and through 
resistor 7:7, having a resistance Cf 4,267 ohms, 
to ground. When firing with a rinor piercing 
shell, AP, the switch : 23 is closed short-circuit 
ing the resistor 747. The network formed by the 
winding of potentiometer 52 and the resistors 
* As and 3 is designed in accCrdance with 
Equation 10. The resistance variation Of the 
winding of potentiometer 42 is shown by the 
solid curve Z of Fig. 21, and the voltag3 output 
of the network when firing high explosive shell 
is shown by the dotted curve, HE, Fig. 21, and 
the voltage output when firing armor-piercing 
shell is shown by the solid curve AP. The brush 
of potentiometer 42, as will be explained later, 
is rotated by the shaft 333 through the ballistic 
elevation angle 31, and is connected by connec 
tion 753 to the resistors 685 and 62, Fig. 6. -- 
Owing to the spin imparted to the shell by the 

rifling of the gun, the shell tends to drift off the 
line of fire. This linear defection effect will be 
proportional to the rarge and a function of the 
ballistic elevation angle, B, of the gun. The 
output circuit of amplifier GT3, Fig. 6, is connected 
by connection Gf1, Figs. 6, 5 and 7, through re 
sistor 747", having a resistance of 83,040 ohms, 
resistor 7 48’ having a resistance of 57,587 ohms, 
and resistor 7 ?i 9, having a resistance of 80,000 
ohms, through the winding of pctentiometer 752 
to ground. A switch, 750 is connected across re   
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Sistors 48' and 749 and a SWitch 5 is connected 
across resistor 49. When firing with the Sub 
caliber Weapon, a Switch 53 is closed connecting 
the end of the winding of potentiometer 752 
through resistor 754, having a resistance of 30,000 is 
ohms, and resistCr is having a resistance of 
80,000 ohms, to ground. When firing with high 
explosive shell, the brush of potentiometer 732 
is connected through a switch 35 and resistor 
755 to ground, and Switch 5 is closed short- 0 
circuiting resistor S. When firing With armOr 
piercing shell, switch 53 is closed short-circuit 
ing resistors 48' and 49. The Winding of poten 
tiometer 52 has a resistance of 7,500 ohms and 
varies in resistance in accordance with the solid li 
curve Z of Fig. 20. The brush of potentiometer 
752 is rotated by the shaft 8 proportionally 
to the ballistic elevation angie B, and is in 
Sulated from the Shaft. This circuit is similar 
to the circuit of Fig. 3.3C antifié functional 20 
variation of the voltage selected by the brush of 
potentiometer 752 for the subcaliber gun is shown 
by the dotted curve SC, of Fig. 20, the function 
for the high explosive shell being shown by the 
dash, double dot line, HE and the function for 
the armor piercing shell being shown by the 
da Shed curve AP. The prush of pQenti Ometer 
52 is connected by the connection 5, Figs. 7, 

8 and 6 to resistors 63 and 522, Fig. 6. 
In Fig. 10, a wind having a magnitude W is 30 

blowing from a bearing BW, measured from north 
clockwise. 
The croSS-Wind CW Will be: , 

CW77= W Sin (AF1—BW) 
- W (sin AF1 cos BVV - cos AIFt Sir BVV) 

The range wind RW will be: 
RW = W - COS (AF1 - BWV) ] 
=W (–cos AF1 cCS BW– 

Sin A.F. Sin BWV) 

The effect of the cross-wind CW on the she must 
be included in the sum of the deflection effects 
SD. 
The brushes 923 and A24, Fig. 5, respectively 45 

select voltages proportional to the negative and 
the positive cosine of the angle AF, and are re 
Spectively connected through resistors 925 and 
923 to diametrically opposite taps in the Winding 

25 

(42) 85 

(43) 40 

of potentiometer 92. The winding of potention- 50 
eter 927 has a sinusoidal variation of resistance 
and is grounded at the points Where the func 
tion passes through Zero. The brush of potenti 
Ometer 927 is rotated by a shaft 923, but is in 
sulated therefrom. The shaft 328 is manually 55 
rotated through the bearing of the Wind BW. 
The brush of potentiometer 92 selects a voltage 
proportional to sin BW, and is connected through 
resistor 929 to the input circuit of an amplifier 
930, of the type shown in Fig. 11 having a feed- 60 
back resistor 93. 
The brushes S32 and 833 are rotated by the 

shaft 540, but are insulated there from and from each other, to respectively select voltages propor 
tional to the positive and negative sine of the 65 
angle AF?, and are respectively connected 
through the decoupling resistors 93.3 and 935 to 
diametrically opposite taps in the winding of po 
tentiometer 936. The winding of potentiometer 
936 has a sinusoidal variation of resistance and 70 
is grounded at the points where the function 
passes through Zero. The brush of potentiometer 
936 is rotated by the shaft 923, but is insulated 
therefron, and Selects a voltage proportional to 
the negative cosine of the angle BW. The brush 75 
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of potentiometer 936 is connected through re 
sistor 937 to the input circuit of amplifier 930. 
Thus, by Equation 42, the output voltage of am 
plifier 930 Will be proportional to the maximum 
value of CW. The output circuit of amplifier 939 
is connected by connection 938, Figs. 5, 7 and 8, 
through resistor 85), having a resistance of 
14,564 ohms, resistor 802, having a resistance of 
2318 ohms, to the brush of potentiometer -803. 
The brush of potentiometer 823 is rotated by the 
shaft 869, but is insulated therefrom. One end of 
the Winding of potentiometer 893 is grounded. 
The brush of potentiometer 303 is connected 
through resistor 834, having a cesistance of 55,000 
ohms and resistor 805 having a resistance of 
115,000 ohms to ground. When firing armor 
piercing or high explosive shells, a switch 806 is 
closed short-circuiting resistor 805 and a SWitch 
80 is closed short-circuiting resistor 802. The 
brush of potentiometer 83 is connected through 
the Winding of a potentiometer 88, having a re 
Sistance of 57,000 ohms to ground. The winding 
of potentiometer 83 has a resistance variation 
as shown by the solid curve Z, Fig. 23, and a re 
sistance of 15,000 ohms. This circulit is similar 
to the circuit of Fig. 13A, and may be designed 
with the aid of Equation 14. The functional 
variation of the voltage supplied to the winding 
of potentionineter 838 for the armor piercing or 
high explosive shell is shown by the solid curve 
AP, Fig. 23. The functional variation of the volt 
age supplied to the winding of potentiometer 808 
for the subcaliber weapon is shown by the dotted 
curve SC, Fig. 23. The brush of potentiometer 
38 is adjusted to the magnitude of the Wind and 
is connected by connection 8 S to the resistors 604 
and 523, Fig. 6. 
In Fig. 9, the trajectories of the two guns are 

shown in elevation; the ballistic elevation angie 
B of the pivot gun G being the angle above 
the horizontal plane to which the pivot gun must 
be elevated in order that, under standard condi 
tions, the shell will trave to the virtual target 
T1, at a range RW, and under non-standard 
Conditions the shell will travel the extra distance 
SR, the algebraic sum of the Wind and ballistic 
differential effects, to a target RB, in the hori 
zontal plane at the distance RB from G . The 
distance RB is Substantially equal to the firing 
range RFº!. 

