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137 Claifis-.

‘This: invention: relates td- plotting bowrds ag-:

sociated. withi gun data: cormpuiers:

THe object of the inverition: is means 61 coiw
timuously plotting in rectangular:coordinaies the-

bresent: and:predicted future position: of @ targst

tothelarzest convenient scale in:any- o squate
within: range off the: guiis: anid for rmarkiiig’ the

plotted traces at corresponding points.
& feature: ofr the: invention is & pluslity: of
pens: for: plotting the: positions: of! the target;

means: for interchanging the fudctions of tie
pens to match the direction of movement. 6t

the:target-and means for‘centering {he pens st

desired: peints: om the: plotting surfacs: tocheak:

theradjustment of thewens: .
Another feature:of! the: invention:

displacing the nlotted ares to repreaenu any vnapv‘

square within range of the guns.
Another feature of the intvention is means for
displacing the origin of the plotted values from

the interior of the plotting surface” to oles edis

with an appropriate change in the scale factor
of the plotied values..
A further feature of the invention is means for

manually or automatically marking the plottag

traces at corresponding:desired points for easy
identification of" similar: peints ox the traces,

thus indicating any errors in the observation of:

the target or the prediction of the future posic
tion of the target.

The invention is diselosed dn-combination with
a gun data computer equipped with spot controls,
facilities for manually: setting: in -the target rates
in the coordinates ‘and-means for predicting the
motion of the target along curved courses. From
the plotted values of the actual and predicted
courses of thetarget, and the:results-attained by
the fire of the guns, the. operators may estimate
what type and amount-of correction should he
made- to attain successful results..

Other features and advantagesof the 1nvent10n;

will be apparent from the specification and draw-
ings, in which:,

Fig. 1 schematically shows the obkerving equip-
ment;

Pig, 2 schematlcally shows . a.summing. am-
plifier:-

Fig, 3.shows amplifiers associated with Fig

Pig. 4 schematically shows. the filst. derlvamvea

and smoothing networks; ,

Fig. 5 schematically. shows. the: target- rate.

meters and apparatus for supplying:quantities
proportional to hand set rates;

Fig. 6 schematically shows the second deriva-
tive and smoothing networks;

<

3

407

0"

» show "the:

o Flg.- 17, and-a seetion along hne i8

2

Pig:- T sehemutically’ sHows® equipriehit fof coin-
ptiting? ard-indieating the gun- 6¥dey for azimuth’
or traiif #nitlthe fike miihb

Pig. 8 sclietdtically’ shows e uipmentufm coni-
puting and- indicating the tirhe: of' flighits oft the
shell: gnd thes gl ovder for quadrdrii elévations:

Tig. 9°sehemintically’ shows g ractor modulatoi!’
amplifigy:.

gl 10: and 1T seheiatically” sHow’ eqiiipment:
forcontrolling plottig oty dS asso i Hhdtl-withi e
computer:

Figi 12:shoWsithe: relhtldnshipsbof Pigs. 11t6v1;:
and:
| Pigs: 137 18B; 13¢: 18Dk dxagra:mmanea}}ly
ometricalirelatioiships-itivolvee:

Fig:141i8°a - top vieWw oflg board; assematedexeh?»
thecomptiter; for plottiigithe HoFivontal- position:
of the target; X L

Figt 15+isigr perspective: view: of: tHe ‘hotizontal

-~ board:"

Elg“ 16 1s‘ ‘¥v1ew ity partosection - along: the:1ife

WO the ipent showm m~
=18, Pigi- 144

PFigi 19%s anovther elid veiw of Sthe et showi i
Figi19;-

Hig, 20018 wfrontvmew of-ah ‘atitemaatic miaiks
ingddeviees:

Fig. 21 is a top view offthedeviee sHowi i
Fig: 203 S

Fig. 22%i8 g rear  view of the device"showi int
Fig. 20;

Fiby 23“sa ‘top” ‘view ifpatt! séction of a hoaid,

E’ig: 18‘1s ah: en

- assoeiated - Wﬁ‘;h the* computer, for plotting” the

vertical ‘positionof the'target‘

Fig. 24 is a partial ehd'view of“the board sHowh'
in Fig:23;°

Fligs. 25, 26 are sideviéws in part seetion of the”

-péns-used With the bostd of ‘Fig: 237 and, -

Fig, 27718 a sectioh. of the board shown i Fig.,
23" 'showing the paper shest take" up.
"The slatit- dlstance t0-the target. niay. “be-col~
tm‘lmusry observed' by ¥ radar o1 an- optleal
1 the height of ‘the ‘taiget niay. be:
Ously obsErvéd by7arradir of aii obticalt:
helght %iho¥e [0l
I Fig, 1 a grounded source of - power il is-con=
nected thiciigh a résistor:2 and the- ‘winding.38i -

v

of ! potentlometer PT3 {o: greunda The brush. of

potentmmeter PT‘3 is cohnected: fo the' slant dlS-
tanice shaft ‘of g .radar, and is moved by the shaff
to. seléct a- voltage mth respeet-to - groundwpro-

_portiohal to-the slant distance; and-is- connected--
“through resistor 5, connéction 6 and resistor 318,
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Pig. 3, to the input circuit of amplifier 302, of the
type shown in Fig. 2.

If an optical range finder is used, a synchro-
nous transmitter driven by the slant distance shaft
of the range finder is connected to the synchro-
nous receiver 1, Fig. 1. The receiver drives the
center dial 8, of three concenfric dials 8, 9, 10,
The motor I, through the speed reducing device
{2 and gears 13 drives the outer dial I8, The
operator adjusts the device {2 until the dial 10 is
turning in synchronism with the dial 8. .

A grounded source of power {4 is connected
through resistor 15 and the winding 60{. of po-
tentiometer PT6 to ground. The brush of potenti-
ometer PTG is connected to the device 12 and is
moved to select a voltage with respect to ground
proportional to the slant distance. This hrush
Is connected through resistor {8, connection 6
and resistor 348, Fig. 3, to the input circuit of am-
plifier 302.

When either of the brushes of potentiometers
PT38 or PTG, of Fig. 1, is in use, the other brush
is preferably disconnected, or rotated to the
grounded end of the associated winding,

The amplifier shown in Fig. 2 employs three
vacuum tubes 226, 227, 228 having the usual cath-
odes, heated by heater elements connected to a
suitable source of power (not shown). The vac-
uum tube 226 is preferably a twin triode having
the cathode connected through a variable resistor
284 and resistor 205 to ground. A grounded
source of positive potential 206 is connected fo
the anode, and the control electrode is connected
to the junction of resistors 204, 205. As disclosed
in United States Patent 2,308,997, January 19,
1943, S. E. Miller, this connection stabilizes the
twin triode against variations in cathode emis-
sion.

The input terminal 200 is connected to the con-
trol electrode of the left-hand section of the twin
" triode 226. The anode of this section is con-

nected to the control electrode of the pentode 227 -

by an interstage coupling network, of the type dis-
closed in United States Patent 1,751,527, March
25, 1930, . Nyquist, including resistors 207, 208,
203 and the sources of power 218, 2{1. Resistor
212 and capacitor 213, connected in serial rela-
tionship aeross the input circuit of pentode 227,
correct for any phase shifts in the amplifier due
to parasitic capacitances.

The cathode and suppressor grid of the pentode
227 are connected to ground, and the sereen grid
is connected to a grounded source of power 214,

The anode of the pentode 227 is coupled to the
control grid of the beam power vacuum tube 228
by a coupling network including resistors 215, 2186,
217 and the sources of power 218, 219.

The cathode, and beam screen, of the tube 228
are connected to the negafive pole of the
grounded source of power 2280. The screen grid
is grounded through resistor 221.
connected through resistor 222, to the positive
pole of the grounded source of power 223.

"T'he biasing voltage applied to the control elec-
trode of tube 228, the resistance of resistor 222 and
the magnitudes of ‘the potentials of the sources
220, 223 are so selected that, when no signal volt-
age is applied to the input terminal 200, these
elements form a balanced bridge and no potential
difference will be preduced across the output
terminals 224, 225. If desired, a potentiometer
(not shown) may be connected to supply a small
adjustable potential to the input terminal 288
so that, in the absence of a signal voltage applied
to the terminal 200, the potential difference be-
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tween the output terminals 224, 225 may be ad-
justed precisely to zero.

A potential divider, such as the winding of a
potentiometer, or two resistors in series, may be
connected across the output terminals 224, 225.
The brush of this potentiometer, or the junction
of the resistors, is connected to the input termi-
nal 200 through a resistor re. If the full output
potential is to be applied to the feedback path,
the potential divider may be omitted, and re-
sistor ro connected directly from terminal 224 to

“terminal 200.

As the amplifier shown in Fig. 2 has an odd
number of stages, when a potential of one polarity
with respect to ground is connected to the input
terminal 280, the potential with respect to ground
of the output terminal 224 will be of the opposite
phase, that is, the amplifier reverses the polarity
of the potential applied to the input terminal 200.

Let a source of voltage e1 be connected through
a resistor of resistance r1 to the input terminal
200, let the potential difference between the ter-
minal 200 and ground be eg, the potential differ-
ence between terminals 224, 225 be —e, the frac-
tion of this potential applied to the feedback be
—Ke, the resistance of the feedback resistor be
ro and the voltage amplification of the amplifier
be m.

The resistors 204, 205 impress a positive bias on
the cathode of the twin triode 228, thus the con-
trol electrode of the twin triode 226 will not
draw any current.

As the amplifier reverses the polarity with re-
spect to ground of the applied voltage, a current
i can flow from ground through the source e:;
resistors r1 and ro; through the output ecircuit to
ground

._ei—Ke
r1+1o

and, as —e=mey;
. __e1+Kme,
R
as eg=e1—1iri;
er=e1— (e1+Kme,)T1
71470
thus

Kmr\_ r r
e,(l +T1+To)-el(1 —"1+7'0)
"

ee=erdf — 1
ﬁ1+Km+%

e=e To( 1
—e=ef e
71 1 To
K4 (1 +E>)
For a three stage amplifier, m may be 30,000 to
50,000, let m=40,000, K=1 and let ro=r1, then

e=el(———1—2——) =0.99995¢,
1 +40,000

that is, the output voltage is very nearly equal to
the input voltage.

‘Let the maximum value of e be say 120 volts,
then the maximum value of ez=.003 volt. That
is, viewed from the source e1, the input circuit
appears to have a very low impedance,

‘When K=1, and as

To
L2
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8
is:small compared to m, Equation 1 will become
. N o
e= 8171

that is, the amphﬁcatzon of :the input voltage is
proportional to the ratio .of the resistances of
the feedback and input resistors. . .

Assume two sources €1, .e2, are connected
through vesistors of-resistance r1, 12, to fhe input

cireuit, that currents 4, iz, fo, flow .in resistors

71, T2, To, and let K=1. As-eg is:small, er==iw:;

ea==iara: es=igrofr-kiz=~—iq thus

: 6_61 Eg
TQ_?.'T!‘ ‘T2

or

To Ty -
—e= 6.1—v+r 3
T 2;’;

if ri=re=ro, then —e-is the sum of e: and ez.

Assume a grounded source of potential e is
connected through a capacitor of eapacity C.and
a resistor of resistance 71 to the terminal 1200,
and that eg:is small. Let i be the.current. from
the source es1, then

er="rit -I-.é— ic?t

and d1fferent1atmg
d61 - odi T
. it ’dt+C
or
di , 1 . 1 de
d_t+FC‘ = dt =0
Thus
ifrC
=1 )t

where e=2.718 and
=t C
—8*—‘-‘0"‘9 del(l_ 1, )>

After the transient term has died down,

®)

- e.Cra%

that is, the output voltage —e is proportional
to the first derivative, or rate of change, of the
applied voltage ei.

If the current drawn by the load tends to re-
duce the output voltage of the amplifier, this
reduction will cause a change in .eg which re-
stores the output wvoltage to its original value.
The amplifier thus acts as a constant voltage
generator, and, viewed from the load, appears
as a generator of very low impedance, generally
as an impedance of about one ohm.

All of the amplifiers in the computer which
are of the type shown in Fig. 2, are indicated by
small triangles, the base representing the input
circuit and the apex the output. circuit, and are
marked with a suitable symbol designating the
quantity represented by the output voltage.
."The sources f and {8, Fig. 1, are of negative
polarity, thus, due to the reversal of polarity,
the output voltage of amplifier 302, Fig. 3, will
be proportional to Do, the slant distance from
the range finder, or radar, to-the ‘present- posi-
tion of the target. A feedback resistor 303 is
connected from the output to the input circuit
of amplifier 302.

"The output circuit of amplifier 302 is connected
through resistor 304 to the input circuit of am-
plifier 306, having a feedback resistor 305. The
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6.
ocuthut: voltage of -amplifier 305 ‘will -be ‘pronor-
tional.to —Dy, the negative of the slant distanece.

Range spot

The output circuits of amplifiers ‘302, 306 are
respectively  connected to the contacts of switch
387. The blade of switeh 307 “is connected
through resistor “388 and “the winding 961 ‘of
potentiometer “PTY to ground. The brush -of

- potentiometer PTY is connected through resistor

310'to the input circuit of amplifier 362. “When
the ‘blade of switch 30T is on-the left-hand con-
tact, ‘the output circuit of amplifier 302 is con-
nected to ground through the winding of poten-
tiometer PT9 and the voltage selected by “the
brush of ‘potentiometer PTY and supplied to the
input circuit of amplifier 362" will be of opposite
polarity to the voltage supplied to -resistor 315,
thus -redueing the output voltage of ‘amplifier
302. Onthe other "hand, ‘when the blade of
switch ‘3071 is on‘the righthand contacet, the volt«
age supplied by the brush of potentiometer PTY
is of the same polarity -as the voltage supplied
to resistor “315 and increases the output voltage
of amplifier 302. As the current supplied to the
winding: of potentiometer PT9 -is proportional to
the slant distance, the change produced by any
given ‘setting of potentiometer PTY will ‘be. pro-
portional “to-the slant distance, thus, a scale,
graduated in “percentage of slant distance, may
be “associated -with the “brush of potentmmeter
PTY.

“If desirable,” the range-spot may be ananged
to-"change the slant distance ‘by amounts ex-
pressed, say,-in yards.  The contaets of ‘switch
307 are disconnected from the output ecircuits of
the -amplifiers 302, 306 and -eonnected ‘to ‘the
voles of a suitable source of power ‘&ti, having
an intermediate -point grounded. In ‘this case,
a -scale, graduated in yards may ‘be ‘associated
with'the brush of potentiometer PT9.

‘In Pig. 13¢, O is the observation point, to-the
present: position of the target, ¢ the vertical-pro-
jection of the target on the horizontal plane,

. Eo thepresent elevation angle of the target, Ho

the present height and Ro the present horizontal

range of the target.
" Then |
) Ho==Do sin Eo (4)
. Ro=Do.cos'Eo (5)
"The output circuit of amplifier 302, Fig. 3,is

connected to ground ‘through connection 302,
fourth set of break springs of relay 9, Fig. 1,
resistor 20, and the lower portion of the winding
503 of potentiometer PT35.

“The output ecircuit of amplifier 30§, Fig. 3,:ds
connected to ground through connection "33,
first set of break springs of relay 19, Fig. 1, and
the upper portion of the winding ‘503 of poten-
tiometer PTS. An intermediate “point -in the
winding 503 is grounded.

The potentiometer cards may be made by
winding- resistance- wire ¢losely and- evenliy-on-a
strip of insulating material. - One ‘edge- of “this
strip is-straight and the wire cr ossing this- edge
is cleaned ‘to ‘make <@ good 'contact “with the
brush; the other ‘edge of the-strip is shaped so
that the-width-of the strip will vary to produce
the desired functional variation in the resistance
of the winding. A single card, or a plurality of
cards placed end -to end, is wrapped around -a
light drum of -suitable material, a continuous
binding ring is placed: round.the: card, or cards,
and wedges inserted-between the ring and ecard
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to press the card firmly to the drum. - A plu-
rality of drums of different diameters may be
nested together and mounted on the outer por-
tion of a suitable base, the potentiometer shaft
may be journaled in a boss in the center of the
base, and slip rings may be insulatingly mounted
on the intermediate portion of the base, con-
centric with the shatt. Brush arms, carrying
brushes in contact with the straight edges of the
cards and connected to other brushes in contact
with the corresponding slip rings, are mounted
on the potentiometer shaft and may be driven
directly by the shaft, or by gearing supported
by the base and meshing with gears mounted
on the shaft and brush arms.

In the circuit drawings, the cards of poten-
tiometers which are automatically adjusted dur-
ing the computations have been represented by
circles surrounded by arcs indicating approxi-
mately the variations in the widths of the cards.
Potentiometers which are preset for a given com-
putation, or manuaily adjusted, are represented
by straight cards, though these cards may also
be formed into circles if desired. Each poten-
tiometer has been given a PT number, e. g.,
PT23, and the associated cards numbered to cor-
respond e. g., 2301, 23062 ete.

_In the present computer, angles are measured
in mils where 6400 mils is one revolution.

The brushes of potentiometer PT5 are rotated
by the elevation, or pointer, telescope, symboli-
cally represented by the telescope 4 and asso-
ciated gears. The card 503 extends over 1600

mils elevation and —200 mils depression, the

grounded tap representing 0 mil or horizontal.
The resistance of the resistor 20 and the lower
portion of the winding is equal o the resistance
of the upper portion of the winding.

The winding of card 563 has a sinusoidal vari-
ation of resistance and, as the voltage supplied
to the upper end of the card, corresponding to
1600 mils, is proportional to. —Do and the volt-
age supplied to resistor 20 is proportional to 4-Do,
the voltage selected by the brush associated with
card 503 is proportional to Do(— sin Eo) that
is, to —Ho.

The brush associated with card 503 is con-
nected through resistor 16, second pair of break
springs of relay 19, connection IT to the blade
of switch 21.

When ranging with a height finder, the syn-

chronous transmitter driven by the height shaft
of the height finder is connected to the synchro-
nous receiver 1, driving the inner dial 8. The
motor {i, through the speed reducing devices 23
drives the brush associated with card 80(, PTS8,
and through suitable gears, represented by gears
24, 25, drives the middle dial 9.
. A grounded source of positive potential 25 is
connected to ground through resistor 26 and the
winding of card 80fi. The brush of card 801 is
connected through resistor 27 to the input circuit
of amplifier 28, having a feedback resistor 3{.
The left-hand contact of switch 21 is connected
through resistor 29 to the input circuit of ampli-
fler 28, and a suitable meter 30 is connected
across the output circuit of amplifier 28.

- The operator adjusts the device 28 until the
dia.l 9 tracks the dial 8, thus causing the brush

of potentiometer PT8 to supply a voltage to the %

amplifier 28 proportional to --Ho. The operator
then adjusts the device (2 until the meter 38
reads zero. The voltage supplied to resistor 29
is thus made proportional to —Ho, and, as the
telescope 4 is tracking the target, the voltage
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selected by the brush of potentiometer PT8, will
be proportional to —Do, the slant distance to
the target.

In some cases, the height finder may not bhe
at the same elevation as the reference point of
the battery and a correction in height is required.
A source of power 32, having an intermediate
point grounded, has both poles connected to the
contacts of a switch 33. The blade of switch 33
is connected to ground through resistor 34 and
the winding of card 10i, PT1. The brush of
potentiometer PT7 is connected through resistor
35 to the input circuit of amplifier 28. The
switch 33 is set to select a voltage of proper
polarity, and the brush of potentiometer PTT
is adjusted to select a voltage of proper mag-
nitude, which, when supplied to resistor 3§ will
correct for the difference in height.

"Altitude_spot

The brush of potentiometer PTT may be ad-
justed to produce small arbitrary changes in the
voltage supplied to the amplifier 28 which are
equivalent to small changes in the voltage se-
lected by the brush of potentiometer PTS8.

