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AND GUN PARALLAX CORRECTION FAC-
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Sidney Darlington, New York, N. Y.,.and Alexis
A, Lundstrom, East Orange, N. J., assignors fo
Béll Telephone Laboratories, Incorporated, New
York, N. Y., a . corporation of New York

* Application February 13, 1945, Seriai No. 577,623
5-Claims. (Cl 235—61.5)

1

This invention relates to -artillery -computers,
and-particularly to naval artillery computers.

“The-object of ‘the:invention is to convert-physi-
cal .quantities -proportional -te the X, ¥, W .rec-
tangular coordinates with respect to.a horizontal
plane ;and the vertical plane -containing the line
of ssight to the present position of the target.of
the virtual :position into rotations, proportional
te the gun train -and -elevation orders, and the
unittrain parallax.

A feature of the ‘invention is the derivation,
from-the quantities proportional to the rectangu-~
lar coordinates, of -derived -quantities propor-
tional ‘to the coordinates of the virtual position
referred ‘to -rectangular -axes with origin at ‘the
mean -gun, ‘by rotation -of ‘the X, Y, W system
about ‘the 'X axis through ‘the level L angle.

Another-feature -of ‘the invention is-the deriva-
tien ‘from the first derived -quantities of other
physieal quantities proportionalto the X’,"Y’, W'
coordinates -of ‘the -virtual -position referred -to
rectangular axes with ‘origin at the mean gun
and’in the deck -plane and -perpendicular ‘there-
to, ‘by a further rotation of -the derived -system
through the cross level Zd angle.

Another feature -of the‘invention is means for
obtaining -from -the physical quantities propor-
tional to X', ¥’ a rotation -proportional to -the
deck -deflection and combining thisrotation with
a rotation proportipnal to the relative bearing:to
produce a rotation proportional ‘to-the gun train
order.

‘Another ‘feature of ‘the invention is means for
obtaining ‘from -the -physicdl quantities propor-
tional-to X', ¥’,"W’ and the rotation proportional
to the deck deflection a rotation proportional to
the gun elevation order.

Another feature of ‘the ‘invention is means for
optaining -from the physical quantities propor-
tional to X', 'Y’ and the -rotations proportional
to-the deck -deflection and the gun train, a rota-
tion proportional.to the unit train parallax.

“The -present invention 'is embodied in a .com-
puter designed to .cperate in conjunction with
known “types of naval director and stable éle-
ment-and the usual ship compass.and automatic
log. The scope of -the invention is not thereby
limited to “the -present -emkodiment, as the com-
puter-may be adapted-to operate with other types
of :directors and stable-elements, and the -inven-
tion may be used in other types of computers.

The director

“Thefoundation-of-the director maybe mounted
on.-any'prominent -part of the -ship, such ag a-
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fire control tower, :pilot ‘house, etc., and sup-
ports .a ‘base ring.and a circular training rack.
The carriage may be made of two horizental
plates, spaced apart by side and stiffener plates,
and ‘is -supported -on rollers bearing on the base
ring. “The carriage may e rotated in train-about’
an axis perpendicular to the deck plane of the
ship by a training :motor mounted on the car-
riage and:geared to the training rack. The drive
from the training motor to the training rack is
transmitted through a differential gear, or an
electrical equivalent :thereof. A ‘handwheel is
provided, whereby the trainer may, through the
differential ‘gear, :add -a 'motion :to the training
gear. Radial rollers, mounted .on the bottom of
the carriage and contacting a smooth circular
surface .of the training -rack thold the carriage
concentric with the axis of the rack.during rota-
tion. Synchronous transmitters of ‘known type
rotated by the earriage transmit to the computer
voltages -defining ‘the position of the carriage.
A slewing switch “is -provided whereby the train-
ing motor may belecally controlled by:the trainer
at the director, -or it:may be ccontrolled as a fol-
low~up motor by synchronous receivers of known
type-excited by control voltages:transmitted from
the computer.

The optical instrumentsfor tracking the target
in elevation-and train are mounted with the open

‘sights, ‘indicators and control devices on a shelf

supported by the carriage. 'Usually three instru-
ments are provided, one each for the pointer,-the
trainer and the control-officer. Each instrument
includes a -telescope mounted -in-an optical box
secured to the shelf.