RF"1=RB—RV1-{-SR 
Now RV and SR are functions of ballistic eleva 
tion angle B and 

-RF1--f- (B1) --fs (B1) =0 (44) 
Where 

RV1=f(B1), SR =f3(B1) 
If the target is not in the same horizontal plane 

as the pivot gun, the firing elevation angle Ef 
Will not be the same as the ballistic elevation 
angle B. Assuming the validity of the principle 
of the rigidity of the trajectory El = B — Es, 
Whëre Es is thë angle "of site. As Es is usually * * * * * 
Simall, 

where H is the height of Site. 
Thus 

H 
El=B1-fift 

Or, 
RF1. B1-RF1 El-H=0 (45) 

In the present computer, it is assumed that the . 
d 

P 
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having a resistance of 40,000 ohms, and resistorº 
828 to ground, and connecting the brush of po 
tentiometer 820 through the winding of poten 
tioneter 8; 9 to ground. The voltage selected by 
the brush of potentiometer 819 will then vary 5 
with the position of the brush of potentiometer 
820 as shown by the curve marked HE, Fig. 25. 
The brush of potentiometer 89 is connected 

through resistor 830 to the input circuit of ampli 
fier 8 || . 10 
A Source of voltage 768, Fig. 7, having the nega 

tive pole grounded is connected through resistor 
69, having a resistance of 37,500 ohms, resistor 

70, having a resistance of 75,000 ohms and re 
sistor 7 f, having a resistance of 120,000 ohms, 15 
to the brush of a potentiometer 772. The wind 
ing of potentiometer 2 is grounded at one end, 
and connected at the other end through the wind 
ing of potentiometer 775 to ground. The brush 
of potentiometer 772 is adjustedtôthe value of 20 
the height cf site, H. The winding of potenti 
Oneter 75 has a linear variation of resistance, 
a total resistance of 4,000 ohms, and is tapped at 
1.891.4 ohms, 2,788.5 ohms, and 3,328.6 ohms from 
the grounded end. A switch 779, when operated 25 
connects the first tap to ground. A switch 778, 
When operated, connects the second tap of the 
winding through resistor 77 having a resistance 
of l.000 ohms, to ground. 
The third tap is connected to the contacts of 30 

the switches 78 and 783. Switch 78, when op 
erated, connects the third tap through resistor 
8, having a resistance of 1,100 ohms to ground. 
The switch 83, when operated, connects the third 
tap through resistor 782, having a resistance of 
440 ohms, and 780 to ground. 
When firing the subcaliber weapon, switch 73 

is closed, short-circuiting resistors TT 9 and TT, 
and switch 778 is closed. The voltage selected 
by the brush of potentiometer 75 will then vary 
with rotation as shown by the curve SC, Fig. 28. 
When firing with armor piercing shell, switch 
74 is closed, short-circuiting resistor TT f, switch 
TS is closed and switch 78 is closed. The volt 
age selected by the brush of potentiometer 75 45 
will then very as shown by the curve AP, Fig. 28. 
When firing with high explosive HE shell, 

Switches 779 and 783 are closed and the voltage 
Selected by the brush of potentiometer 775 varies 
as shown by the curve HE, Fig. 28. The brush 50 
of potentiometer 5 is connected by connection 
84 through resistor 83, Fig. 8, to the input cir 

cuit of amplifier 8, and supplies a voltage pro 
gortional to Rc, Equation 48. A source of voltage 
85, Fig. 7, having the mid-point grounded has 55 
the positive poie connected to the upper contact 
of Switch 786 through resistor 98 of value 80,000 

3 5 

ohns and the negative pole connected to the 
lower contact of switch 786, through resistor 

i 99 of value 80,000 ohms. For convenience of 60 
description, the operation of this circuit with the 
Subcaliber weapon will first be given. If the den 
sity of the air is greater than normal, the blade 
of switch 786 is placed on the upper contact and - 
if the clersity of the air is less than normal, the 65 
bis tie of Switch B6 is placed on the lower con 
tact. The blade of Switch 86 is connected 
through resistor 787, having a resistance of 
730,000 ohms, resistor 788 having a resistance of 
14.500 ohms, switch 189 and resistor 79, having o 
a. rªsistance of 315,000 ohms, to ground. Switch 
96 is closed, connecting the mid-point of resistors 

and 88 to the brush of potentiometer 792. 
The Winding of potentiometer 792 is grounded at 
One end, and has a variation in resistance as 75 
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shown by the curve Z, Fig. 22. The upper end of 
resistor 9 f is connected to the blades of Switches 
93 and 794. The contacts of Switches T 93 and 
9 are respectively connected to the ends of the 
Winding of potentiometer 795 having a resistance 
of '70,000 ohms and the mid-point grounded. The 
brush of potentiometer 795 is adjusted to the value 
of the density of the air. This circuit may be 
designed with the aid of Equation 10. The Switch 
93 is closed when the density of the air is less 
than normal and the Switch 794 is closed when 
the density of the air is greater than normal.. 
For convenience in adjusting the circuit, the shaft 
rotating the brush of potentiometer 79.5 may be 
arranged to operate a cam switch when passing 
through the mid-point of the winding, similar to 
the can SWitch commonly used on radio volume 
controls. This cam switch may conveniently be 
arranged to operate one or more relays, switching 
the circuit from the condition for air density 
greater than normal to the condition for air 
density less than normal. Thus, while the 
Switches 786, 93 and 794, for convenience have 
been shown as simple single-pole-single-throw 
switches, they may conveniently be springs of 
this relay. This idea may conveniently be car 
ried still further, thus, while a number of simple 
Switches have been shown for switching the cir 
cuit connections from the conditions for the sub 
caliber weapon SC to the condition for high ex 
plosive HE, or armor piercing AP shell, a three 
position master switch may conveniently be 
provided controlling a number of relays which 
make all the connections required by the various 
circuits. 
When firing armor piercing AP shell, switches 

796, 797, 798, 799 and ,000 are closed. If the 
density of the air is greater than normal, Switch 
786 is on the upper contact and switch. 94 is 
closed. Switch 00 is also closed, connecting the 
blade of switch 786 through switch '98, resistor 

| 092 having a resistance of 13,500 ohms, switch 
0, resistor C05 having a resistance of 10,700 

ohms, resistor 006, having a resistance of 13,600 
ohms and resistor 1007 having a resistance of 
5907 ohms to ground. The junction of resistors 
f005 and eS is connected through switches 96 
and 794 to the winding of potentiometer 795. 
The contact of Switch () is connected through 
switch 797 to the brush of potentiometer 92. 
This circuit may also be designed with the aid of 
Equation 10. The functional variation of the 
voltage selected by the brush of potentiometer 
795 will then be as shown in the curve AP--, 
Fig. 22. When the density of the air is less than 
normal, Switch 86 is on the lowest contact, and 
switches 793, 0.03, G93, C38, 009, to 3 are 
closed, connecting the blade of switch 786 
through switch 798, resistor iO2, resistor 9 f 
having a resistance of 8,000 ohms, switch i 008, 
and resistor 02 having a resistance of 81,000 
ohms to ground. The brush of potentiometer 192 
is connected through switches 797, 003, 004, and 
resistort) GT to ground. The junetien-of switches - - 
983 and 024 is connected through switch 96 
and switch 793 to the Winding of potentiometer 
195. The free end of the Winding Of potentiOm 
eter 792 is connected through switches fo)0 and 
1089, and resistor iO 2 to ground. The winding 
of potentiometer 792 has a total resistance of 
14,195 ohms and is tapped at 345.7 ohms and 
5999.7 ohms from the grounded end. The upper 
tap is connected through switches 799 and 00, 
and resistor 93 having a resistance of 120,000 
ohms to ground. The functional variation of the 
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voltage selected by the brush of potentiometer 
95 is shown by the curve AP-, Fig. 22. When 