When a height finder is not used, switch 21
may be placed on the right-hand contact, thus
grounding connection 17T through resistor 22,
which has a resistance equal to the resistance
of resistor 29.

The output circuit of amplifier 306, Fig. 3, is
connected by connection 313, break springs 6f
first pile-up of relay {8, Fig. 1, to the junction
of cards 501, 502, potentiometer PT5. The outer
end of card 501 is grounded; and the oufer end
of card 5082 is connected o ground through resis-
tor 36. Card 501 extends over an arc of 1600
mils; card 502 extends over an arc of —200 mils;
the resistance of card 502 and resistor 36 being
equal to the resistance of card 501. The brush
associated with cards 50f, 502 is placed at a
right angle with respect to the brush associated
with card 503, and is moved by the movement

. of the telescope 4. The windings of cards 501,

802 have resistance varying with a cosinusoidal
function, and, as the voltage supplied by ampli-
fier 306, Fig. 3, is proportional to —Do, the voltage
selected by the brush associated with cards §01,
502, Fig. 1, will be proportional to Do(— cos Eo0),
that is, to —Ro. L
The brush associated with cards 501, 502 is
connected through resistor 317, break springs of
second pile-up of relay 19, connection 38, resis-
tor 320, Fig. 3, to the input circuit of an ampli-
fier 321, Fig. 3, having a feedback resistor 322.
The output circuit of amplifier 321 is connected
through resistor 323 with the input circuit of
amplifier 324, having a feedback resistor 325.-
The output circuit of amplifier 324 is con-
nected by connection 326, break springs of second
pile-up of relay 39, Fig. 1, to the upper junction
of cards 401, 402, potentiometer PT4. The out-
put circuit of amplifier 321, Fig. 3, is connected
by connection 321, break springs of fourth pile-
up of relay 39, Fig. 1, to the lower junction of
cards 401, 402, PT4. Cards 401, 402 are arranged
on the circumference of a circle. ’
As shown in Fig. 13A, the horizontal range Ro
is resoived into the rectangular coordinates Xo,
Yo, having their origin at O, the point of obser-
vation. For convenience, the Yo coordinate is in
the north-south line, and the Xo coordinate is in
the east-west line, the azimuth angle Ao bemg
measured clockwise from north. :
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Then :
Xo=Rosin 4o (6)
Yo=Ro cos Ao (W)

Distances east.and north of the origin are posi-
tive, distances west and south of the origin. are
negative.

The.brushes 40, 41, FT4, Fig. 1, are ratated: by
the azimuth telescope: 3 through the. azimuth
angle Ao.

The resistances. of cards 401, 402, PT4, Fig. 1,
vary as a complete sinusoidal function and the
windings are grounded. at.the:point where the
function is zero. With zero angle. at: the upper
junction of cards 401, 452, brush 40. will select. s
voltage: varying with cos Ao, and, as the voltage
supplied to the-upper junction of cards 404, 402
is.proportional to —Ro, and the voltage supplied
Yo the lower junction is.proportional to -+Ro, the
voltage selected by brusiy 40 will be proportional
to.Ro(-—cos 40), that is, to.—Yo. The brush &1
is displaced through.a right ansle with respect
to-brush-40 and. thus will select a voltage propor-
tional to Ro(—sin 4o), that is; to, —Xo.

Brush 48 is connected. through resistor 42 and
the break springs of the third pile-up.of relay 39
to-connection 44; brush 41 is connected through
resistor 43 and the break springs of the first pile-
up of relay. 39 to connection 45.

Cloud’ switch

In the present state. of the art, the angles of
azimuth and elevation may usually be measured
more accurately by optical means than by radar:
whereas, the slant distance may usually. be
Ieasured more accurately by radarthan by opti-
cal means. THhus, when both methods are avail-
able, the azimuth and elevation angles of & vis-
iple target are measured by optical means, and
the slant distance by radar. :

The radar apparatus is. equipped’ with an azi-
muth potentiometer PTI, corresponding to. the
azimuth potentiometer PT4: and an elevation po-
tentiometer PT2, corresponding to the elevation
botentiometer PT5. The junctions of cards 101,

192 are connected to the make springs of the pile- 4

ups cf relay 39 to which the cards 401, 462 are
connected; the. brushes- associated” with cards
{01, (02 are. connected through resistors 48, 49
to the make springs of the pile-ups of relay 39 to
which the brushes 49, 41 are connected;. the junc-
tion of cards 201, 202 is connected to the make
spring of the pile-up-of-relay 19 to which the
junction of cards 561, §02 is connected and card
202 is groundesd through resistor-59; the ends of
card 283 are connected {6 the make- springs- of
the pile-ups of relay 19 to which the ends of card
583 are. connected; the smaller section through
vesistor: 53; and the brushes associated with
cards 201, 202 and with card 203 are respectively
connected through resistors 51, 52 to- the make
springs of the pile-ups ofrelay: {8 to which the
brushes associated with cards 204, 202 and with
card 203 are-connected. The radar equipment
follows the farget in azimuth and elevation.

If the target should be obscured by a cloud-or
SMoOKe screen, the fire control officer operates the
cloud: switch 48, connecting the grounded source
of' power 47 to ground thrcugh the windings of
relays 19 and 39, operating relays 19:and 39. The

operation of relays- 19 and 39 connects the po- 7

tentiometers PTI and PT2, in place of poten-
tiometers. PT4 and PT5, to connections {7, 44,
45 and the amplifiers of Fig. 3; thus supplying
to-the computing elements voltages-controlled: by
the radarobservations. When the-target emerges
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10
from the smoke sereen, the telescopes are trained
and pointed at the. target. Then the switch 48
may be-opened, releasing relays {9 and 39, and
supplying -to the computing elements voltages
controlled by optical observations. _
The potentials with respect to ground of the

connections 17, 44, 45 are respectively propor-

tional to —Ho, —Yo and —Xo, the rectangular
coordinates of the present position of the target
with respect to the point of observation.

Connection 45 is connected through ecapacitor
492 and resistor 464 to the input circuit of ams-
The output. circuit of amplifier 495
is. conneeted -to the input circuit through: series
resistors 406, 487 and shunt resistor 468.

When. a- target is first placed under observa-
tion, switch 482 is placed on the left contact,

<closing a: circuit from ground through switch 409,

winding of relay 432, windings of similar relays
for the Y and H coor:iinates (not shown), re-
sistor 431 and source 439 to ground, operating all
the relays. _ .

The output circuit of amplifier 405 is thus con-
nected through resistors 410, 41{, 4i2, 413 and
the make springs of the lower pile-up of relay
432 to the input circuit of amplifier 435. The
output circuit of amplifier 435 is connected to the
input circuit through series resistors 436, 431
and shunt resistor 438.

Capagcitors 415, 416 are respectively connected
to ground from the junctions of resistors 410,
411, and of resistors 412, 413; and capacitor 414
is bridged from the junction of resistors 4!0, 411
to the junction of resistors 412, 4i3. The junc-
tion of resistors 411, 412 is connected to ground
through resistor- 417, capacitor 418 and resis-
tor 419,

The: capacitor 483, resistor 404 and elements
810 ‘to 415 are so proportional that the output
voltage of amplifier 435 is a smoothed first de-
rivative —X of the signal voltage —X weighted
over a short time interval ending at the present
interval, and is thus proportional to the target
rate along this coordinate.

When a new target is placed under observa-
tion, an appreciable time is required. for the
observers to adjust the. observing equipment to
track the target smoothly and. evenly. As the
target usually is not capable of produecing really
abrupt changes in. speed or course, any small
abrupt. irregularities in the voltage during this
period. may. be assumed to be due to tracking
errors, and may be smoothed. During this period,
the ohserved data.is.not of the highest accuracy,
and the data need not. be weighted over a.long

veriod. Also, it is important that the guns should

commence firing as soon as possible, even. if ‘the
data is'not of the highest aceuracy. The net-
work, including the elements 419 to 419; thus
may: have a comparatively short settling time,
say of four to ten seconds, in which the output
attains 99 per cent of its final value. As soon as
this network has settled down. and the output of
amplifier 435 has reached a reasonably steady
value, the guns may commence firing. )
During this period, the output circuit of am-
plifier 4905 is connected to ground through the
network: including: elements 428 to 429, make
springs of upper pile~up of relay 432 and resistor
438. As the network including elements 420 to
429 has the same configuration as the network in-
cluding elements 418 to &9, a detailed descrip-
tion of the configuration is not necessary: The

sum. of the resistances of ‘resistors 420; 821, 423,

%24.is equal’to the sum of the resistances of the
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resistors 410, 411, 4i2, 413, but the individual
values of resistance and capacitance in this net-
work are so proportioned that the network has
a comparatively long settling time, say twenty
to thirty seconds. During this first period, this
network is charging up through resistor 433, For
convenience, the network 410 to 419 will be termed
the ten-second network, and the network 420 to
429 will be termed the twenty-second network.

After firing has continued for longer than the
settling time of the twenty-second network, the
switch 409 is operated, releasing relay 432 and
the similar relays (not shown) for the ¥ and H
coordinates. 'The twenty-second network is thus

connected through the break springs of the upper

pile-up of relay 432 to the input of amplifier 433
and the ten-second network is connected to
ground through the break springs of the lower
pile-up of relay 432 and resistor 433.

Slewing

If the observing instruments are rapidly turned,
or slewed, as in picking up a new target, the ap-
parent target rates along the coordinates will be
high, tending to produce a large output voltage
from amplifier 4§05, which will tend to charge the
network capacitors to unduly high voltages.
After the slew is completed, these charges must
be dissipated before the output of amplifier 435
can fall to the correct value, and during this pe-
riod of time, the output of amplifier 435 will be un-
reliable.

A slew key 54, Fig. 1, is provided for the radar
operator, and similar keys 55, 56, 57 are provided
for the optical observers. The keys 55, 58, 57 are
wired through the break springs of the fourth
pile-up of relay I9 so that, when the cloud switch
46 is operated, the slew keys 55, 58, 57 are cut
off. :
The slew keys 54, 55, 56, 57 when operated con-
nect ground through connection 58, left contact
and blade of switch 439, Fig. 4, winding of relay
440, and windings of similar relays (not shown)
for the Y and H coordinates, resistor 431, source
430 to ground, operating relay 449 to connect one
side of capacitor 403 through resistor 434 to
ground, thus limiting the current supplied by
capacitor 403 to amplifier 405 to a value which
will not charge the network capacitors to unduly
high voltages, yet at the same time, permitting
the charge on capacitor 403 to rapidly vary with
the variations in the potential of connection 46.

In some cases, inexperienced operators may
forget to operate the slew keys, or the computer
may be tested or operated with observing equip-
ment not furnished with slewing keys. A relay
441 is connected to the output circuit of am-
plifier 405 and selected to have an operating volt-
age slightly higher than the normal maximum
output voltage of amplifier 405. Switch 439 may
be placed on the right-hand contact, thus, when
the output voltage of amplifier 405 exceeds the
normal maximum value, relay 441 will operate,
operating relay 2440, and the similar relays, to re-
duce the inputs to the smoothing networks.

Following a slew to a new target, the observa-
tions again will be unsteady, thus the ten-second
network should be switched in until satisfactory
tracking of the target is established. The net-
works may be automatically switched by the timer
switch which includes a small motor 444 con-
nected to a suitable power supply through the
break springs of relay 443, and geared to a gear
445, carrying the angle arms 446, 447. The motor
844 exerts a torque on gear 445 to drive arm 446
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against switch 448 against the tension of spring
450, thus keeping open switch 448. For automatic
operation, switch 409 is placed on the right-hand
contact.

The operation of relay 441, or one of the slew
keys, completes a circuit from ground through
connection 452, relay 443, resistor 442 and source
430 to ground operating relay 443. Relay 443
locks up over the circuit from ground, source 4360,
‘resistor 442, winding of relay 443, make springs
of relay 443 and switch 442 to ground, opening
the circuit- of motor 444. Spring 480 retracts,
drawing back arm 448 and operating switch 448
to complete & path through switch 409, operat-
ing relay 432, and similar relays, to switch in the
ten-second networks. The spring 450 continues
to retract, rotating the gear 445, arms 446, 447
and rotor of motor 444 until the arm 44T oper-
ates switch 449, opening the locking circuit of
relay 443. If, at this time, relay 441, or one of
the slew keys is still operated it will hold relay
£43 operated and the arm 447 is held against
switch 449. At the end of the slew, when relay
441, and the slew keys are all released, and when
switeh 449 has been operated, relay 443 will re-
lease, opening its locking circuit at its make
springs, and completing the power circuit of mo-~
tor 444 at its break springs. Motor 444 will start
rotating gear 445, first moving arm £47 from
spring 448, preparing the locking circuit for relay
453. Motor 444 continues to turn gear #45 until,
after the lapse of the desired time interval of say
25 to 35 seconds, the arm #46 operates switch
548, releasing relay 432, and the similar relays,
and switching in the twenty-second networks. If,
during the rotation of gear 445, relay 441, or one
of the slew keys is operated, operating relay 443,
the timer switch will start a new cycle of opera-
tion. : : .
Amplifiers, networks, and relays, such as relays
440, 441 and 432, similar to those shown for the
_X coordinate channel are also provided for the
Y and —H coordinate channels. The capa-
citance of .capacitor 493, and the resistances of
resistors 404, 406, 407, 408, 420, 421, 422, 423, 4386,
4317, 438 are so chosen that the overall gain of
the system is proportional to the maximum time
of flight #m, of the projectile. The brush of po-
tentiometer 451, connected across the output of
amplifier 435 may be adjusted to make the gain

accurately proportional to im.

Target rate meter -

If the target is moving without acceleration,
that is, in a straight line .at constant speed, the

. target rates along the X, ¥ and H coordinates
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will be constant, and the voltages supplied t0 the
connection 454, and to the corresponding con-
nections 455, 458 will be constant. :

Connection 454 is connected to ground through
resistor 504, Fig. 5, and meter 505. The meter
505 is preferably a sensitive center zero meter,
and indicates the target rate voltage. When the
needle of meter 505 is steady, the target is mov-
ing along the coordinate with unaccelerated mo-
tion. If the needle of meter 525 is not steady,
the target is accelerating, and, if the prediction
in the computer is based upon unaccelerated mo-
tion, the prediction may be erroneous and the
guns may have to stop firing. .

A source of power 506, having an intermediate
point grounded, is connected through resistors
507, 508 to the windings 1004, {202 of adiustable
resistor PT10. The windings on the cards 1001,
{002 do not cover the whole length of the cards,
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8o that, when the cards are placed end to end:to
form a circle; the ends.of the windings:are sepa-
rated by short lengths of insulation.
The brush. of PTIQ is adjusted so: thai: the
current from the brush will oppose and: cancel

part.of the current: to the: meter 505, thus: in-

creasing the seale factor of the meter: For: ex-
ample, suppose the maximum target: rate. is; 250
yards per second, and the full scale of meter: 585
is graduated 50 yards per second. For rates: from
. 0'to0 50.yards, the brush.of PT1{0:is on the central
insulator: For rates from 50 to. 100 yards, the
brush of PT19 is adjusted to select a current.of
the proper polarity and magnitude to cancel &
portion of the applied current proportional: to

50 yards, so that, in effect; the meter 585 now-

‘reads from 50 to 100 yards per second.

Hand set rates:

In some.cases, the needle of meter 505 may

oscillate irregularly above and below a mean
value. It is-improbable that such variations-are
due to accelerations and decelerations of: the

target, and it may be assumed that these varia- -

tions. are due to irregularities in tracking. the
target. These irregularities in tracking will not
produce a very material error, if any, in the

absolute. magnitudes of the observed data, but
they may produce large errors in the target rates; -

and thus produce:large errors in.the prediction
based on.the target rates. "
The source 596 is connected through resistors
509, 510 to the winding of card. (131, potentiom-
-eter PTH.
connected through resistor 514 to the input cir-
cuit of- amplifier 512, having a feedback resistor
513, The output circuit of amplifier 642 is.con-
nected to one terminal of a center zero: meter
- 518,
sistor 514 to the other terminal. of meter 548.
The brush of potentiometer PT 1 is adjusted until
the needle of meter 515 oscillates. evenly. about
zero. The output voltage of amplifier- 812 is thus
mads equal to the mean value of the voltage
_from connection 454. Switch 516, which. is nor-
_mally on the left-hand’ contact, may then. be
moved to the right-hand contact, connecting the
. output cireuit. of amplifier 512 to: the prediction
“cireuits: , :
A target  rate meter, such as meter. 595, and
the associated resistors; is provided for each of
the: three coordinates:.. Similarly,. & hand set
‘potentiometer, such as potentiometer PT{{; and
‘the assaciated amplifier: 512. and. meter: 545;. is

provided for each of the. three-coordinates: ¥

_desired, elther or-both of these: facilities: may: be
4nstalled in a. weather-tight. console and: con-
nected o the computer by a: cable:of sufficient
-lencth that the console may be installed at: the
position of the first control-.officer: ) -
In some cases, particularly-in. firing against
surtace targets or targets flying  at. constant
height, it may be more convenient to set in.the
target speed and: course; rather than the- target
rotes. along the X and. Y coordinates.
The poles of a source of power 5{1; having an
jntermediate point grounded;. are respectively
connected to. ground through- the windings of
cards. 1391, 12302, potentiometer PTH3.
brushes of PTI3 are adjusted to select voitages
of oppasite pelarities propertional to.the: esti~
‘mated target speed and are connected: fo: the
junctions. of cards. (28f, (202,  potentiometer

PTI2. The windings:of cards 204, 1202 vary in..

The brush of potentiometer PTI{ is: &

Connection 454 is connected: through: re- 4

The ys

39

89

-or- oscillates about’ zero.

4T, 1S, T8,

‘14

_resistance with. a complete: sinusoidal function,

and are grounded at the points where the fune-
tion passes through zero. The brushes of PTI2
are mounted on'the shaft-at right angles toeach
other and’ are insulated from the shaft and each
other. With north, or zero angle, at the-upper
junction:. of cards. 1201, 1202 and clockwise ro-
tation: for increasing angle, these: brushes are
rotated to the:course angle: The brush asso-
ciated with card !28i will thus select a voltage
proportional to the estimated target rate-along
the X coordinate, and-the brush associated with
card: 1202 a. voltage proportional to ‘the target
rate aleng the 'Y coordinate: 7
Connection 454 ‘is-connected to one contact of
switch 530,.and to the junction of elements 517,

519, - The brush associated with card 1231, PT12,

is: connected: to the other contact of switch 5§30
and’ to the junction of elements 518, 520. Ele-
ment 521 is connected to the junctions: of ele-
ments 547, 519 and elements 518, 529. One coil
8522, of a crossed coil ratio meter 529, is con-
nected to the-junctionsof elements 517, 518'and.of
elements 519, 520. :

Similarly, connection 455 is connected to one
contact-of switeh §33; and to the junction of €le-
ments 523, 525 The brush associated. with card
1202, PT12; is connected to the other contact of
switch 838 and to the junction.of elements 524,
528. FElement 527 is connected to the junctions of
clements 523, 528 and elements 524, 528, The
other coil 528 of themeter 529 is connected to the
‘j_gzgctions of elemenis 523,.524 and elements 525,
(Y 4:H

Elements: 517, 518, 518, 520 and 523, 524, 525,
526 are'non-linear conductors and may be single
copper-copper-oxide couples. Elements 521, 527
may be double thallium-copper. oxide couples.
thie couples being oppositely poled, '

If' the-voltages supplied hy the brushes. of po-
tentiometer PTI12 are not egual to the voltages
supplied: by ‘connections: £54, 458, meter 529 will
deflect. The brushes of potentiometers PTI2
and PTH38 are adjusted until meter 529 reads zero,
Switeh 530, which. is
normally placed on the lefi-hand contacis may
be moved to the right-hand.contacts, cutting off
the voltages from connections 454, 455 and sub-
stituting the: hand' set voltages firom potentiom-
eter PTI2. ' : :

Connection 45; Figs. 1, 4.5, 86, .7, supplies a

~current proportional to:—Xo through resistor 702

to- the input' circuit: of amplifier- 703, having &
feedback resistor: T84: A resistor: 708 in series

- with-a: eapacitor-T86; is connected in shunt with

resistor 104 and a.capacitor 107 is connected™in
shunt with. resistor. 702, Resistor 785 and
capacitors 1986, Ti1 provide a moderate amount:of

.weighted smoothing: for. the current:supplied’ by

connection: 45: and. for the output voltage:of the
amplifier, ‘
Similarly, connection 44, Figs: 1, 4, 5,6, 7, sup~

‘plies & current properbional-to —¥o through.re-

sistor 708 to the inpub circuif of amplifier 789,

“having a.feedhack: resistor 19, and smoothing

elements. TH; 742, 713 .

