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2 Claims.

1

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 hetween 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 ballistic effects to produce an appreciable
error. Assume that both the muzzle velocity of
the wearon, and the density of the air are non-
standard. In prior computers, corrections were
made for non-standard mugzzle velocity with
standard air density and for non-standard air
density at standard muzzle velocity. In the
present computer, corrections are made also for
the effect of non-standard air density on the
correction for non-standard muzzle velocity and
for the effect of non-starndard muzzle velocity on
the correction for non-standard gair density.

In the drawings: |

rig. 1 schematically shows a system for trans-
mitting data from the observing stations to the
computer:

Iig. 2 schematically shows 2 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 voltaces proportional to the

coordinates of the present position of the target,
or 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 bosition of the target:

- Fig. b schematieally shows g system for indj-

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
wind; :

Fig. 6 sckematically shows a system for indi-
cating the deflection zngle of a first gun, for
cenerating voltages proportional to the range
of the first gun, and for indicating the ballistic
elevation angle of a second gun:

I 1
- a Bl o]

g~ Py,

10

15

20

29

4 ()
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(ClL. 172—239)

2

Iigs. 7 and 8 schematically show ‘a system for
indicating the ballistic elevation angle of a first
gun; o |

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

Fig. 11 schematically shows 3, summing ampli-
fier used in Figs. 1 to §:

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

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. T
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
igs. 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 reaquired.

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 oun,
A number of observation stations are distributed
at convenient points along the coast and, as
these stations may be more than twenty miles
irom 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 regu-
lar intervals over a telephone system between
the observing station and the director, while the

fractional values of the data less than one degree
_-.0r one hundred yards,.are transmitted by a data__

{ransmission system of the type shown in United

cates Patent 1,483,235, February 12, 1924, R. V.
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 9.
The secondary winding cf composite coil i ig con-
nected by connection 5, § to a telephone switch-
hoard 1. Fig. 2, located near the director. The
switchboard operator and the fire control oiicer
mayv conveniently ke 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 cobservation stations are
equipped with some known form of azimuth in-
strument, though some of the stations may ke
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 wholg, gegrees of the
azimuth angle on a scale §.
pression position finders are equipped with con-
venient scales to indicate the range in even hun-
areds of yards. The brushes 13, il of the datga
transmittine potentiometer are rotated by a snaft
ceared to the shaft of the azimuth instrument 8
or to the range shaft of the depression nosition
finder. If one complete ratation of the brushes
19, {1 represents one degree 1n azimuth, the gear-
ing will have a step-down’ ratio of 1 to 360.
Similarly, if the full range Is 36.000 vards and
one complete rotation of the brushes 16, 4§
represents one hundred vards. the gearing ior
the ranege finder will have the same ratio as
for the azimuth instrument.

The upper end of potentiometer winaing
(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 potentiomever {3, connection
(9. the armature and break springs of the third
pile-up of key 13, the armature and break springs
of the third pile-up of key {&, resistor 23, the break
soring and armature of the lowest pile-up of
key 15, the break spring and armature of the
lowest pile-up of key 3. connection 21, the wind-
ineg of potentiometer 14, 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 12. Connection 19 is also con-
nected through the armature and break spring
of the third pile-up of key {1, the armature and
preak spring of the third pile-up of key 18, re-
sistor 22. the break spring and armature cof tne
lowest pile-up of key {8, and the break spring
and armature of the lowest pile-un of key {7
to connection 2!{. The near end of the trans-
mission line is thus shunted by the two resistors
28 and 22 in parallel.

Connection 19 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 21
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
nile-up of key 24. |

The brush {0 is connected by connection 2% to
the armature of the upver pile-up cof 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 1t is connected by con-
nection 26 to the armature of the second pile-up

Similarly, the de- @
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connected to the armature of the lower left pile-
up of key 24.

Thus, when the key 23 is operated, the brush
{¢. through the connection 25, and the upper
end of the potentiometer winding {2 through the
connection 19, are respectively connected to the
armatures of the upper pile-ups of key 24. Simi-
larly, the brush 11 through the connection 25
and the lower end of the potentiometer wind-
ing {2 through the connection 21, are connected
to the armatures of the lower pile-ups of the
key 24.

The upper right make springs and the lower
1eft make spring of key 24 are connected through
varistor 28 and resistor 28 tc the upper left
make and lower right make springs of the key
94 The varistor 27 is shunted hy a second varis-
tor 29 in series with a resistor 39. The varistors
7 and 289 may each comprise 2 nair of copper

copper-oxide elements connecied in opposing re-

lationship. The lower make springs of key 31
are connected to the two sides of the varistor 29.
A sensitive meter, such &35 & milliammeter, 32 is
connected to the armatures of the key 31. The
network formed by the varistors 21 and 28 ana
the resistors 28 and 23, protects the meter 32
from injury if too large a current should =accl-
dentally be applied to the meter 32.

A source of voltage 33 may be connecied by
switeh 24 to the brushes of the potentiometers 13
and {8, The observaticn stations may be Jocated
at widely different distances from the director,
thus. as disclosed in copending United States pat-
ent apvlication Serial No. 451 8517, filed July 22,
1942, by W. Koenig, Jr., anc assigned to the as-
signee of the present application. for accurate
results. it is necessary to halance each of the
transmission lines. Over the telephone the op-
erator of the cbserving instrument is instructed

10 to rotate the brush 10 to the upper end of the

15 indicates zero current.

potentiometer winding 2. key 31 is placed on
the lowest contacts and key 23 13 operated. Key
74 is then operated upward and the brush of
potentiometer 13 is adjusied until the meter 32
The overator of the azi-
muth instrument is then instructed by telephone
tg rotate the brush i to the lower end of the
potentiometer winding 2, key 24 is operated
downward. and the brush of potentiometer {4

-y adjusted until the meter 22 again registers Zero.

09

G

Thecse adjustments are repeated until key 24 may
he operated upward or downward without afiect-
ing the zero reacding of meter 32, The trans-
mission line and notentiometer winding 12 15
then balanced against the resistors 29, 22,

The switeh 31 may also be onerated to the up-
ger contacts so that the meter 32 in coniunction
with the network formed by the rasistors 2%, 36
and 37 will form a voltmeter ior checking the
voltage of the source 33.

The meter kev 24 is multiplied to all the line
nalance test keys, such as key 23 for each cof the
fransmission lines to the other ghservation sta-

o HOI‘IS,“HI‘Id“EEICh“O{_‘ the ather data transmission

65

lines js balanced as described above for the data
transmission line No. 1.

After the data transmission line has heen hal-
anced, the line transfer kev {7 is operated con-
necting brush & and conrection 2% threugh thne

-9 make contacts of the upner pile-up to connection

41 connecting the upner end of the petentiometer
winding {2 through the +ransmission line and
conhection 19 and the make contacts of the third
pile-up to connection 33, connecting brush |

of key 23, the make spring of this pile-up being 75 and connection 23 through the make contacts of
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the second pile-up to connection 42 and connect-
ing the lower end of the potentiometer winding
12 throush the transmission line and connection
91 and the make contacts of the lower pile-up
to connection 40. The operation of key {1 thus
connects the data transmission line through con-
nections 1§ and 21 to the ends of the potentiom-
eter winding &4, Fig. 2, and connects the brushes
I8 and i1 through connections 41 and 42 through
recistors 51 and 52 to the springs of the right-
hand pile-up of relay 48, Fig, 2, and through
the transient reducing capacitors 5{’ and $2° 0
oround. The brushes 43 and 46 are respectively
connected through resistors 47 and 48 to the
sorings of the left-hand pile-up of relay 48, and
through transient reducing capacitors 47’ and
48’ to cround. The armatures of relay 49 are re-

spectively connected to the control grids cf a.

double tricde 58, the anodes of the vacuum {ube
53 beoing energized by the grounded source of
voltaze B3. The control grids of vacuum tube
50 are respectively grounded through resistors
58 and §1. The cathodes of the vacuum tube 20
are respectively grounded through resistors 58
and 59, and are connected to the ends of the
winding of potentiometer 34. A grounded source
of voltace 55 has its negalive pole connected to
the brush of potentiometer 54, and a sensitlve
meter, such as a milliammeter 60 in series with

o resistor 61 and shunted by a protective varistor .

82 is connected in series with resistor 93 acrecss
the winding of potentiometer 354. With equal
voltages aprlied to the control grids of tne vac-
aum tube B2, the brush of potentiometer 54 is
adjusted until the meter §0 reads zero. Prerer-
ably the meter 60 is arranged to read zerc at mid-
scale. Afier this adjustment, if unequal voltages
are applied to the grids of the vacuum ftube g4,
they will cause an amplified deflection of the
meter 69. The vacuum tube 58, meter 50 and
associated elements together form the differential
electronic meter 43. |

Thus when the relay 48 is in the non-operated
state, the differential meter 43 indicates the dii-
ference in voltage between the wiper 10, Fig, 1
and the wiper 45, Pig. 2. When the brush 4%
has rotated within one quarter of a revolution
of the end of the potentiometer winding 44, the
cam operated switch §4 operates relay 49, discon-
necting brushes {9, Fig. 1, and 43, Fig 2, from the
differential voltmeter 43 and connecting brushes
1{, Fig. 1, and 48, Fig. 2, to the differential vcli-
meter #3. Thus as only the vecltages selected

from the middle half of the potentiometer wind- -
ings {2, Fig. 1 and &4, Fig, 2 are supplied to the :

differential meter 48, there is no danger that lack
of synchronism between the brushes of the trans-
mitting and receiving potenticmeters 4t the end
of the potentiometer windings, could apply the
full battery voltage to the differential meter 43,
The motor 6% drives the shaft 66 through a
variable spzed drive ¢7 which may be of the
familiar dise, ball, and cylinder type, such as dis-

closed in United States Patent 1,448,490, March

13, 1923, to H. Moakley. The handwheel §3 is
geared to the rack and pinion 59 controlling the
The shaft 88 is
oceared to one pinion of 2 differential gear 10, the
other pinion cf the differential gear 10 being
seared to the sheft 71 rotating the brushes 43
and 45. The handwheel §8 is also geared to the
planet gears of the differential gear 10, so that,

rotation of the -handwheel 68 will change the

speed of rotation of the shaft 71 and will also pro-

duce an angular displacement of the shaft 71,

o
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Thus as a rotation of the observing instrument
8, Fig. 1, changes the voltage selected by the brush
{9 or 11, the operator manipulates the handwheel
68 changing the displacement and rate of rota-
tion of the brushes 43 and 46 to keep the meter
60 reading zero, thus causing the shaft i1 1o
rotate in synchronism with the rotation of the
observing instrument. The rotation of shait 11
may conveniently be indicated on a dial 72 suii-
ably geared to shaft 1.

The shaft 11 is also geared to one pinion of a
differential gear 13, the other pinicn being gegred
to a handwheel 74, the planet pinion being gearcd
to a suitable dial 78. The operator manipulates
the handwheel 74 to set in the whole degrees as
received over the telephone and indicated on
the dial 75. With the whole degrees set in By
the handwheel 74, and the part of a degree set
in by the rotaticn of the shaft 11, the shaft 18,
which is geared to the planet gear of the differ-
ential 73, is rotated in accordance with the whole
angle turned through by the observing instru-
ment 8, Fig. 1. |

Fach of the data transmission lines are
equipped with line balancing equipment and du-
plicates of the keys 15, 15, {1, {8 shown in Fig. 1,
thus by the operation of the key corresponding
to key {8, Fig. 1, the winding of the transmitting
potentiometer at a second station may he ¢on-
nected through the transmission line and con-
nections 19, 21 to the winding of potentiometer
17 and the brushes of the transmitting potentiom-
eter may be respectively connected through con-
nections 25, 26 and resistors 18, 18, Fig. 2, to the
springs of the right-hand pile-up of relay 32,
corresponding to relay 49, and through the tran-
sient reducing capacitors 78°, 19’ to ground. The
brushes of potentiometer 17 are similarly con-
nected throuch resistors 88 and 81, to the springs
of the left-hand pile-up of relay 82; and throcugh
the transient capacitors 80’, 8!’ to ground; tne
armatures of relay 82 being respectively con-
nected to a differential voltmeter 83, similar to
the differential voltmeter 43. The relay 82 1is
controlled by the cam-operated switch 84, in the
same Mmanner that relay 49 is controlled by the

switch 64.

The motor 85 drives the shaft 85 through the
variable speed drive 871 under the control of the
handwheel 88 which adjusts the ball race of the
variable speed drive 81 by means of the rack and
pinion 89. The rotation of the shaft 88 and
the rotation of the handwheel 83 are combined
in the differential gear §0 and geared to drive
the shaft 8! rotating the brushes of the pctenti-
ometer 171. and are also geared-to rotate the dial.
92  The whole degrees cf rotation of the observ-
ing instrument at the second station, as re-
ceived over the telephone, are set in by the hand-
wheel 98 and combined in the differential gear
93 with the rotation of the shaft 81 to produce
a rotation of shaft 96 proportional to the com-
plete angle of rotation of the ohserving instru-

ment at the second station; which is indicated on_.. _ __. _

the dial 5.

In Fig. 10 a target is moving at constant speed
along 5 course from To to Tp, and 1s under ob-
servation from two observing stations A and B at

~ the ends of 2 known base line AB. Applying the
rule of sines B

AT, __AB
sin ABT, sin AT B

AT,=sin .»1.BT¢,>< 4B Xsin

W

1 -
AT.B

.
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A,AT, be the azimuth of the target T with respect
to the station A. -
A.BTo be the azimuth of the target T with respect
to the station B, and
A.AB be the azimuth oOf the hase line AB.

Then
sin (A EBTH—- A:AB)

AT, =AB 5 — A, AT, + A.BT ) (L)

In Pig. 2 the observation station B is connect-
ed to operate in conjunction with the receiving
potentiometer 44 so that the shaft 76 rotates
in accordance with the azimuth AzBTo. The
shaft 16 is geared to one pinion of the dll ‘erential
cear 97. The handwheel 98 15 geared to the other
pinion of the di rerential gear 97 and 18 manip-
ulated to set in the azimuth of the base line AzAD,
a5 indicated on the coarse dial 99 and the fine
dial 188. The shait {0l is conne&@ER O the planet
gear of the differential 91 and will be rotated in
sccordance with the difference between the azZl-
muth of the base line AzAB and the azimuin
ABTo, that is, i sceordance with the angle
ABTo.

A grounded source of voltage 133 1S connected
through the break contact of a relay {64 to the
windine of a potentiometer (05 The winding cf
potentiometer {05 may conveniently be 1n the
form of a card of insulating material having cne
straight edge, closely and evenly wound with -
sulated wire, the wire being Dbared along the
<traight edge of the card in order to make a g00G
contact with the potentiometer prush. The card
is so shaped In width that the resistance of the
potentiometer windings will have the desired
variation in resistance. The potentiometer card
ig arranged on an arc of a circle concentric with
the center of rotation of the brush.

The winding of potentiometer {55 has a slnus-
oidal variation of resistance and the brush is de-
siened to select & voltage proportional to sin
ABT.. Howevel, &as the angle ABTo cannot
exceed 180 degrees, all improved scale factor
may be attained by snoreading the winding
of potentiometer {98 over 360 degrees and
movineg the brush of the potentiometer through
the angle 2ABTo. Thus the shaft 186 ro-
tating the brush of the potentiometer {63 1s
ceared to the shafl (09 so as to rotate through
twice the angle of rotation of the shait 102,

The voltage selected by the brush of poten-
tiometer 19D is supplied to resistor 197. Resistor
{08 and the winding of potentiometer i39 are
connected in parallel with resistor 191. The
hrush of potentiometer (09 is adjusted to select
q, voltage proportional 1o the even thousands of
yards in the pase line AB and 1Is connected
through resistor {13 to the input circuit of an
amplifier 115, of the type shown in Fig. 11. Re-
sistors 10 and 11l form & potential divider con-
nected across the winding of potentiometer 83,

~_The winding of sotentiometer 112 is connected

across resistor 11 | and is adjusted toselect-a volf-
age proportional to the portion of the base line
AB exceeding the nearest 1,000 yard unit and 1S
connected through resistor 114 to the input cir-
cuit of amplifer 119. |

The amplifier shown 1n Fiz. 11 is of the type
disclosed in United atates patent application Se€-
vial No. 391,331, filed May 1, 1941, by K. D.
swartzel. and assigned to the assiegnee of the pres-
ent application. The first stage of the amplifier
shown in Fig. 11 has a double triode 115, with
a common cathOQe connected to ground through
resistor 111, and a grounded source of voltage
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winding of a potentiometer is

3

{{8 with its negative pole connected through re-
sistor 119 to the cathode of vacuum tube 116,
The resistances of resistors ({7 and {19 are sO
selected that the negative yoltage applied to the
cathode of vacuum tube | i § neutralizes the posi-
tive potential difierence produced across the re-
sistor 1{7 by the anode currents flowing in the
vacuum tube (18, thus the cathode of the vac-
uum tube 116 is substantially at ground poten-
tigl. A grounded source of voltage 129 is con-

. nected across the winding of o potentiometer 12 [

the brush of potentiometer ({24 being connected to
the control grid of one section of the vacuum
tube 116 and adjusted so that the output voliage
of the amplifier, for 2ero input signal voltage, 'S
scecurately reduced to zero. A source of voltage
199 is connected to the anode of this section of
the vacuum tube | G, thus compensating for vari-
ations in the activity of the cathode of vacuum
tuibe 115 as described in an article “Sensitive
D C. Amplifier with A. C Operation,” by S. E.
Miller, Tlectronics, November, 1941 page 27,

The input circuit 1s connected to the control
orid of the second section of the vaculln tube
{i6, and the anode of this section 1is connected
to the centrol grid of vacuulnl tube 123 by an in-
rerstage coupling network of the type disclosed 1n
TTnited States Patent 1,751,527, March 25, 1930,
. NMyauist. -A-resistor (24 in series with a ca-
nacitor 125 connected from the control grid of
vacuum tube {23 tO ground compensates for the
phase shift due to the interelectrode capacifances
of the vacuum tube and the capacitance of the
wiring. The screen orid of vacuum tube 123 is
enercized in the usual manner by a SOUICE of
voliage 128. The anode of vacuum tube 123 is
connected to the control orid of vacuum tube 121
by a similar interstage coupling network having a
compensating capacitor {29. The screen grid of
vacuum tube 121 18 erounded through a low re-
sistor 132, A grounded sOurce of voltage 123 has
its negative pole connected to the cathode of
vacuum tube 121, while another grounded source
of voltage {38 has its positive pole connected
through resistor 1314 10 the anode of vacuum tube
(27  The potentials of the sources 128 and 130
are so selected that they form with the resistances
of the resistor 13! and the anode-cathode path
of vacuum tuke (27, a nalanced bridge. Thus in
the absence of a voltage anplied to the sienal grid
of vacuum tube 27, the anode of vacuum tube 121
is 2t ground potential. If a negative voltage be
applied to the control grid of vacuum tube (16, an
amplified negative voltage will be applied to the
control grid cf vacuuin tuke 127 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.

Asgsume that a source of voltage €118 connected

throuch g resistor having a resistance 71, that the
connected acCross

the output circuit ol f17e amplifier from-the anode..

of vacuum tuke §27 to ground, and that the brush
of this potentiometer is connected through a re-
sistor having & resistance ro to the input of the
amplifier. Assume that the source applies a posi-
tive voltage e1 to the input circuit, that the volt-
qge from the contrel grid of vacuuin tube 116 to
ground is €, that the outpul voltage is eo, and
that the fraction of this voltage selected by the
wiper of the potentiometer is keo. The positive
voltage applied to the control egrid of vacuuim
tube {16 will cause a negative voltage to be Pro-

S84ren Houin
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duced across the winding of the potentiometer in
the output circuit, thus, a current can flow from
the source ei, through resistor 71, resistor ro and
the lower portion of the potentiometer winding
back to the source e;. If the voltage gain of the
eomplete amplifier is fairly high, this current will
inerease until the voltage eg between the controi
erid of vacuum tube t15 and ground is reduced
substantially to zero. Let this current be i, then

81":?:'?1
. &1
1=
71
— ey =17y
Substituting the value for i, then
€17
keo—- r
or
' _an -
= Ly T1 (2)
| . |
If the ratioﬁ—ls unity
e
—e=7 (3)

that is, the output of the amplifier is equal fo the
input voltage ei divided by the voltage ratio of
the potentiometer ccnnected across the output
circuit. The voltage ratio k of the potentiometer
will vary with the variation in resistance of the
winding. Thus, by shaping the card of the po-
tentiometer, the ratio X may have a desired func-
tional variation. If the voltage ratio k¥ of the po-
tentiometer is unity, |
Ty
99—51?_1

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

ILet 2 second source of voltage ez be connected
throuch a resistor having a resistance rz across
the input circuit of the amplifier.

Let the current from the source ei1 be 21 and the
current from source ez be iz then, as the voltage
ex will again be substantially zero,

ey==1Ury; €a=1a02
Also,

— keg== (111 12) 70
thus

1 7o 70
—egy="| ey— - €s— A
0 Lo 1?,,1 2?’2 | (‘I)

1f k=unity, and ro=ri1=rs, the output voltage of
the amplifier will equal the negative of the sum
of the input voltages.

The shaft 16, Fig. 2, rotating in accordance
with the azimuth A:BT,, is geared to one pinion
of a differential gear (35; while the shaft 33
rotating in accordance with the azimuth A:AT,,
is geared to the other pinion of the differential
cear 135. The planet pinion of the differential

~_gear 135 is geared to the shaft 135, which will
thus be rotated in accordance with the difference

between the two azimuths, that is, the target an-
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siened so that 90 degrees of the target angle are
spread over 360 degrees of the potentiometer cir-
cle. 'The potentiometer cards 137 and 138 are
shaped approximately in accordance with a co-

sine function extending over one quadrant, exX-

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 narrcw end; 0.3 1o 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;
20 4 to 90.0 degrees the turns on the narrow end
of constant width are short-circuited. With 90
degrees at the bottom, cilockwise rotation, and eXx-
pressing the angle in terms of the target angle,
the potentiometer winding {38 has the following
variations 90.0.degrees to 90.6 degrees, the turns
of the winding on the narrow end of the card are

<hort-circuited: 90.5 to 91.3 degrees the potenti-.

ometer card is of narrow constant width; 01.3 to
177 degrees, the potentiometer card varies 1n
width with the cosine function; 177.0 to 177.7 de-
erees the turns on the windings at the wide end
of the votentiometer card are short-circuited,;
177.7 to 179.7 decrees 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 LI is
connected by connection 138 to the short-
circuited turns on the narrow ends of the po-
tentiometer cards 137 and 138. The short-cir-
cuited turns on the broad ends of the potentiom-
eter cards 137 and 138 are respectively ground-
ed through resistors 140 and 141. Resistors (49
and 141 have resistances equal to the resistance

of 3 degrees of the potentiometer winding at the

o0

60

ole AToB. With base lines of adequate lengtn 65

and a sufficient number of observation stations,
the target angle AToB need never be less than 3
degrees and, of course, cannot exceed 130 de-

crees. Thus to secure increased accuracy and a

better scale factor with potentiometers of rea-
sonable diameter, the shaft 136 is geared to turn
throueh four times the angle of rotation of the
planet pinion of the differential gear 3%, thus
civing a four-fold increase in scale factor,

The poten’tipmetei‘ cards 137 and (38 are de-

wide end. The brushes of potentiometers 137 and
(38 are respectively connected througih resistors
142 and 133 to ground, and are connected to the
springs of the cam-operated switch {44. The
cam shaft 146 is geared to the shalt 136 and
turns at one half the speed of the shaft i3, that
is. through twice the target angle.

The junction of the winding of potentiometer
(27 and resistor 149 is connected to the armature
of cam-operated switch 145. the spring of switch
{45 heing connected through the back contacts 0f
relay (04 and the resisior {471 to the input cir-
cuit of amplifier 115. The brushes of potenftioin-
oters 137 and 128 are respectively connected

to the break {48 :and the-make 143 springs-of .. __

cam-operated switch 144, the armature of switch
{44 being connected through the back contact
and armature of relay 104 and resistor 141 to the
input circuit of amplifier [ (5.

The cams of the cam switches {44 and 145 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 143 and

{49 are open, and switch 145 is closed, thus a

voltage proportional to the sine of 3 degrees is
sent back through resistor {471 to the input cir-

75 cuit of amplifier £15. At 2.6 degrees switch 148

w - .
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closes connecting the brush of potentiometer {31
through resistor {41 to the input circuit of ampli-
fer (15. At 3.0 degrees, switch 145 opens, and
switch 148 remains closed ior one complete revo-
lution of the brush of potentiometer 137. At 83.7
decrees, switch 149 closes connecting the brusit
of potentiometer {38 in parallel with the brusih
of potentiometer 131 through resistor 147 to the
input circuit of amplifier (15. At 91.3 degrees
switch 148 opens and remains opened for the re-
mainder of this revolution. At 177.2 degrees
switech 185 again closes and at 1787 degrees,
switeh 149 opens. Switch {45 remailns closed, and
switch 149 remains opened, for the remainder
of the revolution.,

Thus in terms of the target angle, for the first
three degrees of rotation, a constant voltage pro-
portional to the sine of 3 degrees.
through the switch 185; from 3.0 decrees to 83.7
degrees, a voltage varying In sccordance with
o sinusoidal function is supplied by the brush
of potentiometer 1317 through switch 148, this
voliage increasing linearly irom 88.7 degrees to
89 4 degrees and then remaining constant. At
397 degrees the brush of potentiometer 138 is
connected in parallel with the brush of poten-
tiometer 137. At 80.3 degress, the brush of po-
rentiometer {37 is disconnected and the brush of
potentiometer 133 supplies a constant voltage up
to 90.6 degrees, then a constantly decreasing
voltace to S©3 degrees, and after that a voll-
age decreasing in sccordance with a sinusoidal
function to the angle of 177 deerees, when switch
145 is closed and & constant voltaze proportional
to the sine of three cegrees is supplied through
resistor 147 to the input circuit of amplifier 115
for the remainder of the revolution of the brushes.

The input voltages to amplifier {{3 are propor-
tional to — sin ABT«AB, and the feedback volt-
age from potentiometers 137, 138 is proportional
to sin AToB, thus the output voltage of ampli-
fer {15 is proportional to —+ AT., the distance
from the observing station A {o the present posi-
tion Te of the target.