firing high explosive, HE, shell switches Old, 
f) 5, 0 6, 7, 08, and S 3 are closed. When 
the air density is above normal, Switch 85 is on 
the upper contact and is connected through re 
sistor f 020, having a resistance of 75,000 ohms, 
resistor (2 having a resistance of 91.60 oilns 
and SWitch 10 6 and 05 to the brush of poten 
tiometer 792. Switch 022 is on the upper con 
tact, connecting the junction of Switches G5 
and 06 through resistor 223, having a resist 
ance of 13,085 ohms to ground. The un grounded 
end of the Winding of potentiometer 792 is con 
nected through switch 07, switch 225, and 
resistor | 026, having a resistance of 28,000 ohms 
to ground. Switch 027 is closed, connecting the 
Second tap of the winding of potentiometer 793 
through SWitches 09 and iO2, and resistor 29. 
having a resistance of 17,000 ohms, to ground. 
With these connections, the functional variation 
of the voltage selected by the brush of poten 
tioneter 795 is shown by the curve HE-- Fig. 22. 
If the density of the air is less than norna, 
switches 786 and 022 are placed on their lower 
contacts and Switches 733 and 029 are closed. 
The blade of switch 785 is connected through 
resistor í 02), Switches | G29, í f í 8, and í 0 í 5. t? 
the brush of potentiometer 92 and through 
switches of 4 and 793 through the winding of 
potentiometer 795 to ground. The junction of 
switches ) 5 and ) 6 is connected through 
switch 022, resistor 924, having a resistance of 
12,400 ohms to ground. The functional Varia 
tion of the voltage selected by the brush of poten 
tioneter 795 is then as shown by the dotted curve 
HE-, Fig. 22. The brush of potentiometer 35 
is connected by connection 930 through rasistor 
832, Fig. 8, to the input circuit of an amplifier 
833, of the type shown in Fig. 11, having a feed 
back resistor 834. 

In addition to the effect of non-standard air 
density for Standard muzzle velocity, the inter 
action effect, that is, the effect of non-standard 
air density for non-standard muzzle velocity, 
must be taken into account. The brush of poten 
tiometer 795, Fig. 7, is connected by connection 
! ?30 through resistor í03 !, having a resistance of 
29.000 ohms to the contacts of switches { 32 and 
f033. When firing with HE shell, switch 332 is 
closed, and when firing with AP shell, switch 032 
is closed. When firing HE shell, resistor 93 is 
Connected through switch 32 resistor iO33. 
having a resistance of 55,000 ohms, resistor ! 933 
having a resistance of 31,500 ohms. or Switc: 
35 to the contacts of Switches 36 and i2. 

When firing AP shell, Switch 38 is closed coin 
necting resistor ()3 through switch 1833, re 
sistor 1 039, having a resistance of 6,500 ohms, 
resistor f040, having a resistance of 14,700 ohms, 
Or SWitch 4, to the contacts of Switches iO3: 
and ! 042. The blades of Switches || 636 and i Gå? 
are respectively connected, to the ends of the 
Winding of potentiometer 23, the mid-point of 
the Winding of potentiometer 03 being grounded 
The brush of potentiometer i3 is connected to 
the upper contact of Switch C43 and the lower 
contact of switch 044, the lower contact of 
switch 043 and the upper contact of switch 343 
being grounded. Potentionnetter 1937 is similar 
to potentiometer 95, thus when the brush of 
potentiometer 1937 passes the mid-point of the 
winding, a cam switch is closed operating a relay 
controlling switches (35, 036, 841, O42, 0.43 
and 1044. Thus, when the muzzle velocity is 
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greater than normal, switches í 633, tö38, í G4 í 
are operated and switches i333 and 946 are on 
the upper contacts; when the muzzle velocity is 
less than normal, switch 342 is closed and 
switches i3 and 43 are on the lower contacts. 
The blade of Switcin 853 is connected by coine (- 
tion 045 through resistcr 833. Fig. 3, to the in 
put circuit of amplifier 833. The biade of Switch 
i844, Fig. 7, is connected by connection $53 
through resistor 837 to the input cii'Cuit of aimpli 
fier 6 i i, Fig. 8. Thus when the muizzie velocity 
of the guin is above normal, a Voltage is Supplied 
through resistor 836 to the input circuit of angli 
fier 833, and is reversed in polarity by amplifici' 
333 and supplied to the input ti 'cuit Cf amplific: ’ 
8 ! , the resistor 83 being grounded. Wien tine 
nuzzle velocity of the gun is less tian Ci'ilai. 
voltage is supplied till rough resistor 37 directiy 
to the input circuit of amplifier 8, and thus is 
of opposite pclarity to the Voitage Supplied to 
resistor 83S6. Tinus by tìn? use of the intermædiate 
amplifisi 833, the voltage regi'esenting one cf tile 
balistic effects may be reversed in poi all'ity be:- 
fora being supplied to the amplifier 3: i. The use 
of the intermediate amplifier S33, tidus sin) pilifies 
the air density circuit of Fig. 7 by a voiding the 
liecessity of supplying two voltages of Opposite 
polarity proportional to air density effect from 
the potentiometer 95. 
The standard tempera iure of the air is a S 

sumed to be 59 F. and if the temperature is 
above or below this value, the range of the Shell 
wiil be affected. The circuit for the subcalibel' 
SC weapon will first be described. Switches 842 
and 366, Fig. 8, are closed. A Source of Voltage 
833, having the positive pole grounded, is con 
rected through resistor 333, having a resistance of 
i90,000 oins, resistor 845. having a resistance of 
230,000 ohms, switch 82, resistor 843, having a, 
resistance of 509,000 ohms, resistor 344 having a 
resistance of 80,000 ohns, through switch 846 
to the brush of potention eter 853. Resistor 847, 
having a resistance of 78.500 ohms is connected 
from the contact of switch 836 to ground. The 
winding of potentiometer 848 has a variation in 
resistance as shown by the curve Z. Fig. 24. a 
total resistance of 8142 ohms and is tapped at 
1119.8 ohms, 5718.6 ohms, 7068.0 ohms, and 7800.0 
ohms from the grounded end. A switch di 49 
short-circuits the last section of 119.8 ohms Of 
the Winding. he brush of potentiometer 848 
is connected to the contacts of switches 849 and 
ESF. The blades of switches a 49 and 85 are 
respectively connected to the ends of the winding 
of potentiometer 859. having the mid-point 
grounded. Potentioneter 85) is of the same type 
as potentiometer 795, Fig. 7. The brush of poten 
tioneter 350, Fig. 8, is connected to the blade of 
switch 852, the blade of switch 853 being grounded. 
The brush of potentiometer 833 controls a relay, 
which, when the temperature is higher than nor 
mal closes switch 839, and closes switches 852 
and 853 on the lower contacts. When the ten 
perature is below normal. the brush of poten 
tionetsr 850 operates a relay which closes con 
tacts 24, 865, and 351, and operates the Switches 
852 and 853 to the upper contacts. The lupper 
contact of switch 352 and the lower contact of 
switch 853 are connected by connection 854 
through resistor 85 S to the input circuit of am 
plifier 233. The lower contact of Switch 852 
and the upper contact of switch 353 are con 
nected by connection 855 through resistor 857 
to the input circuit, of ainplifier 8. The brush 
of potentiometer 850 is adjusted to the tempera 
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ture of the atmosphere and the functional varia 
tion of the voltage selected by the wiper of po 
tentiometer 358 for temperatures less than nor 
Inal is shown by the solid curve marked SC 0, 
Fig. 24. The functional variation of the voltage 
selected by the wiper of potentiometer 850 for 
temperatures greater than normal is shown by the 
dotted curve marked SC 100°, Fig. 24. This cir 
cuit, may be designed with the aid of Equation 14. 
When firing HE shell, switches 356, 857, 858, 