And. connection {1, Figs. 1, 4 &, 6, 7, supplie
a current: proportional to —Ho. through: resistor
114 to the input circuit of amplifier 715, having a
feedback resistor: 748 and smoothing elements

The: coordinates: —Xo, —Yo and —Ho -are

.measured: with respect.to the. point of observa-

tino- O, Figs. 134, 13B, and must be: combined

- with: the: gun- parallaxes —Xg—Yg~Ho. to give
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the coordinates with respect to the reference
point of the battery G. . i

‘A source of power 720, having an intermediate
point grounded, is connected to the contacts of
& switch 721. The blade of switch. 72i is con-
nected to ground through resistor 722 and the
winding of card 1501, potentiometer PTI5. The
brush of potentiometer PTI5 is connected
through resistor 723 to the input circuit of
amplifier 703.

-Switch 121 is set to select a voltage of proper
magnitude, and the brush of potentiometer PTI5
is adjusted to supply a current proportional to
—Xg to the input circuit of amplifier T63.

Similarly, the source 724, switch 125, resistor
126 and potentiometer PT(7 supply a current
proportional to —Yg through resistor 121 to the
input circuit of amplifier 109; and the source
128, switch 728, resistor 130 and potentiometer
PT22 supply a current proportional to —Hg
through resistor 73! to the input circuit of am-
plifier 715, ) .

Because of the small delays produced by the
smoothing networks 785, 106, 787 and Ti1, 112,
113 and 711, 718, 119, the overall gains of the
networks of Fig. 4 are adjusted to be equal to the
maximum time of flight plus these small delays.

Connections 454, 455, 456, Figs, 4,5,6,7, 8, are
respectively connected to ground through the
winding of card 238, potentiometer PT23 and
resistor §62; through the winding of card 2302
and resistor 804; and through the winding of
card 2303 and resistor 806. As will be described
hereinafter, the brushes of potentiometer PT23
are rotated proportionally to the time of flight
t of the shell from the gun to the target.- The
brushes associated with cards 2301 , 2302, 2303,
potentiometer PT23 thus .respectively select
voltages proportional to —Xt, —Yt and —Ht,

that is, to the changes —DX, —DY, —DH in the 4

X, Y and H coordinates. .

The brushes associated with cards 2304, 2302,
2303 potentiometer PT23 are respectively con-
nected by connections 893, 805, 807 and resistors
132, 133, 134, Fig. 17, to the input circuits of
amplifiers 703, 709, 715.

Normal prediction

The currents supplied to the input circuit of
amplifier 703 are proportional to —Xo, —Xg,
—~Xt, thus, the output voltdge of amplifier 703
will be proportional to the predicted value +Xp
of the X coordinate of the position of the target
after the lapse of the time of flight ¢.- Similarly,

the output voltages of amplifiers 109, Ti5 will be ;

‘proportional to 4-Yp and +Hp. .

The smoothing networks shown in Fig. 4 have
delays which are 40 per cent to 50 per cent of the
‘settling times, thus the -rates X, ¥, H are
smoothed values of the rates which existed &
short time before the present time; for the ten-
second network, the rate four or five seconds past
and for the twenty-second network the rate eight
or ten seconds past.

Thus, if the target should diverge from a
straight line along a curved course, the normal
prediction would be a linear prediction along the
‘projection of a chord cutting the curve.

Tangent prediction

It may be shown that the delay of a network
is proportional to the rate of change of the volt-
age applied to the network, thus, if current vary-
ing with the rates of change of the applied volt-
ages are added to the currents from the networks

‘16

" of Fie. 4, the effects of the network delays are
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neutralized and the predictions become linear
predictions along a straight line tangent to the
course of the target at the point reached at the
present instant.

‘The output circuit of amplifier 485 is connect-

ed by connection 451, Figs. 4, 5, 6, capacitor 582,
resistors 603, 604, break springs of first pile-up
of relay 605 to the input circuit of amplifier 605.
The potential dividing resistors 687, 608 are con-
nected across the output circuit of amplifier 606,
and the feedback resistors 689, 619 are connect-
ed from the junetion of resistors 607, 698 to the
hreak spring of relay 685. A capacitor 6{f is
connected from the junction of resistors 563, 604
to ground, and a resistor 612, in series with a
capacitor 613 is connected from the junction of
resistors 609, 618 fo ground. The resistors 603,
604, 699, 616, 6§12 and capacitors 611, 613 form
2 smoothing and weighting network, and may
be proportioned to have g settling time of ten or
twenty seconds. - '
" When one of the slew keys of Fig. 1, or relay 441
of Fig. 4 is operated, a circuit is prepared from
ground through connection 452, Figs. 4, 5, 6,
winding of relay 6035, resistor 6§14 to source 61 5,
operating relay 685.

The operation of relay 505 connects one side of
capacitor 602 through the make springs of the
second pile-up of relay 685 and resistor 616 to
ground; disconnects the junction of resistors
6904, 610 from the input of amplifier 605 and con-
nects this junetion through the mdke springs of
the third pile-up of relay 685, and resistor 618

2 to ground; and connects the junction of resistors

667, 808 through resistor 617 and the make
springs of the first pile-up of relay 505 to the
input circuit of amplifier 686. The charge on
capacitor 602 thus can rapidly follow the input
voltages during the slew without charging the
smoothing capacitors to unduly high voltages.
The resistor 618 in series with capacitor 619 is
connected to ground from the make spring of
the first pile-up of relay 685 to reduce transients
during switching. The relay 605 preferably is
made slow releasing so that, at the end of a slew,
the networks of Fig. 4 will be operative hefore
the networks of Fig. 6 are switched in. .

The source 615 is connected through the wind-

Ing of relay 620 to the blade of switch 621 ; and
through the winding of relay 622 to the blade of

switch 623. Switches 82, 623 are four-posi-
tion switches with the blades ganged to operate
together. The second and fourth contacts of
switch 621 and the third and fourth contacts of
switch 622 are grounded. :

For normal prediction, switches 621, §23 are
on the first contact, and the output connection
625 is grounded through the break springs of the
second pile-up of relay 622. The connections
626, 627 of the networks for the Y and H coor-
dinates are similarly grounded.

For tangent prediction, switches 621, 623 are
placed on their second contacts, completing a
circuit form source 615 through the winding of
relay 629, switch 621 to ground, operating relay
620, and the similar relays (not shown). for the
Y and H coordinates. )

The output circuit of amplifier 696 is thus con-
nected through the make springs of the third
pile-up of relay 628, the break springs of the
third pile-up of relay §22, resistor 824 and con-
nection 454 to the network of Fig. 4, thus adding
to the output of amplifier 435 g current propor-
tional to the rate of change of the output volt-
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age of amplifier 405, compensating for the de-
lay in the network.

The networks for the Y and H eoordinates of
Fig. 6 similarly supply currents over connections
455, 456 to the corresponding networks of Fig. 4.

Curved course prediction

The output circuit of amplifier 696 is connect-
ed to ground through resistor 855 and meter 656.
A resistor 857 and a non-linear resistor 628,
which may be a pair of oppositely poled copper-
copper oxide couples, may be connected in series
across the meter 656 to expand the lower part
of the meter scale and compress the upper part.
The meter §56 may conveniently have a mid-scale
reading of 0.2¢g, where ¢ is the acceleration due
to gravity, and a full scale reading of 2g.

The meter 856, and the corresponding meters
for the ¥ and H coordinates, may conveniently
be mounted near the target rate meters, such as
meter 505, Fig. 6. If the reading of meter 5635
is unsteady, this indicates that the target is ac-~
celerating, and, if, at the same time, the reading
of meter 656 is steady, this indicates that the
acceleration of the target is constant, and a pre-
diction may be based upon the target accelera-
tion.

The prediction for a target which is accelerat-
ing, which will be termed curved course predic-
tion, may be based upon the expansion

Xp=Xo+ Xt %Xtz (8)

where X is the target rate, X the target accelera~
tion and t is the time of flight of the shell.

The operators tracking the target rarely track
with perfect smoothness; and these errors in
tracking cause undesired perturbations in the
values of Xo, Yo and Ho, which may pass through
the differentiating amplifiers ang cause the ap-

parent values of X to be larger than the true
value due only to the target acceleration. In
such cases, more accurate prediction may be
given by reducing the apparent value of the ac-
celeration and basing the prediction on the ex-
pansion

Xp=Xo+ XtV Xt2 9)

The output circuit of amplifier 666 is connect-
ed through a resistor 629 to the input circuit of
amplifier 839, having a feedback resistor 631§.
The output circuit of amplifier 636 is connected
to the winding of relay 632.

It is generally found that sscond derivative
prediction by Equation 8 or 9 is ineffective when
the target acceleration is less than a minimum
value which depends upon the efficiency of track-
ing and is usually about 0.2 g. The resistances
of resistors §29, 6231 are so selected that relay 682
will operate when the output voltage of ampliﬁer
606 exceeds this minimum value.

The operation of relay 632, or of a correspond-
ing relay in the networks for the Y.and H co-
ordinates, completes a circuit from ground
through the center contact and blade of switch
633, winding of relay 634 and source 6i% to
ground, operating relay 634.

Relay §34 may also be operated, independently
of the relays, such as relay 632, by moving the
blade of switch 8§33 to the grounded third contact.

The operation of relay §34 connects the output
circuit of amplifier 606 to ground through the
make springs of the lower pile-up of relay 634 and
the winding of card 1481, potentiometer FT14;
and connects the output circuits of the corre-
sponding amplifiers for the Y and H coordinates,
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respectively, to ground through the make springs.
of the middle and upper pile-ups of relay 634
and the windings of cards 1492, 1482, potenti~
ometer PT(4.

As will be described hereinafter, the brushes
of potentiometer PT14 are rotated proportionally
to £, the time of flight of the shell, and the wind-
ings of cards {481, 1402, {483 vary in resistance
such that the voltages selected by the brushes
are proportional to £2.

When the prediction is based upon Equation 9,
switches 821, 628 are moved to their third con-
tacts, completing a circuit from ground through
the winding of relay 622, and the windings of
the corresponding relays for the Y and H co-
ordinates, scurce 615 to ground, operating relay
522, ’

The operation of relay 622 completes a circuit
from the brush associated with card 140f, re-
sistor 635, make springs of upper pile-up of relay
§22, break springs of upper pile-up of relay 620,
potential dividing resistors §38, 639 to ground;
and connects the junction of resistors §38, 53¢,
through the break springs of the middie plle-up
of relay 620 and the make springs of the middle
pile-up of relay 622 to connection §25, which is
connected through resistor 135, Fig. 7, and sup-
plies to the input circuit of amplifier 703 a volt-

age proportional to 13 Xi2, The output circuif
of amplifier 607, Fig. 6, may also be connected
through the make springs of the lower pile-up of
relay 822 and resistor 624 to connection 454, to
supply a current to compensate for the delay in
the network of Fig. 4, if such compensation be
found necessary.

The brushes associated with cards 1492, 1463,
potentiometer PTI4, Fig. 6, are similarly con-
nected through resistors 636, 637 to the networks
for the Y and H coordinates, which supply volt-
ages proporbional to Y¢* and H#? through con-
nections 628, 627 and resistors 136, 121, Fig. 1,
to the input circuits of amplifiers 709, TI5.

The input circuit of amplifier 703 is supplied
by connection 45 with a voltage proportional to
—Xo; by connection 803 with a voltage propor-
tional to —X¢#; by connection 625 with a voltage
proportional to —Xi? and by potentiometer PTI5
with a voltage proportional to —Xg, thus, the out-
put voltage of amplifier 703 is proportional to
-+-Xp, a coordinate of the predicted position of
the target with respect to the gun, or reference
point of the battery.

Similarly, the amplifier 709 is supplied by con-
nection 44 with a voltage proportional to —Yo;
by connection 805 with a voltage proportional to
—Y1; by connection 626 with a voltage propor-
tional to —Yi2 and by potentiometer PTIT with
a voltage proportional to —Yyg, thus, the outpul
voltage of amplifier 709 is proportional to +¥p.

The amplifier 718 is supplied by connection 7
with a voltage proportional to —Ho: by connec-

‘tion 807 with a voltage proportional to —Hi:

by connection 627 with a voltage groportional to

~~Ht and by potentiometer PT22 with a voltage

proportional to —Hg, and these voltages, together,

‘are proportional to —Hp.

The output circuit of amplifier 715 is conunected
through resistor 781 to the input eircuit of the
polarity reversing amplifier 798, having a feed-
back resistor 788.

Train or azimuth angle

. In F.lg 13B, G is the gun, or reference point of
the battery, Tp is the projection on a horizontal
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plane of the predicted position of the target, hav-
ing the coordinates Yp=GCGe, and Xp=aTp. Due
to the spin of the shell, and the wind, the shell
will drift laterally during its flight, so that the
gun must be trained to the point e, having the
displacement D laterally to Ge. The train, or
azimuth angle of the gun, A will be the angle
aGe. Draw ac parallel to Ge, ab and ce hormal
to Ge. Then ab=Yp sin 4; angle aTpc=A;
cT'p=Xp cos A; ce=ab=Xp cos A—D; thus,

Xp cos A—D—Yp sin A=0 (10
Also,

Gb=Yp cos 4; be—ac=Xp sin 4; Rf=Gb+Dbe,
Rf=Xpsin A--Ypcos 4 1

The output circuit of amplifier 703, Fig. 7, is
connected to the lower junction of cards 1§03,
1684 potentiometer PTI6 and through resistor
738 to the input circuit of polarity reversing am-
piifier 729, having a feedback resistor 748. The
output circuit of amplifier 139 is connected to the
upper junction of cards 1683, 1804. The wind-
ings of cards 1693, {634 have resistances vary-
ing with a complete sinusoidal function, and are
grounded at the points where the function passes
through zerc. The brushes associated with cards
{603, 1604 are located at right angles, driven by
shaft 144, and are insulated from the shaft and
each other. With north, or zero angle, at the
upper junction of cards 1663, 1604, and clock-
wise rotation for increasing angle, the brush as-
sociated with card $683 selects a voltage propor-
tional to — X9 sin 4, and the brush associated
with card {684 selects a voltage proportional to
—~Xp cos A. .

The output circuit of amplifier 709 is connected
to the lower junction of cards (605, 1606, po-
tentiometer PT16, and through resistor 741 to
the input circuit of the polarity reversing ampli-
fier 142, having a feedback resistor 743. The out-
put circuit of amplifier 742 is connected to the
upper junction of cards 1605, 1606. The wind-
ings of cards 1605, {606 have resistances varying
with a complete sinusoidal function, and are
grounded at the points where the function passes
through zero. The brushes associated with cards
1605, 1606, are located at right angles, are driven
by shaft 744, and are insulated from the shaft

10

15

20

25

30

40

and each other. With north, or zero angle, at 50

the upper junction of cards 1605, 1606, and clock-
wise rotation for increasing angle, the upper brush
will select a voltage proportional to Y2 cos 4,
and the lower brush a voltage proportional to
+Yp sin A.

" The brush associated with card 1604 is con-
nected through resistor 749 to the input circuit
of amplifier 754, having feedback resistors 745,
141, and supplies a voltage proportional to

—~Xpcos A

The lower brush associated with card {606 is con-
nected through resistor 748 with the input cir-
cuit of amplifier 154 and supplies a voltage pro-
portional to +¥p sin A. As will be described
hereinafter, voltages jointly proportional to —D
are supplied through resistors 750, 751 and a spot-
ting voltage through resistor 752.

The output circuit of amplifier 754 is connected
to the motor control circuit 156, of the type shown
in Fig. 9, controlling motor 757.

In Fig. 9, a two-phase source of power 902 has
one phase connected through transformer 903,
amplifier. 904 and transformer 905 to one phase
winding of the motor. The other phase is con-

55

65

70

nected through transformer 906,

20 :
bridge formed
by elements 907, 908, 999, 9i0, transformer 915,
amplifying tubes 917, 9i{8 and transformer 920
to the other phase winding of the motor. - :

The elements 907, 908, 909, 918 may conven-
iently be copper-copper oxide couples, selected so
as to form a normally balanced bridge. When the
copper plate is about 1% volt, or more, positive
with respect to the oxide, these elements have a
resistance of less than 50 ohms; when the copper
plate is about % volt, or more, negative with
respect to the oxide, these elements have a re-
sistance of 50,000 ohms or more; for voltages be-
tween 412 volt and —Y% volt the resistance de-
creases exponentially. In the drawings, the arrow
heads indicate the directions of flow of the biasing
currents to make the resistances of the elements:
low.

The output circuit of the motor control sum-
ming amplifier, such as amplifier 754, Fig. 7, is
connected to ground through the winding of card
3001, potentiometer PT30. The brush of PT30 is
connected through resistor 921 and inductor 922
to a mid-tap in the secondary winding of trans-
former 906. Shunt capacitors 923, 924, with re-
sistor 921 and inductor 922 form a low pass filter.
The mid~point of the secondary winding of trans-
former 915 is grounded.

If the voltage from the source 902 makes posi-
tive the upper end of the secondary winding of
transformer 908, a current will tend to flow
through resistor 987, down through the winding
of transformer 915, and resistor 98, and another
current will tend to flow through resistor 989, up
through the winding of transformer 915 and re-
sistor 910. In the absence of a voltage supplied
to potentiometer PT30, the elements 967, 908, 959,
910 have substantially the same resistance, thus
the opposing currents in the winding of trans-
former 915 will be substantially equal, and the
current supplied to the motor winding is not suffi-
cient to cause the motor to creep.

If 3 positive voltage is supplied to potentiometer
PT30, current will flow through resistor 921 and
inductor 822 to the tap in the winding of trans-
former 906, through the upper portion of the
winding of transformer 906, eclement 997 and
upper portion of the winding of transformer 915
to ground; and through the lower portion of the
winding of transformer 806, element 908 and the
lower portion of the winding of transformer 915 to
ground, reducing the resistances of the elements
909, 908. When the voltage from the source 902
makes positive the upper end of the winding of
transformer 906, the alternating current flowing
down through the winding of transformer 9{5 will
be larger than the alternating current up through
the winding and the motor will run in one di-
rection.

If a negative voltage is supplied to potentiom-
eter PT30, current will flow from ground through
the upper section of the winding of transformer
8i5, element 910 and the lower section of the
winding of transformer 906 and through the lower
section of the winding of transformer 915, ele-
ment 909 and the upper section of the winding of
transformer 906, thence through inductor 922 and
resistor 921 to potentiometer PT30, reducing the
resistance of the elements 909, 8i16. When the
voltage from source 902 makes positive the upper
end of the winding of transformer 908, the alter-
nating current flowing up through the winding of '
transformer 915 will be larger than the-current
down through:the winding ‘and the motor will
run in the opposite direction, ’
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The output voltage of amplifier 154, Fig. 7, is
proportional to Xy cos ¢—Yo sin A—D, and, by
Equation 10 this quantity should équal zero. If
the output voltage is not zero, the difference volt-
age is supplied to the control circuit 756, of the
type shown inh ¥ig. 9, which drives motor 157 to
vary the values of cos A and sin A t0 make the
difference voltage equal zéro, The shaft 744 is
thiis rotated by the motor 157 t6 the train or
azimuth angle A, which may be indicated on a
suitable dial 758, and fransmitted to the guns by
& suitable data transmission system. The re-
sistor 746 and capacitor 753 shunted aeross the
feedback path of amplifier 158 stabilize the oper-
ation of motor 757 and reduce hunting of the
motor.