The output circuit of amplifier {15 is connected
by connection 139 to the windings of potentioms-
eters {31, 138 to the break springs of cam-oper-
ated switches 156 and {37, and through resistor
(60 to the input circuit of 2 unity gain ampiifier
{51, of the type shown in Fig. 11, having a feed-
hack resistor 162. The output circuib of ampli-
ser 154 is connected to the make springs of cam-
operated switches 196 and [{57. The shaft 55 is
rotated proportionally to the azimuth AzATo.
The output voltages of amplifiers 115 and 161
are respectively proportional to the positive and
negative values of the distance ATo. In the pres-
ent director, the prediction is made in a system
of rectangular coordinates, preferably having the

sxes alicned with the cardinal directions, thus

| Y=—ATo cos A:ATo (5)
X=—ATo sin AATe — —

To secure a better scale factor in this conver-
sion, without entailing the use of potentiometers
of inconvenient size, the conversion potentiom-
oters operate with a scale factor of 2.

The shaft 95 is geared to the shaft 158 through
gearing ‘having a ratio of 2 to 1, thus the shaft
58 rotates through twice the angle of the shaft
ag. The cam shaft {59 is geared {0 the shait
{58 through gearing having a ratio of 1 to 2,
thus the shaft 159 rotates through the same

angle as the shaft.96..
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two sections {59 and 151, each section varying in
width in accordence with a cosinusoidal func-
tion extending over substantially a complefe
quadrant. The description of this potentiom-
oter will be given in terms of the azimuth angle
A,ATo, and not in terms of the angle of rotation
of the shaft [%8. Abcut 134 degrees irom the
narrow end, the sections 158 and 151 becomg of
constant width for about 1 degree, the turns of
the winding on the latter half ol this section be-
ing short-circuited. 7The windings terminate
about 34 of a degree on each side of the junc-
tion line, the intervening space of 115, degrees
being filled by an insulating bridge.

As the shafts 158 and 153 are rotated, the cam
switches 155 and (577 connect voltages of the
proper polarity from the output circuits o ampli-
fers {15 and 161 to the short-circuited portions
of the windings on the narrow-ends of the sec-
tions §58 and {31, the wide portions of these
sections being grounded. These voltages are
switched just before the obrush passes through
the erounded scections to the section being
switched.

The brush 152 is connected to the spring of
switch 1584 and through resistor 163 to the input
circuit of amplifier 154 of the type shown in Fig.

- 11, having a feedback resistor §85. The brush

153 is connected to the spring of the switch {85
and throueh resistor 156 to the input circuit of
amplifier 187 of the type shown in Fig. 11 hav-
ing g feedback resistor 1§8.

While a brush is passing over the short-cir-
cuited portion of the narrow end oOf the winding

na or {81, the appropriate switch (54 or 155 i3
operated, applying a constant voltage to the
input of the amplifier {54 or (87, which con-
tinues until the brush has passed over the In-
sulating bridge to the short-circuited portion of
the other section of the winding. Thus for ahout
21, degrees, where the function is a maXimum,
a constant voltage is applied {o one of the ampli-
fiers, 164 or 1@7, but as the function is changed
rather slowly in this range, the error produced is
inappreciable. The voltages applied to the sec-
tinns 1583 and 151 of the winding, the voltages se-
lected by the brushes 82 and (53, and the opera-
tions of the switches {54, 135, (55, and (51, are
shown in the following tabulation in which G rep-
resents ground; 0 represents an unoperated con-
dition or no voltage; and 4+ and — represent the
polarity of the voltages applied, transmitted or
selected.

Azimmuth Potentiomeler Quitehing—>Scale Factor 2

Card 5 Brush Switel
A.Iﬂ aﬂglﬂ , E —
150 | 151 | 152 1 133 | 184 | 155 | 186 | 157
_ | = ' ,

O b ol o] o] +1 +| -
G e e 4+ T T 0 0 +{ + —
1o = - e [ S R A L B = 0 0| + L
Y D AT R e LI N o R
SO S o ecmaeecan- —_ U o} - 0 — 4
O o e —_ . () (1 ~+ ) — -
91 . — 4 4 - 0 01 — +-
17 e HE L R 0| — i — -
510 DR | = G 0 ol — | - -+
140Vs . . o eaai- N — 0 U — — -
5 | -] =] = - 0 0| — —
210 DU = = =] = 01 — —
L5310 —+ — 0 — — 0 - —
Ry T + | - ol G| — 01 + —
21 A - — ~4- 0 ( -+ -
T8 D ] =] -1 + ol <+ | + —
1y, | D | = @ 0 0| + 1} + —

The rectangular coordinates of the position of

The pote?tiometer winding Is distributed over 75 the target with respect to the poipt of observation
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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 172 is operated to select a voltage of

appropriate polarity from the source 178 or 174,

and 1s connected to the windings of poten-
tiometers (13, 175 and 177. The wiper of poten-
tiometer 173 is adjusted to select a voltage propor-
tional to the nearest unit of 190,000 yards in the
X-coordinate of the ohserving station with respect
to the pivot gun, and is connected through re-
sistor {74 to the input circuit of amplifier 164.
The wiper of potentiometer {75 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 {76 to the input circuit
of amplifier (54, The wiper of potentiometer
1717 is adjusted to select a voltage proportional
to the nearest yard of the X-conordinate and is
connected through resistor {78 to the input
circult of amplifier (84. The output circuit of
amplifier {54 will thus have a negative voltase
proportional to —Xp, 2 rectangular coordinate of
the present position of the target with respect to
the pivot gun.

-Similarly, the switch 122 is adjusted to select
a voltage of appropriate polarity from the source
183 or 18 and is connected to the windings of
powentiometers {23, {E5 and {87. The brushes of
posentiometers 183, {35 and {87 are respectively
connected through resistors {24, {25 ard {83
to the input circuit of amplifier 187, and are
respectively adjusted to select voltaze pronor-
tional to the nearest unit of 10,000 yards, the
nearest unit of 1.060 yards and the nearest vard
in the Y-coordinaie of the observation station
with respect to the pivet gun. The output cireuit
of amplifier {57 will thus produce a voltage of
negative polarigy propfiruonal to the rectanguylar
coordinate —¥Yo of the present position of the
target with respect to the pivot gun.

In sore cases, as when a target is first brousht
under observation at extreme rance, 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 soine 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 13 to the receiv-
ing potentiometer ¥7, Fig. 2. The range finder
is also equipped with: a data transmitting poten-
tiometer which is connected through a second
transmission line and the appropriate key {7
(Fig. 1) to the receiving potentiometer 44, Fio. 9.
The base line azimuth handwheel 58 is rotated to
set the dials §% and 183 to z=ro. The even hun-
dreds of yards as received over the telephone are
set In by the handwheel 74, and are Indicated hy
special graduations of the dial 185.
wheel 58 is manipulated to keep the meter §0 on
zero thus causing the brushes 45 and 45 to track
the corresponding brushes of the range finder
transmitting potentiometer and the shaft 71 to
rotate in accordance with the units of distance
less than 100 yards, as indicated on a special grad-

uation of the dial 12. The rotationsg proportional

to the hundreds of yards and of the distances
less than 100 yards, are combined in the differ-
ential gear 13 so that the shafts {0t and (32 are
rotated preportionally to the measured distance

The hand-~
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to the target and the shaft 18§ is rotated propor-
tionally to twice this distance,

The key 200 is operated operating relay 104,
disconnecting the battery {83 from the wind-
ings of potentiometers {85, 109 and 112, and
connecting the battery {83 to the winding of
potentiometer 28(. The winding of poten-
tiometer 221 is of uniform resistance, and the
brush is connected through resistor 202 to the
input circuit of amplifier 1{5. The operation of
relay (84 also disconnects the potentiometers 1371

and 138 from the resistor {47, and connects the
output circuif of amplifier {{5 to the input circuit
tnrough resistor {47, The positive voltage in the

-output circuit of amplifier (15 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-
clometer windings {50 and 151 to produce voltages
proportional to the rectangular coordinates of
tlte present position of the target with respect
to the coservation stafions which are supplied to
thie amplifiers 154 and {67.

The output circuit of amplifier {54, Fl,_, 2, 1S
connecied by connection 284 through the upper
make-before-break springs of relay 205, Fig. 4,
the upper make-before-break sorings Df relay
304, Pig. 3, and resistor 207, Fig. 4, to the innut
circuit of an amplifier 268, of the type shown in
Fig, 11, having a feed-bhack resistor 298. The
notentiomster winding 213 is on a card varying
in width with a cosinuscidal function extending
tiirough 2 complete revolution, the winding being
grounded at the points where the card is of
maximum width., The output circuit of amplifier
233 is connercted to the potentiometer winding 210
at the point where the card is of minimum width,
and throvigh resistor 244 1o the input circuit of a
enity galn amplifier 215, of the type shown in
Fig, 11, having a feedback resisior 2{6. The
output circuit of amplifier 215 is connected to the
Wiﬂdihg 218 at the other point where the card

g of minimum widih, |

Ihe gutput circuit of amp‘!wer {87, Fig. 2, is

onnected by connection 247 thmugh the lowel
make—aﬂfcre ~-break springs of relay 208, Pig. 4,
and the lower make-b=fore-break springs of relay
388, Fig. 3, throucgh resistor 213, Fic, 4, to the in-
puy circuit of amplifier 219, of the type shown
in Fig, 11 having a feedback resistor 2Z8. The
potentiometer winding 22{ is similar to the po-
tentiometer winding 2i8, and is grounded at the
points where the card is widest. The cutpug cir-
cuit of amplifier 219 is connected to the poten-
tiometer winding 22{ at one of the points where
the card is narrowest, and through resistor 227
to the input circuit of a unity gain ammplifier 223,
snown in Fig. 11, having a feedback
resistor 224, The output circuit of amplifier 223

is connected to the potentiometer winding 221 at
the other point where the card is narrowest.

In PFig. 10, 12t the azimuth of the plesent DOSi-

| twn of the target, To, with respect to the mivot — -

un, Gi, be Ao, then, as Xo and Yo are the rec-
tangular coordinates of the present pcsivtion of
the target with respect to the pivot gun, it fol-
lows that:

— &9 ¢0s Ao-+-Yo sin Ap=0 (7)

In Fig. 4, with zero angle at the lower ground
in the potentiometer windings 210 and 221, and

. clockwise rotation of the brushes for increasing

75

angle, the brush 211 will select a voltage propor-

tional to the cosine of tlie angle of rotation, and

- '
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is connected through resistor 213 fo the input
circuit of an amplifier 227 of the type shown in

Tig. 11 having a feed-back resistor 223. The out-
put circuit of amplifier 227 is connected to tine
windings of a potentiometer 223, the Drush of
potenticmeter 228 being connected by con*leu...mn
237 to a control circuit 2§90, of the type shown in
g, 12,

The control circuis, Pig. 12, includes {wo trans-
formers 23{ and 232, connected to the cecnjugale
points of a bridge formied by the elements Z33,
234 235 a2nd 2368. The elements 233, 234, 235,
and 233, are non-linear resistances, such as cop-
per, copper-oxide couples, the arrcws indicating
the direction of fiow of the hiasing curreni o
produce a low resistance in these elementis. Ths
mid-point of cne winding of the transiormer 2314
is grounded, and the mid-point of one winding
of the transformer 232 is connectetr«tiy the con-
trol circuit. With positive voltage supplied v
the connecticn 237, the elements 223 and 2324 w"'l
be of low resistance, thus, if an alternating volt-
ace be applied to the primary winding of irans-
former 23! so as, at a given instant, to make the
right-hand end of the secondary winding of {ran
former 23! positive, the curreat from tihis sour .:::::
will flow unward in the primary winding of trans-
former 232. If a necative voltage be supplied by
the connection 237, the elements 250 and 23% will
be of low resistance, thus when an aiternating
voltage mekes the right-hand end of the sz2-
oindary winding of transformer 22! posicivo, cur-
rent will flow downward in the primary winding
of transformer 232. The polarity cf the con L-I'Gl
voltage supplied by the connertion 2237 thus con-
irols the phase of the alternating current trans-
mitted through the network from transicrmer
231 to transformer 232.

In Fic. 4, a source of two-phase curront 243,
has one phase connected direcily to one winaing
of a two-phase moter 244, and the other phase
connected through the controlling network 2390
to tlhe other windine of motor 241,

The voltages supplied to the input circuit of
amlifier 227 are approx timately proportional to
— Xpeos 4o+Yssin A9 and from Equation 7, this
quantity should egual zere. If the output voltage
of amplifier 227 is not equal to zero, current will
ba supplied by ccnnection 237 to the contrel nast-
work 233, unbalancing the network and supply-
inc power toc the moter 221, which relates thae
brushes 24i and 225, until the ocutput of ampli-
fier 227 is reduced to zzro., The brushes 2:! and
225 have thus beaon rotated to the angle Ag. which
may be indicated on a suitable diat 242, Tha
sensitivity of the response of the control circuit
and moctor mav be adjusted by adiusting the
brush of potentiometer 228.

Tihie brusn 212 is connected through resis te-r 2453
to the input circuit of an amplificr gq.,.,, of the
type shown in Fig. 11, having a fesdback resistor
245. Brush 246 is connected through reeistor 24
tothe Tanut ciredit of amplifier 2847 The winding
of potentiometer 248 is connscted across the
ercunded source of veliage 243, and the orish is
connected through rasistor 253 to the input cir-
cuit of amplifier 243, A source of t{wo-phasa
power 282 is connected dirccetly to one windine of
the motor 253, and througii the contlel network
251, of the type shown in Fig. 12, to the other
windinge of the motor 283. The ouiput circuit of
amplifier 244 is connected to the control cir-
cuit 251. '

The voltages selected by the brushes 212 and
245 are respectively equal to -Xo sin Ao and
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1Yo cos Ao, and the sum of these voltages 1is
equal to the distance from the pivot gun to the
present position of the target. These voltages
are balanced by the positive voltage selected by
the brush of potentiomeier 248, If the output
voltage of amplifier 244 is not equal to zero, the
motor 283 will start moving the brush of pofen-
tiometer 249 until the positive voltage selecied
by this brush is equal to the voltages supplied
by the brushes 2{2 and 248, reducing the output
voltage of amplifier 244 to zero and stopping
motor 253. The brush of potentiometer 248 has
thus been rotated to the value of the distance
from the pivot gun to the present position cf
the target, and this distance may be indicated
on 2 suitable dial 254.

In Fig. 10, as the target moves along its course,
it will tend to move so far from the staticn A
that observation becomes difficult .and it is ad-
visable to transfer the observations to stations
B and C. From the rectangular coordinates of
the present position of the target with respect to
the pivot gun, the rectangular coordinates of the
target with respect te the station C may be ob-
tained, and from these rectangular coordinates
the szimuth A:CTo may be computed. This azi-
muth is transmitted by telephnone to station C,
where the operator sefs in the angle on his azi-
muth instrument, identifies the target and brings
the target under observation. The director may
then be switched so that it is contrclled by the
nobservations from staticns B and C, and not by
the observations from stations A and 3.

In Fig. 4, voltage of appropriate polarity from
the source 2595 is selected by the switch 255 and
applied to the windings of potentiometers 251,
258 and 259. The brushes cf potentiometers 25
258 and 259 are respectively connected through
resistors 2680, 261 and 2£2 to the input circuit of
amplifier 208. The brushes of potenticimeters
257 258 and 259 are respechively adiusted to the
ten thousands of vards, the thousands of yards,
and the odd yards of the X coordinate of the
station C with respect to the pivot gun, |

Similarly, voliage of apprepriate polarity from
che source 285 is selected by the switch #0658 ana
applied to the windings c¢f poientiometers 267,
288 and 255. The brushes of potentiometers 237,
288 and 259 are resnectively connected through
resistors 278, 27{ and 272 to the input circuit of
amplifier 219 and are respectively aajusted to
select voltages propertional to the ten thousands
of vards, the thousands of vards, and the odd
vards of the Y coordinate of station C wilh re-
spect to the pivot gun. The output veitages of
amplifiers 238 and 2{§ will thus respectively be
eaual to the X coordinate and the Y coordinate
of the present position of the target with re-
spect to station C, and the motor 24{ will be
driven to rotate the brushes 21 and 239 to the
angle corresponding to the coordinates, that 1s,
to the angle A:CTo.

- In Fig. Ftheoperation-of-key 1§ connected the
transmitting potenticme*ter of station A to po-
tenticmeter 17, Fig. 2, and the cperatiocn of a
key corresponding to key (7, connected the trans-
mitting potentiometer of station 3 to potentiom-
eter A4 Fig. 2. The compleie cquipment shown
in Fie. 2. which may be termed the AB triangle
solver. is duplicated in the dircctor, and may be
termed the CD trianglie solver 213. The Kkey.
corresponding to key 195, is operated to connect
the receiving pctentiometer of the CD triangle

solver 273, corresponding to potentiometer 11, to
station B. It will be’noted that this operation

&
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has connected tweo receiving potentiometers in
paraliel to the transmission line tg station B.
It 1s for this reason that the transmission lines
are balanced with two resistors 28 and 22 in
parallel, these resistors having the same resist-
allces as the windings of the receiving poten-
tlometers. By the operation of g key correspond-
Ing to key 15, the transmission line from sta-
tion C is connected g the potentiometers in the

-
i

CD triangle solver 272 correspending to poten-
tiometer 44, Fig. 2. The outputs of the summing
amplifiers in the CD triangle solver 212 are re-
spectively connected io the armatures of relay
283, Fig. 4. As soon as the CD triangle solver has
been properly adjusted, as deseribed above in con-
nection with Fig. 2, the RKey 274, Fig. 4, ig oper-
ated, operating relay 285, connecting the outputs
of the summing amplifiers in the D triangle
solver to the director, and disconnecting the out-
puts from the summing amplifiers 294 and 21T,
Fig. 2, of the AB triangle solver.

While the transfer of odservations from stations
AB, Fig. 10, to stations BO has been described.
it is evident that the observation could he trans-
ferred from stations AB to stations CD. Then,
as the target progresses farther along its course,
another pair of observation stations, say EF.
could be connected to the AR triangle solver and
observations transferred from stations CD tgo
stations EF, and s0 on.

The output circuits of the amplifiers {84 ang
161, Fig. 2, or the output circuits of the corre-
sponding amplifiers in the CD triangle solver 273,
are connected through the contacts of relay 23§35,
Fig. 4, by connections 204 and {7 through the
contacts of relay 358, Fig. 3. respectively, throueh
the capacitors 235 and 213’, Fig. 4, the resistors
276 and 276’ to {he Input circuits of the ampli-
fiers 2717 and 217, of the type shown in Fig. 11,
having feedback resistors 218 and 218",

In Fig. 11, let o grounded source of voltage e3

be connected through a capacitor of capacitance
Cs to the control grid of vacuum tube 116, gand
let =1,

13=C323. Then —€0=13r0=C13roc3, that 15, the out-
put voltage is proportional to the derivative or
time rate of change of the input voltage. 1f the
voltags e3 is positive increasing or negative de-
creasing, eo is of negative polarity if ez is posi-
tive decreasing or negative Increasing, ep is of
positive polarity. |

The output circuits of amplifiers 277 and 2177,
Pig, 4, are respectively connected through resis-
tors 2719 ang 213’ 280 and 2587, 281 and 2817 282
and 282’, to the input circuit of amplifiers 283
and 283’, of the tvpe shown In ¥ig, 11, having
feedback resistors 584 and 284’,
pacitors 285 and 2858’ 288 and 286”, with the
shunt arms formeg by the resistors 2587 and 237’
In series with thea capacitors 282 and 288’ and
the bridged capacitors 9323 and 283’ form smooth-
Ing networks of the tyre disclesed in United
States patent abplication, Serial No. 923,514, filed
February 23, 1944 by W. H. 'Boghosian and H, &,
Och and assigned to the assignee of the present
apnlication, The networks together wWith the
capacitors 275 andg 275’ and the resistors 273 and

278" produce in the ounput cirenits of the ammnli-

fiers 283 and 28% voliages respectively propor-
tional to the time rates cf change of the voltages
frem the output circuits of the amplifiers 164 ang
(67, Fig. 2, that 1S, respectively proportional to
the rate or speed of the target in the direction nf
the X and Y coordinates, These rates will pe
respectively designated?s KLand Y. |

b 4

As before, es ig nearly zero, thus

The shunt cg-
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The output circuits of the amplifiers 283 and
283’ are respectively connected by connections
290 and 29{ through resistor 302, the break
Springs of the second pile-up of relay 368, and
meter 394, Fig, 3, to ground, and through resistor

383, the break springs of the fifth pile-up of relay
308 and meter 305 to ground.

When a target is moving with unaccelerated
motion, that is, motion in a straight line gt con-
stant speed, the rates X and Y", In the direction
of the rectanguiar ceordinzates X and Y, shouid
Be constant, Thus the readings of the meters 354
and 348 should be constant. However, as some
01 the observations are telephoned to the com-
puter at regular intervals: as observations of
the target may be dif cult due to naturaj causes:
and as the sSmoothing networks may not have
completely settled down, the readings of the
megers 384 and 305 May vary in an irrecular
thus indicating‘ that the predictions
based upon the values of X any Y may be unsat-
1sfactory for predicting the future position of the
target.

If the readings of the meters 384 and 3065 are
found to pe undesirably unsteady, switch 346 may
be operated, thys SUpplying ground through the
right-hand switch blade over connection 337 to
operate relay 308. -

The operation of switeh 395 Dermits current to

Ow from g suitable source 203 through resistor
319, iamp 311, the break springs in the third pile-
up of relay 3i3 back through the left blade cf
switch 333§ to sround, thus lighting lamp 3if,
Similarly, current can flow irom the source 3439
tiirough resistor 3i4 and lamp 315, the break
springs of the Nnfth piie-up of relay 313 through
switch 388 to ground lighting lamp 3{5. The
lamps 312 and 31§ are short-circuited Ay the
Springs of relay 313 and thus do not light. The
lamps 311 and 3i5 produce a green light ang will
pe designated Gx and Gy. The lamps 312 and
316, when lighted, give gz red light and will be
designated Rx and Ry, |

Ihe operation of relay 398 connects the connec-
tion 230 through resistor 3{7, the break springs
of the fifth pile-up of relay 313, Iamp 319, break
SPrings of first pile-up of relay 3u9, make springs
of first pile-up of relay 3868, resisior 220, make
springs of the second pile-up of relay 388, to one
side of the meter 394 The other side of the
meter 333 ig connected through the make Springs
of the thirg pile-up of relay 358 to the ocutput
Circuit of amplifier 32 , Of the type discloseq in
Fig, 11,

A source of voltaze 322, having an intermediate
point grounded, is connected across the winding

of g potentiometer 3523 The brush of potern-
ticmeter 323 is connected through the break

Springs of the first rile-up of relay 318 and re-
sistor 324 to the input
The feedback resister 325 is connected from the
input circuit of the amplifier 321 through the
break springs of the third pile-up. of relay 318 io.
' The meters
are sensitive meters having cenier
The cutput voltage of the amplifier 321

ey

984 and 205
Zeroes.

- Obhoses, in the meter 364, the voltage supplied by

the connection Z88, thus by adjusting the brush of
botentiometer 323, the reading of the meter 384
can be redtuced to irregular movements equally

spaced on each side of the zero. The output volt-

age of amplifier 321 is then equal to a smoothed
average of the observed values of X, -
- ‘The operation of relay 308 also connects 4 hon-
linear resistor 326, which may be copper-copper-

circuit of amplifier 82§,

[T S—
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oxide couple, acrcss the resistor 322 and meter
234 and this resisior 325, tcgether with the re-
sistance lamp 319, protects the moter 304 during
the adjustment of the krush of potentiometer
323.

When tihe brush of potentiometer 223 nas heen
adjusted to a satisfaciory value, switch 327 1S
moved to the first contact, thus supolying ground
through the right-hand blade of switch 386 and
the left-hand blade of swiich 3271 to coperate Ie-
lay 3901,

The connection 280 1s normally connected
throuch the break springs of the first pile-up of
relay 394, to the circult in Fig. 7 which predicts
the future position cf the tarcet. The operation
of relay 331 brzaks this connection and connects
the outrput circuit cf the amplifier 321 to ihe
prediction circuits. The predictica.cf.the future
position c¢f tine tarcet is then based upon the
smooth handset voltage from the outpuf circuis
of amplifer 321, in place of the unsseady voliages
from the observing equipment.

tUhen the voltages derived from the observa-
tions have settled down 1o a satisfactory cegree
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 259
through the break springs of the first pile-up of
relay 321 to the circuits of ¥ig. 7.

In g similar manner, the operaticn of relay 388
connects the connection 291 through resistor 337,
the break springs of the fifth pile-up of relay 328,
lamp 329, the break springs of the fourth pile-up
of relay 2063, the make springs of the sixth pile-
up of relay 3388, 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, 18 connected acrcss
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 334 to the inpul circuit of an amplifier
331, of the type shown In Fig. 11. The output
cireuit of amplifier 331 is connected through the
make springs of the fourih pile-up of relay 283
to the other side of meter 3393. A feedback re-
sistor 335 is connected from the inpuf circuit of
amplifier 331 through the break springs of the
third pile-up of relay 328 to the cutput circuit
of amplifier 331. The brush of potentiometer 333
is adjusted until the readings of meter 385 are
evenly spaced about zero. The connection 231 is
normally connected through the break springs of
the second pile-up of relay 381 to the predicticn
circuit of Fig. 7. The operaticn of relay 391 con-
nects the output circuit of amplifier 33{ through
the make springs of the second pile-up of reiay
13{ to the prediction circuit of Fig, 1.

The resistors 340 in series with the capacitor
241 connected across the input circuit ot the am-

T Tplifier 321, and 342 In series with the capacitor
243 connected across the input circuit of the am-
plifier 331, correct 1ior slicht phase shifts in these
amplifiers and prevent the amplifiers from sing-
ing at 2 high frequency. |

The output voltages of amplifiers (64 and (67,
Fig. 2, are respectively proportional to the coor-
dinates Xo and Yo, of the present position of the
target. In some cases, i may be apparent that
the tarcet 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 to fire at the target, even though fur-
ther cbservation of the targel may be impossible

S by i % R IEEI T T & s . .
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for 5 fairly prolonged interval. The circuit of
Fiz. 3 thus may be arranZed fo generafe a sSyLi-
thetic course which will ke an extrapolation,
alone a straight line at constant speed, of the
 course of the targes being observed. This means
that the circuit of Fig. 3 must be adjusted 1o ge€n-
erate o voltage proporticnal to the instant valucs
of the voltages from the output circulls of ampli-
fers 164 and 181, Fig. 2, and that these voltages

10 will have the same rates of change as the volf-

ages from the observations, so thadt, throughout
the desired time interval, the generated voitages
will at all times be equal fo the values which the
voltages derived from the obzervations woulc

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 cf change-
~ over, will be equal to the instant values of the
voltages proporticnal 1o Yo and Yo: to generated

o0 voltages equal 1o X and: Y: t«o' integrate the

voltages proportional to X and Y over the de-
sired time interval, and to add the integrated
voitages to the generated voltages proportional
to Xo and Yo, so that the aleebraic sum of the gen-
erated voltages throughout the desired time in-
terval will be, at all times, equal to the voltages
which would be obtained from the cghservations.
In Fig. 11, let resistor ro be replaced by a ca-
pacitor cf capacitance Co, let k=I, and grounded
30 source e1 be connected through resistor 71 to the
grid of vacuum tube 115. As before eg is nearly

zaro, and e1=i1r1 2lso i1=—C0oeo.