and 859 are closed. The source of voltage 838 
is then connected through resistors 839 and 849, 
switch 859 and the winding of potentiometer 
848 t) ground. A source of voltage 860, having 
the negative pole grounded is Connected through 
switch 338, resistol 83, having a resistance of 
63,800 ohms, resistor 832, having a resistance of 
35,000 ohms and switch 857 to the brush of po 
tentiometer 838. If the temperature is above 
incrmal, switch 864 is operated, 66inecting the 
brush of potentiometer 843 through switches 857 
and 854, and resistor 865 having a resistance of 
22,000 ohms to ground. If the temperature is 
above nornal Switch 866 is Operated to the lower 
contact, connecting the 5718.6 ohms tap in the 
winding of potentiometer 348, through switch 
356 to ground. If the temperature is below nor 
mal, switch 866 is operated to the upper contact 
connecting the 7800-ohm tap in the winding of 
the potentiometer 838, through Switch 856 to 
ground, switch 84 is closed short-circuiting re 
sistor 840, and switch 363 is closed short-circuit 
ing resistor 862. The functional variation of the 
voltage Selected by the brush of potentiometer 
85) for the temperature less than normal is shown 3.5 
by the dash double dot line marked HE 0°, Fig. 24; 
and the functional variation of voltage for tem 
perature greater than normal is shown by the 
dotted curve marked HE 100, Fig. 24. This cir 
cuit has the configuration of the circuit shown 
in Fig. 13C and may be designed with the aid of 
Equation 16. 
When firing AP shell, switches 86, 868, 869, 

83 and 339 are closed. The ungrounded ends 
of the winding of potentiometer 843 are connected 
through Switch 8, resistol 88, having a resist 
ance of 130 ohms and resistor 882 having a resist 
ance of 740 ohms to ground. The 7068-ohm tapo 
in the winding of potentiometer 848 is connected 
through switch 39, resistor 80 having a resist 
ance of 1620 ohms and resistor 872 having a 
l'esistar ce of 360 Ohms to ground. The Source 
of power 86 is connected through switch 889, 
resistor 39 having a resistance of 33,500 ohms, 
resistor S. having a, resistance of 20,000 ohms 
and Switch 83 to the brush of potentiometer 
843. The brush of potentiometer 843 is con 
nected through switch 873, resistor 87G, having 
a resistance of 340 ohms, resistor 878, having 
a resistance of 1740 Chins, to ground. If the ten 
perature is greater than normal, switch 882 is 
closed short-circuiting resistor 88; switch 884 
is closed connecting the 5718.6 ohms tap in the 
winding of potentiometer 863 through switches 
868 and 834 and resistor 885, having a resistance 
cf 1300 ohms, to ground; switch 879 is closed 
short-circuiting resistor 89; and switch 8, is 
closed short-circuiting resistor 876. If the tem 
perature is below normal, switch 875 is closed 
short-circuiting resistor 84. The functional 
variation of the voltage selected by the wiper of 
potentiometer 350, for temperatures below normal 
is shown by the dashed curve marked AP 09, 
Fig. 24, and the functional variation for tem 
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curve marked AP 100, Fig. 24. The circuit may 
be designed With the aid of Equation 10. 

If the Weight of the projectile is larger or 
smaller than normal, the range of the projectile 
Will be affected, and allowance must be made for 
this effect. When firing the sub-caliber weapon, 
switches 886, 887, 883, 889 and 890, Fig. 8, are 
closed. A source of current, 89 f, having the posi 
tive pole grounded is connected through resistor 
892, having a resistance of 2.5 megohms and 
switch. 886 to the brush of potentiometer 894. A 
resistor 893, having a resistance of 19,000 ohms is 
connected from the contact of Switch. 886 to 
ground. The Winding of potentiometer 894 has 
a linear variation in resistance a total resistance 
of 11,500 ohms and is tapped at 2038.1 ohms, 
2264.5 ohms and 10190.3 ohms from the lower 
end. The upper end is grounded through Switch 
888 and the 10190.3-ohm tap is grounded through 
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switch 887; The lower end of the-winding is con 
nected through resistor 047, having a resistance 
of 1314.5 ohms and resistor 948, having a resist 
ance of 3,000 ohms to ground. The brush of 
potentionnetter 894 is connected through switch 
389 to the contacts of Switches 895 and 897. The 
blades of Switches 595 and 897 are respectively 
connected to the free ends of the Winding of po 
tentiometer 896 having a resistance of 70,000 
ohms, and the mid-point grounded. The brush 
of potentiometer 896 is connected to the upper 
contact of SWitch 898 and the lower contact of 
switch 899; the lower contact of Switch 898 and 
the upper contact of switch 899 being coinected 
through switch 890 to ground. The switches 895, 
897, 898 and 899 are springs of a relay controlled 
by the motion of the brush of potentiometer 896 
So that when the projectile weight is larger than 
normal, switch 895 is closed and switches 883 and 
899 are on the upper contacts; and when the 
weight of the projectile is less than normal, 
Switch 897 is closed and switches 898 and 899 
are on the lower contacts. The functional varia 
tion of the voltage selected by the brush of po 
tentiometer 896 with movement of the brush of 
potentiometer 894 is shown by the curve marked 
SC, Fig. 26. The blade of SWitch 893 is con 
nected through resistor 849 to the input circuit 
of amplifier 8, and the blade of switch 899 is 
connected through resistor 059 to the input cir 
cuit of annplifier 833. When filing with HE shell, 
switches 1051, 1952, 353, 1054, O55, 1956 and 