The brush associated with card 1603, PTI6, is
connected hy connection 177, through resistor
811, Fig. 8, to the input cireuit of an amplifier
822, having a feedback resistor 823, and supplies
a voltage proportional to —Xp sin A. ‘The upper
brush associated with card 1606, PT{6, Fig. 7, is
connected by connection T78, through resistor
818, Fig. 8, to the input circuit of amplifier 822,
and supplies 2 vcltage proportional to —¥p cos
A. The voltages supplied to amplifier 822 are
proportional to —Xp sin A—¥p cos A, which,
from Equation 11 are proportional to —Rf.

Ballistic corrections

The values of the normal trajectory of the
shell, as tabulated in the firing tables, are based
oht normal interior ballisties, that ig, 2 gun having
a standard muzzle velocity; normal exterior bal-
listics, that is, air of standard density or a stand-
‘ard ballistic coefficient; and the absence of wind
and drift.

The corrections for non-standard conditions
are tabulated in the firing tables and may be
expreéssed as horizontal and vertical distances
in the plane of the line of fire, and distances
normal to this plane.

The predicted position Tp of the projection of
the target is givéen by the coordinates Xv, Yo,
Fig. 18B, from which the predicted horizontal
range Rp can be obtained. The predicted posi-
tion of the target Top, Fig. 13D, can then be ob-
tained from Rp and the predicted height Hp.
For normal ballistics, these values, wheh com-

bined with the superaltitude, will give the posi- -

tion of the virtual target T.

When abnormal ballistic conditions are pres-
ent, the values for the geometrical predicted posi-
tion of the target are modified to give the co-
ordinates of what may be termed a ballistic
predicted position. In Fig. 13D, the horizontal
corrections Tpy have been added to Rp to give
the firing range R; and the vertical corrections
b1 Nave been added to Hp to give the height H,
which, combined with thé superaltitude n'T, gives
the location of the virtual target T. In Fig. 13B,
the lateral corréctions D have beehh combined
Wwith Xp and ¥p to give the train, or azimuth
angle of fire A, and the location T of the pro-
jection of the virtual position at the Horizontal
range R.

Wind

The wind may have two effects on the shell
(1) increase or decrease the shell velocity, (2)
deflect theé shell. THese effécts are known as
the range wind and cross. wind eifects. 'The
range wingd will tend fo cauise the shell to burst
behind, or ahead, of the point where the shell
would burst in calm ai#, and, since the shell is
usually not traveling horizontally, will lower or
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ralse the point of burst. 'The linexr “displace-

-ments produced will depend upon the velocity of

the wind, and thé time of flight of the shell,

In Fig, 13B, the winid hag a displacement W
at a bearing Ai. Then the cross wind displace-
ment will be W sin (4—Aw) and the range wind
displacement W' cos (A—Aw).

Generally, the meteorological service vegularly
supplies data oni the velocity and bearing of a
ballistic wind, which is an average of the actual
winds at different elevations, weighted in accord-
ance with their effect on a shell fired at a hori-
zontal target. When the gun is actually firing
at an elevated target, this ballistic wind should be
modified proportionally to the height of the target
to appropnately modify the weighting factor.

The output circuit of amplifier 715, Fig. 7, is
connected by connection 759, Figs. 7 and 8,
through resistor 807 to the brush of potentiometer
PT25. A grounded source of voltage 805 has its
negative pole connected through resistor 806 to
the brush of potentiometer PT25. The winding
of card 2501, PT25 is grounded at one end, and
the other end is connected to ground through
the winding of card 2304, PT23. The brush of
potentiometer PT25 is adjusted to supply a cur-
rent to the winding of card 2394, PT23, propor-
tional to the velocity of the ballistic wind, as
modified by the current from amplifier 115, Fig. 7

As described hereinafter, the brush associated
with card 2304, P23, Fig. 8, is moved propor-
tionally to the time of flight of the shell and
supplies a voltage proportional to the wind dis-
placement W through resistor 161, Fig. 7, to the
input circuit of amplifier 762, having a feedback
resistor 7163. The output circuit of amplifier 762
is connected to the upper junction of cards 1601,
1602, PTI6, and, through resistor 164 to the
1nput circuit of amplifier 165, having a feedback
resistor 166, The output circuit of amplifier 165
1Is6§;>nnected to the lower junction of cards {6@l,

The windings of cards (601, (662, P’I‘ls have
a resistance varying with a complete sinusoidal

5 funection and are grounded at the points where

the finetion passes through zero.

The shaft 744 is connected through a differ-
ential gear TB7 to the shaft 7168 driving the
brushies associated with card 1601, The ring gear
of differential gear 167 is geared to a handwheel
169. The hardwheel 769 is set to the bearing
Aw of the wind, as shown by the dial 178, thus.
the brishes associated with card 1681 are ro-
tated proportionally to A—Aw. .

The upper and lower brushes associsted with
card 1601 respectively select voltages proportional
to the eross and range winds, and are connected
to ground through the potential dividing re-
sistors 171, T12 and 1183, 114.

The junction of registors 171, 112 is connected
by conriection 115 to ground through resistor 809,
Fig. 8, and through resistor 808, winding of card
2601, PT26 and resistor 813.

The brush assoclated with card 260! is rotated
proportionally to B to select a voltage propor-

‘tional to the deflection effect of the cross wind

and is connected by contiection 814, through
resistor 150, Fig. 7, t6 the input eircuit of am-
plifier 754.

The junction of resistors 773, 174 is connected
by connection 116 to ground through resistor
810, Fig. 8, through resistor 811, winding of card
2602, potentiometer PT26, and resistor 815 and
is connected. thiough resistor 8i2 o the brush

associated with. card. 2603, PTze The- ends of
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the winding of card 2603 are grounded. -The
brushes associated with cards 2602 and 2603,
PT26, are rotated proportionally to E and re-
spectively select voltages proportional to the
range and height effects of the range wind.

The brush associated with card-2602, PT26,
is connected through resistor 8!6 to the input
circuit of amplifier 822. ‘

The brush associated with cald 2603, PT26 is
connected by connection 824, through resistor
119, Fig. 7, to the input circuit of amplifier Ti5.

Muzzle velocity

The initial, or muzzle, velocity of the shell de-~
creases with the wear of the gun bore due to the
erosive effect of the gases from the propellant.
A new gun may be designed to have a muzzle ve-
locity somewhat higher than the standard used
in the firing tables for normal ballistics, but, with
continued use of the gun, the muzzle velocity will
decrease to standard and to substandard. The
guns of a battery are preferably selected so as to
have about the same muzzle velocities, and an
average value is used for the battery.

A substandard muzzle velocity tends to cause
the shell to burst short, and below, the point
where & shell fired with standard velocity would
burst. The effect of substandard muzzle velocity
upon the horizontal range and height of burst
may bhe derived from the corrections tabulated
in the firing tables. The magnitude of these
corrections depends upon the time of flight of
the shell and the quadrant elevation, and an
‘analysis of these corrective functions of time of
flight and elevation shows that the functions may
ke resolved into two rather simple functions,
one part being proportional to a constant, and
the other part being proportional to the height
of the target. In some cases, this second func-
tion may bhe further divided into a function de-
pendent upon the height of the target and a
function dependent upon the horlzontal range
of the target.

The output circuits of amphﬁels 715, 190, Fig.
7, are respectively connected by connections 759,
168, to the contacts of switch 839, Fig. 8. The
poles of a source of power 838, having an inter-
mediate point grounded, are connected to the
contacts of switch 840. The blades of switches

839, 840 are ganged together and placed on the !

upper contacts when the muzzle velocity is.above
standard and on the lower contacts when the
muzzle velocity is substandard.

The blade of switch 839 is connected through

resistor 843 to the brush associated with card !

2701, potentiometer PT2T; through resistors 843,
851 to the brush associated with card 2605, PT26;
through resistor 846 to the brush associated with
card 2702; PT2T; and through resistors 845, 852
to the brush associated with card 2606, PT26.
The blade of switch 840 is connected through re-
sistor €44 to the brush associated with card 2701,
PT21 and through resistor 846 with the brush
associated with card 27082, PT27. The brushes
associated with cards 2605, 2606, PT26 are re-
spectively connected to ground through the
windings of cards 2701, 2702, PT21. The brushes
of potentiometer PT27 are adjusted to the value
of the muazzle velocity, and as described herein-
after, the brushes associated with cards 2605,
2606, PT26 are moved proportmnally to the
quadrant elevation. :

“The upper end, correspondmg ‘to & quadrant
‘elevation of 1600 mils; of the ‘winding of -card
2605, PT26 is grounded, and-the lower end, cor-
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responding” to ‘& quadrant elevation of -about
—200 mils, is connected to ground through the
winding of card 2305, PT23. The brush associ-
ated with card 2305, PT23 is moved propor-
tionally to the time of flight of the shell and is
connected through resistor 819 to the input cir-
cuit of amplifier 822.

The lower end of card 2606, PT26, is grounded
and the upper end is connected to ground
through the winding of card 2306, PT23. The
brush associated with card 2306, PT23, is con-
nected by connection 855, through resistor 781,
Fig. 7, to the input circuit of amplifier 715. Re-
sistor 782 and capacitor 7183, connected in serial
relationship across resistor 781 smooth the cur-
1ents supplied to amplifier T15.

Air denszty

The correction for non-standard air density,
or ballistic coefficient, is closely similar to the
correction for non-standard muzzle velocity.

The connections 759, 760 are connected to the
contacts of switch 844 and the poles of source 838
are connected to the contacts of switch 842. The
blades of switches 841, 842 are ganged and are
placed on the upper contacts for air density over
the standard and on the lower contacts for air
density below the standard.

The blade of switch 841 is connected through
resistor 847 to the brush associated with card
2801, potentiometer PT28; through resistors 841,
833 with the brush associated with card 2607,
PT26; through resistor 848 to the brush associ-
ated with card 2802, PT28; and through resistors
843, 864 with the brush associated with card 2608,
PT26. The blade of switch 842 is respectively
connected through resistors 848, 853 to the
brushes associated with cards 2804, 2882, PT28.
The brushes associated with cards 2607, 2608,
PT26 are respectively connected to - ground
through the windings of cards 2801, 2802, PT28.
The brushes of potentiometer PT28 are adjusted
to the value of the air density. -

The upper end of the winding of card 2601,

"T26 is grounded, and the lower end of the wind-
ing is connected to ground through the winding
of card 2307, PT23. The brush associated with
card 2307, PT23, is connected through resistor
820 to the input circuit of amplifier 822.

The input circuit of amplifier 822 has thus been
supplied with voltages proportional to the pre-
dicted horizontal range, and the ballistic correc-
tions, thus, the output voltage will be propor~
tional to 4R, the horizontal range for the bhal-
listie computations. The output circuit of ampli-
fier 822 is connected through resistor 857 to the
input circuit of the polarity reversing amplifier
858, having a feedback resistor §59.

The lower end of the winding of card 2608,
PT26 is grounded and the upper end of the wind-
ing is connected to ground through the winding
of card 2398, PT23. The brush associated with
card 2208, PT23, is connected by connection 856,
through resistor T84, Fig. 7, to the input circuit
Resistor 785 and capacitor
186 connected in series across resistor 184 smooth
the currents supplied to amplifier T15.

The input circuif of amplifier T{5 has thus been
supplied with voltages proportional to the pre-
dicted height of the target, and the ballistic cor-
rections, thus, the output voltage of amplifier
115 will be proportional to —|—H the helght for
the balhstic computations . .

- Drift
'I'he drift or lateral displacement of the shell
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due to.the spin of the shell will be proportiohal
to the horizontal range, and will be a function
of the time the shell is affected by this condi«
tion, that is the time.of flight.

. The output circuit of amplifier 822 is connected
to ground through resistor 868, winding of card
2312, potentiometer T23 and resistor 861. The
brush associated with ¢ard 2312, PT23, is con-
nected by connection 862, through resistor 191,
Tig. 7, to the input circuit of amplifier T754.

Azimuth spaotl

A small angular change DA in the azimuth
angle A will produce & lateral change +R sin DA.
The output circuits of amplifiers 822, 858, Fig. 8,
are connected to the confacts of switch 863.
The blade of switch 863 is conneected to ground
through connection 864, resistor 155 and the
winding of card 2001, potentiometer PT28. The
winding of card 200i, PT20, may have a sinu-
soidal variation of resistance, though, as the
angle is small, the variation: may be linear. The
brush of potentiometer PT20 is adjusted to the
value of DA, and is connected through resistor
152 to the input circuit of the amplifier 754.

Ballistics
Let

R=horizontal range fo the vertical projection of
a. point on the trajectory of the shell.

H=height of this point.

t=time of flicht of shell to this point.

E=qguadrant elevation of the gun.

V=initial velocity of shell along the trajectory.

g=acceleration due to gravity.

In & vacuum, withouf dir friction,
R=Vtcos E
H=Vt sin E—Y5 gt*
Let F=V1, the virtual slant range, and S=
the superaltitude, then,
R=F cos E
H=F sin, B~§

In Fig. 13D; the gun is at &, the virtual target
at T, the horizontal range R is Gm; the height
H is nm; the virtual slant range F is &'T and the
superaltitude S is Tn. Draw’ imr and jn nor-
mal to GT and in parallel to GT. Angle
TGm=angle Tmi=angle Tnj=E.

The triangles Tnj and TGm are similar and in
the ratio S to F, thus §T may be divided 4t £ to
make

ET= ( P)S

im=R sin E=(H{-8) cos. E
GT=Gi+iT=R cos E--(H--8) sin E_F
R cos E--H sin E=F—S§in E
—R sin: E<4-H cos E=~—5"cos E

and

But.
_HES H 8
sin. E’-——T F+—ﬁ
and.
cos E=%

R: cos. B+ H sin. B F‘——H(F}—S(g)

—Rsin. E+H cos E=~ R(%)x

% gt?,
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collecting teériis
R cos B-+H (sinE+§)=F[1—-§f]
—R[si'ri E—<§>]+H cos E=0
' Th Fig. 13D, R cos E=@Gi; H sin E=ij

u(3)=rx
S(5)=kr

o
R(3)=it
and H cos E=Im. Substituting for F and 8
R cos E‘+H[s‘in E‘+.gt_]___Vt[I _{gt)?
2V 2v)
—R[smE—- ]+H cos E=0

F=QT;

R sin E=im;

These equations are for vacuum ballistics, and
may be generalized to-account for air friction inté

Rcos E+H [sin E+q& 1=b()  (12)

=R [sin E—q(fY }4H cos E=0 (13)

In many cases, g closer match to the values

tabulated in the firihg tables niay be obtained if
Equations (12) and (13) are modified to

m(t) R cos E-4-H sin BE-4-q(t) H=b(l) (14)

—R sin E4-p(?) R-+s(fy Heos E=0 (15)

in which m(f) and s(f) are functions of ¢, some-
whst less than unify, and p(#) and g(#) are also
functions of £.

In some cases, it may be found that the func-
tion m(f) as derived froni the firing tables re-
sults il an undesirable shape of potentiometer
card. THis may be avoided by deriving the func-
tioni 7 () —m(fm), where m(tm) is the value
of m for the maximum time of flight, as this
furiction usually results in a more desirable
shape of card. This function may then be ¢om-
bitied with. 4-m{fmy to give

MY —mtEm) +mtm)

A similar ehange is made in the function s(z). -
‘The: function () as derived from the firing
tables may also, for some: guns, result in an un-
desirable card shape: In this case, a more de-
sirable shape may be derived if a factor £Hb(£),
where k is a numerical fraction, is added to both
sides of Equation 14.
The modified €quations thus become
R cos B’ (mm)y—m(tm) +m@m) ) +H sin  (16)
E4+H@®) +kb @) —(1+EH) 65 =0
—R s B4 9@y R4+-H [(s(—sEm) Y4+ (U7
§(&m) 1 ¢os E=0

The:ontput eiteuit of amplifier 858 is connected
to: the: junetion- of cards 2609, 2610, potentiom~
eter PT26. The other end of card 2609, PT26, is
groutided, and the other end of card 2618, PT26
is: grounded: through resistor 865. The windings
of cards: 2609, 2610 vary in resistanice with a co-
sinusoidal function, and the brush associated
with. card: 2640, PTZ%, is connected through re-
sistor 866 to the input circuit of amplifier 867,
having 4. feedback: resistor 868, to supply a Volt-
Sge Proportionsl t6 <R cos k.
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The output circuit of amplifier 867 is connected
to ground through resistor 868 and the winding
of card 2309, PT23; and through the potential
dividing resistors 8'“ 870. The brush associated
with card 2309, P’I‘23 is connected through re-
sistor 8239 to the input circuit of a motor sum-
ming amplifier 835, having feedback resistors
821, 834, and supplies a voltage proportional to
+R cos E(m(t)—m{tm)). As this quantity
evidently becomes zero for maximum time of
flight, when {=im, the upper end of the winding
of card 2309, PT23 is grounded.

The junction of resistors 871, 870 is connected
through resistor 831 to the input of amplifier 835,
and supplies a voltage proportional to .

+R cos Em(im)

The output circuits of amplifiers 715, 180, Fig.
7, are respectively connected by connectlons 159,
160, through resistors 812, 813, Fig. 8, to the ends
of the winding of card 2604, PT26. The winding
of card 2684, PT26, varies in resistance with a
sinusoidal funection and is grounded at the point
where the function passes through zero. The
brush associated with card 2604, PT26, is con-
nected through resistor 832 to the input cireuit
of amplifier 835 and supplies a voltage propor-
tional to -+ H sin E.

The output circuit of amplifier 715, Fig. 7, is
connected by connection 759 to ground through
resistor 8§74, Fig. 8, the winding of card 2214,
PT23, and resistor 815. The brush associated
with card 2314, PT23 is connected through re-
sistor 829 to the input circuit of amplifier 835
and supplies a voltage proportional to

+HQ@) +Eb(E))

The output circuit of amplifier 188, Fig. 7, is
connected by connection 7608 to ground through
resistor 876, Fig. 8, winding of card 2315, PT23
and resistor 877. A grounded source of power
818 has its negative pole connected through re-
sistor 8§79 to the end of the winding of card 2315,
PT23. The brush associated with card 2315,
PT23 is connected through resistor 828 to the
input circuit of amplifier 835 and supplies a volt-
age proportional to —(1-+-kH)b(E).

" The output circuit of amplifier 835 is con-
nected to a control circuit 835, of the type shown

in Fig. 9, controlling a motor 837, driving a shaft -

880 moving all the brushes of potentiometer
PT28. The resistor 825 and capacitor 825 con-
nected to ground from the junction of resistors
827, 834 stabilize the motion of the motor 837.

The voltages supplied to amplifier 835 are pro-
portional to

R cos E(m () —m(tm) +R cos Em(im) 4
H sin E4H(q) +kb(4) ) =1 +EH)b(E)

and, from Equation 16, the output voltage of
amplifier 835 should equal zero. If the output
voltage of amplifier 835 is not zero, motor 837
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will start, driving the brushes of potentiometer -

PT23, changing the value of ¢ until the output
voltage is reduced to zero and the brushes have
moved to the correct value of £, which may be
indicated, as by a dial 881.