I
(]}

: ‘s or —¢ L _[e !
— &€ . ? — &y ¢ 1 ,
rily . ’ rCo

The output voltage of the rnetwork will thus be
the inteeral of the applied voltage. If the applied
voltage e1 be constant, & will also be constant and

10 —eg will increase linearly with time, the slope or
rate of increacse depending upon the magnitude
of e1. If the capacitor Co ke first charged to socme
desired voltage, then connected to the ampilliier,
a5 eq is nearly zero, —eo will rise immediately to

43 the value of the desired voltage and will then rise
or fall in accordance with the integral of the
applied veltage e1.

With switches 838 and 321, Fig. 3, on thelr sec-
~ ond contacts, and relay 308 operated, the brushes
50 of potentiometers 323 and 333 are adjusted to the

best values to make the readings of the meters
a4 and 203 vibrate equally sbout zero reading.
Connection 284 is connected through the break
springs of the fourth piie-up of relay 313, capac-
55 itor 345, resistor 348, the break springs of the sec-
ond pile-up of relay 113 to ground, thus charg-
ing capacitor 343 to a voltzge proportional to 0.
Similarly connection 217 is connected through
the break springs c¢f the fourth pile-up of relay
50 328 capacitor 337, resistor 3148 and the break
springs of the second pile-up of relay 223 to
_ _oround, thus charging capacitor 367 to a voltage

a5 thus

N v A% 41y

corresponding to Yo. T T

As the adjustments of the potentiometers 323

65 and 323 may not be the best anproximation to
the sverace rate of the target, and as the con-
stants of the circuits may not be exactly as ae-
sired, an integrating period 1S provided in which
the outputs of the amplifiers 32{ and 331 are

-0 respectively compared with the observed results
from the outputs of amplifiers (64 and 157, Fig.

9 At the end of this period, the potentiometers
293 and 333 are adjusted to correct for the errors
sccumulated during the interval. Since the

75 operator cannot adjust the potentiometers 323

»
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and 333 at the same time, the integrating period

for the X coordinate is arranged to start first,

then affer a short interval the integrating pe-
riod for the Y coordinate commences. Thnus,
when the integrating period for the X coordi-
nate ends, a short interval is provided for the
adjustment of potentiometers 323, foliowed by
an interval for the adjustment of pocrentiometer
333, thus completing the adiustment.

With switchh 308 on the szcond contact, the
operator moves switch 327 to the thirg contact,
thus completing a circuit from ground through
the right-hand blade of switch 385, the left-
hand blade of switch 327, and key 283, through
the winding of relay 3{3 to battery, thus oper-
ating relay 313. |

The operation of relay 313 exstinguiznes the
Gx lamp, 311, by completing 2 short-cirecuit
from the upper terminal of the lamp through the
make springs of the third pile-up of relay 313,
the break springs of the first Dile-up of relay 352
back to the lower side of the lamp 311. A cir-
cuit is also completed from the sourca 358
through resistor 318, the break springs ¢f the
first pile-up of relay 332, the make springs c¢f
the third pile-up of relay 313, lamp 312, 1eft blade
01 switch 386 to grournd, thus lighting the Rx
lamp 312. Similarly, the cperation of relay 2142
extinguishes the Gy lamp 2{5 by completing a
circuit from the upper terminal of the Iamp 315
through the make springs of the fifth pile-up of
relay 3i3 and the break springs of the fifth pile-
up of relay 354 back to the lower terminal of
the lamp 315. A circuit is also completed from
the source 309 throuch recistor 2§ &, the breagk
springs of the fifth pile-un of relay 3594, the
make springs of the fifth pile-un of relay 3132,
through lamp 318, and the left blade cf switen
308 to ground, thus lighting the Ry lamp 3{%.
The extinguishment of the two ereen lamps 341
and 319 and the lighting of the twn red lamps
2i2 and 315, warns the coerator that the in-
tegrating period has commenced.

The opseration of relay 313 closes a circuit
from ground through the make springs of the
second pile-up. of relay 3i3 to the winding of
relay 818, operating relay 2{8.

The maximum voltage salected Dy the hruzh
of votentiometer 323, when used as a Soureca of

handset rates produces in the cutput cireuit of

amplitier 321, a voltase proportional to tha max-

imum target velocity multinlied by the maximum
time of flight of the shell. that is, proportiongl to
the maximum predicted displacement of the
target. If this voitage were to be arplied to

the amplifier 321, when the amplifier 321 i3 used

Lo Integrate the acplied voltage, the resistors 324
and 334 would have to have very -large values
of resistance, and ihe capacitors 345 and 247
would have to have very larse values of capaci-
tance. It is thus necessary to reduce the voli-
age. suvplied by the brush of potentiometer 323
10 the input circuit of ammplifier 321,

10

156

20

30

39

4()

ot [
-
' [

60

The oper-

ation of relay 218 connects recistor 3%3 throuech -

the make springs of the first Dile-up of relay 348,
in parallel relationshin with resistor Z59, the
combination of resistors oeing connected in so-
ries relationship with resistor 369 from the brish
of potentiometer 225 to ground, and connects the
upper end of resistor 3§d throush the ‘mako

- springs of the first pile-up of relay 318 throusgh

resistor 324 to the innut circuit of amplifier 224,
The resistors 358, 359 and 360 thus form g Do-
tential divider reducing the voltage supplied hy
the brush of potenti?meter £23, yet maintaining

= 1

()
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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 318 connects the output
circuit of amplifier 321 throuch the make Springs

of the fourth pile-up of relay 318, capacitor 345
and resistor 34§, through the make springs of

the second pile-up of relay 318 to the input cir-
cuit of amplifier 321, thus causing the sutput
voltage of amplifier 321 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-
Ing period.

The operation of relay 348 also connects the
connection 294 through resistor 351 and the
make springs of the fifth pile-up of relay 318,
through lamp 219, the break springs of the first
pile-up of relay 380, the make springs of the first
bile-up of relay 338, and resistor 329 to one side
of the meter 388, The output circuit of ampli-
fier 321 is connected through the make springs of
the third pile-up of relay 368 to the other side
of meter 384 thus opposing in meter 304 the
voltage of the connection 204, broportional to the
cbserved values of Xo against the output voliage
of amplifier 321. Thus inequality of these voli-
ages will be indicated by the meter 304,

A source of voltage 380, having its positive pole
grounded, is connecied through resistor 381, 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 3385 and re-
sistor 388 to a second source of voltage 387, also
having the positive pole grounded. The voltage
of the source 380 is appreciably larger than the
veltage of the source 387, and may be, say, —350
volts, while the voltage of the source 387 may be,
say, —190 volts. The negative pole of the source
281 is connected to the cathodes of the double
triode 338, which is preferably a high amplifica-
tion tube having a sharp grid voltage anode cur-
rent cut-cfI, The end of resistor 383 is connected
through resistors 383 and 350 to the control grids
of the double triode 388, thus negatively biasing
the control grids of the tricdes 388 so that the
ancde currents are reduced to a small value. The
ungrounded terminal of the capacitor 283 is con-
nected to the anode of the upper section of a
cdouble diode 381, the cathode of this section be-
ing connected to the control grid upper section
cf the double triode 288. The operation of relay
3{3 completes a path from ground through the
break springs of the first pile-up of relay Jol,
the make springs of the first pile-up of relay
313, through the winding of relay 382 to battery,
thus operating relay 282. As soon as relay 382
iIs 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 238f. When the

-

potential of this anode has fallen until the anode

is less negative than the cathode, that is, the
anode 1s positive with respect to the cathode, cur-
rent will flow from the anode of the upper sec-
tion of the double diode 381 through resistor 389,
resistor 388, and source 387, to ground, thus pro-
ducing a voltage drop across resistor 38% 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

$96, the anode of the upper section of the triode



aF. Sevmra e i aa

it
i

'
- . " -
H ;
- ' iy
.-l..-—til-.-.ij-‘-_- T . -

23
388 to the cathode and through source 387 to
sround, operating relay 356.

The operation of relay 356 completes a circuit
from battery through the winding of relay 351,
the break springs of the second pile-up of relay
351, the make springs of relay 358 and the make
springs of the fourth pile-up of relay 313 to
eround, operating relay 351. Relay 33| locks up
through the make springs of the second pile-up
of relay 35f and the make springs of the fourth
pile-up of relay 313.

The operation of relay 3351 opens the circulg
through the break springs of the first pile-up of
relay 351, thus releasing relay 382.

The cperation of relay 32! completes a circuit
from ground through the make springs of the
fourth pile-up of relay 3%1 and the winding of
relay 328 to battery, thus operating relay 328.
The operation of relay 328 connectsaesistors 362,
263 and 364 to form a potential divider reducing
the voltage supplied by the brush of potentiom-
eter 333 to the input of amplifier 331, connects
the capacitor 341 and resistor 348 from the out-
put circuit to the input circuit of amplifier 331,
and connects the connection 2{7 through resis-
tor 265, lamp 328, break springs of fourth pile-
up of relay 360, make springs of sixth pile-up of
relay 358 through resistor 339 to one side of the
meter 305, the other side of the meter 305 being
connected throuch the make springs of the
fourti pile-up of relay $98 to the output of am-
plifier 33!1. The voltage generated by the am-
plifier 331 is thus opposed to the voltage propor-
tional to Yo supplied by the connection 211, and
the difference is indicated on the meter 305, The
operation of relay 328 thus starts the integrating
pericd for the Y coordinate.

The operation of relays 3{8 and 328 respec-
tively grounded ithe resistors 325 and 339, to pre-
vent these resistors from conduciing any unde-
sired voltages to the input circuits of the am-
plifiers 321 and 331.

The source 280 is connected through resistor
5. the break springs of reiay 392, capacitor
and resistor 354 in parallel relationship, to
nnd, thus charging the capacltor 393 to the
tage of the source 383.

The operation of relay 351 completes a path
from eround at the break springs of the third
pile-up of relay 352 through tne make springs oi
the third pile-up of relay 331 and the winding of
relay 392 to battery, tnus operating relay 392.
Imrediately upon the operation of relay 392, ca-
pacitor 393 commences to discharge through the
-esistor 394. The ungrounded terminal of the
canacitor 393 is connected to the anode of the
lower section of thie double diode 381, the cath-
ode of this section being connected to the control
orid of the lower section of the double triode 388.
The outer end of resistor 3806 1s connected
through resistor 299 to the cathode cf the lower
diode of the double diode 381, and to the signal
“otid of the lower—section- of the double f{riode

288, thus biasing the conftrol orid of the lower
section of the triocle 388 so that the anode cur-
rent is reduced to a small value. As the voitage
across the capacitor 383 diminishes, eventually
the anode of the lower section of the double diode
301 will become positive with respect 1o Its cath-
ode and current can flow from the anode to the
cathode and through resistors 389 and 385 to the
source 3871 thus reducing the bias on the control
orid of the lower section of the double triode 388
and permitting current to flow from. ground
throuch the wiriding of relay 357, the anode and
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cathocde of the lower triode 338 and source 3381

to eround, thus opgerating relay 357.

Tre operation of relay 451 compicies a circuit
frora batterv through the winding oi relay 333
Iie hronk springs of the fourth piic-ud Of relay
52, thie make springs of relay 337, and the make

springs of the fourth pile-us cf relay Ji3 1o
srcund, thus gperating relay 352, which lozks up
througlh the make springs of tne fourtn pile-up

10 of relay 232, and the make springs of the fourth
pile-up of relay 3:3.

The operation of relay 352 corapletes a circuit
from the source 388 througch resistor 21§, the Cx
lamp 3if, the make springs of the third pile-up

15 cf relay 213, the make springs ci the first pile-up
of relay 352, the break springs of the fourti
pile-up of relay $§33. tiircugh iie Ieltv blade of
switch 2296 to ground, thus lighting the graen G
lamp $it, to notily the operator that the period

on of inteeration for the 2 cocerdinate NS heen
completed, and that the peried 07 adjustmant
of the brush of pctentiometer 323 nias commenced,

he red Rx lamp 312 is extinguished by a shori
circuit from thie upper terminal of the lamp

o5 through the make springs cf the third nile-up of
relay 313, the make springs of ine first pile-up
of relay 352, the hreak springs oI the fourih
pile-up of relay 333, back o the lower tzrmina2l
of the lamp !

20 The operation of relay 32 compieies a circuit
frem ground through the malie springs of the
sixthh pile-up of relay 382 and the winding ci
elay 381 to batlery, tnus Gpe aiing relay 397,
The operation of relay 387 conncts res5istors

a5 365 and 35¢, respectively, in paratiel withh roe-
sistors 384 and 264, thus rczducing the times of
discharre c¢f the capacitors 33 owud <33,

The operation of ralay 332 comrpletes & circuid
frerg ground through the break springs of the

ivs5 pile-upn of relay S83. the make springs ol

he fiftiz pile-up of reiay 362 and the winding of

=39 o batiery, thus operating rclay 3ul.

The epzration of relay 352 pCrmiis the ca-acitoy
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uneer sention of the daubie dicde ooi will breome
peeitive with respect 1o ihe cathode. thus reduc-
ing the bias cn the uwpper secticn nf the doun.e
triode 288, and permifiing current vo fiow [rom
50 haitery through the winding of reloy P23, thw
anode-cathode path of the uppsr secticn cf tihe
douhlz triods 385 and hattery 387 to graind, on-
e o relav 538, thus ending the vevicd for

i
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adjustinent of tne pClLelviOmetat 23,

55 'The cperation of relay 3us comnlotss a civeuit
re - : . ¥ . » - r:
from battery throuszh the winding of relay 298,

the break springs of the second wile-ul of raiay
253, the make springs cof the cenond pile-up ol

_ up of relay. Sh3_and i
tourth pile-up of relay &

85 ‘The cweration of relay 3T3 romGVES rronnd
from the make soring of thie first piic-un Qr reiay
352 thus rclessing reloy “n) and permith.ng
can=citor 3223 to recharse fror o aource 85,
and completes a circult frrom argond thretigh she

7o Make spring of the iivsy pliz-up of ratay 333, the
hreak sprinss of the sceond pile-un of relav 353
ana the winding of refay 322 Lo baticry onerating
relay 392, :

The operation of relay 283 compietas 2 circuit

75 from the source 3%% through resigstor 310, the
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make springs of the fourth pile-up of relay 353,
the make springs cf the first pile-up of relay 352,
and the make springs of the third pile-up of re-
lay 313 through the red Rx lamp 3i{2 and the
left blade of switch 288 to ground, thus lighting
the red Rx lamp 312 to notify the operator that
the time for asdjustment of potentiometer 323
has ended, and completas a circuit from the lower
terminal of lamp 31( through the make springs
0f the fourth pile-up of relav 333, the make
springs of the first pile-up of relay 352, and the
make springs of the third pile-up cof relay 3!3
to the upper terminal of lamp 3if, thus short-
circuiting and extinguishing lamp 311.
Immediately upon the operation of relay 382,
capacitor 393 commences to discharge through
resistors 394 and 398 in parallel, and eventually
tiie ancde of the lower section of the double diode
391 will hecome positive with respect to its
cathede, thus reducing the hias on the control
electrode of the lower section of the double triode
G8¢8 permitting current to flow from ground
through the winding of relay 357, the anode-
cathode path of the lower section of the double
tricde 283 to the source 387, cperating relay 357.
The operation of relay 257 comnupletes a cireuis
from battery through the winding of relay 354,
the meke springs of the third pile-up of relay
323, the make springs of relay 257 and the make
springs of the fourth pile-up of relay 213 to
ground, thus operating relay 354, which locks up
through the make springs of the feurth pile-un
of relay 313. The operation of relay 354 com-
pletes a circuit from the source 399 through re-
sistor 3!4 and the green Gy lamn 315, throuegh
the make springs of the fifth pile-up of relay
313, the make springs of the fifth pile-up of

relay 394, the bresk springs of the third pile-un

of relay 335, and the left blade of switeh 398 “o
ground, thus lighting the green Gy lamp 3!5 to
notify the operator that the period for adjust-
ment of the brush of potentiometer 323 has com-

menced, and also completes a circuit frem the -

upper terminal of lamp 315 through the make
springs cof the fifth pile-up cf relay 313, the make

springs of the fifth pile-up of relay 304, and the

oreak springs of the third pile-up of relay 355
pacx tc the lower terminal of the lamp 3!%. thus
extinguishing the red Ry lamp 318.

‘The operation of the break sprines of the second
plie-up of relay 388 opens the circuit to relay
8%, releasing relay 292. |

The operation of relay 354 combietes g circuit
rom ground through the break sprines of the
first pile-up of relay 333, the make springs of
the first pile-up of reley 354, and the winding
cf relay &82 to battery, thus gperating reiay 382,

The operation of relay 382 permits the capaci-
ter 383 to discharge through the resistors 384 e.nd
326, and eventually the anode of the 1PPReYr sec-
tion of the doubkle diode 391 will become positive
with respect to its cathode, thus reducing the
hbias on the control electrode of the upper sec-

- tion of the double tricda 283 and-permitting cur-

rent to fiow from ground through the winding of
relay 338, the anode-cathode path of the upper
section of the double triode 348 and the source
387, operating the relay 256. |

- T'he operation of relay 356 completes a circuit
from battery through the winding of relay 355,

fhe make springs of the third pile-up of relay.

394, the make springs of relay 358, and the make
springs of the fourth pile-up of relay 313 to
ground, thus operating relay 255 which locks up
through thg maketsprings of the second pile-up

26

of relay 399 and the make springs of the fourth
pile-up of relay 343. |

The operation of the break springs of the first
plle-up of relay 395 opens the circuit to relay
332, thus releasing relay 382.

1he oreration of relay 255 completes a circuit
from the source 309 through resistor 314, make

~ springs of the third pile-up of ralay 355, make
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springs of the fifth pile-up of relay 254, make
sorings of the fifth pile-up of relay 313, througn
the red Ry lamp 316 and the left blade of switch
08 to ground, thus lighting the red Ry lamp
310, notifying the operator that the time for ad-
justment of the potentiometer 2333 has ended.
A circuit 1s also closed from the lower terminal
of the green Gy lamp 315 through the make
springs of the third pile-up of relay 355, the make
springs of the fifth pile-up of relay 284, the make
springs ol the fifth pile-up of relay 313 to the
upper terminal of lamp 315, thus short-circuiting
and extinguishing the lamp 315.

if the coperator should find that he has not
been able to obtain g satisfactory adjustment of
the potentiometers 323 and 333 in the intervals
allotted by the adjustment sequence, he can press
the push-button key 250, thus releasing relay
313, which in turn releases all the relays 351, 352,
383, 354 and 355, and the operator can then
restore the kKey 3850 again operating relay 343
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 327
was moved to the third position, thus operating
relays 313 and 318. After 5 seconds, relay 328
operates. At 39 seconds after the start, the red
Rx lamp 312 is extinguished., and the green Gx
lamp 311 is lichted warning the operater to ad-
just potentiometer 323. At 41 seconds after the
start, the green Gx lamp 3{1 is extinguished and
the red Rx lamp 312 is lighted notifying {he op-
erator that the adjustment period has ended.
At 44 seconds after the commencement, the red
Ry lamp 316 is extinguished and the green Gv
lamp 319 is lighted notifying the operator that
the period for adjustment of potentiometer 333
has commenced. At 46 seconds, the green Gv
lamp 310 is extinguished, and the red Ry lamp
3B is lighted, notifying the operator that the
pericd 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,
o seconds, for capacitor 383, 34 seconds, for ca-
pacitor 383, second operation, 2 seconds, for ca-
pacitor o83, second operation, 3 seconds, and for
capaclitor 383, third operation, 2 seconds. With

- this timing sequence, g source 380 of —350 volis

and a source 387 of —1980 volts, the constants of
the circuit were as follows: Capacitor 333, 1.08
microfarads, capacitor 393, 4.00 microfarads, re-
sistor 284, 7.83 megohms, resistor 358, 5.23 meg-
ohms, resistor 394, 14.4 megohms, resistor 388,
1.39 megohms, resistor 3895, 150,000 ohms, resistor
386, 7000 ohms, resistors 381 and 385, 50,000 ochms -
each, resistors 389 and 350, 1 megcehm each.

In a typical embodiment of the system, re-
sistors 24, 325, 334 and 335 were 10 megohmes,
and capacitors 345, 347 were 2 microfarads. If
the settings of the brushes of potentiometers 322
and 333 are incorrect during the integrating pe-
riod cof 40 seconds, the outputs of the amplifiers
321 and 33t will have an accumulated €rror.
When relay 318 is operated, capacitor 28§ in

- series with resistor 287 is connhected from the

75

brush of potentiometer §23 to the input circuit
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of amplifier 321 and the operation of relay 323
similarly connects capacitor 388 in series with
resistor 383 from the brush cf potentiometer 3233
to the input circuit of amplifier 331,

The potential divider formed by resistors 332.
399, 350 applies one-fifth of the voltage selected
by the brush of potenticmetzr 323 to the input
circult of amplifier 321. If Aes be the vcltage
error in the setting of this brush, then since

1
— eg—mf€3dt

the integrated error in an integration period of
40 seconds will be

1 ﬂeg 4

10x2% 5 X40= "1t

— Agy=

In Fig. 11, assume that a source of voltage es3
is connected through caraciior C3: .the control
crid of vacuum tube {135, and that & capacitor
Co i1s connected from the control grid of vacuum
tube 116 t0 the anode of vacuum ftube 127. Let
K=1, and, as before, e will be nearly zero and
eo will equal the voltage across capacitor Cs. Let
the voltage es change by a smz2ll amount Aes,
then a charge §=C3A¢z will flow into capacitor
Cs and an equal charge will fiow into capacitor
Co, changing the voltage across Ce by the ameunt

-4
Co

and causing an equal change —eo in the output

voltage. Thus,
. T Cs
Aeyg= CD Cnifﬁg
‘Thus
_c.Aa
CEHCU Aey

be

microfarad each

The resistors 346 348, 367, 369 are necessary
in order to prevent the amplifiers from singing.
They also serve to reduce transient disturbances
in switching and may he of the order of 1 or 2
megohms. It has been proven mathematically,
and demonstrated experimentally that these re-
sistors do not materially chance the effects of
capacitors 345, 347, 366, 388, if the product of
resisiance 38571 and capacitance 386 is equal to
the product cof resistance 346 and capacitance
345, and similarly for resistances 367 and 348
and capacitances 368 and 347, respectively.

After the brushes of potentiometers 223 and
333 have been satisfactorily adjusted, switch 227
is moved to the fourth contact. The left-hand
blade of switch 327 bridzes the third and fourth

contacts_so that relay 313 is not released... The.

right-hand blade of switch 327 completes a cir-
cuit from battery through the winding of relay
309, right-hand blade of switch 327 and right-
hand blade of switch 306 to ground, operating
relay 30808. The operation of relay 300 discon-
nects the connections 204 and 217 from the
meters 304 and 385, opens the output circuits
cf the amplifiers 164 and 157, Fig. 2, and con-
nects the output circuics of the amplifiers 321
and 331, Fig, 3, to the connections 204 and 217

leading to the amp&iﬁers of Plig. 4,
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The cutput circuits of the differentiator am-
plifiers 263 and 283’, Fig. 4, or the amplifiers
321, 33!, Fig. 3, when arranged to supply rate
voltages, are respectively connected by connec-
tions 233, 291, Figs., 2 and &, throuzh resistors
193, 713f, Fig. T and the winding of potentiometer
102, and throuzh resistors 783, 7198 and the wind-
Ing of pcotentiometer 7935, o ground. The
brushes cf potentiometers m 185 are rotated
by the shaft 88& and assist in flc,.cmona.tmg the
voltages from connecticns 2858, 29! proportionally
to the {ime of flight ¢f the Sh‘:‘ll from the pivoet
gun G: to the predicted position of the target.

Crnie of the most difficuit problems encountered
in the development of o computer for controlling
arbillery fire is the production of physical quan-
tities, such as electrical voltages, electrical cur-
rents, or physical mcvements, which vary in
magnitude in accerdance wit:y the ditferential
callistic eifects whnich contro]l tihe flicht of the
shell after iy leaves the weapon, The regular
firing tables for a given weapcn and ammunition
are based upon the assumption of standard con-
ditions, such as lack of wind and earth rota-
tion, standard temperature and pressure of the
2ir, normal 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 orders must be made.

In prior artillery computers, ballistic ccrrec-
tions were made for only one type of weapon

and ammunition, and conditicons, such as air
density, muzzle velocity, temperature, etc., whici

may be larger or smaller thian normal, were as-
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 computers,
the contour of a three-dimensional cam, was
empirically shaped to procduce a physical quan-
tity, such as the voitage selected by the brush
of the potentiometer or tne movement of the
cam follower, which varied with the desired bal-
listic effect.

With the larger weapons of longer range, sucn
as the weapons used in coast defense batteries,
it has been found that the assumption of sym-
metrical variation of the bailistic effects above
and below the ncrmal values is nof sufiiciently
accurate. and that these vslues must be inde-
pendentiy computed. Also, in the present com-
puter, the ballistic effects are determined for
one weapon using two or more different types
of shells or propellants and [or another different
weapon. which may be a small caliber, sihort
range weapen used for practice snooting.