‘Each -optical ‘hox “is -a small -metal -box having
two -ring ball -bearings 'to support the telescope
for rotation about an axis parallel to the deck
plane, and elevation and cross-level shafts driven

by elevation and cross-level motors mounted on

the carriage.
A slewing switch is provided whereby-the eleva-
tion :motor may "be locally controlled by the

pointer, .or, it may be.controlled as a follow-up

motor by -synchronous receivers -of known type
excited by control voltages transmitted from the
computer. Synchronous transmitters of known
type, driven by the elevation motor, transmit to
the -computer -voltages defining -the -elevation of
the ‘target. The cross-level motor is controlled
as-a follow-up motor by synchronous receivers of
known-type-excited by control voltages transmit-
ted-from-the stable element.

"The -telescopes ;are of knowntype having a
metallic "body, mounted in the ring -bearings of -
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at'the director. Asdhelevel ring issupported by
thescross-level ring -and shares the movement of
the cross-level ving, the level follow-up motor ro-
tates proportionally to level plus one-thirtieth
of rcross=level-and drives ;a:shaft-connected to the
computer. The cross-level shaft -and the level
plus one-thirtieth of cross-level shaft -are both
geared to-a differential gear which rotates:a third
shaft proportionally to level land is-connected to
-the computer.

An the drawings:

Pigs. 1, 1A, 1B show in plan and elevation the
relatichships, for antisircraft fire, -of -own ship
and target;

Fig. 2 s a functional block schematic ‘of the
computer and associated devices;

PFig. 3 15 a three-dimensional :diagram -of the
angles dnvolved in the director tilt corrector;

sFigs. 4, 4A show inplansnd-elevation the rela-
tionships . involved +in the ‘determination -of :the
relative linear rates, -and -corrections to ‘these
rates;

Pigs,5;,5A show in plan-and-elevation the rela-
tionships involved in ‘the -determination ‘of the
- rectangular coordinates;

10

15.

20

‘Pig.6-shows curves illustrating the effect of the

use:of ballistic ramge;:

Fig. 7'shows:in the slant plane the relationships
involved in the determination of the dead time
cotrreetion;

T @igk, TA, TB show :in ;plan-and welevation the
relationships involved in the determination ‘of
deck deflection iand advarice range; ‘
. Figs 18, 8A show in elevation the relationships
involved -in the rotation-of the coordinate system
into the deck plane;

Fig. 8B4s @ three-dimensional diagram of the
relationships involved:in:the.deétermination:of the
sight deflection;

~Tigs. 9,794, 9B show :in jplan ‘and elevation the
relationships involved in -the determination of
the gun orders;

Figs. 10, 104, T0B, 10C, 10D, 10K rshow reurves
of certain functions used in the computation;

. igs. 11, 114, 11B:are frorit :and-side views 0f a4

typical computer :emboedying the invention;
{gs. 12, 13 schematically:show the-controls:and
mechanism of the computer;
Tigs. 14, 45, 16, 17 :schenmatically show the
motors, - potentiometers, shafting, -gearing and
other mechanical details of sthe rcomputer;

Az, 18:schematically shows the rrelay and con-

trol :circuits;
* Fig. 19 schematically shows the exciting woir-
cuits of the:210-cycle motors;
Fig. 20 schematically shows the exciting cir-
cuits of the 60-cycle motors;
Pig. 21 schematically shows .a variable fre-
quency oscillator; .
“Fig. ‘22 schematically shows an . amplifier for ‘a
follow-up motor;
“Fig. 23 shows a plan view of the ring ‘mdtchine
dials;
“Pig, 24 diggranmaticdlly shows’ the ring mateh-
ing ‘dials in ¢levation;
‘Pig. 25 schematically shows the cireuits of tire
ring ‘matching dials; A ‘
" Fig. 26 .shows a block diagram of the circuit
connections;
Tigs. 27 to 39 schematically show ‘the .ciredits
used in the computations; ‘
_Fig. 40 schematically .shows the «€levation fol-
low-up system;
Fig. 41 schematically shows the deflection spot
follow-up system;
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Fig. 42 schematically shows the ship speed
follow-up system; -and

Fig. 43 schematically shows the elevation spot
follow-up system.

Before describing the operation of the com-
puter, the quantities involved in the computa-
tions and the .conventions assumed will be de-
fined.

In the definitions in the next section, the fol-
lowing conventions:are understood:

(@) Quantities are ordinarily defined in terms
of ‘data received by the computer or derived from
received data ‘in the process of computation.

(6) "The reference ‘point of computation for
prediction is a Cfictitious) mean gun located in
the deck plane vertically below the director.

te) "The -deck plane is the standard reference
plane of ‘the ship.

(d) ‘Present ‘position is the observed position

.of the target at the instant considered; line of

sight is the line from the director to the present
position.

te) Point of burstis the calculated position-oi
the target-at ‘the computed time of burst (time of

_fiight seconds-after the present), and may be re-

garded as ‘the -computed future position of the
target.