The brush associated with card 23(5, potenti-
ometer PT23 is connected by connection 641, Figs.
8, 7, 6, through resistor 642 to the input circuit
of amplifier 643, having feedback resistors 644,
645, and supplies a voltage proportional to
—(1-+EH) b(D).

The output circuit of amplifier 715, Fig. 7, is
connected by connection 759. to ground through
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resistor 651 and the winding of card 1404, po-
tentiometer PTI4, The winding of card. 1404,
PTI4, like the winding of card 2315, PT23, Fig. 8,
varies in resistance with the function b(f). A
grounded source of power 649, Fig. 6, has its
positive pole connected to ground through re-
sistor 630 and the winding of card 1404, PTIA.
The brush associated with card 1404, PTI4, is
connected through resistor €48 to the input cir-
cuit of amplifier 643. The output circuit of
amplifier 643 is connected to a control circuit
653, of the type shown in Fig. 9, controlling a
motor 652, driving the brushes of potentiometer
PTi4. Capacitor 646 and resistor 647 connected
to ground from the junction of resistors 644, 645
stabilize the motion of motor 652. The voltage
supplied by connection 64( is proportional to
—(14+kH)b(?); and the voltage supplied by the
brush assocmted with card 1404, PTI4 is of the
form +(1+EkH)b(t). If the output voltage of
amplifier 643 is not equal to zero, motor 652
moves the brushes of potentiometer PTI4 until
the voltage is zero and the brushes have been
moved to the value of £, the time of flight of the
shell.

The output circuit of amplifier 858 is connected
to one end of the winding of card 2613, PT26;
and the output circuit of amplifier 822 is con-
nected through resistor 882 to the other end of
the winding. The winding of card 2613, PT26,
has a sinusoidal variation of resistance, and is
grounded where the function passes through
zero. The brush associated with card 2613,
PT28, is connected through resistor 888 with the
input circuit of an amplifier 830, having feed-
back resistors 886, 883, and supplies a voltage
proportional to —R sin E.

The output circuit of amplifier 822 is connected
to ground through resistor 895, the winding of
card 2311, PT23 and resistor 896 The brush as-
sociated Wlth card 23!1, PT23 is connected
through resistor 887 to the input circuit of am-
plifier 890, and the winding of card 2311, PT23
has a variation in resistance such that the volt-
age supplied by the brush is proportional to
+p@R.

The output circuit of amplifier 199, Fig. 7, is
connected by connection 768, to ground through
resistor 887 and the winding of card 2318, PT23
and through the potential dividing resistors 898,
899. The brush associated with card 2310, PT23
is connected through resistor 80 to the input
circuit of an amplifier 81, having a feedback re-
sistor 83, and the re51stance of the winding of
card 2310, PT23 has a variation in resistance
such that the voltage supplied by the brush is
proportional to —H (s(t)—s(tm)). The junction
of resistors 898, 899 is connected through resistor
82 to the input circuit of amplifier 81 and supplies
a voltage proportional to —Hs(tm).

The output circuit of amplifier 81 is connected
to ground through the winding of ecard 2611,
PT26 and through the winding of card 2612,
PT28 and resistor 84. The windings of cards
2611, 2612, PT26 have a cosinusoidal variation of
resistance, and the brush associated with card
2612, PT26 is connected through resistor 889
to the input of amplifier 890 to supply a volt-
age proportional to +HLI(s(t)—s(tm)) +s(tm)]
cos E.

The output circuit of amplifier 890 is connected
to a control circuit 891, of the type shown in Fig.
9, controlling motor 894, driving shaft 893 mov-
ing all the brushes of potentiometer PT26. The
resistor 885 and capacitor 884 connected to
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ground from the junection of resistors 886, 883,
assists in stabilizing the motion of motor 892.
The voltages supplied to amplifier 890 are pro-
portional to

-—-R sin E+p(YR+H
[(s(B) —s(tm)) +s(tm) T cos E

and from Equation 17, the output voltage of am-
plifier 859 should be zero. If the output vgltage
is not zero, motor 892 drives ‘shaft 893 moving
the brushes of potentiometer PT26 until the out-
put voltage of amplifier 8§99 is reduced to zero
and the blushes of potentlometer PT2§ have
moved to the value of the quadrant elevatwn ,
_“;vh1ch may be indicated as by dial 894, and trans-
mitted by the usual data transm1ss1on system
‘(not shown) to the guns.

Elevation spot

The elevation spot should produce an angular
change Es in the quadmnt elevatlon E which
should not affect the computed values of azunuth
'anele or time of flight.

As shown by Equation 16, the time of flight
1nvolves a rather complicated equatlon thu.s, as
g first approximation, instead of the time of
ilight, the slant range to the virtual target may
be assumed to remain constant In Fig. 13D,
when the quadrant elevatlon E is mcreased by
fthe elevation spot Es to the value El, the slant
range D is unchanged, that is, GT=Gop.

The shift of the virtual target from T o p
] Wll]. increase the height by pg=DH, and deerease
the horizontal range by um=qT=DR. As Es
is a small angle pT__GT sin Es, angle qu_El
‘thus
: ¢T=DR=GT sin Es sin F1
and ‘

pq=DH=QGT sin Es cos E1

But GT sin El=H-}-DH--S8 and GT cos
-El=R--DR, hence DR=(H--DH-{S) sin Es
and DH—=(R—DR) sin Es. As DR and DH are
small, DR=(H+4-DH) sin Es and DH=R sin Es.

The output circuits of amplifiers 115, 189, Fig.

7, are respectively connected by connections 759,

-768 to the blades of the double pole double throw
switch 85. One contact of switch 88 is con-
nected to ground through resistor 91 and the
winding of card 2402, potentiometer PT24 while
‘the other contact is connected to ground through
resistor 92 and the winding of card 2404, PT24.
The brush associated with card 2403, PT24: is
-egonnected to ground through resistor 93, connec-
tion 85 and the winding of card: 2613, PT26; the
brush associated with card 2404, PT24 is con-
-nected: to ground through. resistor. 94, connee-
tion 88, resistor §82 and the winding of card
2613, PT26. The windings of cards 2403, 2404,
PT24 may vary with a sinusoidal function, but,
as Hs is a small angle, sin Es==Es, thus, these
-windings may have a linear variation. For a
positive spot, switch 86 is placed on the left-hand
“contacts, and for a negamve spot, on. the. right-
hand contacts.

The output circuits of amplifiers- 822, 858 are
respectively connected to the contacts of switch
87; and the blade of switch 87 is connected to
ground through resistor €8 and: the winding of
card 2402, potentiometer PT24. The. winding of
-card. 2482, like the winding of card 2403, may
have a sinusoidal or linear variation in resistance.
. When the spot increases the quadrant eleva-
tion, the blade of switch 87 is placed on the left
.confact; when it decreases the. elevation, the
.blade is placed on.the right contact. - The brush
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associated with card 2402, PT24 is conniected by
connection 94 through resistor 119, Fig. 7, to sup-
ply the spot voltage te amplifier 115,

The. output. cireuits of amplifiers TI§, 790,
Fig. 7, are respectively connected by connections
159, 760 to the contacts of switch 89, Fig.'8. The
blade of switch 89 is connected to ground by
Tesistor 90 and the winding of card 24381, poten-
tiometer PT24, The brush associated with card
2401, PT24 is connected through resistor 833 to
the mput circuit of amplifier 835. The varia-
t;on in resistance of the wmdmg of card 2401,
PT24 could be detelmined by analys1s of Equa-
tions 16 and 17, but the relationship is qulte in-
volved, and the variation may be more easily
determined by empirical methods. The card
240t, and brush, are temperarily replaced by a
simple potentiometer and meter, the brushes of
potentiometer PT24 are adjusted for various
values of the elevation spot, the temporary po-
tentiometer adjusted to keep the output voltage
of amplifier 835 unchanged and, from the result-
ant meter readings, the required variation in
resistance. may- be determined.

Fuze number

A grounded gource of power 9T, Fig. 8, has its
posltlve pole connected 0, ground through the
winding of card 2313, potentlometer PT23, and
resistor $8. The wmdmg of card 2313, PT23
hasa linear variatwn of resistance, and the brush
assocxated theremth is connected by connection
238 through re51stor 99, Fig. T, to the inpuf
circuit of an amplifier 230, having feedback re-
sistors 19! 194, and supphes to amp,hﬁer 230 a
voltage proporttonal to ¥, the time of flight of
the shell,

The fuze number is a function of the time of
fiight. but, after the fuze is cut, the gun must
be loaded and fired, thus, the fuze number re-
quired is a function of what the time of flight
probably will be afler the lapse of the dead time
required to cut, the fuze, load and fire. The time
of flight, ¢, at the present time is, therefore, ex-
trapolated; by the relationship #f=t41 ttd,
where i{f=time of flicht for fuze number,
i=rate of change of %, and td—=dead time.

Connection 238 is connected through resistor
798 and capacﬁ:or 197 to the brush ef potenti-
..... The winding: of card 2101;, PT21
is connected throug‘h resistor 196 to:the input cir-
cuit of amplifier 230, and through resistor 799
to ground. The brush: of potentiometer PT2I
is adjusted to the value, td, of the dead time
and supplies a voltage proportional to. tid: to
amplifier 230.

A grounded source. of power 235 has its. nega-

-tive.pole connected to ground through the wind~

ing. of an. adjustable resistor PT19, resistor 236,
winding. of.card {80f, potentiometer PTI8, re-
sistor 231, = The winding of card: 1881, PTi8
varies. in resistance: with the. funetion: relating
fuze number: and time: of flight as: given. in. the
firing tables for the. gun.used; The brush. asso-
ciated with card 1801, PTi8 is- connected: to
ground: through. resistor 234, and: through re-
sistor- 795 to the input eircuit:of amplifier- 230:
The.output eircuit of- amplifier 230 is connected

to a conirol circuit 23+, of: the. type shown- in

Fig. 9, controlling a motor-232, driving thebrushes
of PT18. A capacitor-T192: and resistor 193 con~
nected to.ground from. the. junction of: resistors
184, 194 stabilizes the: motion of motor 232, If
the output voltage of amplifier 230 is: not equal
to zero, motor: 282 moves. the-brush: of potenti-
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ometer PTI8 to ‘make the voltage equal zero.
The brush has thus been moved to the fuze num-
ber, which may be indicated, as by dial 233, and
sent by suitable transmission system (not shown)
to the guns. .
- Fuze spot- -

‘'When the brush associated with card {901,
PTI98 is moved, the resistance in series with card
1801, PTI8 is changed, thus changing the volt-
age supplied by the brush of potentiometer PT18.
The change produced is proportional to the value
of the fuze number, thus, resistor PT19 may have
a scale graduated in percentage of the fuze num-
ber.

Gain compensation

If a servomotor system is to follow changing
values quickly and accurately, the over-all power
gain of the system should be slightly less than
the combined electrical and mechanical losses.
If the net loss is too great, the system will be
sluggish in response, while if there is a net gain,
the system will tend to oscillate, or hunt.

A potentiometer, such as PT30, PFig. 9, is con-
nected between the output circuit of the sum-
ming amplifier and the control circuit for each
servomotor to adjust the net gain to a desirable
value. This adjustment will not remain con-
stant over the operating range, unless the voltage
change in the output circuit of the motor sum-
ming amplifier for a given angular displace-
ment of the servomotor potentiometer brushes
is constant. In the fuze servomotor, this ratio
is constant; but, in the azimuth and elevation
angle servomotors, and, to some extent, in the
time of flisht servomotors, the ratio will vary
with R, or H, or both.

In Equation 10, in the solution of any given
problem, D will be a constant, thus, the equation
to be solved is

Xp cos A=Yp sin A=0

Let e=the ouiput voltage of the motor summing
amplifier for an error ¢ in the angle A, ’

Xp cos (A+A4) —Ypsin (A-+a) =e

cosa (Xpcos A—Ypsin A) —
sina (Xpsin A-+Ypcos 4) —=e

But, Xv cos A—Ypsin A=0 and

Xp sin A+-Yp cos A=R, and, as « is small,
sin a—=aq, thus
f__g
a

that is, the output voltage per degree error in-
creases with the horizontal range R. By a sim-
ilar, but more complicated analysis, it may be
shown that the sensitivity of the quadrant eleva-
tion and time of flight servomotor systems varies
as a function of slant range, and may he con-
trolled by voltages proportional fo R and H.

The output circuit of amplifier 858, Fig. 8, is
connected by connection 925 to the motor con-
trol circuit 756, Fig. 7, controlling the azimuth
servomotor 157. )

Connection 925, Fig. 9, is connected to the
junction of a pair of non-linear resistors 91,
912, which may be copper-copper oxide couples,
bridged across the connection between transform-
ers 906 and 915. A .grounded source of power
914 is connected to a tap in the winding of trans-
former 918, and, through adjustable resistor 943
to the junction of resistors 91, 912. Resistor
813 is adjusted so that, in the absence of a volt-
-age supplied by connection 825, the biasing cur-
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rent makes resistor 911, 912 of high resistance.
The current from connection 925 reduces the re-
sistances of resistors 91i, 912, thus producing
an increasing loss between transformers 906 and
915 and keeping the sensitivity constant.

In a similar manner, voltages from the H am-
plifier 190, Fig. 7, or the R amplifier 858, Fig. 8,
or both, may be supplied to the control circuits
of motors 8317, 892, Fig. 8.

Plotting boards

When a shell fails to burst on the target, the
error may be due to 2 number of causes such as
inaccurate tracking of the target; inaccurate or
irregular determination of the target rates due
to the target being obscured by ifog, smoke,
screens, etc., inaccurate estimation of the ballis-
tic corrections; or evasive action by the target
resulting in a more or less curved course. From
observation only of the burst of the shell, it is
very difficult to determine which one of these
causes resulted in a miss. For convenience in
determining the cause of a miss, the computer
may be associated with plotting boards which
continuously plot the present and predicted
future positions of the target in the horizontal
and vertical planes. The plotted courses will in-
dicate inaccuracies in tracking and form a val-
uable check upon the efficiencies of the trackers
alzo, if the plotted results indicate irregular er-
rors in prediction due to inaccurate determina-
tions of target rates, the operators can resort to
handset rates, But, if the plotted results are
accurate and the shell fails to burst on the tar-
get, this indicates that some of the ballistic cor-
rections are inaccurate and aid the personnel in
deciding what spot corrections should be made.
The plotted courses of the target will also indi-
cate when the target is taking evasive action and
the type of course the target is pursuing, and thus
enable the personnel to decide what type of pre-
diction will be most effective.

Horizontal or XY board

The horizontal board plots the projections on
the horizontal plane through the reference point
of the battery of the present and predicted posi-
tions of the target. As shown in Figs. 14, 15, 16,
the plotting board may conveniently be in the
form of a large table, having legs {405, suitably
braced, and a framework 1406, supporting a glass
top 1407. A sheet of plotting paper is stretched
over the glass top 1407 from the roll 1408 to the
roll 1409, and may be stretched or rolled up by
the handwheel 1410. A pair of rails 1411, 1412,
machined flat on the top and sides, are mounted
on the framework 1406, along each side of the
board. A pair of pen arm carriages 1413, 1414
are supported as by rollers 1415, 1415 riding on
the tops of the rails 1411, 1412 and are guided, as
by rollers 1416, 1416 bearing on the sides of the
rails (41, 14i2.

A thin metallic tape 14171 has both ends affixed
to the carriage 1413 and is threaded over a pulley
1418, at one end of the board, and over the driving
pulley of motor 1420, Figs. 11 and 14, mounted
on the other end of the board. The rotation of
the pulley of motor {420 thus will draw the car-
riage 1413 along the rail {411,

Similarly, the tape 1419 is affixed to the car-
riage 1414 and threaded over the pulley {421 and
the driving pulley of motor 1424, Figs. 11 and 14,
to draw carriage 1414 along rail 1412.

A straight card 3801, PT38 Figs. 11 and 16, is
mounted under the edge of the framework {406
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and heldin place ‘by .clips 1422 attached ‘toithe
framework. .A jbrush 1423, insulatingly mounted
on:thercarriage #413,:is:in contact 'with the wind-
ing of .card:380.. Card:4981, petentiometer PT4S,
Figs. 11 :and 16, is similarly :mounted under the
edge of ithe framework :on the .other.side of the
board and is:in:centact withrush £425:insulat-
ingly :mounted :on :the .carriage 1814,

A light ‘metal .strip 4438, Pig. 186, s .attached
to:the.rail :1439.:and:suppoerts:a dight angle :431.
A pair of pulleys1440, 1441, spaced by a bar 1852
are free to. move :in the angle {i487. The wiring
associated swith motor: 1427 :is connected into two
cables, irespectively threaded .over ‘the pulleys
1440, 1444 :and through he opening 1443, ‘thus,
when dhe :motor (427 ‘and icarriage 813 are
moved,ithe.cables draw:the pulleys 448, 18&( and
bar 1442 slongin:the sngle 41431, thus preventing
the cables from hecomingitangled. A light:metal
cover 1444, supporied by sthe angle 1437 protects
the:moving parts ifrom wcontact with thesclathing
of the operators. A similar bar and-pulleys,indi-
cated by the pulley #4485, Fig. 16, are provided.at
the‘rear of ithe boardfar the cables fram moator
1438.

A “har 1445 d4s secured o -the -rail {1447 and
welded do a crass ibar /1248 :supporting -a -second
bar 1449, A light cover (45D is:secured to the
bar:i 446,

“Castings 445, 1452, :attached to the bars 1438,
H48 «carry the journals:of-the roll 1489. :Similar
castings «not shown) carry the journals:of :the
roll :1408,

“A-pipe (1454, running the length of:the board, is
welded ito spacers :1483 weélded to the cross bar
[448. A .casting 145, formed with stiffening
webs :and two upstanding arms, -carries rollers
bearing:an the upper surface:of the pipe 1454. A
projection on :the rcasting 4485 -projects between
the :guide rails 1458, «1487. The ;guide rails 1456,
1457 :are suppoxted. by a T bar 4458 attached to
the Jegs 405, Pipes 1489, 458, ;suitably formed,
are attached dothercasting 4455 and:carry:a con-
tral-box (#4898 in :which are mounted switches for
controlling the icomputer. :Thecontrol hox 1450
may be manually -fraversed -above the :plotting
surfacedoshe most-convenient place.

“The light driangular pen -carriage arms 1428,
428 :are ‘respectively . mounted :on the -carriages
1414, 1443, extend sacross ‘the plotting surface and
are. supporied at the ouber ends by xollers,:such
as wwollers 4426, Fig. 16, xolling ion-the rails-141i,
1412,

"The:motar 4421, Figs. 11 and 16, supported by
the carriage 1411, drives the thin :mstallic tape
484, extending along fhe arm-1428; around pulley
#4232, journaled dn - the arm 14428, .and the. pulley
of motor #4271, Similarlymotor 1430:is supported
by -carriage 481%:and drives the tape £433 around
pulley 1434 :and .the :pulley .of :motor 1480, The
tapes b431, 1433 slide the pen carriages 4435, 1336
&alongthe arms-1429,1428,

The:moter 1428 idrives the lefi-hand. pen car-
riage:armiin the. X.coordinate and -may conven-
iently be designatefl asthe Xr.motor. The:motor
1627 drives the left-hand pen earriage 4n the ¥
cocrdinate :and may ‘conveniently -be :designated
asthe Yr.motor. -Similazly, the:moters 1424 and
1430:may de designated as'the Xr and Yr motors.
The moter:controlamplifiers:shown inFig. 11 are
‘similarly -designated.

“The :pens, . pen :carriages, potentiometer .cards
and brushes-are shown imost clearly in Figs. 17,
18, :19.