If the present computer were $0 be designed 1n
accordance with the prior practice, five shaped
notentiometer cards would be required for each
ballistic effect, that is, plus and minus values
of the effect for one tvpe of shell or nrepeliant,
plus and minus values of the effect for another
type of shell or proeellant, and one card for all

In the present invention, tire card supporting
the windinz of a sincle potentiometer 1S SO
shaped and combined with any one of fve re-
sistance networks that. for the same movements
of the brush of the potentiometer. the cutput
voltage from a civen natwork 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
Y r

S8Ai T ol

ot for the svhealiber weapon.,
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of the gun as given in the firing tables, for firing
at a farget in the horizontal plane of the gun.
If a sirgle potentiometer per network ig used,
it may be shown that the most general output
veltage v of the network can be expressed hy the
quadratic relationship:

K(R\—7) (FE.—Z) (8)
(Py—Z)(Py—Z)

Z 1s the portion of the resistance of the potenti-
omefer winding from the end of the winding
which iz 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 Pi, P2 are real numbers with certain restric-
tions on their values, and the roots Ri, Rz may
be real or coniugate complex, with no restrictions,
and v(Z) is the funcitional variation of v with
variation of Z.

It is evident that by giving Ki, Ri1, Re, P; and
P2 various possible values, a great variety of

() =

voltage characteristics v(Z) may be obtained.

These quanities are to be chosen so that the
Bxpression 8 will fit the ballistic data to a good
degree of approximaticn. The only real limita-
tions are on the locations of the poles P and Po.
The nature of these can be shown as follows.
The denominator of (8) may be written as

—(P1—-2) (P2—2) =—P1P2- |
(P1+PE)Z+ZZ=C+DZ——22

10

15

20

20
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An analysis of this equation will show that C is

a positlve guantity while D may be of either sien.
As C=—FP1P2 and since C>0 the poles Py and P»
must have opposite signs. Further, neither pole
can lie in the region 0=2=1 g5 this would recuire
a finite resistance circuit to give an infinite gain.
Also D=P1-}-Pa2 and if C is expressed in terms of
D and P there results C=—DP:s+4-P22, The pole
P2 may be arbitrarily taken to be positive. Hence
we must have C>1—-D., |
In fitting hallistic data with (8), these restric-
tions, namely, C>0, C>1—D must be observed.
The analysis can be considerably simplied by
noting that Equation 8 may be also written as

| g I A R Z
n(Z) = K, —(_Plia()(Pa—)7) (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 t0 be described. With this
understanding,

KZ(R— 7 - (9)
CL-D7—7°
Potentiometer czrcmts will now be described that

permit the physical realization of the equations.
In Fig. 13A, a grounded source of voltage B, is

?J(/)

_ connected thwun‘h 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 potentiometey
B vameq In resistance from zero at the grounded
end to unity, and the brush divides the winding
into two fractions, Z anrd 1—Z where 7 is less
than one. A resistance g8 may be connected

~ across the winding of potentiometer B. Resist-

ance A may have values from zero to any finite
quantity; resistance g may have any value, in-
cluding zero, when the upper end of the wlndmw
of pothntlometer B 15 grounded, or mﬁmty when

.
-

40

50 Eg In (11).

- output characteristics obtainable.
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the upper end of the winding of potentiometer B
1s open circuited.

The output voltage function may be taken as
that between the brush of potentiometer B and
ground and is designated as v1. It may also be
taken across the winding of the potentiometer,
or, what is the same thing across the resistance
8. 'This is designated as v2. At times it is neces-
sary to take a linear combination of the voliages,
such as civi-fC202, where c1 and ¢z are fixed frac-
tions., Also, the voltage functions, as generated
by the ballistic networks, are for the maximum
values of the ballistic effect, and must be further
fractionated in the ratio m of the dssired value
to the maximum value of the effect.

In Fig. 13A, the resistance of the handset po-
tentiometer HS; is bi. One end is grounded and
the other end is connected to the brush of poten-
tiometer B through a resistance gi. The values
ci a1 and b; are chosen such that e1=bi1/(a14-by).
If the slider of HS; is set at the fraction m of the
resistarce bi, the voltage between the slider and
ground is then me1vi,

Similarly, the resistance of handset notenti-
ometer HS:2 is b2 and the resistance in series with
1t 1s a@2. The values of a2 and b2 are such that
Ce=0b2/(A2-+-02). The slider of HS: 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 7meavs.

The handsets HS: and HS3, together with their
assoclated resistors a1 and g2 are shown by dot-
ted lines in Fig. 13A. Unless q1+b1 is very much
greater than A, and q2-+b2 is very much greater
than g, suitable modifications must be made in
the values of E, A and 3.

For further discussion, m may be taken as
unity, that is, we shall restrict the treatment to
the case of the maximum ballistic effect.

Case I
In the circuit shown in Fig, 13A:
FEZ(p+1—-7)
IR CES VR CE Y o
. EgzZ
RV NCES VRN R Yy (b
By comparing (10) and (11) with (9), it will

be seen that K corresponds to E in (10) and to
It will be noted that since the least
value of g is zero, the negative pole P:1 will be
closer to the origin than the positive pole P2 is
to Z=1. This necessarily restricts the types of
Furthermore,
in (10) and (11) there is no control over the lo-
cation of the root R. In (10) it is at Z=8-41
and In (11) at Z—=w,

Generalized Case I

- The restriction imposed by Equations 10 or 11
on the root R may be eliminated by adding to-
geteher appropriate fractions of 21 and 2 in g

feedback amphﬁer as shown in F Ig 13&

If — - e = = i amm e e rmate s ————— = | —_ ¢ ——- '
V== it + Colo

EC,Z[8-- 1+ caB/er— 7]
AR+ - {(g+ 12— 22

By proper choice of the sign and value of
c2/c1 the reot 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 ei

and cz has been described previously. If the ra-

(12)

) ===

I tiq ci/c2 1s positive -,the_swi’rich S in Fig. 13A must

" »-
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be operated to position 1, angd if negative 10 posi-
tion 2. In the former case, the feedback ampli-
fier As adds together the voltage components
c1v1 and cavz.  In the latter case, the feedback

32

by letting Ei1=FE and E:A/Eij=cz2/c1. The g pplied
veoltages may e made of opposite sign if desired.
T5-is circuit will tous give the same character-
istic 25 Fie. 13A in a sgmewhat simpler manner.

amplifier A1 reverses the civi term in sign and 5 In an analcgous manner, it is possible to insert

then the amplifier Az will form the sum a source of veliage in series with the resistance

Covz—C11. in Fig. 13B. and the voltage 71 can then pe of a
Generalized Case 11 form which is identical with Equation 13.

In Fig. 13B the connections tc the winding of A “g; j‘f 2 groun::teqfi Liource {?f voltage b
potenti@meter B are interchange and the sien 10 15 conneciell .Lr;.},l cuch a li?iSLal'lCE* 6] 1o the W:ll'ld.—
of the driving voltage is reversed with respect 11'1:’5. oipgtentmmeter B', 1oe brl}s‘ﬂ Cf. pt_}‘tentmjn N
to Fig. 13A and a handset potentiometer HSz is ~ Sob = 'S ccnnected through tae Wnang ot a
canged with HS31 and HSz 1o supply a voltage poten;..mme;e:_ 'r“Si_ Savils 4 reslsta{nce_ A to
mk ) sround. The voliage across the winding of

If v=k—ciwi—cov2 and if k is taken to have 15 potentiometer HS is designated v. Then,
the value u FAZ 10)

o LBt ABED+Z(B+1)— 27

MBS O hich is th Equation 11

y 1) — e e () wIlGC }S e fame as zmquation o
u_—.E/[z(‘lﬁ(?Bi BC‘*'B]X In Fig. 13@G, 2 scurce of voitage B 1S connected
v throteh a resistance Ai, to the brush of potenti-
Bler+e)(AB+ 1)+ 1) —ea(a(B+1) +6) f Z] ~meter B. A handset potentiometer HS1, having
GA(B+1)—e:8 1 13 a resistance 81, is connected across the winding
ABEDHBHZ(A—8)—4° o5 Of rotentiometer B. Then, from Equation 11,

It is to be noted first of all that the coefficient  the voltage vi across the winding of potentiom-
of the Z term in the denominator can be mace eter HS1 will be
anythine between unity and negative infinity by E8.7
proper choice of 3. This means that the nega- T A B+ Z(Bi+1)—2°
tive nole P1 may now be placed farther from the 30
origin than the positive pole Pz is from Z=1. The scurce of voltage B is also connected
Thus Cases I and II cover any possible lccations through resistance A: and the winding of poten-
of the poles, subject to the restrictions already tiometer HS:, having a resistance gz to ground.
staved. The voltage across g2 wiil be

Just as in Case I, the root R may now be 35
placed anywhere on the Z axis by suitable cholce E B3
of ci/ce. As—+ By

Thus, the circuits for Cases 1 and II permit . .
the root and poles to be placed arbitrarily, sub- 'I‘Hh?”hmsl qu ?otemzonileter EIS}: lf’ (_:om}ecte]c-:l
ject to the limitation that the poles must be oI 40 t"‘lf‘“fk} :,.qualuf-.ur P*f Oi.t“le wpf shown in Fig. 14,
opposite sign and cannot be within the transmit- Lo th e orush of poien ciometer HS:. The maXil-
ting band. Cases I and II are plotted on a unit mum voltage will then be
scale in Figs. 14 and 15 for various values of R, F8.7 £,
with Pi==—.25 and P2:=15 for Case I and - : 20)
Pi=——1.5, P2=—=1.25 for Case 1. 45 MBFHD)TZBD -4 b b (

Case III which is a special case of Equation 8a.

As a useful special condition of Fig. 13A, take Case VI
being infini e —1, ' : .

g i?aisecorx*esgglzllt;siEdRC:PSJai 3 ;{——?} E,%,Ezgon s 0 Fig, 13D a scurce of voltage E is connected
© A | o ' through a resistance A to the brush of potentiom-
) _ b4 (143 oter B. A resistance 3 is connected across the
A | winding of potentiometer B, and a resistance ¢
For this cireuit, the pole P1 may be placed any- is connected from the upper end of the winding
where on the nesative Z axis. 55 of potentioraeter 8 to the brush. The handset
9% rstentiometer ES is cornected either from the
Case IV brush of potentiometer B to cyocund, or across the

In Fig. 138, let 8 be infinite, c2=0, c1=1 and resistance g.

k=E/(A4+1), then, v, =
EA A 60 EZlB+o Re—Z{(8+0)]
NTAT1A+1-2 (15) ANBto+Bo) FZ(3Fa+Bo+tAa—AB) —ZHAFB+0)
For this civcuit the pole P2 may ke placed any- (21
T —-- avhere-on-the positive Z axis except between. zero . _ V2=
and unity o — o - o E8AdYe—d) o o e - -
' ' 65 ABLorBo)+Z(Bto+BorA—ap)—ZH(A+B+a)
| Case V . (29)
In Fig. 13C, a source of voltage Ei 1s connected Thus in thi
: - ’ us in this case,
through a resistance A to the brush of potentiom- :
eter B and a second source of voltage E2 1s con- p_ﬁ(ﬂ"““ Ba)
nected throuch a resistance g to the potentiom- i0 AT 310
eter winding. Then, N1 8(g— A)
- S _ZIE(8+1=2) + Bl 18 At Bto
| T ABTD A+ (B Z-2 | 8o
' R=1-+o¢ or 1+ﬁ+0'

which can be made identical with Equation 12 76

_.I* 3

- & L



2414 81G

33
1t will be seen that by proper choice of values
0f B8, ¢ and A, the coefficient D may be made
greater or less than unity, thereby enabling the
poles to be placed as desired without reversal of
the potentiometer winding: subject, of course,

to the Ilimitations already described, namely, .

C>0, C>1—-D. By taking a suitable linear com-
bination of veoltages civi--cave, the root R may
be placed any desired place on the 7 axis.

Case V11

It will be noted that Equation 8a differs from
Equation S only in the added constant Ki. This
difference is equivalent to shifting the Z axis in
Figs. 14 and 15. Methods of adding constant
voltages to the voltage functions given by Egqua-
tion 9 have been described in connection with
Figs. 13B and 13%3. These may reguire a hand-
set potentiometer, or at least, a pair of frac-
tionating resistances, such as az and bs; in Fig.

10

15

20

138. This may be cbviated by constructing a

circuit that will give Equation 8¢ directly. -

In Fig, 13F, a grounded source of voltage Ei is
connected through resistance A to the brush of
rotentiometer B. The lower end of the winding
¢f potentiometer B is connected through resist-
ance « to ground, A grounded source of con-
stant current I is connected to the junction of

25

B and «. A resistance g is connected to the upper

end o:r the winding of potentiometer B and
through a source of voltage E: to ground. The
windings of handset potentiometers may be con-
nected from the brush of potentiometer B o
ground to fractionate the voltage v1, or from the
upper end of the winding of B to ground to frac-
tionate the voltage v2 or across resistance « to
fractionate the voltage v3. Then,

E IA L
oD = By | 8414 FA+ g6+ |+2] Pas st1-a52- 2 ])

TAB\ |

I’E-D!= Eg(&—!—a(&—i-l E .g;ﬁ 1

30

30

. El |
T TZ(I‘“‘*‘*‘E‘O"”)

US.D"::;:E(E:;&-I- (EI‘I‘I-&) (B"I" 1) +Z[I(B+1) _EI_I-Z2D

where |

D'=A(14+8+a)ta(B+1)+Z(1+8—a)—22  (26)
In any of these cases, the roots may he placed

anywhere on the Z axis or may be conjugate com-

plex, If Ki in Equation 23 is negative, usually I
will be negative, but, if K1 is positive, I may be
2ro. By a judicious choice of the value of e,
the values of 8 and A may be controlled.

Also, depending on the value of «, the poles
P and P2 may be placed wherever desired, sub-
ject only to the limitations already stated. How-
ever, from the standpoint of practical design, it
may be more desirable to reverse the connections
0 the windings of the potentiometer B, The nec-
essary design equations can be obtained by re-
Placing Z with 1—Z and 1—2Z with Z in Equations
23, 24, 25 and 26.

e Case VIII

In Fig. 13E, a source cf voltage E ig connected
through a resistance A to the brush of potenti-
ocmeter B, A resistance 8 is connected across the
- winding cf potentiometer B, and a resistance «
Is connected from the lower end of the winding
of potentiometer B to ground. A handset

flometer HS is connecied across resistance a.
‘Thien, |

e
at+AZ—

¥ ¥ ..

= 72

(1+48)

(27)

L
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Characteristics which may be obtained with
this circuit are shown in Fig, 16. The effect of
reversal of leads can be seen by using the scale
of reversed abscissae.

One method of choosing a cireuit configuration
to produce a voltage function varying in gccord-
ance with given data is to first normalize the
data, that is, make the value of the data for the
maximum value of the parameter Z equal unity
and compute the other values accordingly. The
data may then be plotted and the resultant
curves compared with the curves in Figs, 14, 15
or 16 in order to decide which circuit variant will-
best fit the data.

However, many of the curves of Figs. 14, 15
and 16 appear to be qualitatively similar and the
proper choice is not easy.

A more accurate method is to divide the given
data into the corresponding resistance ratio Z
and plot the quotient against Z. In Figs, 17 and
18, the curves of

e e

Z
v

piotted against Z, correspond to the curves of
Figs. 14 and 15. The plots of

VA
data

plotted against Z may be compared with the
curves of Figs, 17 ang 18,

The problem of choosing the coeflicients cof (9)
to fit the given Z/v curve is still difficult. No
general method now kncown is entirely satisfac-
tory.

Ihe best general method is this: divide the

TAx

(23)

(24)

(25)

data Z/v into three regions, writing for each re-
glon one average equation: -

KR-ZZ2/0—K-3Z/0—D-3Z2=nC —372

where n is the number of points in the region.
These three equations are solved for D Rand 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-
cult, However, there is no rule for the preper
choice of C to get the best match within the limits
O0f realizability. Some cases show very little
change in the matching errors over most of the
range of C, in which case the choice would de-

- pend only on practical circuit-considerations such

65

DDtEIl- 70 .

(f:

as power dissipation. Scmetimes a special case
such as R=% occurs within the realizable region
of C. Since this means a simpler circuit, C may
be chosen t¢ give the special case. It is possibla
sometimes to simplify the problem by starting
with one more equation of the form of 27) and
solving for all four constants directly. 'This

might apply, for example, in the later stages of

approximation where new matching constants
would not be radically different from the old.
In general, however, there is no simple rule for
the choice of C:. S S

au
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or certain of the special cases there are much
better methods.
In Fig. 13A, let 8 be infinite, then

Z/v1=(A+2Z)/E

Hence, if the data Z/v can be fitted adequately
by a straight line, we have at once the slope, 1/E,
and the intercept A/E. If the slope and inter-
cept are of the same sign, the potentiometer
winding is connected as in Fig. 134, if of oppo- 10
site sign, the connections to the winding are re-
versed.

For the circuit of Fig. 13A, with output taken
off at v2, the Z/v function is parabolic since

C+DZ—-7 15
K

Hence if the data Z/v 1s concav"é downward, this
circuit may be appropriate andethe- values of
C, D and K may be determined. 0

5.

L=

Data having a peak in transmitting band

If the data has a maximum at some point Zm
within the region 0=2Z=1, then this fact can be
of help in chocsing the matching coefficients.

Differentiating (9) we get

RC—-2CZm—Zn*(D—R) =0 (28)

For the special but important case where R=D,
the peak will occur at Zm=D/2. This case occurs
for the circuit of Fig. 13A when the output is 30
taken off at v1 For a given Zm there is a single
infinity of possible characteristics.

Define y=2Z/2Zm
then 39

y(1—y)
ClAZ 2 +y—y? (29"

It is thus possible to plot a single family of
curves as a functicn of C/4Zm2, all having a peak 40

25

p/ E=

at y=1/2. For Zm>1/2, D>1 and hence any
member is realizable. If, however, Zm=1/2, then
D<1. The realizability of a given characteristic

will depend on whether C>1-D,

Another approach to the special case of R=D %°
is a straight line test. Making the substitution

y:Z(D—Z)
where D is determined as before, then
50
v Ly
CHt+y
and hence
y/v=(C+vy) /E (30)

Then a straight line of positive slope and intercept 0

. is passed through the data y/7.

In the case where R=D, we have from (28)

__ZME(D—_R)

This gives an additional relationship between

" C, D and R, and Turthermore, in this particular— -

form, it gives some indication of values of R and
D that must be excluded if the condition C>1—-D 65
is to be satisfied.

Matching of multiple sets of data

To match multiple sets of data with a common
potentiometer resistance function demands first 70
of all the determination of a suitable Z(B1)
function. One method makes use of the observa-
tion that even for highly loaded circuits the plot
of Z(B1) does not depart foo greatly from a
straight line p”assing through the origin and the 75

» Ty
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point (Bi=B1 max, Z=1).
approximation

This suggests the first

Z—;:BI/BI max

and to plot Z1/vn against Z1 for all sets of data.
By comparing these characteristics to those
shown in Pies. 17 and 18 each curve is fitted with
the most nearly appropriate network. This then
gives a circuit together with an appropriate set
of element values for each set of data. For con-
venience in writing denote the element values for
the nth circuit by ewn. Using emn and the circuit,
a resistance ratio Zan is calculated to glve an
exact match for each set of data. Naturally the
various sets of Z’s thus calculated do not agree
among themselves. Consequently, a second ap-
proximation to the resistance ratio is defined such
that

_ Zon
=2

or when desired, a suitably weighted average 1s
computed. Incidentally, thisis a worth while ad-
vantage for this method, since if in a given char-
acteristic certain rcgions may be omitted or are
less important than other regions this fact may
be allowed for by appropriate weighting forces.

Using Zs, a new set of Z/v characteristics are
plotied against Z and appropriate circuits and ele-
ment values e:n are found. This process can be
carried on until it no longer changes Z.

In carrying cut the metihod, it is best in the
case of Firs. 13A and 13B to choose the matches
so that the different sets of errors oscillate to-
sether in sign and (roughly) in magnitude. The
reason for this is apparent from the effect on the
maiching formulae of a change in Z. For the
two cases just mentioned this effect is in the
same direction: that is, if the errors do oscillate
together in phase a change in Z will wipe out the
errors at the peint in question.

It is clear that thz matches cannot be in-
definitely improved as further approximattions
are made. and that the errors approach an ir-
reducible minimum average, which depends on
fortuitous circumstances attendant on the data.
It has been found -by experience that data can
be matched with a maximum error under 30

‘yvards, regardless of the size of the correction.

The explanation is that the minor corrections,
such as that for temperature, have character-
istics which cannot be well fitted, as they have
both maxima and minima, while the major cor-
rections have at the most one such point.

1t will be appreciated that the general method
outlined here has a number of advantages, At
each stace it indicates the hest network to be used.
T+ also results in the potentiometer card shape
that is nearest to constant width. The methed
can be advantageously applied to fitting even a
single function. By forcing the circults to sup-
ply as much as possible of the required curvature

—_—ra [ _— J—

in the transmission characteristic, a better shape
of the potentiometer card will result than if it
is made proportional to the slore of the furiction.

There are times when the method just described
is ill adapted for the first step. This situation
arises when the function (v—2) is negative near
the oricin. When this happens, the first step is
more easily accomplished thus: one of the sets ol
normalized data is chosen as a base and the
others are plotted against it. The base is chosen
so that-all the other sets of data have (v—2)
funcitions which are positive near the origin.
Then the base function is transformed with an

Sodi U1 s
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appropriate transformation to permit matchine it
with a circuit of finite elements.

In principle, the inverse of Equation 9 is suit-
able as a transformation. For the lack of g suit-

able guide in choice of parameters, it is easiest to 5

use the simplest transform, namely,

Ap
A+1—2

38

Mathematically, Rr is a function of g humber of
variables, thus

Rr=f(Bi, MV, AD, WR, .. .)

where B1 is the elevation angle, MV 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

whose single parameter can be varied to get the 10 by Taylor’s theorem, thus,

SR x - SR N
sAD APt sR
11 §2Ry
AAE

[ 2Ry
SMVsAD

RBr=Ry(B)) +£§$W 4'

| 2R N
' §A D2

MV

best conditions.
linear Z to get matches, and process is carried
on in the normal manner. In getting Z: the
value of A is chosen with some attention to the
resulting card sharpe, 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 g negative loop in
the error function near the origin. In such cases
the inverse transform just given wiil remove these
initial negative loops.

Use of further transfermations

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 matchine constants
and hence the element values. There gre certain
resirictions on the transformation to insure the

realizability of the transformed -circuit. Ii the
transformation is
A7
ITAFI—Z

then if A>0, A+1>P>1, 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 he independently cor-
recied. 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-sitandard. The
eifect 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-

~-—Dputers. - But; no corrections were made for in--

teractions such as the effect of non-~-standard gir
density on the correction for non-standard muyz-
zle velocity, or for the effect of non-standard
muzzle velccity 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,

1he normal range Rx of the weapon fired un-

der normal conditions is tabulated in the firing
tables as a function of the elevation angle B;.
The firing range Rr of this weapon will depend
upon the elavation ongle, and the ballistic effects,

¥

MV-AD+

Then Z; is used instead of the

R+ ... +

AD A+ B TRt . .

2R

L

* Ry

——

v
]|

30

39

40

s VoswR MV-WEB+ 7 pemps AD-WR+ .

It is assumed that the elevation is kept at the
value B: and the partial derivatives are evaluated
for this value. These derivatives are themselves
functions of the elevation angla. The abhove ex-
pression is thus an implicit equation in elevation,
which may be solved for B:i when Rr, MV, AD,
WR, etc. are determined.

As explained below, in the present computer, o
peientiometer card is so shaped that, when the
brush is rotated by the shaft 890 to the angle Bs,
the voltage selected by this brush is proportionsl
to Bn. . L

The terms including only a single variable, such
as

SRy 1 Ry
SMYV "2 MV

for a given value of Ry will obviously have differ-
ent values when MV has equal values of Opposife
sign. As explained ahove, a single potentiometer,
having a brush rotated by the shaft 309 may ke
associated with a resistance network including
a potentiometer adjusteq to the value of the var-

MV

MYz

- 1able MV that, by switching certain elements in

45
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- TF=TF(B) -+

. firing of

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 g voltage

proporticnal to the desired function of the elevs-

tion angle, fractionating this voltage proportion-

ally to one of the variables, say MV, then fur-
ther fractionating the resuit proportionally to the

~other variable, say AD, and adding the resultant

voltages to the cother voltages representing this
function. - |

While the time of fiigcht of the shell, TP, is
principally a function of the elevation angle o1,
it is also affected by non-standard muzzle veloeity,
alr density and temperature. The time of flizht
may be expressed as, | |

s T F. e ¥ &

From a study of the firing tables, it is found that

. (383)

the terms of higher order than the first crder are

negligible and that the first order terms vary
substantially linearly with the changes in muzzle
velccity, air density, etec. Thus

TF=TF(B) [1+K1-MV+Ka2-AD-. . ] (34)

Spotting controls are also. provided, so that the
iIcer may arbitrarily change the range or
azimuth voltages by a small amount. A change
in range spot will‘cause g*change in the values of

.
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the ballistic elevation angle and the firing eleva-
ticn angle, thus changing the corrections for the
defection effects drift, cross-wind and earth ro-
tation z2nd slizhtly changing thie azimuth angle.
A change in the azimuth spot will change the
azimuth anzle and will also cause a slight short-
eniing of the firing range Rr, and the firing eleva-
tion angles.

Tha 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 ior
the complementary angle of site which is treated
as a correctiion in range.

The complete list of interaction effects may e
tabulated as follows:

NV
AD__.
RV .
PW __

5
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in which the effecis are abbreviated to MV for
muzzle velocity, AD for air density, RW for range
component of tiie wind, PW for projectile weigit,
T for temperature, ERR for the range effect of
the eairth’s rosation, HS for height of site, RS for
range snot, 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 ¢
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 meve from the pres-
ent nosition To to the nredicted position Te dur-
ing the time of flight TF of the projectile. The
rates of change in the cocrdinates are X and Y,
thus the changes in the coordinates during Lie
timme of flight of the shell will be

DX—XTF and DY=Y TF

Th: present computer is designed to control

Are of g batbtory of 150-miliimeter guns, firing
armor piercing cr high explosive shells, and g sub-
caliber 75-miliimeter gun. Ior convenience, fne
ballistic effects for tiie 2rmor piercing shell will
be desiznated AP, for the high explosive shell HE,
and ifer the 75-millimeter shell, SC.