57 are closed. A source of voltage (58, having 
the negative pole grounded is connected through 
Switch 5, resistor 059 having a resistance of 
200 ohms, resistor i 960 having a resistance of 
8960 ohms and switch 953 to the brush of poten 
tiometer 894, the contacts of switch 353 are con 
nected through switch 852 and resistor 06, 
having a resistance of 763.07 ohms to ground. 
The 2038.1-ohm tap in the winding of potention 
eter 894 is connected through switch ! 055 to the 
lower end of the winding and through resistor 
04, and switch 54 to ground. The upper end 

of the winding of potentiometer 896 is connected------ 
through switch C56 to the contacts of Switches 
835 and 897. The Sorce cf voltage i 058 is con 
nected through resistor 062, having a resistance 
of 75,000 ohms to the free ends of the winding of 
potentiometer f063, having a resistance of 57,000 
ohms and the mid-point grounded. The Upper 
end of the resistor G62 is connected through 
switch 057 and resistor 64 having a resistance 
of 4060 ohms to ground. The brush of poten 
tioneter 063 is connected to the lower contact of 

peratures above ngormal is shown by the dash 75 switch 898 and the upper contact of switch 899, 
w 
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the brush of potentiometer S3 is adjusted to 
the value of the weight of the projectile and may 
conveniently be ganged With the brush of poten 
tion eter 896. The functional variation of the 
voltage supplied through SWitch 898 to the input 
circuit of amplifier 8 and the voltage of reverse 
polarity supplied by switch 399 through amplifier 
833 to the input circlit of amplifier 8 is shown 
by the curve marked HE, Fig. 23. This circuit is 
similar to Fig. 13G. 
When firing AP shell switches GS4, S53, 353, 
G65, 056 and 0.83 are closed. The source of 

voltage 958 is connected through switch 353, 
resistor (53, switch i953, to the brush of poten 
tiometer SS. The contacts of SWitch i 33 is con 
nected through resistor 68, having a resistance 
of 580 ohms, and resistor !! 66 i to ground. The 
2264.5-ohm tap in the Winding of potentiometer 
894 is connected through switch 63, resistor 
037, Switch 05, to ground. The upper end of 

the winding of potentiometer 89 is connected 
through switch 356 to the contacts of Switches 
895 and 89. The source of voltage (58 is also 
connected through resistor 862 to the free ends 
of the winding of potentic meter | 33. The upper 
end of resistor 992 is connected through switch 
066, resistor 367, having a resistance of 2760 
ohms and resistor !! 664 to ground. The func 
tional variation of the Sum of the Voltages of 
switches 893 and 899 with variations in the posi- : 
tion of the brush of potentiometer 894, is shown 
by the curve marked AP, Fig. 26. 

If the nuzzle velocity of the Weapon is not 
standard, the range of the projectile will be 
affected and the balance must be the same for 
this effect. When firing With the Sub-caliber 
weapon, switches 7 and G2 are placed on 
the upper contacts. A source of Voltage 063 
having the negative pole grounded is connected 
through resistor 69 having a resistance of 
61.720 ohms, resistor i 97 , having a resistance of 
106.570 ohms, switch | 072, and the winding of 
potentiometer to 3 to ground. A resistor 974, 
having a resistance of 95,000 ohms is connected 
from the contacts of switch (72 to ground. The 
winding of potentiometer 83 has a variation 
of resistance as shown by the curve marked Z, 
Fig. 27, a total resistance of 15,000 ohms and is 
tapped at 9,600 ohms from the grounded end. 
The brush of potentionieter 3 is connected 

to the contacts Cf Switches GT5 and fi G. The 
blades of switches O75 and 96 are respectively 
connected to the free ends of the Winding of a 
potentiometer 27, having a total l'esistance of 
70,000 ohms, the mid-point being grounded. Po 
tentiometer 1977 is like potentiometer 795, Fig. 7, 
and the brush of potentiometer 077 in passing 
through the mid-point causes the operation of a 
relay. The brush Of potentiorineter O is con 
nected through the upper contacts of Switch 073 
and the lower contact Of SWitch f S, the lower 
contact of Switch | 078 and the upper contact of 
switch (019 being grounded. The switches Oil 5, 
376, C78 and 1079 are contacts on the relay 

controlled by the brush of potentiometer 977, but 
when the muzzle velocity is larger than normal, 
switch 0.5 is operated and Switches 78 and 

9 are on the upper contacts, when the muzzle 
velocity is less than normal, switch ! 06 is op 
erated and switches 378 and 0 9 are on their 
lower contacts. The functional variation of the 
voltage Selected by the brush of potentiometer 
077, With variations in the position of the brush 

of potentiometer 973, is shown by the curve 
marked SC, Fig. 27. The blade of Switch 0.78 is 
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connected through resistor (3 to the input cir 
cuit of ainplifier 8 , alld the blades of switch 
í 919 are contected through resistor í08$ to the 
ill put circuit of amplifier 633. 
When firing with HE shell, switches O and 

f02 are placed on the middle contacts and 
SWitchi&S 982 and 333 are closed. The Source of 
power 33 is connectsd through resistor O69, 
Switch 30, resistor 384 having a resistance of 
1836.3 ohms, resistor i C85, inaviing a resistance of 
17,700 ohms, switch (; 2 through the winding 
of potentiometer 1973 to ground. The contact of 
Switch 372 is connected through resistor (86 
having a resistance cf 43,000 onlins, resistor 037, 
having a resistance of 41,000 ohms to ground. 
The brush of potentiometer 1873 is connected 
through switch 683, resistor 983. Resistor 083 
having a resistance of 3016.5 ohms, resistor 089 
having a resistance of 3024 ohms to ground, and 
through resistor 338, having a resistance of 
2484.3 ohms tc ground. The functional variation 
of the voltage selected by the brush of poten 
tioneter 07 when the muzzle velocity of the gun 
is larger than normal is shown by the curve HE--, 
Fig. 2'i. If the muzzle velocity is less than nor 
mal, the movement of the brush of potentiometer 
IT closes switches 09) short-circuiting resistor 
: 85, Switch 092, short-circuiting resistor 086 
and switch !?93, short-circuiting resistor f 089 
and SWitch 92, connecting the upper end of the 
Winding of potentiometer 3:3 through switch 
1882, resistor 335 having a resistance of 7540 
ohms, Switch i 36 to the tap in the winding of 
potention.leter i 673. The functional variation of 
the Voltage Selected by the brush of potentiome 
ter €?? With mOVement of the brush of poten 
tionineter fi3 when the muzzle velocity of the 
gun is leSS than normal, is Sinown by the curve 
marked HE-, Fig. 27. 
When firing AP shell, with a muzzle velocity 

higher than normal, switches 270 and 872 are 
placed on their lower contacts. Switch G39 is 
Closed and the movement of the brush of poten 
tion eter is closes switch 97. The Source of 
Voltage 88 is connected through resistor C69, 
switch Cit), resistor (56, having a resistance of 
4,500 ohms, switch i 72 and the winding of po 
tentiometer il3 to ground. The contact of 
switch i 12 is connected through switch 0.97, 
and resistor 98 having a resistance of 54,000 
ohns to ground. The brush of potentiometer 

| G13 is connected through resistor f094 to ground 
and through switch 399, resistor 00, having a 
resistance of 2690 ohms and resistor | f 0 i having 
a resistance of i 150 ohms to ground. The func 
tional variation of the voltage selected by the 
Wiper of potentiometer G7 with movement of 
the brush of potentiometer 1973 is as shown by 
the curve marked AP-1, Fig. 27. When the brush 
of potentiometer 7 is adjusted to a muzzle ve 
locity less than normal, Switch 97 is opened and 
switches 2 and if 63 are closed. Switch (2 
short-circuits resistor 996, switch 03 short-cir- . 
-cuits resistor - ) , ... and the opening of SWitch. 
$997 places resistor 34, having a resistance of 
3,500 ohms in series with resistor || || 38. The 
functional variation of the voltage selected by 
the brush of potentiometer is then as shown 
iby the dash line marked AP-, Fig. 27. 
Thus the voltages proportional to the differen 

tial ballistic effects and the interactions between 
these effects have been supplied either directly to 
amplifier 3 or through amplifier 833 to am 
plifier 8 , and the output circuit of amplifier 8 
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will have a voltage component proportional to 
SFR. 
The output circuits of amplifiers 63 and 69, 