An-L<shaped har :1803 is:mounted:on-the:arm
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1428. <A bar ‘1804, :abutting .against -spaging
thimbles 18085, ds screwed :to-one face.of -the har
£803. .Card #4404, potentiometer PT4I, ‘Figs. 41,
18, interleaved-between two strips of insulation, is
placed :against the bar 1804 :and:retained by the
strip 4806, which is held in place hy clamps (807
and screws :£808. The winding of card 8101 is
connected by.suitable wires to the:computing .cir-
cuit.

sAeonductive bar 1809-is:spaced from the other
face of bar 4883 by the insulating thimbles 4812
and secured -hy:screws ;passing threugh bar 1808
but insulated therefrom. Mounted .on the bar
1808 is a .conductive carriage 1813, tc which is
attached a drush # 844 in-contact with the wind-
ing:of ;card. 418.1,:and a.second brush 18190 .in-con-
tact with:the bar i1869,:and exerting enough pres-
sure:itoshold theicarriage 4818 firmly-on the bar
1809. The tape 4483, Figs. 14 .and 18, is clamped
to :the wcarriage 813 by insulated clamps 1814,
so.that the:brush 181l is moved by the tape-(433
along the winding of card 419i. ‘The carriage
1813 :and :brushes :are protected by 'a light metal
cover: (815 supported:on the bar -1863. o

JAcrail 1816, machined on the sides, is mounted
on spacer 1817 .attached to the arm (428. A pen
carriage 1818, machined to a sliding fit, is mauns-
ed ion :the :rail 818. :Mounted -on ‘the carriage
1818 is a base (819 having two upturned .ears
4820, 1821 between ~which :are mounted -two
straight permanent magnets 822, 1823 -and the
coiliof:the:electromagnet 851, Figs. 11,17, 18,19.

:One-end. of the tape-1438 is-secured fo a:clamp
1825, .affixed to the L+shaped -member .1824
mounted on :the :hase 183, the :other -end -of .the
tape +4338.1s secured to.a-clamp 4826 affixed to-the
strip 1:827 which is secured to .a bar 1828 hy-screws
1829 passing through :slotted -holes in -the strip
827, thus permitting the tape 1433 to e
tightened. 'The bar 1828 -passes through -hole
in :the L.-shaped members 1838, ;1824 .affixed to
the base 1819.  A:spring 1831 is attached to the
bar 1828 by a pin {832, :and passes through -a
hole in the base 1819, thus -applying spring ten-
sion to the tape 1433.

As;shown :in :Fig. 19, a V-shaped .notch is cut
in the vertical wall of the member 1824. One end
of -the -bar 4833 ;is turned -down to form a pin
resting -n this:notch. The-other end of the bar
1838 :is -drilled -and tapped. A-slot is-cut in ithe
vertical -wall -of the member 1839, :and the re- .
duced:shank:of-a:screw 1834, screwed. in the mem-
ber 1833, rests in this ;slot. A magnetic arma-
ture 1836 is attached to the bar 1833, -and, by
turning screw 1834 -to «displace bar 1833, the ar-
mature 1835 ;may -be :aligned ‘with the magnets
1822, :1823.

A U-shaped:member::836, having.open Jhearings
cut dn the eutstanding -ears, is-atiached to the
bar 1833. Amovableshody 1881, has a -solid:pivot
at .the upper ienid engaging the ‘bearing in the
member 1838, ;At:the lower:end, thebody 837 is
drilled :and tapped -to-secure s .small pipe 1838
engaging sthe dower ‘bearing in .the member 1836
and dipping into-the ink reservoir 1839, which.is
supported by @ spring: elip 4848 attached to the
carriage 1818. "The bhody 4837 is also:drilled :and
tapped to.:secure o capillary pen 4841, -the .drill
hole:for the pen 184 opening injo the hole for the
pipe 1838, so+that ink from the reservoir is-sup-
plied tosthe pen (841.

A fiat strip of metal 1843 4s wrapped around.a
pin 1842, secured .in :the bar 1823, and :rests
against ithe 'rear :surface 10f the hody 1837. .A
spring 1844, -resting :against the -rear :inner ISUL=
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face of the member (834, is coiled round the pin
1842 and presses the strip 1843 againsi the body
i831. The rear surface of the body 1837 is so
shaped that, when the pen 1841 is laterally dis-
placed, turning the body 1831, and then released,
the pressure of the strip 1843 will drive the body
1837 and pen (841 back to a central position. The
thin sheet stops 1845 attached to the body 831
limit the maximum rotation of the body by com-
ing in contact with the armature 1835. A wedge-
shaped piece (848 may be attached to the outer
end of the pen 1841, so that, if the two pens col-
lide, they will slide past each other.

The permanent magnets 1822, 1823 are of such
strength that the armature (835 is attracted,
pivoting the pen 1841 and support 1836 around
the pivots of the bar 1833 and raising the pen
from the surface. When the electromagnet 351
is energized, the field of the electromagnet 351
neutralizes the field of the permanent magnets,
permitting the pen 1841 to drop down on the
plotting surface.

One end of the winding of electromagnet 351
is grounded to the carriage 1818; the other end is
connected to the brush 1847, insulatingly
mounted on the base 1818, The brush 1847 is in
contact with a bar {848 insulatingly mounted on
the cover 1815; and the bar 1848 is connected to
the switch 348, Fig. 11.

As the present position of the projection of the
target is continuously plotted on the plotting
board, the operator can visually project the tar-
get’s course forward a distance proportional to
the distance traveled by the target during the
time of flight of the shell and compare this pro-
jected position with the predicted future position
peing plotted by the other pen. If the predicted
position does not agree with the visually projected
position, the position of the target is not being
correctly predicted. Some of the control switches
and potentiometers may conveniently be in-
stalled near the operator so that corrections in
the predictions may easily be made. As 2 general
rule, the computer and plotting boards are lo-
cated in a fire control center near the guns, but
the observing equipment may be some distance
away.

The slew switches and altitude - converter
switches of Fig. 1 are installed on the observing
equipment; the cloud switch may conveniently be
a pendant switch on the end of a separate cable
stretched to some point from which the fire con-
trol officer can observe the target; the spot cor-
rection potentiometers and switches are installed
on the computer; the automatic siew switch 439,
PFig. 4, is installed on the computer; the data
smoothing network switch 409, Fig. 4, may be in-
stalled in control box 1460, Fig. 14; the target
rate meter 565 and potentiometer PTI0, Fig. 5,
may be mounted on the computer, or in a small
console cabled to the position of the fire control
officer; the null meter 515, switch §186, and rate
potentiometer PT11, one for each coordinate may
be installed on the computer; the null meter 529,
switch 538, target speed potentiometer PTI3 and
target course potentiometer PTi2 may be in-
stalled in the control box 1460, Fig. 14; the pre-
diction control switches 621, 623 and 633 may be
mounted in the control box 1460, Fig. 14; the pen
interchange switch 1016, Fig. 10 and the map
square parallax switches 1103, 1106 and 1118,
1120 may be mounted in the control box 1460, Fig.
14; the manual marking switches 10189, 1025, Fig.
10, are mounted in the console for the fire con-
trol officer; the automatic marking switches 1021,
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1028, ¥ig. 10, with a snap switch to starf motor.
2002 are installed in a small control box 1470,
Fig. 14, mounted on the end of the plotting
board; switches 1412, 1116, Fig. 11, may be
ganged together and mounted in control box
{468, Fig. 14; switches 128, 1157, 1165, 1197, 1110,
{114, Fig. 11 are ganged together and mounted
in control box 1410, Fig. 14; switches 1198, 348
and 1198, 345, Fig. 11, are also mounted in con-
trol box 1410, Fig. 14, with snap switches to con-
trol the power supply to the computing circuits.

When the course of the target, as plotted,
moves from left to right, the left pen plots the
present position and the right pen the predicted
position; whereas, when the course, as plotted,
moves from right to left, the left pen plots the
predicted position and the right pen the present
position. Thus, it is necessary to interchange the
functions of the pens by switching the connec-
tions supplying the voltages representing the pre-
diction from the control of one pen to the control
of the other pen. .

The connections 45, 625, 803 and 44, 626, 805,
Fig. 7, are cabled to the plotting board control
circuit, Fig. 10.

Connection 45 is connected through resistor
1133, Fig. 11, to the input circuit of amplifier
{135, having feedback resistors (130, 1133 and
through resistor 1413 to the input circuit of am-
plifier 1115, having feedback resistors 1166, 1169
and supplies voltages proportional to Xo, a co-
ordinate of the present position of the target;
connection 44 is connected through resistor 1148
to the input circuit of amplifier 1150, having
feedback resistors 1156, 1153 and through resis-
tor (185 to the input circuit of amplifier 1199,
having feedback resistors 1193, {191 and supplies
voltages proporticnal to Yo, another coordinate
of the present position of the target.

A grounded source of voltage 113 has its poles
connected to the ends of the windings of cards
3631, potentiometer PT33 and card 3101, poten-
tiometer P1371. The brush of potentiometer Pi33
is connected through resistor 1149 to the input
circuit of amplifier 1150 and through resistor
1188 to the input circuit of amplifier 190 and is
adjusted to supply voltages proportional to Yg, a
parallax of the gun, or reference point of the bat-
tery with respect to the point of observation.
Similarly, the brush of potentiometer PT3! is
connected through resistor 1137 to the input cir-
cuit of amplifier 1135, and through resistor 1172
to the input circuit of amplifier 1175 ang is ad-
justed to supply voltages proportional to Xg, an-
other parallax.

Connection 803 is normally connected through
the break springs of the third pile-up of relay
10(5, Fig. 10, connection 1006, and resistor {174,
Fig. 11, to the input circuit of amplifier {(15; con-
nection 625 is normally connected through the
break springs of the fifth pile-up of relay 10185,
Fig. 10, connection (987 and resistor {176, Fig. 11,
to the input circuit of amplifier 1115, supplying
voltages proportional to the first and second
derivative predictions of the change DX in the X
coordinate.

Similarly, connection 628 is normally con-
nected through the break springs of the eighth
pile-up of relay 1815, Fig. 10, connection 1009 and
resistor 1183, Fig. 11, to the input circuit of am-
plifier {190; and connection 865 is normally con-
nected through the break springs of the tenth
pile-up of relay 1015, Fig. 10, connection #01{
and resistor 1184, Fig. 11, to the input circuit of
amplifier (190, supplying voltages proportional
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to ‘the first -and isecond .derivative predictions: af
the-change DY.

‘Resistors 1139, 1140:are connected to:the mput
circuit ‘of -.amplifier 1438, resistors (148, 1141 are
connected to the [input circuit of :amplifier 4138,
and these resistors :are respectively connected ito
ground “through connections 1002, 003, 1010,
1042 and the break springs-of .the second, fourth,
ninth @nd-eleventh pile~ups:ofirelay (915, Fig.:19.

<A grounded ;source -of power -1014:is .connected
through ‘the winding .of xelay 4015 to ithe ‘blade
of switch (316, having a grounded:contact.

"The -operation of switch .i8i§ operates relay
#0145, srounding connections 10086, 00T, (1009,
L1044 -at “the make springs of the ‘third, ‘fifth,
eighth and tenth pile-ups .of :relay $015;andire-
spectively .connecting connections :893, :625, :625,
805, ithrough ithe make springs of the second,
fourth, ninth.and eleventh pile-ups ofxelay 4445
toconnections 1052, 1003, 1010, 1012, thus.cutting
off the prediction voltages from amplifiers L5,
1199, :Fig. 11, and :supplying ‘them “to amphﬁer.,
£135,:1 150,

“The output circuit of amplifier 135 “is *con-
nected ‘to the control -circuit 331, of ithe typs
shown in Fig.:9, controlling motor 1428. A-source
of power 330 has an intermediate point.grounded
andithe.poles connected:to the ends of .thewind-
ingicf:card 3881, potentiometer PT38. The'brush

of ‘potentiometer PT38 is connected through the -

Jower .contacts of switch 1128 and resistor I:34:to
the.input circuit:of :amplifier 1135. The voltages
supplied-to the input circuit .of amplifier (135 are
proportional toa:coordinate. of the position:of the
target, ‘and,
1135 is not equal $o Zero, motor ‘1420 ‘will start,
driving ‘the brush of potentiometer PT38 until the
output voltage.has been reduced -to.zero-and:the
brush of ‘potentiometer PT38 has been:moved :a
distance proportional ‘to ‘the coordinate. Resis-
tor :0i34 and capacitor {132 stabilize the-motion
of:the motor: 1420.

‘Bimilarly, the otutput circuit of -amplifier 1159
is.connected 1t0:a control circuit: 832, of -the type
shown in .Fig. 9, controlling motor 1427 driving
the brush of :potentiometer ‘PT39, which is con-
nected ‘through switch 1157 and resistor {152 to
the’input circuit:of amplifier 1150. A grounded
source of power 123 is connhected -across the
winding of card 3961, PT39. If the output volt-

if ‘the -output voltage of ‘amplifier . 2
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age of amplifier 1150 is not equal to zero, motor -

14217 :drives the brush 'of "poteritiometer :PT39 to
make the -output -voltage equal to wero, thus
moving ‘the "brush a distance ‘proportional to @
coordinate of ‘the .position -of ‘the farget. ‘Re-
sistor F154 -and cdpacitor :ii§9 .stabilize the
motion of the motor 1427.

IThe -output ‘circult of amplifier #1175 ‘is .con-
nected to-a control circuit:352,.0f thetype:shown
in g, 8, controlling motor {424 driving the
brush.of potentiometer PT49, which is:connected
through :switch (165 ‘and resistor ‘#1710 o :the
input circuit of amplifier {i75. A grounded
source of power {163 -is connected :across the
winding 'of card 4091, PT&0. - If the:output volt-
age of .amplifier 1175 isnot equal to:zero, niotor
£424 drives the brush :of ;patentiometer. ;PT40 ‘to
makeithe output voltage equal ‘to:zero, thus:nmiov-
ing -the -brush -a distance -proportional -to -the
coordinate of:the position-of the target. Resistor
1187 .and capacitor 1168 stabilize the motion of
the.motor .1424.

- fPhe output -circuit -of amplifier -1199 .is-con-
nected to a control circuit-353, of the type shown
in .Fig. 9, confrolling .motor 1430, driving the
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brush of-potentiometer PTA1, which is:contiected
through switch 1497 :and :resistor :1{88 ito ithe
input -eircuit :of .amplifier  £{90. A grounded
souree -of "power :I[181 :is ‘connected :across ‘the
winding :6f -card -#194, ‘potertiometer PTEI. .If
the output voltage-of amplifier [ #59:is not egual
to'zero,smotor 430 will:drive the brush:of:poten-
tiometer PT40 to make the-output voltage equal
to :gero, -thus .moving -the ‘brush = distance .pro-
portional ‘to: the -coordinate .of .the posmon ‘of the
target. Resistor {191 -:and ‘capaditor 4192 :sta~

‘bilize:the ‘motion:of ‘the motor 1430,

The plotting -board :may conveniently be ‘ar-
ranged so'that-the nominal -crigin :of the plotted
coordinatesis in/the ‘center -of the board. Thus,
when -the woltages supplied:to the:amplifiers-are
reduced to ground potential, the pens should be
driven ‘to“fhe-center:of the board. To test this
dendition, the coordinate veltages are reduced:to
zero,-and-the input circuit is-connected.to ground
potential,-driving :the pens:to aposition of rest,
and’thepens are then adjusted ito be accurately
on “the-center :of ithe :board.

“The inptit-resistors -1'f38 to (141 are connected
to the input circuit of amplifier {135.through the
upper break springs of relay |t44; and, similarly,
the input resistors 14145 to 1§51 are connected to
the input -eircuit of amplifier 1158 through :the
loweribreak:springs.of relay i144. The grounded
source -+129 is:connected through the winding:of
relay {444 to the first :contact of :switch {189,
When sswitch :1.£99 is placed on .the -first contacdh,
rélay 1184 is-operated,:cutting off the coordinate
voltages from the: input circuits -of amplifiers
1138, 1150, causing motors 1420, {427 to drive
the .left ‘pen :to ‘the :center of the board, and
grounding the .input resistors so that the opera-
tion-of the .computer is not aiffected. Resistors
510, 4541 :are respectively .connected from the
input circuits of amplifiers 1135, 1150 to ground,
to supply ground potential to the amplifiers.

Similarly, the input resistors ({71 to (177 and
LE82 to /187 are -connected through -the springs
of welay {189 ‘to the input circuits of -amplifiers
1178, 1190, Relay ‘1189 may ke operated iover:a

* circuit from source {184, winding of relay {189,

first contact and blade of switch 1§89 to ground,
cutting off the coordinate voltages from ampli-
fiersf15, 490, and grounding the input resistors,
causing ‘motors ‘1424, 1430 to -drive the right pen
tothe-center of the-board. Resistors i5i2, 1513

are respectively ‘connected from -the input cir-

ciits-of-amplifiers 1175, {189 to ground, $o-supply
ground “potential to the -amplifiers.

‘With thre origin -of “coordinates in the -center
of ‘the -plotting “board, the plotting area repre-
sents -all -four -of the quadrants about the ‘gun.
In ‘many -cases, the target may move wholly
within one quadrant, and it is advantageous to
use-the "whole plotiing area torepresent this one
quadrant. ‘Parallax voltages of ‘the proper polar-
ity and -magnitude may be supplied to the motor
amplifiers ‘to displace the ‘origin of coordinstes
to ‘'one corner of the plotiing area and the scdle
factor of yards per volt of movement of the pens
appropriately changed ‘to ‘enable the .pens to
cover ‘the whole area.

A grounded source 102 is connemed to thé
contacts of a switch 4103. 'The blade of switch
1.£03 .is connected .to ground .through ‘the -poten-

" tial.dividing resistors (484, 1188, 1187, 1488, .1.1989.

5

The junctions of these resistors are respectively
connected -to the :contacts of .switch {185, The
blade -of -switch -1405 is connected through xe-
sistor 1438 to-the input eircuit of .amplifier -{35,
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and through resistor {17} to the input cireuit of
amplifier 1115. Switch (103 is moved to select a
voltage of the proper polarity, and switch (105
is moved to select a voltage of the proper mag-
nitude which, when supplied to amplifiers {135,
1175 will appropriately displace the origin of the
X coordinates. Similarly, the source 1117,
switches 1118, 1120, and resistors {119, 1121, 1122,
1123, 1i24 through resistors {151, {181 supply
voltages to amplifiers (150, {190 to displace the
origin of the Y coordinates.

For the normal volfage scale, switch 1128 is-

placed on the upper contacts.. Thus, the brush
of potentiometer PT38 is connected to ground
through resistor 1126 and through resistor {125
in parallel with switch 1128 and resistor 127 and
is connected through resistor 1134 to amplifier
1135. To change the voltage scale without
changing the impedance connected to the brush,
switeh 1128 is moved to the lower contacts, so
that the brush is connected to ground through
resistors 1126, 1125 in series, in parallel with
switch 1128 and resistor i 127, and the junction of
resistors 1125, 1126 is connected through resistor
i £34 to amplifier 1135.

Similarly, the brush of potentiometer PT3%
is connected to ground and to amplifier ({50
through switch (157 and resistors 1152, 1158,
1159, 1160; the brush of potentiometer PTAJ is
connected to ground and to amplifier {115
through switch 1165 and resistors (118, 1162,
1164, 1170; and the brush of potentiometer PT44
is connected to ground and to amplifier 1190
through switch 1197 and resistors 1188, 1194,
1183, 1i86.

If resistors 1128, 1127, 1134 have equal resist-
ances R, and the desired voltage ratio is m, then,
neglecting the resistance of the winding of card
3801, PT38, the resistance of resistor 1125 will be

R

m—2
For a voltage ratio of two, resistor 1125 may
be short-circuited, and for a ratio of eight, re-
sistor {125 may have a resistance of

R

6

Military maps are usually subdivided by a grid-
iron of lines into map squares, each square rep-
resenting, to the scale chosen, a definite area.
The map squares may represent an area of say
6,000 yards a side. The larger guns have ranges of
20,000 to 30,0600 yards. Thus, the field of fire of a
gun may extend over an area represented by a
number of map squares. In this case, the volt-
age scale of the plotting board may be so chosen
that the area of the board represents an area
of say 9,000 yards a side. Slow-moving targets
may be in the area represented by a map square
for some time. Thus, the full area of the board
is made to represent a map square, with a rea-
sonable overlap on each side. The switches 1165
and 1120 are moved to select voltages which will
cancel a portion of the coordinate voltages, and
leave unchanged only the portion of the coordi-
nate voltages which represents the movement of
the target in the desired map square.