The time of fiiznt of the HE shell for maximum
range is about 80 seconds, thus, the circuit may
cocnveniently be designed cn the basls of a noem-
inal maximum time of flight of 100 seconds. The
cains of the amplifiers 283 and Z83°, Fig, 4, are
sdjusted so that the maximum voliage has the
proper scale facter for 100 seconds time of flight,

When operating with the subcaliber weapon,
SC. switches 708, 707, 738, 108, Fig. 7, are closed,
connecting the outputs of amplifiers 283 and
283, Fig. 4, respectively, directly to the windings
of potentiometers 7%2 and 108, Fig. 7. The
brushes of pvotentiometers 702, 105 are rotated
counter-clockwize for increasing values of Ba
from 22ro a2t the grounded right end. The maxi-
mum rance of a weapon requires an elevation
angle of less tuan 800 miis (6400 mils equal 360

degrees). For convenicnce, the windings of po-
tentiometers 732, 145 have been shown as extend-
ing over an angle of 3200 mils. In this case, the
shaft 809 nnay be geared to rotate through the
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angle 4B;, or the brushes of potentiometers 102,
105 mav be geared to shaft 828 with a 4 to 1 gear
ratio. If preferred, the windings of potentiom-
eter 7102, 703 may extend over an angle of 1600
mils, with the brushes geared to shaft 350 with
2 2 to 1 gear ratio, or the windings may extend
over an angle of 800 mils, with the brusheas driven
directly by shafit 850. In these cases, two, four
or eight cards may be disposed about the shalt
880 as arcs of the same circle,

The brush of potentiometer 102 is connecied
through resistors 18, T{t and switch 797 to

round. The junction of resistors 713 and 711 is
connected by connectior: Ti4, through resistor
S00. Fig. 5, to the input circuit of thhe DX am-
plifier 581, of the type shown in Fig. 11, having
o feedback resistor 502. In a specific computer,
the winding of potentiometer 182, Pig. 7, had a
total resistance of 18,000 chms, and the resistors
148, 11§ were respectively 31,000 and 30,700 ohins,
The card supporting the winding of potentiom-
eter 102 was shaped so that the winding varied
in resistance with the unif resistance function
shown by solid line Z in Fig. 19, plotted against
the angie of rotation of the brush B: in mils (300
mils equals 45 degrees). The voltage function de-
livered by the netwoik varies with the function
shown by the dotted line SC, plotted against the
time of flicht TF in seconds.

Similariy, with switches 788, 799, Fig. 7, closed,
the connection 231 is connected through the
windine of potentiometer 783 to ground, and the
brush of potentiometer 7¢% is connected through
resistors 712, 713 and switch 783 to ground. The
junction of resistors 712, 713 is connected by con-
nection 715 through resistor 233, Fig. 5, to the in-
nut circuit of the DY ampilifier 584, of the type
shown in Fig. 11, having a feedback resistor 538.

The winding cf notentiometer 7183, ¥ig. 7, and
the resistances of resistors 712, 7i3 are respective-
ly similar to the winding of potentiometer 702
and the resistances of resistors 718, 71{, thus pro-
ducing the functions shown in Fig. 19,

When firine with HE shell, switchas 706, 7107
are onen and switches Ti6 and Ti7 are closed,
The connection 288 is thus connected through re-
sistor 100, havingz a resistance of 5672.5 ohms to
the windine of potentiometer 782, and the brush
of potentiometer 702 is connected through switch
17, resistor 7H{, resistor 718, having a resistance
of 170.000 ohms, and resistor 718, having a re-
sistance of 65,000 ohms, to ground. The voliage
applied to connection 1{4 will then vary In ac-
cordance with the function shown by the dash-
double dot line HE in Pig. 19.

Similarly, with switches 788, 782, ¥ig. 7, open
and switches 12!, 722 closed, connection 231 is
connected through resistor 753 to the winding of
potentiometer T05: the brush of potentiometer
785 is connected through switech 722, and resistors
113 723, 124 to ground; and thie voliage applied
to connection Ti5 varies in accordance with the
HE function shown in Fig. 19. =

When firine with AP shell, switches 168, 716,
107, 711 are open, switches 726, 727 closed, thus
connecting connection 280 througn resistor 150
and resistor 701, having a resistance of 2592.6
chms. to the winding of potentiometer 782, and
connecting the brush of potentiometer 702
through switch 729, resistors 714, T18 and switch
127 to zround. The voltage applied to connec-
tion 714 will then vary in accordance with the

 function shown by the dashed line AP in Fig. 19,

Similarly, with switches 768, 721, 122, 729 open,
and switches 128. 129 closed, connection 291 is

- o
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connected through resistors 763, 784 to the wind-
ing of potentiometer 785: the brush of potentiom-
eter 1809 is connected through switch 128, resistors
113 and 123 and switch 729 to ground: and the
voltage applied to connection 115 varies with the
function shown by the dashed iine AP, Fig. 10,
Whenfiring HE shell,switch 128, Fig. 7. is closed,
connecting connection T(4, through resistor 7130,

of 4500 ohms resistance and resistor 734, of 56,700

ohms resistance to connection 724. Similarly,
switch 7235 is closed, connecting connection 715
through resistors 7132, 733 to connection 735.
When firing AP shell, switches 7128 and 125 are
open, switches 136, 737 closed, thus connecting
connection 7i4 through switch 735 and resistor

131 to connection 734 and connection 715 through “-

switch 737 and resistor 723 to connection 735.
When firing HE shell, connection 134 is con-

nected through resistor 586, Fig. 5, having a re-

sistance of 75,000 ohms, the two sections, each

10

15

20

of 22,500 ohms, of the winding of potentiometer - -

807, resistor 589, having a resistance of 10,000
ohms, and switch 5106 to ground. Resistor 508,
having a resistance of 22,500 ohms is shunted
across the lower section of the winding of poten-
tiometer 307. When firing AP shell, switch 51
1s closed, shunting out resistor 508 and switch
510 is opened, connecting resistor 512, having a
resistance of 150,000 ohms, in series with resistor

508,

When firing HE shell, connection 734 is also
connected through resistor 5{4, having a resist-
ance of 10,000 ohms, switch §!5, and the two sec-
tions, each of 22,500 chms, of the winding of po-
tentiometer 516 to ground. When firing AP snell,
switch 55 is opened, connecting resistor 511,
having g resistance of 2,000 ochms in series with
resistor §514.

Also, when firing HE shell, connection 734 is
connected through switch 218, and the two sec-
tions, each of 22,500 chms, of the winding of po-
tentiometer 513 to ground. and, through switch
©20 and resistor 521, of 95,000 ohms to ground.
When firing AP shell, switch 518 is opened, con-
necting resistor 522, having s resistance of 12,500
ohms, in series with the winding of potentiometer
513, and switch 520 is copened, disconnecting re-
sistor 921,

- The brushes of potentiometers 587 516 and 518

are respectively connected through resistors 523,

524, 325 to the input circuit of amplifier 591,
The brush of potenticmeter 507 is adjusted to

the temperature of the air, the brush of poten-

tlometer 518 is adjusted to the muzzle velocity of

the pivot gun and the brush of potenticmeter :

915 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 sim-
ilar networks associated with potentiometers 528,
827, 828. The brushes of potentiometers 528,
527, 528 are respectively ganged to move with
the brushes of potentiometers 537, 51§, 519 and

__are respectively connected through resistors 529,
930, 5531 to the input civeuit cf amplifier 564,

Let TFM=maximum T for standard conditions
TAM=maXimum effect of gir density
TVM=maximum effect of muzzla veloeity
TTM=maximum effect of temperature

with the brushes of potentiometers 599, 5{6 518
(or 526, 5271 228 at the lowest points, the ampli-

fication of the X amplifier 283, Fig. 4, or the V¥

. | v

30

40

45

A
Gt

60

42

amplifier 283°, is readjusted so that the output
voltage is proportional to B

TFM —(TAM+-TVM L TTM)

and the voltage supplied to the DX amplifier 001,
Fig. 5, or the DY amplifier 504, is proportional to

TF
TFMTFM— (TAMA+TVM+TTM))

When the brushes of potentiometers -509, 5186,
919 (or 528, 521, 528 are at the mid-points of
their windings, the voltage supplied is propor-
tional to

TF
TFM

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

TZ;,I;I(TFM-I— (TAM+TVM+TTMY)

.TFM

' If Rn be the resistance of the winding of one of

the potentiometers, say the air density poten-
tiometer 318, and Ra the resistance of the series
resistor 622, then | '

Ry 9TAM
RaF¥ Ry TFM—TAM+TVMFTTH

The complete networks associated with the
time of flight potentiometer are similar to Pie.
13H and are a slight modification of Case I,
BEquation 11. Designating the series resistors 7890,
101, Fig. 7, by B, and the shunt resistors 718 711,
118, 119 and in Fig. 5, 500, 507, 5389, 512, 616 511,
918, 822 by 4, the design equation is

_ K7a
ABFD+Z(BFD) —22

The design values for the curves of Fig. 19 are

(35)

TF (3 6)

HE AP SC
B2 0315478 | 0.46456 0
A e 3. 20792 2. 99094 3. 37222
R e 111. 607 123. 673 49.00

While normally K is a fraction, in the present
case, due to the voltages supplied by potentiom-
eters 509, 516, 519, Fig. 5, to amplifier 561, the
total voltage supplied to amplifier 50t 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 861, Fig, 5, correctly represent the
change, DX, in the X coordinate. As the ampli-
fier 501 reverses the polarity of the applied volt-
ages, the output voltage of amplifier 501 will have
a polarity which is the negative of the polarity of
the applied voltages. The output circuit of am-
plifier 501 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 $33 will thus cor-

10

rectly represent, in magnitude and polarity, the
magnitude and sign of the change DX, in the X
coordinate. |

Similarly the output circuit of amplifier 584 is
connected through resistor 835 to the input cir-
cuit of amplifier 5356, 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

A Y
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by connection 538, Figs, 0, 6 and 4, through g re-
s:stor 4Ei, I'ig. 4, to the input circuit of an ampli-
fier 492, of the type shown in Fig. 11, having a
feedback resistor 493.

Similarly, the output cireuit of amplifier 538,
Fig. 5, is connected by connection 039, Figs. 5, 6
and 4, through resistor 434, ig. 4, to the inout
circuit of an amplifier 4035, of the type shown in
Fig. 11, having a feedback resistor 406.

The output eircuit of amplifier 164 Fig, 2. or of
the corresponding amplifier in the CD triangle
solver 273, or the output circuit of amplifier 321,
¥ig. 3, is connected by connection 204 through re-

sistor 496, Fig. 4, to the input circuit of amplifier
402. |

Similarly, the output

circuit of amplifier 161,
Fig. 2, or of the corresponding amplifier in the
CD triangle solver 273 or the output circuit of
amplifier 331, Fig. 3, is connecied by connection
217 through resistor 407, Fig. 4, to the input cir-
cuit of amplifier 405

In some cases, the data transmission system
controlled by the dats, transmission potentiometer
12, Fig. 1, may bhe disabled, and only the values
of the data, as telephoned at regular intervals
are available at the computer. These data are
of a time in the past equal to the time interval
TD, between the recular transmissions of the
data, and during this time interval the coordi-
nates of the predicted position of the target Willj

have changed by the amounts XTD and YTD.

Thus the output circuit of amplifier 283, Pig. 4.
or of amplifier 321, Fig. 3, Is connected by con-
nection 290 through the winding of a poten-
tlometer 482, Fig, 4, to ground. The brush of
poteniiometer 408 is connected through a resistor
499 to the input circuit of amplifier 4§02,

Similarly the output circuit of amplifier 283"
ig. 4, or of amplifier 331. Fig. 3, is connected ny
connection 29{ through the winding of
tiometer 419 to eround. The brush of poten-
tiometer 419 is connected through a resistor 441
to the input circuit of amplifier 405,

The brushes of potentiometers 298 and 419 atre
adjusted to respectively select voltages propor-

tional to XTD and ¥YTD.

The connection 254 supplies a voltage Dropor -
tional to Xo, the coordinate of the present posi-
tion of the target: the connection 838 supplies g
voltage prorortional to
In the coordinate of the target during the time
of flight, TF, of the shell; and the wiper of poten-
tiometer 4908 sunplies a voltage proportional to
the change in the position of the target during
the time interval 1D, thus the sum of the voltages
supplied to the input circuit of the amplifier 4§09
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 482 will have
a magnitude proportional to Xpr, and a polarity
wiich is the opposite of the sign of Xp, and thus

- may be designated —Xp. The output circuit of

amplifier 402 is connected through resistor 4192
to the input circuit of an amplifier 443, ol the
type disclosed in Fig. 11, having g feedback re-
sistor 414. The output voltage of amplifier 413
will then agree in magnicude and polarity with
the magnitude andg sign of the coordinate Xp of
the predicted position of the target,

Similarly the output ecircuit of amplifier 405 is
connected through a resistor 415 to the input
circuit of an amplifier 416, of the type shown in

[

DX, the predicted change :
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Fig. 11, having a feedback resistance 417. The
output voltage of amplifier 495 will have a magni-
tude proportional to the magnitude of Ye, and
a8 polarity opposite to the sign of e, while the
cutput voltage of amplifier 48§ will have g mage-
nitude proporticnal to the magnitude of Ve gnd
a polarity corresponding to the sign of the co-
ordinate Ye of the predicted position of the tarzet,

As will be explained lster, the shaft 9408, Pig. 5,
iz rotated proporuicnally fto the firing azimuth
angle AF1, of the pivot gun, and is geared by the
counter-shaft 355 to rotate the snhaft 858 througn
twice the firine azimuth angle, 2AF1,  The
brushes %8¢, 552, 553 and 554 are rotaved by the
shaft 555 but are Insulated from the shaft £545
and from each other.

The potentiometer cards 268, 545, 547 and 548
all vary in width with 2 cosinusoidal function
extending over substantially g complete quadrant
buf are each of sufficient length to extend gver
substantially a half circle. For g short distance
from the narrow end, the rotentiometer cards gre
of constant width and a number of turns of the
winding at the end of the card are snort-circuited.
The potentiometer cards 545 and 5484 are formed
cn ihe circumference of a cirele concentric with
the shaft 558, the narrow ends of the cards being
separated by an insulating spacer. A conductive
bridee 549 is supported by this insulatmg spacer
and overiaps some of the short-circuited turns
cf the winding, but is insulated therefrom, The
cotenticmeter cards 537 and 548 are similariy
disposed with respect to the bridee 350.

The cam switches 54| and 542 are operated for
slightly more than one-half reveoliition of the
shaft 5406, that is, for slightly more than 180 de-
grees of the angle AFLl. The cam switches 543
and 244 are operated for glightly more than one-
half revolution cf the shaftt 506, that is, for slight-
Iy more than 90 degrees of the angle AF1, and
ale operated twice for each revolution of the shait
048, The operation of cam switch 531 extends
ground through the ccnnection 43 I, Figs, 5, 6 and
¢ to the winding of relay 421, Fig. 4, operating
relay 424, Similarly, the operstion of cam
switch 542 will connect ground through connec-
tion 432, Figs. 5, 6 and 4, to the winding of relay
422, operating relav 422. 'The operation of cam
switch 543 will connect ground through connec-
tion 433, Figs. 5. 6 and 4, to the winding of relay
423. operating relay 423. The cperation of cam
SWitch §44 will connect ground through connec-
tion 434, Figs. 5, 6 and 4, to the winding of relay
424, operating relay 424, In Fig. 4 with relay 421
released, and relays 422, £23 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 sprine of the
first pile-up of relay 424 and the winding of relay
426 to battery operating relay 426: and eround
1S connected through the armature and make
spring of the third pile-up of relay 422 througch
the armature and make spring of the second pile-
up of relay 424 through the winding of relay 4z8 .
to battery, operating relay 423, With relay 42!
released, relay 422 operated. relay 4%3 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 armature
arnd make spring of the first pile-up of relay 424,
throuch the winding of relay 426 to battery, on-
erating relay 428; 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

4 1




2,414,810

45

relay 428 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 plle-up of relay
422 through the winding of relay 427 to battery,
operating relay 427, With relays 42 i, 422 and 424
operatea and relay 423 released, ground is con-
nected through the armature and make spring of
the second pile-up of relay 422, the armature and
make soring of the first pile-up of relay 424, the
winding of relav 488 to navtery, operating relay
£2¢; ground is connected through the armature
and make sprine of the third pile-up of relay 422,
the armature and make
ub of relay 424, the winding of relay 428 to bat-
tery, operating relay 428: and ground is con-
nected through the armature and make spring of
the fourth pile-up of relay 422, the break springes
of the second pile-up of relay 423, the winding of
relay 4271 to battery, operaiing relay 427. With

relays 421 and 42% operated PRyt relays 423 and -

424 released, ground is connected throush the
armature and make spring of the fourth pile-up
of relay 421, the break springs of relay 428, the
winding of relay 428 to batiery, operating the re-
lay 228; and ground is connected through the
armature and make spring of the fourth pile-up
0f relay £22, the break springs of relay 423, the
winding of relay 421 to hattery, operating relay
421. With relays 421, 622 and 323 operated and
relay 424 released, ground is connected through
the armature and make spring of the second pile-
up of relay £24, the arma‘ture and make spring of
the first pile-up of relay 823, the winding of relay
225 to battery, operating relay 425: ground is con-
nected through the armature and make spring

of the third pile-up of relay 421, the armature

and make spring of the second pile-up of relay
423, 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 421, the break spritigs of the first pile-

up of relay 424, the winding of relay 423 to bat-
tery, operating relay 428. With relays 421 and
423 operated and relays
ground 1s connected through the armature and
maxge spring of the second bile-up of relay 421
the armature and maka spring of the first pile-up
of relay 423, the winding of relay 425 to battery,
operating relay 625; ground is connected through
the armature and make spring of the third pile-
up of relay 424, the armature and make spring of
the second pile~-up of relay 423, the winding of
relay 427 to battery, Cperating relay 4271 and
ground is connected throuch the armature and
maxe spring of the fourth pile-up of relay 421 , the
break springs of the first pile~-up of relay 424. the
winding of relav 42§ to nattery, operating relay
428,

relay £22% released, ground is Connected through
the armtnature 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 428 to battsry, operating relay 425: and
ground .is_connecied through -the armature and
make spring of {he third pile-up of relay 421, the
armature and make spring of
of relay 443, the winding of relay 427 to battery,
operating relay 423. With relays 82 and 424 Cp-
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 reiay 423, the wind-
Ing of relay 425 to battery operating relay 425.
With relays 421, 422 and 423 released and relay

3 | L

-

spring of the second pile-

222 and 424 released,

With relays 421, 423 and 234 operated and.

the second pile-up-
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424 operated, 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 relay 425. With relays 421, 422, 423
and 424 released, battery is connected thrcugh

- the armature and break spring of the fourth pile-

up of the relay 421 and the break springs of the
second pile-up of relay 424, the winding of relay
428 to battery, operating relay 4Z2; and grocund
Is connected through the armature and break
spring of the fourth pile-up of relay 422, the
break springs of the first plle-up of relay 423,
the winding of relay 425 to battery cperating re-
lay 425. With relays 421, 422 and 424 released,
and relay 423 operated, ground is connected
through the armature and break springs of the
fourth pile-up of relay 421, the break sprines of
the second pile-up of relay 424, the winding of
relay 428 to battery, operafing relay 428. With

- relays 421-and 424 released. and relays 422 and

423 operated, ground is connected through the
armature and break spring of the fourth pile-up
Of relay 421, the break springs of the secend pile-
up of relay 424, the winding of relay 428 to bat-
tery, operating relay 428.

The output circuit of amplifier 402 is connected
to the break spring of the first pile-up of relay
421, the output circuit of amplifier 413 is con-
nected to the make spring of this pile-up and
the armature of this pile-up is connected to con-
nection 429 to the conductive bridge 548, Pig.
9. Thus the operation of relay 421, Fig. 1 will
swltch the conductive bridee 549 from the output
of amplifier 402, Fig. 4, to the ourput of amnlifier
£13. Similarly, the output circuit of amplifier
405, Fig. 4, is connected to the break spring
of the first pile-up of relay €22, the output cir-
cuit of amplifier 416 is connected to the make
spring of this pile-up, and the armature of this
plle-up is connected by conneciion £30. to the
conductive bridge 550, Pig. 5.

1The output circuit of amplifier 432, Pig. 4, is
connected to the break spring of relay 4295, the

output circuit of amplifier 4i3 is connected to -

the make spring of this relay, while the armattre

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,
Fig. 4, is connected to the break spring and the
output eircuit of amplifier 4¢3 ig connected to
the make spring of relay 428, the armature of
this relay being connected by connection 438 to
the end of the potentiometer winding 548, Pig. 5,

The output circuit of ammplifier 485, Fig, 4, is
connected to the break spring of relay &271, the
cutput circuit of amplifier 4i6 is connected to
the make spring of relay 427, and the armature
oI this relay is connected by connections 437
to the grounded potentiometer winding 547, Hip
0. Similarly, the cutput circuit of amplifier 409,
Fig. 4, is connected to the break spring and ihe
output circuit of amplifier 4i{6 is connected to
the make spring of relay 428, the armature of

03 e

65 this relay being conmecteq by connection 458

the potentiometer winding 548 Pig. 5.

The cam switches 831, 532, 543, and 544, Fig.
9, and the relays 821, 422, 423, 424, 425, 4%9%.
421 and 428, Fig. 4, connect the outputs of am-

»o Plifiers 482, 413, 435 and 418, to the potentiometer

-y -
d 1)

windings 535. 546, 537 and 548, Fig. 2, so that
the voltages selected by the brushes 551, 092, 553
and 554 are correct. The complete operation of

the switching system is given in the relay oper-
ation table of Pig. 29, which is tabulated for the

i : 'y

u L

. = pr—g—— ———



- .I.-‘ Jl._ r.

2,414,819

47

significant values of the firing azimuth angle
AF1. In this table, for the cam switches and
relays, 0 means operated and R means released.
For the potentiometer cards, bridges and brushes,
G means ground, -+ means the element is con-
nected to the output of amplifier &13 or 4186,
Fig. 4, and — means the element is connected
to the cutput of amplifier 462 or 449, Fig. 4.

In Fig. 10, the pivot gun Gi is fired at a
virtual target Tv such that the shell, under the
influence of the sum of the range componens:s,
SR, of the ballistic eflects, will tend to travel
to a firine target Tr, ai a range RFP1 and an
azimuth AF1l: and the shell, under the influence
of the sum of the deflection components, —SD,
of the ballistic effecis, will drift fo meet the
target at the pradicted posicion Te.

Let X7 and Yr be the coordinates of the point
Tr and Xp and Ye be the coordirates of the
point Te. o

Then

—Xpr 008 AF1LYrF sin AF1=0
— Xr=—Xp-1L-SD cos AF1
Yr=Yp+SD sin 4F'1
—(Xp—S8SD ccs AF1) cos AF1-1+-(Yp-+SD sin AF1)
sin AF1={
. Xr gos AF1LYp sin AF14+SD=0 (37)

Also

— X7 sin AF1—Yr cos AF1=REF1]
—(Xp—SD cos AF1) sin AF1—(Yp<4-SD sin AF1)
cos AF1=RF1

4+ Xp sin AF1+4Yp cos AFl=—RF1 (38)

Potentiometer brush 532, Fig. 5, selects a volt-
age proportional to —Xp cos AF1 and is con-
nected by connection 557 through resistor 600,
Fig. 6, to the input circuit of an amplifier 601,
of the type snown in Fig, 11, having a feedback
resistor £G2. Brush 553, Fig. o5, selects a volg-
age preporiional to Ye sin ATl and is connected
by connection 558 through resistor 663, Fig. 6,
to the input circuit of amplifier 601.

As explained hereinafter, voltages from the
bhallistic correction circuits of Fig. 7, proportional
to SD, are also supplied through resistors 504,
Fig. 6, 603 and £85 to the input circuit of am-
plifier §8i. The output circuit of amplifier
601, Fig. 6, is connected by connection 607
to the winding of votentiometser 359, Fig., o.
The brush of potentiometer 93§ 1S connected 1o &
phase conirclling network 338, of the type dis-
closed in Figz. 12. A source of two-phase power
581 is connected directly to cone winding of a
two-phase motor 362 and through the control
networks 550 to the other winding of the motor
562,

If the output voltage of amplifier 881, Fig. 6,
is not equal to zero, power will be supplied from
the source 581, Ilig. 5, to the motor 5%2, rotating
the shafts 548 and %36, adjusting the brushes 552
and 553, until the output voliags of the ampli-
fier 481, Iig. 6, is reduced to zero, and in ac-

cordance with Equation 37, the shaft 940, Pig. 5;

has been rotated through the angle AR'l. The
azimuth APl may be Indicated by a suitable
dial 564 mounted on a shaft 563 geared to the
shaft 540. A synchronous fransmitter 8§85,
driven hy the shaft 883 transmits the indications
of this angle to the gun position.

The brush 531, Fig, 5, selects a voltage pro-
portional to Xe sin AF¥1, and is connected by
connection 566 through resistor 608, Fig. 6, to
the input circuit of an amplifier 810, of the type
shown in Flg 11, 1having 3, feedback resistor
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6i1. The brush £84, PFig. 5, selects a voliage
oroportional to Y cos AF1 and is connected by
connection 537 through resistor €89, Fig. o, to
the input circuit of amplifier 6184, Thus, {rom
Fauation 58, the output voltage of amplifier Gi0
will be proportional to REFL,

The output circuit of amplifier 610, Fig. 6, is
connected through resistor 542 tc the input circuit
of an amplifier 613, of the type shown In.Fig.
11, having a icedback resistor 614, The output
voltage of amplifier 613 is equal in magnitude.
Ut opposite in polarity, to the ouiput voltage of
amplifier 61€. The output circuit of amplifier
6§10 is connected to one end of the winding of a
potentiometer 515, the cutput circuit oi ampli-
fier 613 beineg connected to the other end of this
winding, the mid-point of the winding being
erounded. The brush of potentiometer 613 Is
connzacted through resistor €!6 fo the input cir-
cuit of amplifier 831. The potentiometer 619
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 50{ is equivalent to an angular change in
the azimuth AFI,

In Fig, 10, the firing target Tr is at a range RFI
and an azimuth AF! with respect{ to the pivot
cun Gi. The coordinates, —Xe and —Ya, 0f &
second gun G2, with respect to the first gun Gl,
are determined by ordinary surveying methods.
Draw ab from the end ¢f Xo perpendicular to
RFI, and ad paralisl to RF{, and draw G2-d
perpendicular to RF!, cutting RFI at ¢, The
firing target Tr is at a range RI'Z2, and azimuth
AF2 with respect to the second gun G2, Let the
difference in the azimuth of the farget from the
two sung be DA, then

DA—=AFZ—-AFl—angle G1-Tr - G3

angie Glab=angle G2ad=AF1

ab=—dc—=—Xag cos AFl: Glb=—Xg sin AF1

Gl=bc=—Yg cas AFl: G2d=—Y¢g sin AF1

Tre=RF2 cos DA, and as DA is usually a small
angle,

Tre=RF2

RF1—RF2=Glc=Glbt-be=—Xg sin AFl—Yg
cos AF1—RF2=—RF1—Xc sin AFl—Yg COS
AF1 (39)

In cases where the two guns are separated by
more than a quarter mile, the assumption that
RF2 cos DA=RF2 may not be sufficiently accu-
rate. In such cases a corrective term 1/2 RF1
5in2DA4 may be added, and the equation becomes

—RF2=—_RF1-Xg sin AF1—Yg cos AFl-+
1/2RF1 sin?D4 . . .