Fig. 6, are respectively connected by connections 
6 ii and 639, Figs. 6, 5 and 7, through resistors 

05 and 06, Fig. 7, to the free ends of the 
windings of potentiometer 07, the mid-point of 
the Winding being grounded. The brush of po 
tentiometer 07 may be arbitrarily adjusted by 
the ranging officers to introduce a range Spot cor 
rection, and is connected by connection f : 8 
through resistor C9, Fig. 8, to the input circuit 
of amplifier 833. 
The outpu?, circuit of amplifier 63, Fig. 6, hav 

ing a voltage proportional to -RE1 is connected 
by connection Si, Figs. 6, 5, 7 and 8 through 
resistor 0, Fig. 8, to the input circuit of an 
plifier 8 f. 
When firing with the subcaliber weapon, a 

Source of voltage is connected through switch 
| | | 2, resistor í í 13, having a resistance of 29,843 
ohns to the brush of potentiometer 4. The 
Winding gif potentionineter has a substantially 
linear variation of resistance and a resistance of 
50,000 ohms. The brush of potentiometer f l 4 
is connected through resistor ft 6 having a re 
Sistance of 380,000 ohms to ground, and through 
switch 5 and resistor to the input circuit 
of amplifier 8 . 
When firing with the larger Weapon an addi 

tional source of Voltage 8 is connected in series 
with the source through switch 9, resistor 

i 20 having a resistance of 54,000 ohms to the 
brush of potentiometer 2, and through switch 
| í 5 and resistor | í í to the input circuit of 
amplifier 8 . The brush of potentiometer 2 
is connected to ground through resistor 22, 
having a resistance of 42,000 ohms. The winding 
of potentioneter 2 has a substantially linear 
variation of l'esistance and a total resistance of 
60,000 ohms. 
Thus, to the input circuit of amplifier 8 , the 

connection , supplies a voltage proportional 
to the virtual range RV, the connection 3 
supplies a voltage proportional to -RF and the 
Other connections Supply voltages to proportional 
to --SR, and by Equation 45, the sum of these 
quantities should be zero. The output circuit of 
amplifier 8 is connected to the winding of po 
tentiometer 23. The brush of potentiometer 

23 is connected to a control circuit 24, of the 
type shown in Fig. 12. A source of two-phase 
voltage is connected directly to one winding of 
the two-phase motor 26, and through the con 
trol circuit 24 to the other winding of motor 
2. If the output voltage of amplifier 8 is 

not equal to zero, current is supplied to the con 
trol circuit 25 starting motor 26 and rotating 
Shaft 80 until the output voltage of amplifier 8 
has been reduced to Zero. The shaft 800 has been 
rotated to the angle B, the ballistic elevation 
angle for the pivot gun G. 
The output circuit of amplifier 640, Fig. 6, is 

connected by connection 639, Figs. 6, 5 and 7, 
through the winding of potentiometer 776, Fig. 7, 
to ground. The brush of potentiometer 773 is 
rotated by the shaft 890 through the angle B, 
to select a voltage proportional to RF1. B1, and 
is connected by connection 30 through resistor 
95i, Fig. 5, to the input circuit of an amplifier 
954, of the type shown in Fig. 11 having a feed 
back resistor 955. 
A source of Voltage 27, Fig. 7, is connected 

through the Winding of potentiometer 28 to 
ground. The brush of potentiometer 28 is ad 
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justed to select a voltage proportional to the 
height of site H, and is connected by connection 
29 through resistor 953, Fig. 5 to the input cir 

cuit of amplifier 953. 
The output circuit of amplifier 6 3, Fig. 6, is 

connected by connection 67 through the left 
hand portion of the winding of potentiometer 
96), Fig. 5, to ground. The output circuit of am 
plifier 650, Fig. 6, is connected by connection 639 
through resistor 962, Fig. 5, and the right-hand 
portion of the winding of potentiometer 960 to 
ground. It is assumed that the pivot gun. Gil 
will have a maximum elevation of about 800 mils, 
and a maximum depression of about 100 mils. 
The left-hand portion of the winding of poten 
tionneter 950 has a resistance of 50,000 ohms, the 
right-hand portion of the winding of potentiom 
eter 9 G) has a resistance of about 6490 ohms and 
the resistor 962 has a resistance of 43,510 ohms; 
that is, the resistance of the resistor 982 and the 
right-hand section of the Winding of potentiom 
eter 330 is equali to the resistance of the left-hand 
section of the winding of potentiometer 980. As 
the total angle of elevation and depression is only 
about 900 mils, the winding of potentiometer 96) 
may be spread out over 6300 mils and the brush 
geared to rotate through seven times the angle 
of elevation. The brush of potentiometer 960 is 
Collected through resistor 953 to the input cir 
cuit of amplifier 954. The voltages Supplied to 
the input circuit of amplifier 954 are respectively 
equal to --RE1 Bl-H-RF1 E1 and the Sum of 
these voltages should be zero. The output circuit 
of amplifier S5i is connected through the Winding 
cf potentiometer 956 to ground. The brush of 
potentiometer 956 is connected to a control Cir 
cuit 957, of the type shown in Fig. 12. A source 
of two-phase power 958 has one phase connected 
directly to one winding of the two-phase motor 
959, and the other phase connected through the 
control circuit 957 to the other Winding of the 
Imotor S59, If the output voltage of the ampli 
fier 354 is not equal to zero, current will be Sup 
pied to the control circuit 957, starting the motor 
959, rotating the brushes of potentiometer 960 
until the voltage is reduced to zero and the brush 
of potentiometer 96 has been rotated through 
the quadrant elevation, E, of the pivot gun G, 
which may be indicated by a suitable dial 95, and 
transmitted to the gun by any suitable transmis 
Sion System. 
The difference in elevation of the two guns of 3, 

battery will generally be rather small and as the 
height of site effect is not very large, the Saline 
allowance for height of site may be made for both 
guns. Thus the brush of potentiometer 7.5, Fig. 7, 
is connected by connection 784, Figs. 7, 8 and 6, 
through resistor 649, Fig. 6, to the input Circuit oi 
an annpilifier 64; II, of the type shown in Fig. 11 ha v 
ing a feedback resistor 642. 
The interaction effect between muzzle velocity 

and air density for the second gun will equal the 
interaction effect for the muzzle velocity of the 

ference in the muzzle velocities of the two guns. 
The blade of switch 043, Fig. 7, is connected by 
connection 335 through resistor 633, Fig. 6, to 
the input circuit of an amplifier 664 of the type 
shown in Fig. 11, having a feedback resistor S33. 
The output circuit of amplifier 644 is connected 
through resistor G45 to the input circuit of am 
plifier 64. The blade of switch 0.44, Fig. 7, is 
connected by connection 046 through resistor 
647, Fig. 6, to the input circuit of amplifier Ei. 
Thus a voltage corresponding to the interaction 
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effect between the muzzle velocity and air density 
for the muzzle velocity of the first gun is applied 
to the input circuit of annplifier 6. The junction 
of resistors C34 and 649, Fig. 7, is CCInnected 
through resistor 27, having a resistance of 49,000 
ohms, and the winding of potentiometer | 13 
to ground. The brush of potentiometer 23 is 
connected to the upper contact of Switch 29 and 
the lower contact of switch 30, the lower contact 
of Switch f 29 and the upper contact of Switch 
f : 3) being grounded. If the muzzle velocity of 
the SecCnd gun is less than the muzzle Velocity 
of the first gun, Switches 29 and 39 are placed 
On the upper contacts, and if the muzzle velocity 
Of the second gun is larger than the muzzle ve 
locity of the first gun, Switches 29 and 33 are 
placed on the lower contacts. The brush of po 
tentiometer 28 is adjusted to the magnitude of 
the difference in nuzzle velocity between the two 
guns. The blade of Switch 29 is connected by 
connection 3f through resistors 648, Fig. 6, to 
the input circuit of amplifier 643. The blade of 
Switch 38, Fig. 7, is connected by connection 