Overload

When the observing equipment is rapidly
slewed to pick up a new target, the plotting pens
should be disabled so that they will not trace
meaningless lines on the plotting surface. This
disabling of the pens may conveniently be con-
trolled by the motor control circuits 331, 332, 352,
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353, which are of the type shown in Fig. 9. Cur~
rent from the source 919 flows through the sec-
tions of the winding of transformer 920, from
the anodes to the cathodes of the amplifying
tubes 911, 918 and through resistor 916, making
the cathode end of resistor 216 positive with re-
spect to ground and negatively self-biasing the
control electrodes of the tubes 917, §18 with re-
spect to ground, reducing the anode currents to
a small value. The positive waves of the alter-~
nating voltages supplied by transformer 915 to
the control electrodes of tubes 817, 918 reduce
these negative biases and cause the anode cur-
rents to increase, increasing the positive volt-
age with respect to ground of the cathode end
of resistor 916. Thus, when the servosystem is
unbalanced and alternating power is being sup-
plied to the motor, the positive potential of the
cathode end of resistor 916 increases substan-
tially proportionally with the degree of unbal-
ance.

'The biasing resistor of the control eircuit 331,
Fig. 11, is connected through resistor 333 to one
end of the winding of card 420¢, potentiometer
PT42; and the biasing resistor of circuit 332 is
similarly connected through resistor 334 to the
winding of card 4281, PT42.

A grounded source of voltage 339 has its nega-
tive pole connected through resistors 338, 337 to
the other end of the winding of card 4201, PT42.
The resistances of resistors 338, 337, 334, 333 are
so0 selected that, when the servosystem is in bal-
ance, the lower end of the winding of card 4201,
PT42 is negative, and the upper end is positive,
with respect to ground. The cathode of an am-~
plifying tube 335 is grounded and the control
electrode is connected to the brush of potenti-
ometer PT42, A transformer 348 has the pri-
mary winding connected to a suitable source of
power (not shown) and the secondary winding
connected from the cathode of tube 335 through
the winding of relay 335 to the ancde. The brush
of potentiometer PT42 is adjusted so that, for
normal unbalance of the servosystem, the anode
current of tube 335 is too small to operate relay.
336. When the servosystem is abnormally un-
balanced, as during a slew, the positive voltages
from the motor control circuits 331, 332 reduce
the bias on the control electrode of tube 335, in-
g;(;asing the anode current and operating relay

The motor control circuits 352, 353 are simi-
larly connected by resistors 344, 346 to the wind-
ings of card 4301, potentiometer PT42, which
is connected through resistors 342, 341 to. the
source 339. The cathode of an amplifying tube
345 is grounded, the contro] electrode is con-
nected to the brush of potentiometer PT43 and
the anode is connected through the winding of
relay 343 to transformer 340. When the servo-
systems are unbalanced, the voltages from the
control circuits §52, 353 cause relay 343 to op-
erate.

In this system, the pens may be of the type
shown in Fig. 23, in which the pens are drawn
down to the plotting surface by electromagnets,
such as the electromagnets 350, 35!, A grounded
source of power 354 is connected through the
break springs of relay 336, the third contact of
switch 349 and the winding of the electromag-
net 350 of the left pen. When, due to abnormal
unbalance of the system, relay 336 is operated;
it breaks the circuit of the electromagnet 350;
permitting the left pen to be raised from the
paper. Similarly, the source 354 is connected



2,669;500

41
to-ground through the break: springs. oft the re-
Tay- 842, the third contact of switch 348 and:the
winding of electromagnet’ 3517 contiolling: the
right pen:

VWhen using pens of-the type shown: in Fig. 17,
in which the pens are normally in contact with
the. plotting surface and are raised by:the ener-
gization of the electromagnets, the break springs
of relays 336, 343 may be. replaced by make

springs which normally maintain open the cir- i

cuits to the electromagnets. When relays 338,
243 are energized, they complete the circuits to
the electromagnets, lifting the pens from the
surfaces.

Switches 198 and 348 are ganged- together,
as: are. switches {198 and 349. In the first posi-
tion: of these switches; the coordinate: voltages
are:-cut off by relays 1{44; 1182 and the pens-are
up;.in.the second position; relays +i44, {188 are
released stoplying coordinate voltages to theram=~
plifiers: {135, {58, (178, 1190. but' the pens are
still raised; and in the third position' thHe sys-
tem is in condition for plotting.

Marking

Ini- order to be able to. identify corresponding
points on the plotted traces of the present- and
predicted positions. of the' target, voltage pulses
may be supvlied to the motor summing amunlifiers
to' temporari'y’ defleet the pens and produce V-
shaped marks in the traces:

The predicted position trace is first marked: say
when the gun is fired. thus marking the poing
which the tareet should reach after the lanss-of
the time of flight of the shell. Then, after the
lavise of the time of flight of’ the shell, or. when
the burst or splash of the shell is-ohserved. the
then present position trace is: marked. If the
marks coincide. the predictionn was correct: if the
marks do not coeincide, the discrevancy indicates
in what respect the prediction was-at fanlt, and
what tyve of rrediction should be used for sithse=
quent shots. If the marks coincide, but the targst
was not hit: the prediction was-correct, but some
of the ballictic corrections- were erroneous, and
these'may be corrected, or a spot correction intro-
duced.

& grounded source of power 1823, Fig. 10, is
connected to ground throvugh the winding of re'ay
{024 and the break contact of the fourth pile-up
of relay 1028, holding relay {024 operated: and
fully magnetizing the core of relay 1024. When
the gun'is fired. switch - {925 is operated, complet-
ing a cireit from souree {823 through the winding
of relay 1828, operating relay {026 and- opening
the operating circuit-of relay (024-at the break
springs of the fourth pile-up; but’' as relay 1924
is slow re‘easing; it deesnot immediately release:
Relay 1026 locks-up from source 1823 tHrough’ its
winding. make springs of third: pilesup of relay
1026 and make springs of second pile-up-of relay
i024. A subsequent, accidental operation' of
switch 1023 Before relay (928 has released will
thus not cause a second mark to'bemade: Switech
1928 is placed on the upper contact: The-operg-
tion of relay {025 completes a circuit from a
grounded source of power 1827 through the make
contacts of the second pile-up of relay 1026; the
break contacts of the first pile-up of relay {92%
and switch 1828 to the make contacts of the sixth
pile-up of relay 1815 and the break contacts of
the seventh pile~up of relay {815; If'therightpen
is- plotting the predicted: position, relay {045 is
unoperated and the- connection  is extended
through the break: spriigs of the-sixtli pile~up to
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connection: (008 if: the:left: pen: is plotting: the
predicted position, retay:1015 will'be:operated and
the connection will be extendéd:through the nrake
springs of‘the fifth pile-up to connection: 104:.

Connection. 1004 extends through resistor LI41;
Fig. 11, to.theblade of switch {142, The contacts
of switeh #1142 are connected through resistor 1 144
to-the'input circuit of amplifier- | 135.and:through
resistor {145 to the inputcircuit of amplifier: 1:450;
and to ground through resistors {142, (143twhieli
adjust’ the: magnitude: of- the applied: voltage.
Preferably the deflection of the’ pen: i marking
should: be: at: right’ angles to: the: motion: of” the
pen; but, as:the target may move: in any: diee-
tion; this ideal condition cannot always:be: at-
tained.. The operator sets switch (112 to-supplF
the marking voltage to:the X' amplifier {38, or
the Y amplifier {50, depending upon the direc-
tion of targzet motiom. When plotting with an
enlarged  voltage scale, switch. 1119 is: closed;
short-eircuiting resistor 1111 to appropriately in=
crease. the voltage: supplied’ to. the amplifiers:
Switeh [£19: may thus be ganged with:switches
(128 and’ i IST:

Connection: 1008 similarly -extends through re=
sistor 1115, switch {116 and eitler resistors-i {¥T;
1178 to. the input circuit of amplifier {1715 orre-
sistors {179) {482 to'the input: cirecuit' of amplifier
1190: Siwitch 1114 may be ganged with:switches
1165 and 1 18T,

During the marking, the pen afféeted must-bHe
kept .in contact: with' the paper, even though:the
marking voltage temporarily: unbalances-the sys=
tem. The operation of relay- [028; Fig: 10} pre=
pares & circuit:from a-grounded source of voltage
{022: through the make springs of” the-first: pile=-
up- of relay 1026; break springs-of’ the twelfth
pi'e-up of relay 1615, connection {943 tothe june-
tion of resistors- 341, 342, Fig. 11, to increase-the
bias on the control electrode of tube 345-and pre~
vent - the operation of relay 343.

When relay. {045, Fig. 10, is operated;. the- cir=
cuit’extends through the make springs of the first
pile-up- of relay: (015 to-connection 1995, and the
junction. of resistors- 337, 338, Fig: 11, increasing
thebias.on the control electrode of tube 335-pre=~
venting the: release: ofi relay: 336. )

Relays: 1018, 1020, Fig. 10, are respectively con=
nected:similarly to relays (024, 1026 and operate
in a-similar: manner. When' the burst. or splash
of the-shell is: noted; switch 1019 is clesed, oper=
ating relay 10200 to connect' the source 1022
through the make springs of the-third pile-up-of
relay 1020. the'break springs of the second pile-up

. of relay 1018, switch: 1021, and either of the-break:

springs of thesixth pile-up of relay 1815 to con=
nection 1004; or the make springs of ‘theseventh
pite-up of relay 1915 to connection 1008; thus
marking-the pen making the trace of the present
position of the target. Preferably, the-sources’
{922, 1027 are of opposite polarities:so thHat: ther
marks formed in.the traces of the-predieted and
present: pesitions may be readily identified.

When the guns are firing at a rapid rate, it'is
not easy to correlate the firing of a. particular
gun and the: subseguent burst of the shell.  Im
such:cases; the traces of the predicted and present:
positions may be automatically marked, either-at.
regular intervals or in some desired pattern. . A
device for automatically marking the traces is
shown in Figs. 20, 21, 22. .

A constant speed motor 2062, mounted on the
base 2811, is geared by gear 2§03 to the train of’
gears 2684 2005, 2083; 2007, journalled ‘i the:
supports 2812, 2018 A petentiometer; PT31, is-
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mounted on the rear of support 2013 with the
shaft 2004 journalled in the support 2012. A
disc 2088, is rotatably mounted on the shaft 2014
and geared to gear 2697. Pins:2689 spaced regu-
larly, or in some desired pattern, are mounted in
the disc 2688. A switch 2010 is mounted on the
base 261 and is actuated by the inner ends of
the pins 2888. Motor 2082 thus will actuate
switch 20i0 in accordance with the pattern of
the pins 2609,

A servomotor 2815 is mounted on the base 204!
and geared by gears 2016, 2817, 2518, 2019, 2620,
journalled in the supports 2@i 2, 20613, to gear
2021; affixed to shaft 2814, driving the brush of
botentiometer PT81. An arm 2022 aflixed to
shaft 2014 carries a switch 29283, actuated by the
outer ends of the pins 2009.

In Fig. 10, the constant speed motor 2092 drives
the disc 2868 to cause the pins 2609 to actuate
switeh 2619 completing circuits from the ground-
ed source of power 1929 through switch 2019,
switch 16821, and springs of relay {815 to the am-~
plifier controll:ng the pen tracing the present po-
sition of the target, and through the springs of
relay 1016 and connections i885 or 1013 to the
bpen lift amplifiers.

The brush associated with card 23! 5 PT23,
Fig. 8, is connected by connection 641, Figs. 8,
7, 10, through resistor 1637 to the input circuit
of amplifier (035, having feedback resistors 1834,
1034, and supplies s voltage proportional to
—b(f). The output circuit of amplifier 715, Fig.
7, is connected by connection 159, Figs. 7 and 10,
to ground through resistors | 838, 1633, winding of
card 3181, potentiometer PT31 and resistor 1049,
A grounded source of power {63{ is connected
through resistor 1842 to the junection of resistors
1038, 1039. The brush of potentiometer PT3i is
connected through resistor 1886 to the input cir-
cuit of amplifier {635. The output circuit of am-
plifier 1035 is connected to a control circuit 1643,
of the type shown in Fig, 9, controlling the motor
2015. The winding of card 3181, PT31, has a
variation in resistance similar to the variation of
card 2315, PT28, Fig. 8. The voltage supplied to
amplifier 1835 (Fiz. 10) by connection §41 is pro-
portional to —b(#), and the voltage supplied by
the brush of potentiometer PT21 is of the form

~+-b(®), thus the output voltage of amplifier 1935

should be zero. If the output voltage is not zero,
motor 2615 will move the brush of potentiometer
PT31, varying the value of +5() to make the
output voltage zero, thus moving arm 2822 and
switch 20223 around the circumference of dise
2068 a distance from switch 25190 proportional to
the time of flight of the shell. The pins 2649
thus operate switch 2023 a time interval equal to
the time of flisht beforse they operate switch
2019, completing a path from a grounded source
of voltage 1838, switches 2023, 828 and springs
of relay i85 to the amplifier controlling the pen
tracing the predicted position of the target, and
a path from the source {029, springs of relay 16{5
and connections {9{3 or {885 to the pen lift am-
plifiers. The resistor 1832 and capacitor 13833
connected to ground from the junction of re-
sistors 1881, 1934 stabilizes the motion of motor
2315.

Vertical or H toard

The projections on the horizontal plane of the
present and predicted positions of the target may
conveniently be plotted by the X and Y rectangu-
lar coordinates; but the projections on o vertical
plane, or planes, of the present and predicted po-
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sitions of the target may be plotted in many sys-
tems of coordinates. The height may be plotted
against the ground range, against the integral of
the target speed, against the abscissa, X or Y, of
the horizontal plot, or against time. In the pres-
ent vertical board, the present height Ho of the
target above the horizontal plane is plotted
against time, and the predicted height Hp is plot-
ted against time plus the time of flight of the
shell.

The vertical board may conveniently be
mounted upon a metal cabinet contalning the
amplifiers and other apparatus agsociated with
the control of the motors.

Sheet metal angles 2320, 2321 supported by
,webs 2318, 2319 attached to the top of the cab-
inet, support the plotting surface 2322, which
may be of glass or metal. A paper supply roll,
equipped with a simple friction cluteh, is jour-
nalled in the webs £318, 2219. As shown in Fig.
27, the str'p of plotting paper 2824 is threaded
over the surface 2322, partially around the drive
rol.er 2s25 and the idler roller 2326, thence
around the take-up roll 2227 and under the
spring clips 2328, 2328. The drive roller 2325 and
take-up roll 2327 are journalled in the webs 23 18,
2319, The idler roller 2326 is slidingly journalled
in members 2329 attached to the webs 2318, 2319,
and pressed into firm contact with the drive roller
2325 by springs 2338. The idler roller 2326 may
ke depressed by the levers 2331 while threading
the paper over the rollers. The take-up roll 23217
may be rotated by the knurled nut 2399 to tighten
the paper on the roll.

A constant speed motor 2332, energized by some
suitable source such as a constant frequency os-
cillator or commercial power supply, is geared
through a conventional worm gear reduction to
gear 2333, which drives gears 2334, 2335, 2336.
Gear 2835 is journalled in the ‘web 2318, while
gears 2234 and 2336 are respectively mounted on
the shafts of, and drive, the roller 2325 and the
roll 2327.

The speed of motor 2832 and the ratio of the
gears connected to roller 2325 are selected to give
& convenient motion of the paper. A speed of
sx seconds per inch movement of the paper will
usually be sufficient, thus during s maximum of
time of flight of the shell of 36 seconds, the pa-
per will move six inches. For longer range guns,
having longer times of flight, the distance moved
by the paper during the time of flight may be in-
creased, or the paper speed may he decreased.

A light rail 23317, machined flat on the edges,
is mounted on the side angles 2320, 2321. The
ends of the rail 2337 are bent through two right
angles to form supports such that the rail 2331
is mounted a short distance above the plotting
surface 2322. A U-shaped element 2338, Fig. 25,
supported by a spacer 2339, is secured to the rail
2331. A linear card 3301, potentiometer PT33,
Figs. 10 and 25, is insulatingly mounted in the
element 2338 and secured by screws 2340. The
ends of the winding of card 3301 are connected
by wires (not shown) to the computing circuit.
A conducting bar 2341 is insulatingly secured to
the top of the element 2338; and a second con-
ducting bar 2342 is insulatingly secured to the
side of the element 2338. A light sheet metal
cover 2343 may be secured to the element 2338
to protect the bar 2341.

Three flanged wheels 2344, bearing on the sides
of the rail 2337, support a light sheet metal car~
riage 2345. A brush 2348, insulatingly supported
by an ear formed in the carriage 2345, makes con-
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tect with: the: winding: of* card 3304 and is-con~
nected toa second brush 2347, also.insulatingly
supported by the-ear formed-inthe:carriage 2345;
and rubbing on the bar 2341; tlhirough: which the
Brush- 2386 may- be connected to:thie computing
circuit.