Consider the lateral distance G2c:

G2%c=RF2 sin DA=G2d—dc=—Y¢ sin 4F14-Xa
cos AF1 '

F2sin DA—Xgcos AF1+Ye
sin AF1=0 ., . . (40)

The outpu: circuit of amplifier 613, Fig. -6, 1s
connected by connection o1 t1'1ro-11gh_1:e.31stor
573. Fig. 5, to the input circuit of an ampiiiier 514,

HO
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of the type shown in Fig. 11, having a feedback-
resistor £15.

The potentiometer winding 565, Fig. 5, varies
in resistance with a complete sinusoidal function
and is erounded at the diametrically opposiie
points where the [unction passes through Zzero.
A source of voltaze 574, having the positive pole
srounded, and a second source of voltage "912,
having the negative pole grounded are connected
to diametrically opposite points ot the potentioms-
eter winding 556, at the points where the func-
tion is a maximum. The brushes 567, 908, 069,
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and 979 are rotated by the shaft 54% through the
angle AFI, but are insulated from the shaft 540
and from each other. The brush 587 selects g
voltage proportional to a negative cosine, the
brush 868 selects g voltage proportional to a
positive sine, the brush 538 selects 2 voltage pro-
portional to g positive cosine, and the brush 5710
selects a voltage proporiional to a negative sine,
all of thesz functions bzing with respect to the
angie AF{., The brush &687 1s connected through
resistor 5713 to the third contact of the double-
pole-double-throw switeh 583 and to the second
contact of the double-pole~double-throw switch
981. The brush 558 is connecied throush re-
sistor 577 to the first contact of switeh 580 and
the second contact of switeh D3{. The brush 533
Is connected through resistor 579 to the fourth
contact of switch 538, and to the fourth contact
of switech 3581, - The brush E79 ig connected
through resistor 578 to the second contact of
switch 980, and the first contact of switch 58¢.

‘The switch 589 is placed in the upper position
when the coordinate Ye is positive and in the
lower position whern Y& is negative; similarly,
the switch £31 is placed in the upper position
when the coordinate Xg is positive and in the
lower position when the coordinate Xg is nega-
tive.

The blades of switch 580 are respectively con-
nected to ground throuch the windings cf poten-
tiometers 532 and 583: and similarly, the blades
of switch 581 gre respectively connected to ground
through the windings of potentiometers 584 and
385, |

The brush of potentiometer 533 I3 adjusted to
seiect the voltage provortional to the coordinate
Ye and is connected tihrough resistor 58§ to the
Iput circuit of amplifier 574 Similarly the
brush of potentiometer 534 is adjusted to select
a voltage proporticnal to the coordinate Xa and
1s connected through resistor 587 to the input cir-
cuit of amplifier 574. Thwus, from Equation 39,
the output voltage of amplifier 574 will be pro-
portional to the maenitiude of R2, and will cor-
respond in polarity with the sign of RF2.

The output circuit of amplifier 574 is connected
through a resistor 583 to the input circuit of an
amplifier 588 of the type shown in ifig. 11, hav-
Ing a feedback resistor 520,

1he brush of potentiometer 522 is adjusted to
select g veltage proportional to the coordinate
Yo and is ccnnected tarough resistor 593 to the
input circuit of an ampiifier 584 of the type
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shown in Fig. 11, having a feedback resistor 893,

IThe brush of potentiometer 535 Is adjusted to
select a voltage proportional to the cocrdinate
Xe and is connected through resistor §92 to the
Input circuit of amplifier §34 |

The output circuits of the amplifiers 5714 and
88 are respectively connected through the ge-
coupling resistors 588 and 537 to the ends of the
winding of potentiometer v88, having g mid-point
grounded. The brush of potenticmeter 098 is con-

- nected through resistor 581 to. the input cireuit

of amplifier 584. The winding cf potentiometer
088 has a sinusocidal variation Of resistance. The
cutput circuit of ampilifier 528 is connected
thhrough the winding of potentiometor §99 t0
esreund. Tlie brush of Gotentiometer 589 is con-
nected to a control netwoerk 590, of the type shown
in Fig, 12, A source of two-phase power 901, has
one phase connected directly to one winding of g
two-phase motor 852 and the other phase con-

nected threugh the control network 899 to the
other winding of motor 992.

- The voltage supplied to éhe input circuit of am-
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plifier 534 corresponds to the terms of Equation 40
and the sum of these terms should be zero. If
the sum of these voltages is not zero, a voltage
will be supplied from the output cireuit of ame-

Pplifier 584 to the control circuit 999, starting the

motor $82, and rotating the brush of potentiom-

eter §98 until the sum of the terms is reduced to

2€r0, and the shaft of motor §62 has been rotated
through the angle DA. The shaft of motor 802 is
geared to the planet gears of g, differential gear
563 and the shaft 583 Is geared tc one pinion of
the differential gear §43. The other pinion of
gear 353 will then be rotated through the angie
£t 4+DA which eguals 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 885 to a syn-
chronous receiver at the guns.

In Fig, 10, the angle T, (31 T'r is the angle of de-
flection AD, that is, the aiigle by which the line of
fire leads the line to the present position of the
target. Extend Gi Tr to J; draw Tof perpendicu-
lar to Gl7; draw gh Derpendicular to Gij through
e the infersection of DX and DY,; draw Tpek and
ef paraliel to Gij. Angles e Tpg and e Taof equgl
AFR{,

- The line of fire must be rotated counter-clock-
wise from To to Tr, thius the tangent of AD is
negative.

_Toj
—tan AD _"Glj

Toj=Tof—fk—SD

=DX cos AF1— Dy sin AFF1—S8D
Gli=G1T s+ Teh-+hj

=RF14+T,g+ef

=RF1+Dy cos AF1+DX sin AF1

—tan AD=- X cos AF1— DY sin AF1—8D)
T RF1I+(DX sin AF1LDY cos AF1)

—tan AD.RF1—
tan AD(DX sin AF14DY eos AF1) —
DX cos AF1+DY sin AF1+SD=¢ . . . (41)

The output circuits of amplifiers 6§18 and 613,
g, 6, are respectively connected to the ends of
the winding of 2 potentiometer 637, having 5 mid-

bomt grounded. The resistance of the winding of

Dotenticmeter 637 varies with g tangent funection.
The brush of potentiometer $37 is connected
tarough resistor 69 to the input circuit of an
amplifier 525, of the type shown in Fig, 11, having
a feedback resistor 527.

The windings of notenticmeters 906 and 219,
rig, 5, vary in resistance with complate sinusoidal
functions and are greunded at the points where
the functions pass tarough zero, The output
circuits of amvplifiers 535 and 534 are respectively
cornected tc the points in the winding of poten-

ticmeter 905 at which-the funetion is 4 maximum

and similarly the output circuits of the amplifiers
933 and 531 are respectively connected to ihe
points in the potentiometer winding 818 at which
the function is a maximum. The brushes 887,
938, 923, 91, 912, 913 are rotated by the ghaf,
043, but are insulated from the shaft and from
each other. The-brush 937 selects a positive cosine
function, the bruspy 548 a positive sine function

and the brush 899 a negative cosine function of

the angle of rotation, that is, the angle APl. The ,'

brush 91f selects a negative sine function, the
brush 842 g positive sine function and the brush

- o
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813 a negative cosine function of the angle of
rotation A¥{. The brush 287 is connected by con-
nection 3i4 through resistor €22, Fig. 6, to one
enctt of the winding of potentiometer 633, The
prush 312, Fig. 5, is connected by connection $13
tarcugh resistor 633 to the same ending of the
winding of potentiometer 634. The brush 563,
Fig. 5, is connected by cennection 81§ through a
resistor 635 to the other end of the potentiometer
winding 624. The brush 81!, Fig. o, is connected
by connection 817 through resistor 630, Fig. 6,
also to thae other end of the potentiometer wind-
ing 834, which is grounded at mid-point. The
winding of potentiometer 634 varies in resistance
With a tangent function. The brush of LoLen-
tiometer 634 is connected through resistor 618 to
the input circuit of amplifier 823, The brush
303, Fig. 5, is connected by connection 913
through resistor 623, Fig. 6, to the input circuit of
amplifier 528, The brush 943, Fig. 5, is connected
by connection 819 through resistor 024, Fig. 6, to
the input circuit of amplifier §26. The brush of
the azimuth spotting potentiometer 815 is con-
nected throueh resister 523 to the input circuit
of amplifier 628. As will b2 explained hereinafter,
voltages preportional to the sum of the deflection
combenents SD are supplied through resistors
629, 621 and 822 to the Input circuit of ampilifer
62G. As the azimuth spotting potenticmeter §135
Is supplied with voltages proportional to range,
the voltage selected by the wiper of pctenticmeter
618 is proportional to g deflection, and thus acts
to slightly change the voltages proporticnal to the
sum of the defiection components SD.

The cutput circuit of amplifier §25 is connected
through the winding of potentiometer 628 to
ground. 'The brush of potentiometer 6§28 is con-
nected to a control circuit 629, of the type shown
in Fig. 12. A source of two-phsase power 833 has
one phase connected directly to one winding of g
two-phase motor 831, and the second phase con-
nected through the control circuit §29 to fthe
otner winding of motor §31.

rrom Equzation 41 the voltages supplied to the
input circuit of amplifier 625 should equal zero,
and the outrcut voltage of amplifier 6§23 also
should be zero. If the output voltage of amplifier
¢20 is not zero, a voltage is applied to the contro]
circuit 629, starting the motor 631 and rotating
the brushes of potentiometers §34 and 5237 until

e sum of the input voltages supplied to ampli-

er 626 is reduced to zero. The brushes of potenti-
ometers $33 and €37, which are mounted on the
shaft of motor €31 but insulated therefrom, are
thus rotated through the angle AD, which may
be indicated by a suitable dial §28.

At long ranges, the rotation of the earth dur-
ing the time of flight of the shell moves the target
with respect to the shell producing an efiect of
sufiiclent magnitude that a correction is required.
With the smaller weapons of shorter range, such
as the subcaliber weapon, the effect is inap-
preciasle. From thecretical conciderations, it
nas been found that the defiection effect is of the
form 4 sin L—B cos L cos AF1, where L ig the
latitude of the gun, A and B are factors Wwhich
have bcen found to be, in part, functions of the

- ballistic elevation, B1, of the sun. In the present

computer, the linear deflection effect is propor-
tional to |

(RF1 sin L—.1607 RF1 cos AF1 cos L) /(B1)

‘The output circuit of the +RF1 amplifier 610,
rig. 6, is connected by connection 639. Figs. 6, 5
and 7, to the left conj:act of switch 7138, Fig, 7.
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The output circuit of the —RF1 amplifier 613,
Fig. 6, is similarly connected by conrnection 617,
Ifigs. 6, o and 7 to thes right-hand contact of
switcin 158, Fig. 7. The switch 738 is placed on
the left contact if the gun is located in the
southemrm hemisphere and on the right contact
if the gun is located in the northern hemisphere.
The blade of switch ¥33 is connected throush a
resistor 139, having a resistance of 141,686 O0hms
and the winding of potentiometer 148, havine a
resistance of 20,080 chms, to ground. The wind-
ing of potentiometer 143 varies in resisiance with
a sinusoidal functicn having 0 degrees at the
grounded end. The brusa of notentiometer 740
1s adlusted tc select a voltage provortional to cos
L and is connected through a decousnling resistor
141 having a resistance of 100,000 chms and the
winding of pctentiometer 742 to ground.

The output circuit of amplifier §18, Fig. 8, is
connected by connection £33, through resistor
§24, Fig. 5, to a tap in the potentiometer winding
321 and the output circuit of amplifier 613, Fig. 6,
is similarly connected by connection 617 through
resistor 922, Fig. 5, to a diametrically onposite
point in the potentiometer winding 921. The
rctentiometer winding €21 has a sinusoidal
variation of resistance and is grounded at the
points where the function passes through gzero.
The brush 822 is rotated by the shaft 549 to select
a voltage proportional to the negative cosine of
the angle ATF1, and is connecied by connection
524 through the winding of potentiometer 743,
Fig. 7, to ground. The winding of potentiometer
143 bas a cosinuscidal variation of resistance ex-
tennding gver one quadrant swith €0 degrees at the
grounced end. The brush of potentiometer 743
1s adjusted to the latitude of the gun and is con-
nected thrcugh the decoupling resistor 744, hav-
ing a resistance of 180,000 ohxms, to the end of
the winding of potentiometer 742. When firing
with the subealibzr weapon 3C, the switch 7145
1s closed connecting the brush of potentiometer
122 to ground. When firing the larger weanon
with high explesive shell HE, the biush of poten-
fiometer 142 is connected through resistor 7143,
having g resistance of 38,864 olhims, and through
resistor 747, having a resistance cf 4,267 chms,
to ground. V' hen firing with armor piercing
shell, AP, the switch 743 is closcd short-circuit-
ing the resisteor 747, The network formed by the
winding of potentiometer 742 ard the resistors
145 and 747 i3 designed in acccrdance with
mouation 18, The resistance variation of the
winding of pctentiometer 742 is shown by the
solid curve Z cof Fig. 21, and the voltagz oulput
of the network when f{ring high expleszive shell
1S shown by the dotted curve, HE, Fig. 21, and
the voltage outnut when firing armor-piercing
sheil is shown by the solid curve AP. The hrush
of potenticmeter 742, as will be explainad later,
is rotated by the shaft 833 through the ballistic
elevation angle B, and is ¢connected by connec-
tion 128 to the resistors 855 and 621, Fig. 6. _ .

Gwing to the srvin imrarted to the shell phy the
rifiing of the gun, the shell tends to drift off the
line of fire. This linear deflection effect will be
propartional to the rarge and a function of the
ballistic elevation angle, Bi. of the gun. The
output circuit of amnlifier 613, I'ig. 6, is connected
by connection (17, Figs. 6. 5 and 7, throuveh re-
sistor 747’, having a resistance of 83,040 ohms,
resistor 148" having a resistance of 57,587 ohms.
and resistor 743, having a resistance of 380,000
ochms, through the winding of pctentiometer 152
to ground. A switch.750 is connected across re-
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sistors 148" and 148 and a switch 751 is connected
across resistor i43. When firing with the sub-
caliber weapon, a switch 7583 is closed connecting
the end of the winding of potentiometer 752
through resistor 134, having g rasistance of 39,000
ohms, and resistecr 783 having a resistance of
80,000 ohms, to ground. When firing with high
explosive shell, the brush of potentiometer 152
1s connected through a switch 785 and recistor
135 to ground, and switech 33f is closed short-
circuifing resistor 745. When firing with armor-
piercing shell, switch 758 is closed short-circuit-
Ing resistors 748" and 749. The winding of poten-
tiometer 752 has a resistonce of 7,500 ochms and
varies in resistance in aeccordance with the solid
curve 4 of Fig. 20. The brush of potentiometer
192 is rotated by the shaft 893 nreportionally
fo the ballistic elevation angie B!, a2nd is in-

10

15

sulated from the skaft. This circuit is similar -

to the circuit of Fig., i3C an@™the functional

variation of the voltage selected by the brush of

notentiometer 132 for the subealiber eun 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
dashed curve AP. The nprush of pofentiometer
752 is connected by the connection 757, Figs. 17,
8 and 6 to resistors £9% and §22, Fig, £,

In PFig, 10, a wind having a magnitude W is
blowing from a bearing BW, measured from north
clockwise,

The cross-wind CW will he:

CW=W sin (AF1—-BW) |
—W (sin AF1l cos BW—ces AFl sin BW)  (42)

The range wind RV will be:

RW=W [—cos (AF1—-BW)1]
=W (—c0s AF1 cos BW— |
sin Al sin 8YW) (£3)

The effect of the cross-wind CW on the shell must,
be included in the sum of the deflection effects
SD,

‘The brushes 8§23 and 444, Fig. 5, respectively
select voltages proporiional to the negative and
the positive cosine of the angle AR, and are re-
spectively connected tirough resistors 525 and
920 to diametrically opposite taps in the winding
of potentiometer §27. The winding of potentiom-
eter 927 has a sinusoidal variation of resistance
and is grounded at the points where the func-
tion passes through zaro. The brush of potenti-
ometer 827 is rotated by a shaff 8§23, but is in-
sulated therefrom. The shaft $28 is manually
rotated through fthe bearing of the wind BW.
The brush of potentiometer 827 selects a voltage

~ broportional to sin BW, and is connected through

resistor 828 to the input circuit of an amplifier
830, of the type shown in Fig. 11 having a fesd-
back resistor 43f, -

Thne brushes §32 and 233 are rotated by the
shalt 940, but are insulated therefrom and from

tional to the positive and negative sine of the
angle AFIl, and are respectively connected
througi the decoupling resistors 984 and 935 to
diametrically opposite taps in the winding of PO-
tentiometer §36. The winding of potentiometer
935 has a sinusoidal variation of resistance ang
1s grounded at the points where the function
passes through zero. The brush of potentiometer
936 is rotated by the shaft §28, but is insulated
therefirom, and selects a voltage proportional to
the negative cosine of the angle BW. The brush
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of potentiometer 936 is connected through re-
sistor 857 to the input circuit of amplifier 930.
Thus, by Equation 42, the output voltage of am-
plifier 8308 will be proportional to the maximum
value of CW, The output circuit of amplifier 230
1s connected by connection 938, Figs. 5, 7 and 8,
through resistor 891, having a resistance of
14,564 ohms, resistor 8§82, having a resistance of
2318 ohms, to the brush of potentiometer=8§3.
The brush of potentiometer 823 is rotated by the
sitaft 8G9, but is insulated therefrom. One end of
the winding of potentiometer 883 is grounded.
The brush of potentiometer 883 is connected
threugh resistor 834, having a cesistance of 55,000
ohms and resistor 835 having a resistance of
115,600 ohms to ground. When firing armor

‘Ppilercing or high explosive shells, a switch 806 is

closed short-circuiting resistor 805 and a switch
c0i is closed short-circuiting resistor 802. 'The
brush of potertiometer 803 is connected through
the winding of a potentiometer 883, having a re-
sistance of 57,000 ohms to ground. The winding
of potentiometer 883 has g resistance variation
as shown by the solid curve Z, Fig. 23, and a re-
sistance of 15,000 ohms. This ecircuit is similar
to the circuit of Fig. 13A, and may be designed
vith the aid cof Equation 14. The functional
variation of the voltage supplied to the winding
Ccf poientiometer 828 for the armor viercing or
high explosive shell is shown by the solid curve
AP, Fig, 23. The functional variation of the volt-
0.8e supplied to the winding of potentiometer 848
for the subcaliber weapon is shown by the dotted
curve SC, Fig. 23, The brush of potentiometer

€98 is adjusted to the magnitude of the wind and
is connected by connection 835 to the resistors 5§04

and ©dd, PFig, 6.

In Fig, 8, the trajectories of the two guns are
shown In elevation; the ballistic elevation gngie
Bi of the pivot gun Gi bheing the angle above
the horizonta] plane to which the pivot gun must
pe elevated in order that, under standard condi-
tions, the shell will travel to the virtual tarzet
Tv1, at a range RVI, and under non-standard
cenditions the shell will travel the extra distance
Sk, the algebraic sum of the wind and ballistic

~ differential effects, to a target RB, in the hori-

zonial plane at the distance RB from Gt . The

distance RB is substantially equal to the firing

range RE. |
RF1=RB—RV1+SR

Now RVI and SR are functions of ballistic eleva-
tion angle Bl and

—RF14fa4-(B1) +/3(B1) =0 (44)

where | |
RV1=f2(Bl), SR=f3(B1)

If the target is not in the same horizontal plane
as the pivot gun, the firing elevation angle EI
will not be the same as the ballistic elevation
angle Bi., Assuming the validity of the principle
of the rigidity of the trajectory El=BIl—Esg,

each other, to respectively select voltages propor-
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small,

: H
ET&’:SII} E3=m

where H is the height of site.

Thus
H
or, _ | |
RIF1-Bl—EF1-E1—-H=0 (45)
In the present comonuter, 1% is assumed that the

L]
. o

where Es Is tThé angle of site.” As™Es is usually — -
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height of site, H, is the same for both guns. Thus,
for the second gun,

— RF21Lf2(B2) +f3((B2) =10 (46)
RF2-B2—RF2-Eq—H=0 (47)

The principle of the rigidity of the tralectory
s not rigorously true, and may provide serious
arrors at long range. A corrective term, called
the complementary angle of site Ec, is given 1n
the firing tables for the larger weapons. The cor-
rection for the complementary angle of site may
be expressed as a correction in range

OR

“2B

The complementary angle Ec is a function of bal-
listic elevation B: and is also proportional to H.
The partial derivative

9@ Marwe

OB
is also a function of Bi.
therefore, be expressed as

Rc=Hf(B) (48)

and included in the sum oif the range correc-
tions SR.

The rotation of the earth during the time of
{licht of the shell moves the target with respect
to the shell and may produce g change in the
rance, which is termed the earth rotation range
effect, ERR. This effect is propertional to

RC=E

The correction may,

—sin AF1 cos L, (49)

where L is the latitude of the gun.

Brush B9, Fig. 5, selects a voltage proportional
to —sin AF1 and is connected by connection 339
through resistor 153, Fig. 7, having a resistance
of 491,000 ohms, and the winding of potentiom-
eter 180 to ground. The winding of potentiome-
eter 750 has a cosinusoidal variation of resistance
extending over one quadrant, 0 degrees being at
the unper end and having a resistance of 20,000
ohms. The brush of potentiometer 7688 is ad-
justed to select a voltage proporticral tc cos L
and is connocted through resistor 716d, having a
resistance of 37,500 ohms, resistors 152, having a
resistance of 2,500 ohms, and resistor 163, having
o rosistance of 75,000 ohms to grecund. When
firing high explosive, HE, shells switch 164 is
closed conneciing the junction of resistors 761
and 752 to connections 757; when firing armor
piercing, AP, shell switch 2% is closed connect-
ing the junction cof resistors €2 and 763 to con-
necticns 167: and when firing the subcaliber, SC,
gun, which dces not require any correction for

‘the efects of earth rotation, switeh T€6 is closed,

croundinz the connection 167. Connection 167
is connected through resistor 810, I'ig. 8, to the
input circuit of an amplifier 8t{, of the type
shown in Fig. 11, having a feedbac}' resistor 812,
Brush 582, Fig. 5, selecis a voltage propor-

“tional to - ccs AF1 and is connected through

resistor 48 to a tap in the winding of poten-
tionmeter 842. Brusin 387 selects a voltage pro-
portional to — cos AT1 and is connected through
resistor 941 to a diametrically opposite tap in
the winding of votentiometer 842, The wind-
ing of potentiometer 342 has a sinusoldal vari-
ation of resistance, is grounded at the points
where the function passes through zero, and the
resistors 949 and 941 are connected at the points
where the -function is a maximum. The brush
of potentmmeter 842 is connected through re-
sistor 2456 to tne input circuit of amplifier 948,
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of the type shown in Fig. 11, ha,vmg a, feedback
resistor 949. Brush 558 selects a voltage pro-
portional to + sin AF1 and is connected through
resistor €43 to g tap in the winding of potentl-
ometer 845. Brush 570 selects a voltage propor-
tional to — sin AF1 and is connected through re-
sistor 844 to a diametrically opposite tap in the
windine of potentiometer 94%. The winding of
potentiometer 945 has a sinusoidal variation gt
resistance, is grounded at the points where the
function passes through zero, and is connecced
to the resistors 943 and 944 af the poinfs where
the function is a maximum. The brush of po-
tentiometer 945 is connected through resistor
2471 to the input circvit of amplifier 548. The
brushes of potentiometers £42 and 3949 are ro-
tated by the shafi 828 through the bearing BW
of the wind. but are insulzted from the shait
923 and from each other. The brush of pcten-
Hometer 942 selects g voltage proporticnal to
— cos AF1 cos BW, and the prush of potentlom-
eter 8435 selects s voltage proportional to — sin
AF'1 sin BW, thus by Equation 43, the output
voltace of amplifier 948 will have a functional
variation corresponding to the functicnal varia-
tion of the range component WR, of the maxi-
mum wind. The cutpui circuit of amplifier 848
is connecierd by connection SE8, Figs. 5, 7 and &
ta the contacts of switches 512, 214 and G1d
¥ir, & Switch 813 is closed when firing with
the subcaliber. 8C, weapon: switch 814 is closed
when Arine with armor piercing, AP, shell; and
switceh §15 iz closed when firing with high explo-
sive, HE, shell.

When firing with the subcaliker, SC, weapon,
switech 2813 iz clesed connecting connection 369
throuch resistor 818, having a resistance ci 36.650
chiis and the winding of potentiometer €18 hav-
ing 2 resistance ¢f 73.600 ohms to ground, and 10
the brusih of potentiometer $28. The winding of
potentiometer 829 has a total resistance of
0.125 ohms, and has a variation in resistance as
snown by the curve, Z. Fig. 25. The switch 824
is closed short-circuiting the first 91.8 chms of
the winding: and the switch 823 is closed short-
circuiting the last 1.008.4 chms of the winding
of potentiometer 823, This circull is designed in
accordance with Eguation 14. The brush of Dpo-
tentiometer 849 is adjusted to select a voltage

roportional to the actual speed of the wind,
and the variation of the voltage selected by this
brush with movement of the hrush of potenti-
cmeter 320 is shown by the curve SC, Fig. 29.

When firing AP shell, switch £14 is clesed con-
neeting conneciion 989 through resistor 817, hav-
ineg a resistance of 19.500 ohms, and the wind-
ing of potentiometer 828 to ground; switch 829
is closed connecting the brush of potenticmeter
828 throuch resistor 828, having a resistance
of 70 000 ohms, to ground; and the brush oI po-
tentiometor 228 is connected through the wind-
ing of potentiometer 81§ to ground. The circuit

— —then has-the confisuration ef the-circuit shown

60
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in Fig. 135, The voltace selected by the brush
of potenticmeter 819 will then vary with th2 po-
sitinp of the brush of potentiometer §28 as shown
by the curve marked AP, Fig. 23.