(f) Advance position is the position -obtained
by ‘applying to the point of burst corrections
which are -equal and opposite ‘to the -effects of
drift and wind, and a correction-equal to the total
applied spot, all calculated for the point of burst.
{ine of advance position is the line from the
mean gun to the advance -position.

(g) ‘Virtual position is ‘the position vertically
above the advance position by -a distance equal
to superaltitude. °If the target -continues in
straight ‘line -constant speed motion, and the
mean gun is ordered 4o the virtual position, the
point of burst will coincide with the future posi-
tion: the line from the mean gun to the virtual
position is accordingly ‘the ordered gun axis for
the mean gun. Note that the ordered gun axis
and ‘the line of advance position lie in:the same
vertical plane.

Symbols, names and definitions-of quantities

A Target ‘angle. Angle between vertical plane
through direction of motion of target with re-
-spect to water -and vertical plane through line
of sight, measured ‘in the horizontal plane
clockwise ‘from -direction of ‘motien

(A=180°+B—Ct%).
(A==0° for ‘target 'moving toward -ship in
vertical plane through line of -sight.)

B True target bearing. Angle between north-
south vertical plane and vertical plane through
‘line of sight, measured in the horizontal rlane
¢lockwise from north (B=Br+4Co).

AcB  Increment of generated bearing. (Bearing
correction.) The angle representing the in-
tegral with respect to time.of angular bearing
_rate (AcB=JdBdl).

5 dB .Angular hearing rate. "The time rafe of

change of true target bearing.

3dB Correction to angular bearing rate. The
.component of rate .correction which is propor-
tional to the difference hetween relative ‘target
pearing and generated relative target bearing.

4B Initial setting. of, or correction to,.generated

target bearing.

Bgr Advance relative target bearing. .Angle
between vertical piane through fore and aft
axis of .own.ship and vertical .plane -through
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line ‘of advance position, measured in the hori--

zontal plane clockwise from the bow
’ (Bgr=Br4-Dh).

B’gr . Gun train order.” Angle between fore and
aft axis of own ship and plane through ordered
gun axis perpendicular to deck plane, measured
in deck plane clockw1se from bow

(B’gr=B’'r+Dd4d).

Br . Relative target bearing. . Angle betwe'en
vertical rlane through fore:and aft axis of own

ship and. vertical plane through line of sight, -

measured in. the horizontal plane clockwise
from bow (Br=B'r4-jB'r).

cBr . Generated relative target bearmg Rela—'

tive target. Bearing generated by the com-

10

15

puter as-opposed to relative target bearing de- :

rived from-director-train (cBr—=AcBr-jB). "
AcBr Increment of -generated relative target
bearing. 'The angle which is equal to the -dif-
ference between the increment of generated
‘bearing and sh1ps course- (AcBr=AcB—Co).
B'r. Director train. . Angle between fore and aft
axis ‘of own ship and vertical plane through

- line of sight, measured in déck plane clockwise:

from bow.

4B'r - Director %ilt correction. . The cor;ecmon for
the effect of deck tilt, used to derive relative
target bearing from director train.

AcB’r Increment of generated director train
(train correction).
ference between increment of generated. rela-
tive target bearing and director.of tilt correc-
tion (AcB’r=AcBr—ijiB’'r).

Bw Wind direction.. Angle between north- south

vertical plane and direction from which. true -

wind is blowing, measured in the horlzontal
plane clockwise from north.
(Bw=0° for wind blowing from north.) )
Bwg Advance wind angle. -Angle between di-
rection from which true wind is blowing and
vertical plane through line of advance position,
measured in the horizontal plane clockwise
from direction from Wthh wmd 1s blowmg
(Bwg=Bws-4-Dh) .

(Bwg=0° for wind blowmg from advance}

position.)

Bws  Wind angle. - Angle between dlrectmn from

which true wind is blowing and vertical plane

through line of sight, measured in the hori-

zontal plane clockwise from direction: from

‘which wind is blowing (Bws=B—Bw).

(Bws=0° for wind blowing from present po-
sition.)

Co $Ship course.

and aft axis of own ship, measured in the hori-

zontal plane clockwxse from north to bow of

ship.
(Co=0° for ship moving toward north.)

Ct Target course. “Angle between north-south
vertical plane and vertical plane. through di-
rection of motion of target with respect fo
water, measured in the horlaontal plane clock-
wise from north.

. (Ct=0° for target moving toward north.)
C4(E2), C5 (E2), C6(E2) Empirical functions of
' advance elevatlon used in calculation of bal-

listic quantities.