32 through resistor 639, Fig. 6, to the input 
circuit of amplifier 64. 
As the ranges of the tWO guns are not na 

terially different, the range effect of the rotation 
of the earth, ERR will be substantially the same 
for both guns. The blades of switches 6A, 7 & 5 
and 63, Fig. 7, are connected by connection 737 
through resistor 65, Fig. 6, to the input circuit 
of amplifier 641, thus Supplying a voltage propor 
tional to the range conponent of the earth rota 
tion effect. 
As the ranges of the two guns are not materially 

different, the range component of the effect of 
the Wind Will be substantially the Sane. Thus the 
wiper of potentiometer 89, Fig. 8, is connected 
by connection 33 through resistor 65, Fig. 6, 
to the input circuit of amplifier 64. 
As a non-standard temperature Will have sub 

stantially the Same effect On the ranges of both 
guns, the contacts of Switches 852 and 853, Fig. 8, 
are connected by connection 854 through resistor 
652, Fig. 6, to the input circuit of amplifier 643; 
and by connection 855, Fig. 8, through resistor 
G53, Fig. 6, to the input circuit of amplifier 34. 

It is the usual practice in a battery to classify 
the projectiles according to weight, thus at any 
given instant both guns Will be firing projectiles 
Of the same Weight. The blade of Switch 898, 
Fig. 8, is connected by connection f33 through 
resistor 65, Fig. 6, to the input circuit of ampli 
fier Sá; and the blade of switch 899, Fig. 3, is 
connected by connection 35 through resistor 
655, Fig. 6, to the input circuit of amplifier G4 i, 
thus Supplying to amplifier 64 a voltage propor 
tional to the effect of the weight of the pro 
jectile. 
As shown in Figs. 22 and 27, the air density 

and muzzle velocity effects are rather large, thus 
it is advisable to independently allow for these 
tWO effects on the shell of the Second gun. As the 
configurations of the circuits for the second gun 
are the same as the configurations of these cir 
Cuits for the first gun, a brief description of these 
circuits will be sufficient. A source of voltage 
656, having the mid-point grounded has the posi 
tive pole connected to the left contact of switch 
657 and the negative pole connected to the right 
Contacts of SWitch 65. If the density of the air 
is greater than normal, Switch 657 is placed on the 
left contact and if the density of the air is less 
than normal, Switch 657 is placed on the right 
hand contacts. When firing with the subcaliber 
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WeapCn, the Source of Voltage 556 is connected 
through Switch 657, resistor 658, and switch S59 
to the brush of potentiometer 66; and through 
resistor 36, Switch 382, to the blades of switches 
663 and 684, and through resistors G66 to ground. 
The contacts of SWitches 663 and 664 are respec 
tively connected to the free ends of the winding 
of potentiometer 585, the mid-point being 
grounded. The brush of potentionaeter 565 is ac 
justed to the density of the air and is connected 
by connection 667 through resistor 68 to the 
input circuit of amplifier 6.4. The winding of po 
tentiometer 66) is the same as the winding of po 
tentioineter 792, Fig. 7, and Varies in resistance in 
accordance with the curve marked Z, Fig. 22. The 
functional variation of the voltage selected by 
the brush of potentiometer 685, Fig. 6, will be as 
shown in the curve marked SC, Fig. 22. When 
firing with HE shell, switches SeS, 57), 67?, 872, 
673, 55 and 65 are closed. If the density of the 
air is higher than normal, Switches G5 and 65 
are placed on their left-hand contacts, and 
SWitches 683, 3, G8 and 9 are closed. The 
Source of voltage 655 is connected through Switch 
675, resistor 582, l'esistCr S8i, switch 669, switch 
65 and resistor 382 to ground. The blades of 
switches 659 and 676 are connected through 
Switch 6) to the brush of potention eter 660, and 
to Switch 6; to the blades of Switches 833 and 
564. The upper end of the winding of pctention 
eter 65i) is connected through switches 672 and 
67 and resistCurs 684 to ground. The lower taip ir 
the winding of potentiometer 650 is connected 
through switch 63 to ground and the interme 
diate tap is connected through switches 64 and 
573 and resistor 585 to ground. If the density of 
the air is lass than normal, Switches 657 and 6 
are noved to their light-hand contacts and 
SWitches 63 and G8 are closed. The Source of 
Voltage 656 is then connected through switch 55, 
resistor 333, switch 686, switch 653, switch 625 
and resistCr 83 to ground. The blades of Switches 
659 and G6 are connected through SWitch 679 to 
the brush of potentionineter 66 and through 
SWitch 6, to the blades of Switches 63 and 664. 
The brush of potentiometer 6E5 is connected 
through switch 375, resistor 637, resistor 688 and 
resistor S89 to ground. 
When firing AP shell, Switches 630, 69, 692, 

693, 694 and 695 are closed. If the density of 
the air is greater than normal, Switches 657 and 
26 are placed on their left-hand contacts, and 

switches 64 and 695 are operated. The Source 
of voltage 656 is connected through switch 657, 
SWitch 632, resistor S8, Switch 59 and resistors 
39, 953, and 935 to ground. The contact of 

switch 59 is connected through switch 69 to 
the brush of potentionetter 66. The junction 
of resistors 699 and 953 is connected through 
Switch 699 to the blades of Switches 663 and 654. 
The brush of potentiometer 664 is connected to 
switch. 694, resistor 935, Switch 95 and resistor 
33 to ground. If the density of the air is leSS - 
than normal, Switch 657 is moved to the right 
hand contacts, and switches 663, 957, 958 and 
979 are closed. The source of power 656 is con 
nected through Switch 657, Switch 692, resistor 
693, resistor 966, switch 96, and resistor 969 
to ground. The upper end of resistor 969 is 
connected through switches 968 and 693 to the 
upper end of the winding of potentiometer 660. 
The upper tap in the winding of potentiometers 
G60 is connected through Switches 695 and 90 
and resistor 97 to ground. The brush of poten 
tiometer 660 is connected through switch 972, 
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SWitch 699 and Switch 663 to the winding Of 
potentiometer 665. The junction of switches 690 
and 92 are connected through Switch 973 and 
resistor 964 to ground. The brush of poten 
tiometer 665 is connected through switch 694, 
resistor 965, resistor 972, and resistor 689 to 
ground. 
The configuration and element values of the 