When firing HE shells, switch 8!8 is closed
connecting connection 850 through resistor 818
havirg o resistance of 4.450 ohms and the wind-
ing of potentiometer 828 to ground; switch 822
is closed connectmﬂ' resistor 821 having a resist-
ance of 2,650 chms. across the winding of poten-
tiometer 820: switch 826 is closed connecting the

75 brush of potentiometer 820 through resistor §21
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having a resistance of 40,600 ohms, and resistor

828 to ground, and connecting the brush of po-
tentiometer 820 through the winding of poten-
tiometer 819 {o ground. The volitage selected by
the brush of potentiometer 819 will then vary
with the position of the brush of potentiometer
620 as sho'vn by the curve marked HFE, Fig. 20.

The biush of potentiometer 8i9 is connected
through resistor 830 to the input circuit of ampli-
fier 811. |

A source of voltage 183, Fig. 7, having the nega.-
tive pole grounded is connected through resistor
169, having a resistance of 37,500 ohms, resistor
170, having a resistance of 75,600 ohms and re-
sistor T7{, having a resistance of 120,000 ohms,

to the brush of a potentiometer Ti2. The wind-

ing of potentiometer 772 is grounded at ore end,
and connected at the other end through the wind-
ing of potentiometer 7715 to ground. The brush
of potentiometer 772 is adjusted”to tne value of
the height cf site, H. The winding of poctenti-
omeier 175 has a linear variation of resistance,
a total resistance of 4,000 ohms, and is tapped at
1881 4 ohms, 2,788.5 chms, and 3,328.6 ohms from
the grounded end. A switch 1719, when operated
connects the first tap to ground. A switch T78,
when, operated, connects the second tap of the
winding through resistor 7171 having a resistance
of 1,000 ohms, to ground.

The third tap is connected to'the contacts of '

the switches 181 and 783, Switch 181, when op-
erated. connects the third tap through resistor
188, having a resistance of 1,100 ohms to ground.

The switch 783, when operated, connects the third
tan through resistor 182, having a resistance of
440 ohms, and 138 to ground.

When firing the subcaliber weapon, switch 713
is closed, short-circuiting resistors 179 and T7t,
and switech 7718 is closed. The voltage selected
Iyv the brush of potentiometer 7115 will then vary
with rotation as shown by the curve SC, Fig. 28.
Whnen firing with agrmor piercing shell, switeh
178 is closed, short-circuiting resistor 1T{, switch
118 is closed znd switch 781 is closed. The volt-
age selected by the brush of potentiometer 175
will then very as shown by the curve AP, Fig, 28.

wWhnen firirg with high explosive HE shell,
switches T719 and 763 are closed and the voltage
seiected by the brush of potentiometer 715 varies
as shown by the curve HE, Fig. 28. The brush
¢f polentiomeler 775 is connected by connection
T84 through resistor 831; Fig. 3, to the input cir-

cuit of amplifier 8il, and supplies a voltage pro-

cortional to Re, Equation 48, A source of voltage
i82, Pig. 7, having the mid-point grounded has
the pocitive pele connected to the upper contact
of switch T86 through resistor {488 of value 80,000

" oonms and the negative pole connected to the

Iower contact of switch 786, through resistor
1138 of value 80,000 chms. For convenienhce of
description, the operation of this circuit with the
sudcaliber weapon will first be given. If the den-
sity of the air is greater than normal, the blade
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of switch 1835 is placed on the UDpér contact and ~ — resister 1967 to ground— Fhe-junetion-of switches-
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shown by the curve Z, Fig. 22. The upper end of
resistor 181 is connected to the blades of switches
7193 and 794. The contacts of switches 733 and
784 are respectively connected to the ends of the
winding of potentiometer 1899 having g resistance
of 70,000 chms and the mid-point grounded. The
brush of potentiometer 798 is adjusted to the value

- of the density of the air. ™This circuit may be
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designed with the aid of Equation 10. The swiich
793 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..
T'or convenience in adiusting the circuit, the shait
rotating the brush of potentiometer 7195 may be
arranged to operate a cam switch when passing
thirough the mid-point of the winding, similar to
the cam switch commonly used on radio volume
controls. This cam switch may conveniently bhe
alranged to operate one or more relays, switching
the circuit from the condition -for air density
ereater than rormal to the condition for air
density less than normal, Thus, while the
switches 780, 793 and 194, 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 eondition 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 gll the connections required by the various

. circuits. |

When firing armor piercing AP shell, switches
796, 7971, 798, 799 and 1,600 are closed., If the
density of the air is greater than normal, switch

- 786 is on the upper contact and switch 784 is

U

closed. Switch {1001 is also closed, connecting the
blade of switch 786 through switch 138, resistor
1002 having a resistance of 13.500 ohms, switch
{001, resistor {005 having g resistance of 10,700
ohms, resistor (806, having a resistance of 13,600

= chms and resistor 1007 having a resistance of

5907 ohms to eround. 'The junction of resistors
{005 and 1086 is connected through switches 136

and 184 to the winding of potentiometer 735.

The contact of switch 1001 is connected through

50 switeh 737 to the brush of potentiometer 7%2.

This circuit may also be designed with the aid of
Bquation 10. 'The functional variation of f{he
voltage selected by the brush of potentiometer
795 will then be as shown in the curve AP+,

55 Fig, 22. When the density of the air is less than

60

normal, switch 788 is on the lowest contact, and
switches 793, (003, 1604, {008, 10088, {Qi¢ are
closed, connecting the blade of switch 1738
through switch 7988, resistor 1002, resistor {911
having a resistance of 8,000 ohms, swiftch 1308,
and resistor 1012 having a resistance of 31,000
ohms to ground, The brush of potentiometer 152

~ is connected through switches 7197, 1003, 1034, and.

if the dersity of the air is less than normal, the 65 {803 and 1004 is connected through switch 158

viade of switch 7826 is placed on the lower con-
tact. The blade of switch 788 is connected
through resistor 187, having a resistance of
730,000 ohhms, resistor 788 having a resistance of
14 800 ohms, switch 788 and resistor 75!, having

a. resistance of 315,000 ohms, to ground. Switeh

138 15 closed, connecting the mid-point of resistors
787 and 788 to the brush of potentiometer 792.
The winrding of pontentiometer 192 is grounded at

and switch 793 to the winding of potentiometer
135. 'The free end of the winding of potentiom-
eter 792 is connected through switches 10308 and
1029, and resistor {012 to ground. The winding

-0 f potentiometer 792 has a total resistance ol

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 789 and (040, -
and resistor (013 having a resistance of 120,000

one end, and has a variation in resistance as 76 ohms to ground. The functional variation of the

: " .
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voltage selected by the brush of potentiometer
7105 is shown by the curve AP—, Fig. 22. When
firing hich explosive, HE, shell switches (014,
{0i5, 1015, {617, {018, and 18{3 are closaed. When
the air density is above normal, switch 788 iIs on
the upper contact and is connecied tirough re-
sistor 1020, having a resistance of 75,000 ohims,
resistor 1021 having a resistance oi 9160 olms
and switch 1016 and {915 to the brush oi poten-
tiometer 792. Switch 1022 is on the upper coin-
tact, connecting the junction of switches (G5
and {316 through resistor (223, having a resist-
ance of 13,085 ohms to ground. The ungrounded
end of the winding of potentiometer 192 is con-
nected through switch (017, switch 1825, and
resistor 1826, having a resistance of 26,000 ohims
to ground. Switch {827 is closed, connectinng the
second tap of the winding of potentiometer 7832
through switches 18018 and 10217, and resistor {328,
having g resistance of 17,000 ohms, {o ground.
With these connections, the functional variation
of the voltacge selected by the brush of poten-
tiometer 199 is shown by the curve HE-+, Fig. 22.
If the density of the air is less than normal,
switehies 788 and (022 are placed on their lower
contacts and switches 783 and 1828 are closed.
The blade of switch 788 is connected throuch
resistor 1029, swifches 1629, 181§, and {915, 12
the brush of potentiometer 192 and through
switches {0{é angd 723 through the winding of
potenticmeter 785 to ground. The junction of
switches 1815 and 1816 is connected through
- switch (022, resistor 1924, having a resistance of
12,400 ohms to ground. The functiona! varia-
tion of the voltage selected by the brush ¢f poten-
tiometer 799 is then as shown by the dotted curve
HE—, Fig. 22. The brush of potentiometer ¥3%
is connected by connection 1830 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 84,

In addition to the effect of non-standard air
density for standard mugzle 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 noten-
tiometer 185, Fig. 7, is connected by connection
1038 through resistor 1831, having a resistance of
29.000 ohms to the contacts of switches {832 and
§032. When firing with HE shell, switch {332 is
closed, and when firing with AP shell, switch {032
is closed. When firing H¥ shell, resistor {921 is
connected throuzh switch 10832, resistor 1033,
having a resistance of 55,000 ohms, rasistor 1634
having a resistance of 31,000 ohms. or switon
(035 to the contacts of switches 1339 and (042,
When firing AP shell, switch {038 1s closcd con-
necting resistor (031 through switch 1833, re-
sistor 1039, having a resistance of 6,500 ohms,
resistor {048, having a resistance of 14,700 chms,
or switch {041, to the contacts of switches 1035
and 1032. The hlades of switches 1636 and 1§42
are respectively connected.to the ends of the
winding of potentiometer {837, the mid-point of
the winding of potentiometer 1837 being grounded,
The brush of potentiometer 1357 is connccted to
~the upper contact of switch {643 and the lower
contact of switch (944, the lower contact of
switch 1843 and the upper contact of switech (844
beineg grounded. Potentiometer 1937 is similar
to potentiometer 795, thus when the brush of
potentiometer 1037 passes the mid-poin{ of the
winding, a cam switch is clesed cperating a relav
controlling switches (635, 1036, 1841, 1342, 1943
and 1844. Tkus, whken the muzzle velocity is
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ereater than normal, switches {833, $035, iL3!
are operated and switches 1943 and 1244 are on
the upper contacts; when the muzzle velocily ;s
less than hormal, switch 1842 is closed ana
switches #1533 and 1644 are on the lower contacts.
The blade of switchh 1843 is connected by ceianec-
tion 10485 through resistor 833, Fig, 8, to thie in-
put circuit of amplifier 833. The biade of switch
{044, Fig.. 7, is connected Ly connection 18&%
throuch resistor 837 to the inpuf circuit of ampli-
fier i, IFig. ThusS when e muzzie velosity
of the eun is above normal, a voltage is stuppiied
throuegh resistor 825 to the inpuf circuit ot ampli-
fier 833. and is revevsed in polarity by ampiificr
323 and suopplied to tie input cireuit of amplifier
31 {, the resister 837 being greounded. Wikn the
muzzie velocity of the gun is less than nerinds,
voltage is supplied tirrough resistor o371 directiy
to the input circuit of amplifisy g1f, and thus i3
of opmosite pelarity to the voitage supplied 10
resistor 8§35, 'Thus by the use of the intermeadiate
ampiifier 833, the voltage representing cne cf il
ballistic eFects may e reversad in poiarity be-
fore being suppiieg to the ampilifier 311, The use
~f the intermediate amplifier 533, tiius simpiliics
the oir density circuit of Pig, 7 by avoiding the
necessity of supplying two voltages of opposite
polarity proportionzl to the air density eifect from
the potenitiometer 7T93.

The standard temperaiuve of the ailr is as-
sumed to be 59° F. and if the temperature 1s
ahove or below this value, the range of the shell
wiil be affected. The circuit for the subcaliber
SC weapon will first be described. Switches 842
and 845, Fig. 8, are closed. A source of voltage
258 havin~ the positive pole grounded, 1s con-
nected through resistor 323, having a resistance of
100.000 oiims. resistor 84%. having a resistance of
930.600 ohms, switeh 842, resistor 843, having a
resistance of 509,000 onms, resistor 344 naving a
recistance of 80.000 ohms. through switch 8456
to the brush of potentiometer 848. Resistor 841,
having a resistance of 73.500 ohms is connected
from the contact of switch 848 to ground. The
winding of potentiometer 848 has a variation In
resistance as shown by the curve Z, Fig., 24. a
total resistance of 85142 ohms and is tapped at
1119.8 ohms. 5718.8 olyms, 7068.0 ohms, and 7300.0
onms from the grounded end. A switch 449
shor:-cireuits the last ssction of 1119.8 ohms of
the winding, ke brush of potentiometer 8485
i5 connected to the contacts of switches 849 and
£5f. The blades of switches 846 and 8%l are
respectively connected to the ends of the winding
of nvotentiometer 8£0. having the mid-point
crounded. Potentiometer 859 is of the same type
as potentiometer 185, Fig. 7. The brush of poten-
tigometer 850, Fig. 8, is connected to the blade of

switch 852, the blade of switch 853 being grounded.

The brush of potentiometer 838 controls a relay,
which. when the temperature is higher than nor-
mal closes switch 849, and closes switches 852
and 852 on the lower contacts. When the tem-
perature is below normal, the brush of poten-
tiometer 850 overates a relay which closes con-
tacts 341, 845, and 851, and operates the switches
852 and 853 tc the uppar contacts. The upper
contact of switeh 852 and the lower ccntact of
switech 853 are connected by connection 854
throuzh resistor 88§ to the input circuit ol am-
Tre lover contact of switech 852
and the upper contcet of switch 333 are cen-
nected by connection £35 through resistor 85_?
to the input circuit of amplifier 811. The brush
of potentiometer 858-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 258 for temperatures less than nor-
mal is shown by the sclig curve marked SC 0°,

g, 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 rarked SC 100°, Fig., 24. This cir-
cuit may be designed with the aid of Equation 14,

When firing HE shell. switches §58, 831, 808,
and 858 are closed. The source of voltage 838
is then connected through resistors 838 and 844,
switch 8589 and the winding of potentiometer
843 t) ground. A source of voliage 868, having
the negative pole grounded is connected through
switeh 838, resistor 851. having a resistance of
63.800 ohms, rasistor 882, having a resistance of
35,000 ohms and switcix 837 to the brush of po-
tentiometer 848. If the temperature is above

o = 'i----

nermal, switch 884 is orerated, “eonnectine the

brush of petentiometer 848 throucgh switches 857
and 884, and resistor 8560 having a resistance of
22.000 ohms to ground. If the temperature is

above normal switch 840 is operated to the lower

contact, connecting the 5718.6 chms tap in the
winding of potentiometer 848, through switch
356 to cround. If the temperature is below nor-

mal, switch 868 is operated to the upper contact
cennecting the 7809-ohwm tap in the winding of

the potentiometer 248, through switch 8%5 to
cround, switech 841 is closed short-cirecuiting re-
sistor 840, and switch 283 is closed short-circuit-
ing resistor 862. The functional variation of the
voltage selected by the brush of potentiometer

880 for the temperature less than normal 1s shown &

by the dash double dot line marked HE 0°, Fig, 24;
and the functicnal variation of voltage for tem-
perature g¢reater 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. 12C and may be designed with the aid of
Bguation 16.

When firing AP shell, switches 807, &068, 889,
873 and 829 are closed. The ungrounded ends
of the winding of potentiometer 843 are connected
through switeh 887, resistor 834, having a resist-
ance of 130 ohms and resistor 882 having a resis{-
ance of 740 ohms to ground. The 706%-ohm tap
in the winding of votentiometer 848 is connected

through switch 2809, rescistor 870 having a resist- .

anre of 1620 onhms and resistor 2712 having a
recistance of 360 ohms to zZround. The source
of power 865 is connected through switch 289,
recistor £7¢ having a resistance of 33,500 ohms,
resistor §74. having g resiztance of 20,000 ohms
and switch 2873 to the brush of potentiometer
843. The brush of potentiometer 848 is con-

" nected through gwiteh 873, resistor 816, having

a resistance of 340 ohms, resistor 8718, having
a resistance of 1740 chms, to ground. If the tem-
perature is greater than ncermal, switeh 882 i
cloged short-circuiting resistor 884: switch 884

is closed connecting the 5718.6 chms tap in the

winding of poltenticmeter 843 through switches
868 and 834 and resistor 885, having a resistance
cf 1380 chms, to ground; switch 879 is closed
short~-circuiting resistor 8i3; and switch 8717 is
closed short-cireuitine resistor 876, If the tem-
perature 1s below normal, switch 875 is closed
short-circuiting resistor 874. The functional
variation of the veltage selected by the wiper of
potentiometer 820, for temperatures below normal
is shown by the dashed curve marked AP (°,
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 agllowance must be made for
this effect. When firing the sub-caliber weapon,
smtches 865, 837, 883, 889 and 880, Fig. 8, are
closed. A source Df current 851 havmg the posi-
tive pole grounded is connected through resisior
692, hgving a resistance of 2.5 megohms and
switch 886 to the brush of potentiometer 884. A
resistor 893, having a resistance of 15,000 ohms is

connected from the contact of switch 886 to

sround. The winding of potentiometer 894 has
g, linear variation in resistance g total resistance
of 11,500 ohms and is tapped at 2038.1 ohras,
2264.5 ohms and 10190.3 chms from the lower
end. The upper end is grounded through switch
888 and the 10190.3-chm tap is grounded through
switehh 887; The lower end of the-winding is con-
nected through resistor 1847, having a resistance
of 1314.5 ohms and resistor 1048, having a resist-

~ance of 3,000 ohms to ground. The brush of
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potentiometer 884 is connected through switch
889 to the contacts of switches 835 and 887. 'Lhe
blades of switches §35 and 857 are respectively
connected to the free ends cf the winding of po-

tentiometer 898 having a resistance of 70,600
ohms, and the mid-point grounded. The brush

of potentiometer 896 is connected to the upper
contact of switch 888 and the lower contact of
switch 885: the lower contact of switch 898 and
the upper contact of switch 899 being corninected
through switch 890 to ground. The switcheg 852,
897. 898 and 899 are springs of a relay controlled
by the moetion of the brush of potentiometer &36
so that when the projectile weight is larger than
normal, switch 895 is closed and switches 888 and
899 are on the upper contacts; and when the
weight of the projectile is less than normal,
switch 8871 is closed and switches 898 and €39
are on the Iower contacts. The functional varia-

tion of the voltage selected by the brush of po-

tentiometer 836 with movement of the brush of
potentiometer 894 is shown by the curve marked
SC, Fig. 26. The blade of switch 823 is con-
nected through resistor 1649 to the input circuit
of amplifier 811, and the blade of switch 8339 is
connected through resistor {838 to the inpuf cir-
cuit of amplifier 833. When firing with HE shell,
switches 105¢, 1052 143583, {084, {055, 1026 and
1957 are closed. A source of voltage 028, having
the negative pole grounded is connected through
switch 1051, resistor 1059 having g resistance of
200 ohms, resistor 1080 having a resistance of
8960 ohms and switeh {083 tc the brush of poten-
tiometer 884, the contacts of switch {8233 are con-
nected through switch {852 and resistor 1061,
having a resistance of 763.07 ohms o ground.
The 2038.1-ohm tap in the winding of potentiom-

eter 894 is connected through switch {0858 to the

lower end of the winding and through resistor

1047, and switch 19854 to ground. The upner end
of the winding of potentiometer 894-is connecied

through switch {856 to the contacts of switches
895 and 8971. The source of voltage 1058 is con-
nected through rezistor 1062, having g resistance
of 75,000 chms to the free ends of the winding of
potentiometer (083, having a resistance of 57,000
ohms and the mid-poin{ grounded. The upper
end of the resistor 1662 is connected through
switch {057 and resistor {664 having a resistance
of 4060 ohms .to ground. The brush of poten-.
tiometer 1063 is connected to the lower contact of

peratures abovg normal ‘is shown by the dash 75 switch 898 and the ypper contact of switch 888,

»
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the brush of potentiometer 10383 is adjusted to
the value of the weight of the projectile and may
conveniently be ganged with the brush of poten-
tiometer 886. The functional variation of the
voltage supplied through switch 8988 to the input
circuit of amuplifier 811 and the veliage of reverse
polarity supplied by switch 838 through amplider
833 to the input circuit of amplifier €i! is shown
by the curve marksdé HBE, Iig. 26, Tuls circuilf is
similar to Pig. 13G.

When firing AP shell switches 18384, 1553, 1454,
iG65, 1056 and (883 are closed. 'The source Gi
voltage {1858 is connected through switch (834,
resistor 1883, switch §853, to the brush of poten-
tiometer §54. The contacts of switeh 1292 is cen-
nected through resistor {968 having a resistance
of 580 chms, and resistor {681 to ground. The
2264 5-chm tap in the winding of pcientiometer
834 is conhected through switch 1083, resistor
(647, switch {354 to ground. The upprer end of
the winding of potentiometer 89% IS connected
through switch 856 to the contacts of switches
895 and 8Y7. 'The source of voltage 1038 is also
connected through resistor {1862 tc the free ends
of the winding of notenticmeter {883. The upper
ond of resistor {982 is connected through switch
(066, resistor 1867, having a resistance of 2769
ohms and resistor 10654 to ground. The func-
tional variation of the sum of the voltages of

switehes 893 and 889 with variations in the posi- o

tion of the brush of potentiometer £38, is shown
by the curve marked AP, Fig. 26.

If the muzzle velocity of thie weapon iz not
standard. the range of the proiectile will be

this effect. When firing witih the sub-caliber
weapon, switches 1870 and (672 are placed on
the upper contacts. A source of veltage 1065
having the negative pole grounded is connected
through rvresistor (363 having a resistance of
61 720 chms, resistor 1874, having g resistance of
106.570 ohms, switch 1872, and the winding of
potentiometer {08713 to ground. A resistor (G714,
having a resistance of 85,000 ohms is connected
from the contacts of switech 1872 to ground. The
winding of potentiometer {8713 has a variaticn
of resistance as shown hy the curve marked Z,
Fig. 27, a total resistance of 15,000 chms and is
tapped at 9,600 ohms from the grounded end.

affected and the balance must be the same for .
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The brush cf potentiometer {873 is connected

to the contacts of switches {878 and 1876. The
blaces of switches {373 and (470 are respectively
connected to the free ends of the winding of =
votentiometer {877, having a total resistance of
70,000 ohms, the mid-point being grounded. Po-
tentiometer {877 is like potentiometer 199, Iig, 7,
and the brush of potentiometer 1971 in passing
through the mid-point causes the operacion cf a

relav. The brush of potentiometer 1977 is con-

- -

1))}

nected through the upper ceniacts of switch 873

and the lower contact of switchh 1813, the lower
contact of switch 078 and the upper contact of
switch (078 being grounded. The switches 1975,

1375, 1078 and {0793 are contacts on the relay

controlled by the brush of potentiometer 1377, but 5

when the muzzle velocity is larger than normal,
switch 1075 is operated and switches {078 and
{379 are on the upper contacts, when the muzzie
velocity is less than normal, switch 19076 is op-

erated and switches (8718 and 1079 are on their ()

lower contacts. The functional variaticn of the
voltage selected Ly the brush of potentiometer
1071, with variations in the position of the Lrush
of potentiometer {373, is shown by the curve

marked SC, Fig. 27. The blade of switch {078 is 75
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connected through resistor {831 to the input cir-
cuit of amplifier 8ii, and the blades of switch
{379 are connected through resistor {885 to the
input circuit of amuplifier §33.

When firing with HE shell, switches {370 and
(072 are rlaced on the middle contacts and
switches 1982 and {283 are closed. The source of
power 1833 is connected through resistor 1069,
switch $G70, resistor 15684 having a resistance of
1826.3 ohms, resistor 1883, having & resistance of
17,760 ohms, switch (072 through the winding
of potentiometer 1812 to ground. The contact of
switch 1272 is connected through resistor (086
having a resistance cf 42,500 ohms, resistor 081,
having a resistance cf 41,000 ochms to ground.
The brush of pvoienticmeter 1373 is connected
throuegh switch {683, resistor {8¢83. Resister 1083
having g resistance of 3016.5 ohms, resistor 1089
having a resistance of 3624 ohms to ground, and
throuegh resistor (§83, having a resistance of
2484.3 ohms tc ground. The functional variation
of the voltage selected by the brush of poten-
tiometer {077 when the muzzle velocity of the gun
is larger than normal is shown by the curve Hx -+,
Wi, 27. If the muzzle velocity is less than nor-
mal, the movement of the brush of potentiometer
1077 closes switches {339 short-circulting resistor
1085, switch 1051, short-circuiting resistor (0386
angd switch 1§83, short-circuiting resistor (089
and switch (232, connecting the upper end of the
winding of potentiometer 1373 through switch
{832, resistor (555 having a resistance of 7040
ohms, switch 230 to the fap In the winding of
poventiometer 972, The functiona] variation of
the voltage selected by the brush of pofentiome-
ter 1877 with movement of the brush of poten-
tiometer (873 when the muzzle velocity of the
oun is less than normal, is shown by the curve
marked 2E—, Fig. 27.

When firing AP shell, with a muzzle velocity
higher than normal, switches 1870 and 1872 are
placed on their lower contacts. Switch (639 is
closed and the movement of the brush of poten-
tiometer {877 closes switch 1887. The source of
voltage 13€8 is connected through resistor 1603,
switch 1070, resistor 1880, having a resistance of
4,500 ohms, switch 1272 and the winding of po-
tentiometer 1013 to ground. The contact of
switch 1972 is connected through switch 1087,
and resistor {598 having a resistance of 54,000
onms to ground. The brush of potentiometer
1373 is connected through resistor 1084 to ground

and through switch (889, resistor 1108, having a
resistance of 2650 ohms and resistor {181 having
a resistance of 1150 onms to ground. The func-
tional variation of the veltage selected by the
wirer of potentiometer 1677 with movement of
the brush of potentiometer 1273 is as shown by
the curve marked AP+ Fig. 27. When the brush
of potentiometer 1977 is adjusted to a muzzle ve-
locity less than normal, switch $297 is opened and
switches 1182 and 1183 are closed. Switch ({02

short-circuits resistor 193§, switch ({03 short-cir- .

cuits resistor ! in1, - and- the opening. of swiich

{897 places resistor 1194, having a resistance of
3500 ohms in series with resistor (138. 'The
functional variation of the voltage selected by
the brush of potentiometer 1877 is then as shown
by the dash line marked AP—, Fig. 27.