8Ct Correction to target course. The com-

The angle which is the dif--

Angle between  north-south .
vertical plane and vertical plane through fore

20 -
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-dE. Angular: elevation rate.

ordered gun axis perpendicular to - deck,
~measured in deck plane clockwise from inter-"
section with ve1t1ca1 plane contammg 11ne of'
-sight.

Dn -~ Horizontal deflection. Angle between vertl—

cal plane through line of sight and vertical
-plane through line of advance position, meas-
ured in' the horizontal  plane- clockwise from
plane containing line of sight.

Dj Deflection spot. ‘Angular deflection’ of pomt
of ‘burst, measured as the angular deflection of
advance position in the slant plane. containing
the line of advance position and perpendicular:
to the vertical -plane - containing . that .line
(“Right” or positive if the advance position is
moved to the right).

Ds . Sight deflection. Angle between the verti-
cal plane containing the:line of sight and the
vertical plane containing the line: of advance
position, measured in the :slant plane which -
contains the line of sight ‘and which"is per- -
pendicular to the vertical plane containing the -
line of - advance _position, clockw1se from “the
line of sight (sin Ds=sin Dh'cos E).

B ‘Target elevation. "Angle between the- hori--

zontal plane and the line of sight, measured in
the vertical plane ‘through the line of sight
upward from the horizontal plane (E=FEb--L).
cE . Generated target-elevation. ‘Target eleva-
tion ‘generated by the computer as opposed to
target elevation :derived from ‘director eleva-
tion (cE=AcE45E). . ° :

AcE  Increment of ‘generated elevatwn The
angle ‘which represents the integral with ‘re-

- .spect to  time - of angular elevation- rate
(AcE=fdEdt). -

~The time rate of

change - of ‘target elevation. :

odE - Correction to angular elevation rate.  'The
~component of rate correction which is propor-
tional to the difference between target eleva-'

_tion and generated target elevation:

JE - Initial setting of, or correctmn to, generated
elevation.

kKE Elevation predmtmn The angular differ-
ence hetween advance . elevation -and target
elevation (positive when E2 is greater than E).

Eb.  Director elevation. Angle between the deck-
plane and the line of sight; measured in the
vertical plane through the line of s1ght upward
from the deck plane; - -

AcEb - Increment of generated: dlrector elevatlon
(elevation correction).- The angle ‘which is
equal o the sumof increment of generated
elevation, level, and 13 of cross level :

(AcEb= AcE+L+Zd/30)

E'g Gun elevation order. Angle ‘between - the
deck plane and the ordered gun axis, measured
‘upward from the deck plane in the plane per-
pendicular. to the deck plane and containing the
ordered gun axis.

-E2° Advance elevation, Angle between the hor1-

65

70

ponent of rate correction which is applied to .

target course.
Dd Deck deflection. Angle between vert1ca1
plane through line of sight and plane through

75

‘F Fuze setting order.

zontal plane and the line of advance position,

measured upward-from the horizontal plane in

the vertical plane through-the line of advance

position (E2=E{kE). .

The sum of fuze tlme
“and correction for dead time, measured in sec-
onds (F=F24-Fg).

Fg Correction for dead ‘time. The correctlon
in seconds.which is added to fuze time to allow. -
for the relative motion of target and shell dur-
ing dead time:

F2 TPuze time.

~Numerically ‘equal to time of :
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flight in fire at aireraft targets (for mechani-
cal fuzes)-

f6(F2) An empirical function of fuze time used
in computation for correction for dead time.

FLAR), FL(AE), fL(dB) Empirieal” functions of
range rate; angular elevation rate, and angular
bearing rate used for control of integrators in

- rate generation. .

f2(Re); f3(Re), fA(Re) Empirieal functions of
ballistie- range used in- ealculationr of ballistic

i:quantities.

Gf Drift distance: The lateral defleetion of the
point of burst due. to rifling, measured in yards
as the horizontal displacement of the advance

‘position at right angles to the line of advance

" ‘position (position for drift to right).

G4 - Lateral spot. The lateral displacement of
‘the point of burst caused by a deflection spot,
measured in yards as the horizontal displace-
ment of the advance position at right angles

“$o the line of advance position (positive when
the point of burst is displaced to- the right on

 intreduetion -of & “Right” - deflection ' spot)

(Gj=Dj-R2)

Gy Cross wind distance. The lateral displace-
ment: of the point of burst caused by relative
wind, measured in yards as. the horizontal dis-
placement of the advance position ‘at right
angles to the line-of advance position (positive
for wind blowing from left across the line of
advance positiony.