A tape-23458; g, 28, is-secured: to-the pen:car-

riage- 2345 and- is threaded: over the pulley of
motor- 1610, Figs. 10 and 23; through- a holé:in:the
angle 2321, under' the plofting surface: 2322,
through 2 hole-in the angle 2328; over tlie pulley
2349, journalled in the-angle 2329, over-the sur=
face 2322 and’ is secured to the carriage 2345
The rotation  of motor {978 will: thus move the
pen:carriage: 2345 vertically-propertionaliy: to-the
present’ heighi of the target. A seale factor of
1000 yards per inch may-conveniently: be: used;
thus, with a plotting surface of 15 inches; the.pen
motion meay represent to scale, target heights: of
500 to 14,500 yards.
- The pen raise magnet- 2380, Fig. 25; may be
mounted’” upon the upstanding portion: of the
carriage: 2345. One end of the winding of’ the
magnet 2353 is grounded: through' the carriage
2345 and rail 23392; the other end of the wind-
ing-is* connected to a brush: 2354 insulatingly
mounted on the-carriage 2345 and bearing: on: the
bar- 2342, The bar 2342 may be  connected
through: a-switely (not shown) te a suitable:powser
supply: or to-a pen: raise amplifier similar to:the
amplifiers 335; 34%; Fig. 11,

The ends of the carriage 2345, Pigs: 23, 25; are
Bent up-to- form upstanding webs. 2552 A U-
shaped element 2353 is: formed with: depending
ears pivotally supported: by a. pivot: 2854 secured
in the webs 2352; and: carries a pole-piece 2358,
alizned- with- the pole of the magnet 2388:. The
arms of*the element 2353 are piercedito form:open
V-shaped bearings- 2358, Fig.: 23. £ cylidrical

element 2358, Mig. 25; Having stul: shafts at eaeh <«

end’ rotatably mounted in- the: Bearings. 2358 is
yieldably retained by a flat spring 2357 secured
to-thecarriage 2848, A capillary: pen: ?3&& is:sup-
ported By o web 2358 secured to the elenment: 2342

and' dips: inte- an' ink reservoir 2381 supperted

bya-clamp 2385 clipped to the carriage 2345, The
axis of the element 2358 is inclined:torthe perpen=
dicular; so that, if the pen. 2358: strikes: am:ob-
sbruetion, such as the other pen, the. pen: 2352
may: rotate about the axis of the: body 235% amd;
at the'same time, will be raised from: the:plotting
surfaee, thus prevemting: injury to the pem:. and
rediucing: the production. of meaningless marks
on the surface:

The:drive for the predieted height pen is shown ;

on Figs. 23, 24 26, Thetime of fight motor 24§,
Pigs. 10, 23, 24 is affixed to the angle 2324, and
drives a tape 2362 threaded over & pulley 2363
journalled in; and projectihg above the angle
232I

X pair of rails- 2564, 2368 are mounted o the
angles 232%, 2820 A pen arm carriage 238§ is
supported by rollers 2367, riding on the top of
the rail 2364 and is guided by rollery 2388, 2383
bearing, on the sides of the rail 23%4. The tape
2262 is attached at both.ends te the carriage 238§
by screws: (not shewn).,. thus the.carriage 2396 is
maoved proportionally te the. time af flight. The

gear ratio: of: motor. (04§ is selected so-that the .

pen: arm- carriage 2368 moves. propertienally. to
the: paper- 2324, that is; to. a: scale-factor off six
seconds: perinch, and: the: carriage:-2388 has a
maximumny. travel of: some: six: inches;. bﬂim em—»
countering the-stop: 2374:
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The:motor-1080; Figs: 10;.23; 24: is:supported by
a:flange:screwed; to the:carriage 2366,

'The: card: 320(;. potentiometer: PT32; Figs: 10;
24, 15 supported:by: clamps-and screws: 237§+ in:the:
channel: 2310 affixed:to. the:angle:-23Zf.. Theends
af: the; winding: of card: 3201 are brought. out: to
terminals; sueh:as terminal: 2372, which: are:wired.
to-the. computing: circuits: A: brush 2312 i in=
sulatingly: mounted on.a: bracket 283 affixed: to:
the-frame: of:the: motor- 1888:. The:brush. 237 is
conmected: to a:terminal’ of connecting: bloek 23715
mounted.on motor-1839; The. connecting blocks
2315, 2315 are: cahled: to: the appropriate: com=
puting circuits:

The:pen- carriage:arm:; 2369 is sttached: to.the
carriage: 2386; extends: across -the: plotting sur=
face: and. is: supported: by: a: raller: (not showm):
riding:on the rail 2385.. A L-shaped Bar 23785,
screwed: to: the arm: 2289, and: welded: to . the up«
per-surface of bar-2578: is a.second: L-shaped: har
2377.. Gard: 8561, potentiometer-PT33; Figs. 10;
26;. is. insulatingly: mounted: against. the; facs: of
bar 2371, and: is: retained. by clamps: 2378 and
screws:; 2318:. The ends of thie winding of card
3504: ave:krought out:to terminals, such as termi-
nal. 2381, Fig.. 24, connected: to: the computing
cireuit. A: conducting bar 2388, Fig. 26 is:in-
sulatingly: mounted on the. front ef the: clamps
2378; and-a:second conducting bar-2382-is insulats
ingly: mounted on the:bar 2316.

A:1rail:2383; machined on: the sides:and a:spacer:
2388 are mounted. on the- arm: 236%8. The: pen:
carriage 2385:is supported: by rollers: 2386 bear=
ing:on:the sides: of the rail; 238%. Brushes 2387,
2388 conductively connected and insulatingly
mounted: on the carriage 238% respectively make
conbact with ther winding: of card 3591 and bar
2388: A pen-raise magnet: 2889 is mounted on
the: carriage 2385, One end of the: winding: of
magnet 2389 is: grounded: to the: carrisge 2385;
and: the: other end iz connected to brush- 2380
contacting rail-2382. The pen 23%- is supported
by an element: 2392; similar to the element: 2353;
Fig; 25, pivetedto the carriage 2388, Fig. 26 The
pex: 2381 dips- info- the ink reservoir- 2383, sup~
ported: by-the clip #3%4; clipped: over: a: porbion:
of the-carriage 2385:

A, tape 2386 is atiached to carriage 2385
threaded- over-the: driving: pulley: of motor 1090,

~g and: aver a. pulley: 2387 journalled’ in: the arme

2369 and® attached to carriage 238%; so that. the
rotation-of motor {698 will slide the-carriage 2285
vertically proportionally to- the predicted: height.
of the:target. The gear ratio of motor- 1028 is
selected: so -that the motion: of carriage: 2385 has
the same: seals: factor as-the nrotion of carriage
2345,

The: bar-2382; like the-bar: 2342, may be con=
nected through: a switch: (et shown): to-a: suit=
gble: power: supply; or 16.a pen raiss gmplifier,
similar-to:the a:mphﬁﬁr.s 335, 345, Fig. 11.

A small panel may be mounted on:the angle
232t Figr 23; to: the Ieft of: the- motor 2878 to
carry the control switches; such:as: the switchr
to control. the pen. raise magnﬂt maviing
switches; suehi-as the switches: (824, $822; Fig: 104
pen centering switches, such as the smtcheﬁ 1058,
1085, Figr 10y and; if desired,. the tarset: rate
meter and’ handset rate potentiometer for-the B
coordinate; Fig: 5:

A. light metal shield 2397, Pig.. 26; may- be ai~
tached to the army 2269, to protect the:pen: car-
riage.and:connections: Light:me$al shields; not
shown; may:also:be:placed: glong:the:angles 2324,

- 234 torprotect-thie.mofors.and connections:.
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In Fig. 10, connection 641 is connected through
resistor 1854 to the input circuit of amplifier
1058, having feedback resistors 1048, 1049, and
supplies a voltage proportional to —b(?). Con-
nection 799 is connected to ground through resis-
tors (338, 1044, winding of card 3291, PT32 and
resistor 1045. A grounded source of power 1041
is connected through resistor 1042 to the junc-
tion of resistors 1828, 1044. The output circuit of
amplifier 1658 is connected to a control circuit
1847 controlling motor {046 driving the brush of
potentiometer PT82. The brush of potentiom-
eter PT32 is connected through resistor 1053
to the input circuit of amplifier 1050 and supplies
a voltage varying proportionally to --b(¢). If
the output vcltage of amplifier {850 is not zero,
motor 1046 drives the brush of potentiometer
PT32 until the output voltage is zero, and the
brush of potentiometer PT32 has been moved a
distance proportional to the time of flight.
Resistor (851 and capacitor 1052 connected to
ground from the junction of resistors {048, {049
stabilizes the motion of motor i046.

Connections 17, 881, 627, Fig. 7, are cabled to
the vertical board, Fig. 10, and respectively sup-
ply voltages proportional to  Ho, the present
height of the target, the prediction based on the
speed, or first derivative of the target motion,
and the acceleration or second derivative of the
target motion. Connection {7 is connected
through resistor 1864 o the input circuit of am-
plifier {069, having feedback resistors 1056, 1959
and through resistor {1884 to the input circuit of
amgliﬁer {080, having feedback resistors 1673,
{076. :

A grounded source of power {068 is connected
to the ends of the winding of card 3401, poten-
tiometer PT34. The brush of potentiometer
PT34 is adjusted to supply a voltage proportional
to Hg, the vertical parallax of the gun, and is
connected through resistor (865 to the input
circuit of amplifier 1069, and through resistor
1882 to the input circuit of amplifier {080.

A grounded source of power 1055 is connect-
ed to ground through the winding of card 330i,
potentiometer PT33. The brush of potentiom-
eter PT33 is connected through resistor {861
to the input circuit of amplifier {668. The out-
put circuit of amplifier 1068 is connected to the
control circuit 1867, of the type shown in Fig. 9,
controlling motor {079 driving the brush of
potentiometer PT32. The voltages supplied to
amplifier {868 are proportional to —Ho—Hg, the
height of the present position of the target with
respect to the gun, and, if the output voltage of
amplifier 1088 is not zero, meotor {070 moves the
brush of potentiometer PT33 until the output
voltage is zero and the brush has been moved
proportionally to the present height. Resistor
i057 and capacitor {858 connected to ground
from the junction of resistors 1956, 10589 stabilize
the motion of metor 1§79.

Connections 807 and 627 are respectively con-
nected through resistors {083, 1084 to the input
circuit of amplifier 1888, A grounded source of
power {072 is connected to ground through the
winding of card 352{, 7735. The brush of poten-
tiometer PT3% is connected . through resistor
1079 to the input circuit of amplifier 1080. The
output circuit of amplifier 1980 is connected to
a centrol circuit 1886, of the type shown in Fig.
9, controlling motor {880 driving the brush of
potentiometer PT35. The voltages supplied to
the input circuit of amplifier 1080 are together
equal to the predicted height of the target with
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respect to the gun, and, if the output voltage of
amplifier 1980 is not zero, motor 1090 moves
the brush of potentiometer PT35 until the out-
put voltage is reduced to zero and the brush has
moved a distance proportional to the predicted
height. )

One section of the source 1968 is connected to
ground through the potential dividing resistors
1071, 1069. The junction of resistors 1069, 1071
is connected through resistor 1062 to the input
circuit of amplifier 1068, and through resistor
1818 to the input circuit of amplifier 1080. The
computer is adapted to compute the position of
the target for elevation angles from 41,600 mils
to —200 mils, thus the vertical board must be
capable of plotting heights above the horizon-
tal plane and below the horizontal plane. To
avoid the necessity of supplying potentials of
both polarities to cards 3301, 3501 the poten-
tial supplied from the junction of resistors 1069,
{071 is made slightly larger than the maximum
negative height to be plotted and thus supplies a
false zero which prevents the sum of this volt-
age and the coordinate voltages from changing
sign.

The blade of switch 1021 is connected through
resistor 1064 to the input circuit of amplifier
1060, and the blade of switch 1828 is connected
through resistor 1079 to the input circuit of am-
plifier 1080, so the pens of the vertical board will
be marked simultaneously with the pens of the
horizontal board.

Resistors 1063, {064, 1065 are connected to the
blade of switech 1066, the first contact of switch
1066 is connected to the input circuit of ampli-
fier 1060, and the second contact is grounded.
Switch 1065 is moved to the second contact for
testing the zero position of the pen, removing the
coordinate and marking voltages from the input
circuit of amplifier 1060, grounding these circuits
to preserve the accuracy of operation of the com-
puter, and leaving only the voltage from the
junction of resistors 1069, 107{ supplied to ampli-
fier 1060. Motor 1070 will then drive the brush
of potentiometer P'T33 to the position correspond-
ing to this known voltage and the position of the
pen may be checked.

Similarly, resistors 1079, 1081, 1082, 1083, 1084
are connected to the blade of switch 1085 and the
contacts are connected to the input circuit of
amplifier 1080 and to ground. When switch {085
is moved to the second contact, cutting off all
voltages but the voltage representing the false
zero, the brush of potentiometer PT35 will be
moved to the position corresponding to this known
voltage and the position of the pen may be
checked.

What is claimed is:

1. In combintion with a gun data computer in-
cluding a source of voltage and means connected
to said source and controlled by observations of
the positions of a moving target to form the
source of first and second voltages respectively
proportional to the rectangular coordinates of
the horizontal projection of the present position
of the target and third and fourth voltages re-
spectively proportional to the predicted changes
in said coordinates during the time of flight of the
shell, a plotting surface, first and second plotting
arms slidably mounted at the edges of said sur-
face, first and second mechanisms connected to
said computer and energized by said first voltage
to move said arms, first and second plotting pens
in contact with said surface, first and second car-
riages respectively slidably mounted on said first
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and.second arms and bearing said: first-and sec~
ond:pens, third and:fourth mechenisms: mounted
on:said. first: and. second: arms and energized:by
said second voliage: to.move: said-carriages; and
switching means for connecting at will.said:third
source of voltage tosaid first-or:said second:mech-
anism' and for: connecting: said' fourth' source:of
voltage. to said third or said fourth mechanism..
2.. A plotting board including:a plotting surface;

& plotting device: marking said surface;. a 1

grounded. source of voltage, a potentiometer hav+
ing a winding connected to the poles of said source
and’ a. brush, mechanism. controlling said device
and.said brush, an-amplifier having an input:cir-
cuit -connected to said brush and an output cireuit
connected to said mechanism and a resistor con-
nected from said input cireuit to ground; whereby
said. mechanism will move said: device and. said
brush until said brush is at ground potential.

3. The: combination: in. claim: 2: with & tapped
resistor connected: to- said: source and’ & switch
for-connecting a tap in said resistor to the input
circuit. of said amplifier; said tap being: so.se-
lected that said brush is'moved by said mechanism
to one edge of said surface.

4. The combination in claim 2 with a first and
a:second resistor connected in serial relationship
from said brush to ground, a third resistor. con-
nected to the input-eircuit of said amplifier;.a
fourth resistor  connected to ground and a- first
and a second single pole double throw switch, each
having a contact.connected to said brush and'a
contact: connected  to- the: junction of said first
and second resistors; the'blade of said first switeh
being connected: to- said’ third resistor and the
blade of said second switch being connected to
said fourth resistor. . .

5. In a computer includihg a source of voltage
and means connected to said source and con-
trolled” in- accordance with observations of a
changing phenomenon:to. form: the: source of a
first .voltage varying with respect to a reference
potential . proportionally to the. values. of said
phenomenon, a plotting surface, a plotting device

capable of recording on said surface, 4 source of 4

a second voltage having an intermediate point at
said reference potential, a potentiometer having
a winding connected to the poles of the source
of sald second voltage and a brush, mechanism
confrolling the positions of said device and said
brush, an amplifier having an input circuit con-
nected to said brush and an output circuit con-
nected to said mechanism, a resistor connected
from said input circuit to a point at said reference
potential, and switching means for connecting
the source of said first voltage to said input cir-
cuit to activate said mechanism proportionally
to said first voltage or to a point at said reference
potential whereby said mechanism is activated
by the potential applied to said resistor to move
said device and said brush until said brush is at
said reference potential. a
6. In combination with a computer including
a source of voltage and means connected to said
source and controlled in accordance with con-
tinuing observations of a natural phenomenon to
derive from said source a first voltage propor-
tional to the present value of the phenomenon
and a second voltage proportional to the pre-
dicted change in said phenomenon during-a
computed time interval, a plotting surface, first
and second plotting devices marking said sur-
face, first control means connected from said
computer to said first device and energized :by
said first and second voltages to move said first
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deviveeproportionally to.the:sum:of said. voltages;
second. control: means:connected: from:said: com»
puter. to:said:second deviceand energized by said
first: veltage :to move said. secorid: device:propor-
ticnally’ te: saig first voltage, switching: means
connected to said first-control. means for momen=
tarily- changing. the: voltages supplied: to: this
means- to. cause said.first: device to produce: an
indication: of. the change, and: other: switching
means: connected to said.second. control: means
for, after the lapse.of said time interval, momen-
tarily changing the voltage supplied to this con=
trol means to-cause said second device to.produce
an. indication. of this' change; the relative posi-
tions® of the indications of  said devices being: a
measure of the.accuracy: of the prediction of said
change. S

7. The:combination in claim.6 with a camming
element having camming surfaces arranged:in:a
predetermined sequence;.a:motor for driving said
element, mechanism controlled by said computer
to:displace said first: switching: means zlong said
element proportionally. to said computed time ins
terval, means. for operating. said: first. switching

5 means by said camming surfaces, and other

means for operating said second switching imeans
by. said camming.surfaces after the lapse of said
timeinterval.. .

8. In: combination with: a computer: including
afirst.source of voltage -and means:connected to
said: source. and. controlled in aeccordance: with
continuing observations of a phenomenon: to
produce a first voltage: varying proportionally to.
the: values: of sz2id phenomenon, a plotting. sur-
face, a- plotting: device: marking said surface;. a
second. source:of voltage having an:intermediate
tap, a potentiometer-having. a winding cennected
to the:poles of said battery and a brush, mscha-
nism-controlling: the positions of said device and
said brush, an-amplifier having an output eircuit
connected to:said mechanism and.an input cir-
cuit, first. and. second resistors of: equal resistance
respectively: connected: to-said: input: eircuit: angd
to-said-tap; third.and.fourth resistors connected
in serial relationship from said brush to said tap,
a double pole double throw -switch having its
blades respectively connected to said first and
second resistors and its contacts respectively con-
nected to said brush and the junction of said
third and fourth resistors, generating means for
producing a momentary voltage impulse, a fifth
resistor connected from said generating means
to the input circuit of said amplifier, and switch~
ing means, operated conjointly with said switch
to short circuit said fifth resistor.

9. In combination with a gun data computer
including a source of voltage and means con-
nected to said source and controlled in accord-
ance with observations of the positions of a mov-
ing target to form the sources of two voltages
with respect to ground respectively representing
the coordinates with respect to an arbitrary axis
of the position of said target, a plotting surface,
a plotting device capable of marking said sur-
face, a grounded source of voltage, two poten-
tiometers each having a winding connected to the
poles of said grounded source and & brush, mech-
anism controlling said device and said brushes,
two amplifiers having input circuits respectively
connected to said brushes and output circuits
connected to said mechsnism, two resistors re-
spectively connected from said input circuits to
ground, and switching means for, at will, con~
necting the sources of said first two voltages re-
spectively to the input circuits of said amplifiers
to activate said mechanism proportionally to said
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voltages, or-to ground, whereby said mechanism
is activated to move said device and said brushes
until said. brushes are at ground potential.

. 10. In combination with a gun data computer
Including means controlled in accordance with
observations of the positions of a target to form
the sources of two voltages with respect to ground
respectively representing the coordinates with re-
spect to an arbitrary axis of the position of said
target extending over a number of map squares, a
plotting surface representing to seale an area
slightly larger than a map square, a plotting de-
vice marking said surface, a grounded source of
voltage, two potentiometers each having a wind-
ing - connected to the poles of said grounded
source and g brush, mechanism controlling said
device and said brushes, two amplifiers -having
input circuits respectively connected to the
source of one of said coordinate voltages and one
of said brushes and output circuits connected to
said mechanism two potential dividers having
windings connected to said grounded source and
brushes respectively connected to the input cir-
cuits of said amplifiers and adiusted to neutralize

the portions of said coordinate voltages repre- -

senting integral numbers of map squares.

11. The combination of claim 10 with two net-
works respectively intercalated between the po-
tentiometer brushes and the amplifier input cir-
cuits, each network comprising a first and second
resistor connected in serial relationship from the
brush to ground, a third resistor connected to
the input circuit, a fourth resistor connected to
ground, and a first and a second single pole
double throw switch, each having a contact con-
nected to said brush and a contact connected
to the junction of said first and second resistors,
the blade of said first switch being connected to
said third resistor and the blade of said second
switch being connected to said fourth resistor. -

12, In combination with a gun data computer
including means controlled by observations of
the positions of a moving target to form the
sources of first voltages representing the rectan-
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gular. coordinates with respect to an- arbitrary
axis of the predicted position of the target after
the lapse of the time of flight of the shell and
of other voltages representing the rectangular
coordinates with respect to said axis of the pres=
ent position of the target, a plotting surface, first
and second plotting devices marking said surface,
first control means moving said first device along
said coordinates and generating voltages repre-
senting the coordinate movements of said device,
said first control means being connected to said
computer and activated by the differences he-
tween said first voltages and its generated volt-
ages, second control means moving said second
device along said coordinates and generating
voltages representing the coordinate movements
of said device, said second control means being
connected to said computer and activated by the
differences between said other voltages and its
generated voltages, and switching means includ-
ing a source of voltage operable to supply a
momentary voltage to said first control means
and, after the lapse of the time of flight, to
supply ‘a momentary voltage to said second con-
trol means.

.13. The combination in claim 12 in which said
switching means includes a cogged disc, a first
switch connected to the source of voltage and
the first control means, mechanism controlled by
said computer to displace said first switch around
the circumference of said disc proportionally to
the time of flight of the shell, a second switch
connected to the source of voltage and the second
control means, and a constant speed motor rotat-
ing said dise to serially operate. said first and
second switches.

HENRY G. OCH.
DAVID B. PARKINSON.
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