Thus the voltages proportional to the differen-
tial bhallistic effects and the interactions between
these effects have heen supplied either directly to
amplifier 811 or through amplifier 833 to am-
plifier 8!, and the output circuit of amplifier 811
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will have a voltage component proportional to
SR, | |

The output circuits of amplifiers 613 and §13,
Fig. 6, are respectively connected by connections
517 and 639, Figs. 6, 5 and 7, through resistors
{i05 and (106, Fig. 7, to the free ends of the
windings of potentiometer (187, the mid-point of
the winding being grounded. The brush of po-
tentiometer {107 may be arbitrarily adjusted by
the ranging officers to introduce a range spot COI-
rection, and is connected by connection {:{%&
throuch resistor {189, Fig. 8, to the input circuit
of amplifier 8233.

The outpus circuit of amplifier 613, Fig. 6, hav-
ing a voltage proportional to —RF1 is connected
by connection 817, ¥igs. 6, 5, 7 and 38 through

resistor 1140, Pig. 8, to the input circuit of am-.

plifier 81{{.
When firing with the subcaliber weapon, a
source of voltaze {111 is connected through switch

(112, resistor !§!3, having a resistance of 29,343

ohms to the brush of potentiometer {{i4. The
winding of potentiometer {114 has a substantially
linear variation of resistance and a resistance of
50,000 onms. The brush of potentiometer 1114
is connected through resistor {116 having a re-
sistance of 389.000 ohms to ground, and through
switch 1115 and resistor 1117 to the input circuit
of amplifier 8¢1,

When firing with the larger weapon an addi-
ticnal source of voltage 118 is connected in series
with the source {111 through switch 1115, resistor
1120 having a resistance of 54,000 ohms fo e
brush of notentiometer (128, and through switch
1§15 and resistor 1117 to the input circuit of
amplifier 811. The brush of potentiometer {421
is connected to ground through resistor 1122,
having g resistance of 42,000 ohms. The winding
of votentiometer 112! has a substantially linear
variation of resistance and a total resistance of
6¢.000 chms. | |

Thus, to the input circuit of amplifier 8!1, the
connection 1417, supplies a volitage propertional
to the virtual range RVH{, the connection {§i3
supplics a voltage proportional to —RF1 and the
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other conneciions supply voltages to proportional -

to +SR and by Equation 45, the sum cof these
quantities should be zero. The oulput circuit of
amplifier 81! is connected to the winding of po-
tentiometer 1123. The brush of potentiometer
1123 is connected to a control circuit {124, of the
type sheown in Fig. 12. A source of {wo-phase
voltage is connected directly to one winding of
the two-phase motor {1256, and through the con-
trol circuit {!24 to the other winding of motor
{123, If the output voltage of amplifier 81t is
not equal to zero, current is supplied to the con-
trol circuit (124 starting motor {26 and rotating
shaft 850 until the output voltage of amplifier 8i
has been reduced to zero. The shait 638 has been
rotated to the angle B, the ballistic elevation
angle for the pivot gun Gl.

- The output circuit or amplifier §10, Fig. 6, is
conrected by connection 839, Figs. 6, 5 and 7,
through the winding of potentiometer 116, Fig, 7,
to ground., The brush of potentiometer 119 ig
rotated by the shaft 820 through the angle B,
to select a voltage proportional to RF1:-Bl, and
is connected by connection {130 through resistor

051, Tig. 5, to the input circuit of an amplifier

854 of the type shown in Fig. 11 having a feed-
back resistor 939. | |

A source of voltage 1127, Fig. 7, is connected
through the winding of potentiometer 128 to

ground. The brush of pctentiometer 1128 is ad-
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. first gun plus the-interaction effect for the dif-
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justed to select a voltage proportional to the
heieght of site H, and is connected by connection
1129 through resistor 953, Fig. 5 to the input cir-
cuit of amplifier 854,

The output circuit of amplifier 613, Fig. 6, is
conrected by connection 617 through the left-
hand vortion of the winding of potentiometer
§590, Fig. 5, to ground. The output circuit of am-
plifier 610, Fig. 6, is connected by connection 639
through resistor 962, Fig. 5, and the right-hand
portion of the winding of potentiometer 968 to
cround. It is assumed that the pivot gun Gi
will have a maximum elevation of about 800 mils,
and o maximum depression of about 100 mils.

we left-hand portion of the winding of poten-
iometer 880 has a resistance of 50,000 ohms, the
richt-hand portion of the winding of potentiom-~
oter S50 has a resistance of about 6490 ochms and
the resistor 9562 has a recistance of 43,510 ohms;
that is, the resistance of the resistor 592 and the
right-hand section of the winding of potentiom-
oter 950 is equal to the resistance of the left-hand
section of the winding of potentiometer 5¢8. As
ihe total angle of elevation and depression is only
about 909 mils, the winding of potentiometer 953
may be spread out over 6300 mils and the brusn
ceared to rotate through seven times the angle
of elevation. The brush of potentiometer 860 is
conrected throueh resistor 893 to the input cir-
cuit of amplifier §54. The voltages supp:ied to
the input circuit of amplifier 954 are respectively
cqual to --RE1 B1—H—RF1 El1 and the sum of
these voltages should be zero. The output circuit
of amplifier §34 is connected through the winding
cf potentiometer 956 to ground. The brush of
noteniiometer 958 is connected to a control cir-
cuit 8§57, of the type shown in Fig. 12. A source
of two-phase power 538 has one phase connected
directly to one winding of the two-phase motor
95¢ and the other phase connected through the
control circuit §57 to the other winding of tne
moitor 858, If the output voltage of the ampli-
fier 934 is not equal to zero, current wiil be sup-
plied to the control circuit 957, starting the motor
859 rotating the brushes of potentiometer 959
until the voltage is reduced to zero and the brush
of potentiometer 850 has been rotated through
the aguadrant elevation, El, of the pivotl gun Gi,
which may be indicated by a suitable dial 331, and
transmitted to the gun by any suitable transmis-
sion system.

The difference in elevation of the two guns of 2

battery will generally be rather small and ag the

height of site effect is not very large, the same
allowance for héight of site may be made for botn

-guns. Thus the brush of poientiometer 115, Pig. T,

is connected by connection 784, Figs, 7, 8 and b,
through resistor 648, Fig. 6, to the input circuif ol
an ampiifier §41, of the type shown in Fig. 11 hav-
ing a feedback resistor 642. | |
The interaction effect between muzzle velocity
and air density for the second gun will equal thx
interaction effect for the muzzle velecity of the

ference in the muzzle velocities of the two gurs.
The blade of switch 1843, Fig, 7, is connected dY
connection 1845 through resistor 643, Fig. 6, 1o
the input circuit of an amplifier 6484 of the type
shown in Fie. 11, having a feedback resistor G435,
The output circuit of amplifier 664 is connectaed
through resistor 645 to the Input circuit of am-
plifier 641. The blade of switch 1044, Fig. 7, iS
connected by connection (045 through resistor
647, Fig. 6, to the input circuit of amplifier §a1.

Thus a voltage corresponding to the interaction

v
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effect between the muzzle velocity and air density
fcr the muzzle veloeity of the first gun is applied
to the input circuit of amyplifier 644. The junction
of resistors 1604 and 1649, Fig. 7, is ccannected
throuch resistor {27, having a resistance of 49,000
ochms, and the winding of potenticmeter {128
to ground. The brush of potentiometer 1125 is
connected to the upper contact of switch 1129 and
the lower contact of switeh 1130, the lower confact
of switch {28 and the upper contact of switch
{390 being grounded. If the muzzle velocity of
the secend gun 1s less than the muzzle velocity
of the first gun, switches 1125 and 1139 are placed
n the upper contacts, and if the muzzle velocity
of the second gun is larger than the muzzle ve-
locity of the first gun, switches 1129 and 1133 are
nlaced on the lower confacts. The brush of po-
tentiometer 1128 is adjusted to the magnitude of
the difference in muzzle velocity between the twvo
guns. The blade of switch 1128 is connected by
connection {131 through resistors 648, Fig. 6, to
the input circuit of amplifier 644. The blade of
switch {130, Fig, 7, is connected by connection
1132 through resistor 649, Fig. 6, to the input
circuit of amplifier 641.

As the ranges of the two guns are not ma-
terially different, the range effect of the rotation
will be substantially the same
for beth guns. The blades of switches 764, 183
and 503, Fig. 7, are connected by ccnnection 1351
tarcucgh resistor €0, Fig. 6, to the input circuit
of amplifier {41, thus supplying a voltage propor-
tional to the range component of the earth rota-
tion effect,

As the ranges of the two guns are not materially
different, the range component of the effect of
thie wind will be substantially the same. Thus ths
wiper of potentiometer 819, Fig. 8, is connected
by connection 1133 through resistor 651, Fig. 6,
to the input circuit of amplifier 64&1.

As a non-standard temperature will have sul-
stantially the same effect on the raneces of botn
ocuns, the contacts of switches 852 angd €53, Fig. 8.
are connected by connection &§24 through resistor
052, Fig, G, to the input circuit of amplifier 6443;
and by connection 83%, Fig. 8, through resistor
653, Fig. 6, to the input circuit of amplifier 341,

it is the usual practice in a battery to classify
the projectiles according to weight, thus at any
given insvant both guns will be firing projectiles
of the same weight. The blade of switch 888,
iz, 0, is connected by connection (i34 throuzh
resistor o84, Fig. 6, to the input circuit of ampli-
fier G4l: and the blade of switch 839, Fig. 3, is
connected by connection (135 through resistor
bed, Fig. 6, to the input circuit of amglifier 644,
thus supplying to amplifier 641 a voltage propor-
fional to the effect of the weight of the pro-
jectile,

As shown in Figs. 22 and 27, the air density
and muzzie velocity eifects are rather large, thus
it is advisable to independently allow for these
two eillects on the shell of the second gun. As ihe
configurations of the circuits for the second zun
are the same as the configsurations of these cir-
cuits fer the first gun, g brief descripticn of these
circuits will b2 sufiicient. A source of voltaze
650, having the mid-point grounded has the pcsi-
tive pole connected to the left contact of switeh
- 691 and the negative pole connected to the right
contacts of switch 637. 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 firine with the subealiber
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weapcn, the source of vcltage 836 is connected
through switeh €57, resistor 638, and switeh 859
to tne bruzh of polentiomster 5283; and through

resistor 964, switcn 3£2, to the blades of switches
503 and 654, and thr ouf?h resistors 6656 to ground.
The contacts of switches ot3d and 6684 are respec-
tively connected to the free ends of the winding
of potentiometer §&5, the mid-point being
grounded. The brush of potentiometer 8§55 is ad-
justed to the density of the air and is connected
by conneciion 667 through resistor 888 to the
input circuit of amnplifier 644, The winding c¢f po-
tentiometer 669 is the same as the winding of po-
tentiometer 192, Fig. 7, and varies in resistance in
accordance with the curve marked Z, Fig. 22. The
functional variaticn of the voltage selected by
the brush of poetentiometer 685, Fiz. §, will be as
shown in the curve marked SC=, I"lﬂ*. “"’ When
firing with HE shell, switches §€3, 573, 671, 672,
673, 6§74 and 6§75 are closed. If the den.sity of the
alr is higher than normal, switches 657 and 675
are placed on their left-hand contacts, and
switches 664, 577, §18 and £19 are closed. The
source of voltage 658 is connected through switch
070, resistor 58i#, resistcr €81, switch 659, switeh
6716 and resistor 532 fto ground. The blades of
switches €859 and 616 are connected through
switch §79 to the brush of notentiomester 660, and
to switch 871! to the blades of switches §53 and
904. The upper end of the winding of pctentioni-
eter 850 is connected through switches €72 and
6717 and resistors €84 to ground. The lower tap in
the winding of potentiometer 650 is connhected
through switeh €73 to ground and the interme-
dlate tap is connected through switches 674 and
573 and resistor 529 to ground. If the density of
the glir 1s 12ss than normal, switches 637 and §75
are moved to their 1‘ight—ha,r1d contacts and
switches ¢33 and G886 are closed. The source of
voltage 656 is then connected throucgh switch 8§97,
resistor 933, switch 686, switch 653, switch 575
and resister 883 to ground. The blades of switches
6585 and €15 are connected through switch 678 to
the brush of potentiometer 660 and through
switch 671 to the blades of switches 663 and 5§64,
The brush of potentiometer 8E€Z is connected
through switch §75, resistor 987, resistor 688 and
resistor 683 to ground.

When firing AP shell, switches 638, 581, §92,
693, 684 and 6585 are closed. If the density of
the air is greater than normal, switches 657 and
876 are placed on their left-hand contacts, and
switches €64 and 825 are operated. The source
of voltage €%5 is connecied through switch 651,

switch 632, resistor £88, switch 697 and resistors
¢39, 853, and 5§84 to ground. The contact of
switch 687 is connected through switch 651 to
the brush of potentiometer 668. The junction
of resistors €83 and 993 is connected through
switch 6§39 to the blades of switches 6§83 and ©654.
The brush of potentiometer £54 is connected to
switch €94, resistor 985, switeh @8% and resistor
£33 to ground. If the density of the air i1s less -
than normal, switech €57 is moved to the right-
hand contacts, and switches 6§83, 951, 958 and
879 are closed. The source of power 656 is con-
nected througn switeh 657. switch 692, resistor
638, resistor 96§, switch 9617, and resistor 969
to ground. The upper end of resistor 869 is
connected tiwough switches 968 and 633 to the
upper end of the winding of potentiometer 560,

The upper tap in the winding of potentiometers
€0 is connected through switches 635 and 970
and resistor 871 to ground. The brush of poten-
tiometer 660 is connefted through switch 972,

‘ . [



- Eer———— . -

2,414,819

69

switch 693 and switch 663 to the winding of
potentiometer 665. The junction of switches 690
and 872 are connected through switch 973 and
resistor 864 to ground. The brush of poten-
tlometer 655 is connected through switch 694,
resistor S§83, resistor 972, and resistor 589 to
ground.

The configuration and element values of the
circuit for the muzzle velocity effect of the second
gun are the same zs the configuration and ele-
ment values of the circuit for the first gun.
When firing with the subcaliber weapon, switch

9717 is placed on the left-hand contact and switch
818 is placed on the lower contact. A source of

voltage 810 is connected through resistor 918,
switch 811, resistor 879 and switch 978 through
the winding of potentiometer 289 to gsround. A

resistor 981 is connected through the contacts of-
switchh 978 1o ground. The brustxef potentiom~

eter 980 is connected through resistor 986 to
ground. The free end of resistor 9385 is con-

nected to the blades of the switeches 881 and $82.
The contacts of switches 88! and 282 are re-
spectively connected to the free ends of the wind-
ings of a potentiometer 583, having the mid-point
grounded. The brush of potentiometer 933 is
connecfed to tne upper contact of switeh 984
and the lower contact of switch 985, the lower
contact of switeh 984 and thie upper contact of
switchh 985 being grounded. When the muzzle
velocity is larger than normal, the movement of
the brush of potentiometer 283 as before, may
operate a relay (not shown). The switches 981,
982, 884 and 985 may be springs operated by this
relay so that when the muzzle velocity is larger
than nermal. switch 981 is operated and switches
584 and 885 are on their upper contacts. When
the muzzle velocity is less than normal, switch
882 is operated, and switches 884 and 885 are
on their lower contacts. The blade of switch 984
is connected through re515t0r 58T to the input

circuit of amplifier §44. When firing with AP
shell, switches 917 and 378 are placed on their
center contacts. The source of voltage 975 is
connected through resistor 916, switch 877, resis-
tor 858, switch 531 and resistor 832 to ground.

~'The contact of switch 281 is connected throush

switch 9i8 and the winding of potentiometer
880 to ground. The brush of potentiometer 980
1s connected tharough resistor 855 to ground and
through switchh 889, resistor 923 and resistor 994
to ground. When the muzzle velocity is larger
than normal, switches $3¢ and 931 are operated
and switches 584 and 8985 are on their upper
contacts. The brush of potentiometer 988 is then
connectea through switch 881 and the upper sec-
tion of the winding of potentiometer 983 to
ground. Wiaen the muzzle velcocity is less than
normai, switches 998§ and 898 are operated re-
spectively short-circuiting resistors 980 and 594.

series with resistors 590 and 922, switeh 982 is
epemted, connecting the brush of potentiometers

€6l to the lower section of the winding of poten-
t10meter 883, and switches 984 and 835 are op-

erated to their lower contacts. When firing with
HE shell, the source 87b is connected through

resistor 978 to the blade of switch 8717. Switch
871 is placed on its right-hand contact and switeh
8718 is placed on its upper contact and switeh
1140 is closed.- The source 915 is connected
through the resistor 916, switch 971, resistor
136, resistor 1137, resastor 1138 and resistor

v e

2

10

15

_ - 70 |

1139 to ground. The junction of resistors 1137
and 1138 is connected through switch 918 to
the upper end of the winding of potentiometer
8308. The brush of potentiometer 988 is con-
nected through switch 1140, resistor {141 and
resistor ({42 to ground, and is also connected
through resistor 886 to ground. If the muzzle
velocity is larger than normal, switch 881 is closed
and switches 984 and 985 are on their upper
contacts. The brush of potentiometer 930 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 882, (143,
({44, 1145, 1146 and 1147 are closed. Switches
{1145, (145 and 1147 respectively short-circuit
resistances 1137, 1138 and (142, The upper end
of the winding oI potentiometer 889 is connected

. through switch [ 144, resistor {148 and switch 1143
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“circuit of amplifier 84{, and the blade of switeh |
985 is connected tnrough resistor 888 to the input
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to a tap in the winding of potentiometer 880.
The brush of potentiometer 883 could be ad-

Justed to select a voltage proportional to the
muzzie velocity of the second gun, but this would
entail making a separate adjustment for this
value. If is more convenient to have the brush
0f Dpotentiometer 983 adjusted to the muzzle
velocity of the first gun, as this krush may then
be ganged to move with the adjustment of the
brush of potentiometer 1077, Fig. 8. The brush
of potentiometer 938, Fig. 6, is connected through
resistor 149 having a resistance of 48,000 ohms
and the winding of potentiometer (150 to ground.
The brush of potentiometer ({59 is adiusted to
the value of the difference in muzzle velocity be-
tween the second gun and the first gun and may
ccnveniently be ganged to operate with the brush
of potentiometer 1128, Fig. 7. The brush of po-
tentiometer 1158 is connected to the upper con-
tacts of switch 1{E] angd the lower contacts of
switch 1152, the lower contacts of switch {15
and the upper contacts of switech 152 being
grounded. If the muzzle velocity of the second
gun is larger than the muzzle velocity of the
first gun, switches t45i and {152 are placed on
their upper contacts, and if the muzzle velocity
of the second gun is less than the muzzle velocity
f the first gun, switches 115! and 152 are placed

- on their lowear contacts. The blade of switeh ({51

is connected through resistor 1153 to the input
circuit of amplifier 641, and the blade of switeh
1§82 is connected through resistor (154 to the
input circuit of amplifier 8§34,

The ocutput circuits of amplifiers 574 and 589,
Iig, 9, are respectively connected by connections
[167 and 1166 to the end of the winding of po-
tentiometer {188, having a mid-point grounded.
The brush of potentiometer 1169 is adjusted by
the ranging officer as a range spot and is con-
nected through resistor {470 to the input circuit
of amplifier 644,

Thus voltages proportional to the sum of the
ranze components of the differential ballistic

elther directly, or through amplifier 644,

The output circuit of amplifier 589, Fig. b, pro-
duces a voltage prorportional to —RFP'2, and is con-
nected by connection {188 through resistor 1171t,
Pig. 6, to the input circuit of amplifier 841.

‘T'he circuit elements for producing the hal-
ancing voltage proportional to the range RV2,
to the virtual target for the second gun are sim-
ilar to the elements for producing a voltage pro-

- portional to the range RV1 to the virtual target

15

for the first gun.
When firing mth “the” subcaliber weapon,
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switches (157 and 1163 are closed and swiich
11560 is on the upper contact. A source of voltage
ti53 is connected from ground through switch
{ {57, resistor {i33, and to the brush of potenti-
ometer il and through the winding of poten-
tiometer {161 to ground. The contact of swiich
1 163 is conniected through resistor 1158 to ground.
The blade of switch 1168 is connected through
resistor {16b to the input circuit of amplifier
041, When firing with the larger weapon, switch
i£02 is closed and switch (1o is on the lower
contact. The source {1535 is connected from
eround through the source (1356, switch 1162,
resistor {163 to the brush of potentiometer 1169
and through the winding cf potentiometer 1165
to ground. 'The contacy of switch 1160 is con-
necied tiiirough resisior 1164 to ground and the
blade of switch {4806 is connected through resistor
1556 to the input circuit of amgjﬁer 641. The
outout circuit oI ampiifier Yy 1S connected
through fthe winding of potentiometer 1172 to
ground. The brush of petentiecmeter {172 is con-
necied to a centrol cireuit {173 of the type shown
in Fig. 12. A source of two-phase power 1174

has one phase counecvad direcily to one winding .

ol a two-pnase mctor {i15, and the other phase
conneacted through the control circuit {163 to the
other winding of motor {i75. The wipers of po-
tentiometers 6649, S8, !
py the shaft of motor 115, but are insulateq
therefrom and frcem each other. If the outnut of
amplifier 641 is not equal to zero, current will be
supelied teo the contrel circuit 1173 starting the
motor 4795 and rotating the brushes of po-

tentiometars 659, 888, 1161 and (165, until the -

output voliage of amplifier 641 has been reduced
to zero and the shaft of motor {175 has been
turned throcugh the angle B2, the ballistic eleva-
tion for tiwe szcond gun.

‘The output circuit of amplifier 574, Fiz. 5, pro-
duces @z voltage proportional to +RF2, and is
connecied by connection {187 through the wind-
ing of potenticmeter 1175, Fig. 6, to ground. The
brush of potentiometer {1716 is rotated hy the
shaft of motor 178 to select a volitage propor-
tional to +RF2B2 and is connected by connece-
tion 11717 through resistor 1118, Fig. 5. to the in-
put circuit of amplifier {1719, of the type shown
in Fig. 11 having a feedback resistance {1828, The
brusi of potentiometer {129, Pig. 7 selects g volt-
age proportional to —H, the height of site, and is
connected by connectm'l {128 through resistor
[18(, Fig. 5, to the input circuit of amplifier 1§78,
The output circuit of armxiiiier 589 is connected
through the left portion of the winding of po-
tentiometer {82 to ground. The ouiput circuit
of amplifier 574 is connected through resistor
{183 to the right-hand portion of the winding of
potentiometer 1182, The winding of potentiom-
eter {182 is similar to the winding of potentiom-
eter 963. The brush of potentiometer 1182 ig
connected through resistor 1:84 to the input cir-

_ cuit of amplifier 1179, The output circuit cf am-

plifier 1179 is connected through the winding of
potentiometer 1189 to ground. The brush of po-
tentiometer {85 is connected to 2 control cirenit
{185 of the type shown in Fig. 12. A source of
two-phase power {187 has one phase conrected
to one winding of a two-phase motor {838 and
the phase connected through the control circuit
(186 to the other winding of motor {183, The
brush of potentiometer {182 is rotated hy the
shaft ofl motor 188, but is insulated therefrom.
If the output voltage of amplifier (119 is not

81 and {165, are rotated
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trol circuit 1185, starting the motor 1138 and
rotating the brush of potenticmeter (132 until
the output of amplifier 1173 has been reduced to
zero, thus rotating the brush of potentiometer
1182 to the angle E2, the quadrant elevation of
the second gun. This angle may be indicated as
by the dial {88 and is transmitted by the usual
synchronous transmission circuit to the gun.

The apparatus for balancing the data frans-
mission lines is claimed inn Unifed States appiica-
tion Serial No. 451,857, filed July 22, 1942 by W.
Koenig, Jr.; the apparatus for target relocation
is claimed in United States application Serial No.
502,794, filed September 17 1943 by W. H. Bog-
hosian and H. G. Gch; the apparatus for com-
puting the deflectien angle is claimed in United
otates apphcatwn Serial No. 523,171, iiled Febru-
ary 19, 1944 by L. Lakatos; the apparatus for
cﬁmputlng the elevatlon angle is claimed in

‘United States application Serial No. 530,529 filed

April 11, 1944 by E. Lakatos; the apparatus ior
computmﬂ' the time of flight of the projectile is
claimed in United States application Serial No.
070,283 filed December 29, 1944 by K. Lakatos
ana H., G. Cch; the apparatus for computing

multiple ballistic effects is claimed in United

otates application Serial No, 570284 filed De-
cember 19, 1944 by E. Lakatos; and the appara-
tus for generating the target rate and position 1s
claimed in United States application Serial No.
570,282 filed December 29 1244 by D. C. Bom-
berger, W. E. Ingerson and H. G. Och; all of the
above-mentioned applications being assiegned to
the assignee of the present application.,

VWhat is claimed is:

1. In an artillery computer, g motor controlled
by observations of a target to rotate proportion-
ally to the elevation angle of a weapon to the
precdicted position of said target, a source of volt-
age, g first network connected to said source in-
cluding a first winding, g first brush contacting
said winding and moved by said mofor propotr-
tionally to said elevation angle, the resistance of
said first winding being so proportioned with re-
spect to the resistance of the remainder cof said
first network that the voltage selected by said
brush varies with the movement of said brush
proportionally to the maximum value oif the bal-
listic effect of g first ballistic condition, a second
winding connected to said first brush, a second
brush contacting said second winding and ad-
justed to select a voltage proportional to the
actual magnitude of said ballistic effect, a second
network connected to said second brush includ-
ing a third winding, the resistance of said third
winding being sc¢ proportioned with respect to the
remainder of said second network that the volt-
age across said winding is proportional to the
maximum value of the interaction between said
ballistic effect and a second ballistic effect, a
third brush contacting said third winding and
adjusted to select a voltage proportional to the
~actual magnitude of said second ballistic eflect,

and control means connected to said second and

third brushes and said motor to assist in the con-
trol of said motor.

2. In an artillery computer, a motor controlled
by observations cf a target to rotate proportion-
ally to the elevation angle cf a weapon to the
predicted position of said target, a source of volt-
age, a first adjustable network connected to said
source Iincluding g first winding, a first brush
contacting said winding and moved »y said motor
proportionally to said elevation angle, a plurality

equal to zerw, eurrent will be supplied to the con- 75 of sets of resistors, axnd yirst switching means for
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connecting said sets of resistors to said first
winding and brush, the resistance of gaid 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 o plu-
rality of ballistic conditions selected by said first
switching means, a second winding connected to
sald 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 fo the selected ballistic condi-
tion, a second adjustable network connected to
sald second brush including a third winding and
a plurality of sets of resistors, and second switch-
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ing means for connecting said sets of resistors
to sald 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 {0 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 sald 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.
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