circuit for the nuzzle velocity effect of the Second 
gun are the same as the configuration and ele 
ment values of the circuit for the first gun. 
When firing with the Subcaliber weapon, Switch 
977 is placed on the left-hand contact and switch 
978 is placed on the lower contact. A source of 
voltage 975 is connected through resistor 96, 
Switch 977, resistor 979 and Switch 978 through 
the winding of potentiometer 980 to ground. A 
resistor 98 is connected through the contacts of. 
Switch 98 to ground. The brtsarof potention 
eter 980 is connected through resistor 986 to 
ground. The free end of resistor 986 is con 
nected to the blades of the Switches 98 and 982. 
The contacts of Switches 98 and 982 are re 
spectively connected to the free ends of the wind 
ings of a potentiometer 983, having the mid-point 
grounded. The brush of potentioneter 983 is 
connected to the upper contact of Switch 984 
and the lower contact of Switch 985, the lower 
contact of switch 984 and the upper contact of 
Switch 985 being grounded. When the muzzle 
VelOCity iS larger tham #10Imal, the mOVerment Of 
the brush of potentiometer 983 as before, may 
operate a relay (not shown). The SWitches 98, 
982, 984 and 985 may be springs operated by this 
relay so that when the muzzle velocity is larger 
than normal, switch 98 is operated and Switches 
984 and 985 are on their upper contacts. When 
the muzzle velocity is leSS than normal, Switch 
982 is operated, and Switches 984 and 985 are 
On their lower contacts. The blade of Switch 984 
is connected through resistor 987 to the input 
circuit of amplifier 65, and the blade of SWitch 
985 is connected through resistor 988 to the input 
circuit of amplifier 643. When firing with AP 
shell, switches 977 and 98 are placed on their 
center contacts. The source of voltage 95 is 
connected through resistor 976, Switch 977, resis 
tor SS), switch 99 and resistor 932 to ground. 
The contact of Switch 99 is connected through 
switch 98 and the winding of potentiometer 
980 to ground. The brush of potentiometer 980 
is connected through resistor 995 to ground and 
through SWitch 939, resistor 993 and resistor 994 
to ground. When the muzzle velocity is larger 
than normal, switches 99 and 98 are operated 
and switches 384 and 985 are on their upper 
contacts. The brush of potentiometer 980 is then 
connected through Switch 98 and the upper sec 
tion of the winding of potentiometer 983 to 
ground. When the muzzle velocity is less than 
normal, switches 995 and 998 are operated re 
Spectively short-circuiting resistors 990 and 994. 

series with resistors 990 and 982, switch 982 is 
operated, connecting the brush of potentiometers 
S80 to the lower section of the winding of poten 
tiometer 933, and switches 984 and 935 are op 
erated to their lower contacts. When firing with 
HE shell, the source 95 is connected through 
resistor 976 to the blade of SWitch 977. Switch 
977 is placed on its right-hand contact and switch 
978 is placed on its upper contact and switch 

40 is closed. The Source 95 is connected 
through the resistor 976, Switch 977, resistor 

36, resistor 37, resistor 38 and resistor 
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f 39 to ground. The junction of resistors f 37 
and 38 is connected through switch 98 to 
the upper end of the Winding of potentiometer 
980. The brush of potentiometer 980 is con 
nected through Switch 40, resistor 4 and 
resistor 42 to ground, and is also connected 
through resistor 986 to ground. If the muzzle 
velocity is larger than normal, switch 98 is closed 
and SWitches 984 and 985 are on their upper 
contacts. The brush of potentiometer 980 is 
then connected to the upper portion of the wind 
ing of potentiometer 983. If the muzzle velocity 
is less than normal, SWitches 984 and 985 are 
on their lower contacts, and switches 982, 43, 
f 44, 45, 46 and 47 are closed. Switches 

45, 46 and 47 respectively short-circuit 
resistances 37, 38 and i42. The upper end 
of the winding of potentiometer 980 is connected 
through switch 44, resistor 148 and switch 43 
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to a tap in the winding of potentiometer 980. 
The brush of potentiometer 983 could be ad 

justed to select a voltage proportional to the 
muzzle velocity of the second gun, but this would 
entail making a separate adjustment for this 
value. It is more convenient to have the brush 
of potentiometer 983 adjusted to the muzzle 
velocity of the first gun, as this brush may then 
be ganged to move with the adjustment of the 
brush of potentiometer GT, Fig. 8. The brush 
of potentiometer 930, Fig. 6, is connected through 
resistor f } having a resistance of 48,000 ohms 
and the Winding of potentiometer ? 50 to ground. 
The brush of potentiometer 50 is adjusted to 
the value of the difference in muzzle velocity be 
tWeen the second gun and the first gun and may 
conveniently be ganged to operate with the brush 
of potentiometer 28, Fig. 7. The brush of po 
teratiometer 5g is connected to the upper con 
tacts of Switch iE and the lower contacts of 
Switch 52, the lower contacts of Switch 5 
and the upper contacts of switch 52 being 
grounded. If the muzzle Velocity of the Second 
gun is larger than the muzzle Velocity of the 
first gun, switches 5 and 52 are placed on 
their upper contacts, and if the muzzle velocity 
of the second gun is less than the muzzle velocity 
of the first gun, switches 5 and 52 are placed 
on their lower contacts. The blade of Switch f 5 
is connected through resistor 53 to the input 
circuit of amplifier 64, and the blade of switch 

52 is connected through resistor 54 to the 
input circuit of amplifier 654. 
The output circuits of amplifiers 574 and 589, 

Fig. 5, are respectively connected by connections 
! í 67 and í í 68 to the end of the winding Of Þ0 
tentiometer 69, having a mid-point grounded. 
The brush of potentiometer 69 is adjusted by 
the ranging officer as a range Spot and is Con 
nected through resistor 70 to the input circuit 
of amplifier 644. 
Thus voltages proportional to the sum of the 

range components of the differential ballistic 
-Switch. 99 - is opened inserting resistor- 99 in- - -effect have been supplied to amplifier 64, Fig. 6, ----- 

either directly, or through amplifier 644. 
The output circuit of amplifier 589, Fig. 5, pro 

dulces a votage proportional to -RF2, and is con 
nected by connection f 68 through resistor 7, 
Fig. 6. to the input circuit of amplifier 64. 
The circuit elements for producing the bal 

ancing voltage proportional to the range RW2, 
to the virtual target for the second gun are Sin 
ilar to the elements for producing a voltage pro 
portional to the range RV1 to the virtual target 
for the first gun. . . . 
When firing with the subcaliber Weapon, 

s w 
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connecting said sets of resistors to said first 
Winding and brush, the resistance of said first 
Winding being So proportioned to the resistances 
of each of said sets of resistors that the Voltage 
Selected by Said brush varies. With the movement 
of Said brush proportionally to the maximum 
value of the ballistic effect due to one of a plu 
rality of ballistic conditions selected by said first 
Switching means, a second winding connected to 
said first brush, a second brush contacting said 
second winding and adjusted to select a voltage 
proportional to the actual magnitude of the bal 
listic effect due to the selected ballistic condi 
tion, a second adjustable network connected to 
said Second brush including a third Winding and 
a plurality of Sets of resistors, and second switch 

0 

15 

74 
ing means for connecting said sets of resistors 
to said third Winding, the resistances of said sets 
of resistors being so proportioned to the resist 
ances of Said first network and said third Wind 
ing that the voltage across said third winding is 
proportional to the maximum value of the inter 
action between said ballistic effect and a second 
ballistic effect due to the Selected one of said bal 
listic conditions, a third brush contacting said 
third Winding and adjusted to select a voltage 
proportional to the actual magnitude of said Sec 
Ond ballistic effect and control means connected 
to Said second and third brushes and said motor 
to assist in the control of said motor. 

EMORY LAKATOS. 

  