II. Height. Vertical distance of target above the
horizontal plane through the director sights

(H=¢R sin E)

dE  Rate. of climb. The time rate of change
of height. ) ’

sdH  Correction to rate of climb. The compo-
nent of, rate correction which is applied to rate
‘of climb. ‘ .

Hf  Superaltitude. Vertical distance in yards
from the advance position to the. virtual posi-

“tion; corrected for loss of initial velocity; ap-

* plied as.the correction to compensate for curva-
‘ture of trajectory in the vertical plane

: (Hf=Hfo-+-Hm)

‘Hfo Basic superaltitude. Superaltitude uncor-
rected for loss of initial velocity.

‘}1f Height spot. = See Xj.

Hp Height correction for paraltax. The cor-
rection- for- parallax - due to vertical base to
refer the point of computation for prediction
to the mean gun position (positive when the
point of observation is above the mean gun
position).

Hm- Superaltitude correction for loss of imitial

“..veloeity. ‘

‘Ht Height prediction. See Xt.

Hu- Height correetion for wind. - See Xux

H2  Advance height. Vertical coordinate of ad-
" Vanee position in the X¥H coordinate system,
measured in yards as the vertical distance to

. #hé advance position from the horizontal plane

through the méan gun (H2=H--KH). ;

TV, Initial velocity. The veloeity of the shell

a8 it leaves the muzzle of the gun tassumed to
" iipe corrected for temperature and gun).
B

the horizontal plane, measured in the vertical

' plane through the line of sight (positive when
. deck: toward target is tilted down).

k.Unit train parallax. The angle subtended

-+.100. yards forward from the mean gun, at the

Tavel, Angle between the deck plane and
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70

by a base line in the deck plane-and extending ..
(-3

Quw:  Tail wind: distance.

10

projection of the virtual position on the: deck
plane, measured: in. the. deck plane: clockwise
from the: line. of virtual deck range (R’R2)..

@j Longitudinal spot. The horizontal: compo-
nent of the displacement of the point of burst
caused: by an elevation. spot; measured. in. yards
as the horizontal displacement of the advance
position in the vertical plane conbtaining the
line. advance. position: (positive when the point
of burst is: dispiaced outward on the:introduc-
tion of & “Dowx’’ elevation spot).

The longitudinal dis-
placement of the point of burst. caused by rela-
tive wind, measured in yards as: the horizontal
displacement of . the. advance position. in the
vertical: plane. containing the line. of advance
position (positive for: a. wind blowing toward
the advance position).

B. ‘Range.. The distance from the director to
.the target, measured: in.yards along the.line of
sight.

¢R: Generated range.. Range generated by the
computer as opposed to range observed from
the director (cR=AcR--jR, used for all compu-
tations instead of R)..

AeR | Increment. of generated range (range. cor-
rection). The quantity which. represents the
integral with respect -to. time of range. rate
(AcR=fdRdt). :

cRAE "Linear elevation. rate. The component
of relative velocity of ship and target which is
at right angles to.the line of sight in the verti-
cal plane containing the line of sight (positive
when upward).

dR Range rate. The time rate of change of
range. (positive for relative motion -of target
away from own ship).

3R Correction to range rate. . The component
of rate correction which is proportional to-the
difference between range and generated range.

jR . Initial setting of, or correction to. generated
range. .- .

k¥R Range prediction. The difference in yards
between advance range and generated range
(positive when advance range is greater than
generated range).

e Ballistic range; ' An. empirical funection of
“advance range and advance elevation whieh is
used .in: calculation of 'ballistic quantities.
Equal to advance range when E2=0",

Rh  Horizontal range.  The horizontal prejec-
tion of generated range (Rh=cR cos E).

dRE. . Horizontal range. rate. The time rate of
change of horizontal range.

sdRh . Correction to horizontal range rate. The
component of rate correction which is paraliel
to horizontal range. .. ‘

KRR Horizontal:range prediction, The differ-

.-ence inyardshetween advance horizontal range
and. horizontal range. (positive when RR2 is
greater than RR)..

‘RIdB  Linear bearing rate. The horizontal

component. of relative velocity of ship and tar-
get which is at right angles to the vertical
plane containing the line of sight (positive to
the right)" 3

‘RhsdB " Correction to linear bearing rate. The

horizontal component of rate correction at
right angles to horizontal range.

Rh2 Advance horizontal range. The horizontal
projection of advance range (Rh2=Rh+-EkRR).

dRR2 Advance horizontal range rate.” The time
rate of change of advance horizontal range
(used only in computation for correction for
dead time). E ’



:2,658,674

11 12 ,
‘R'h2 'Virtual ‘deck range. The distance from - cally if the vertical motion caused by wind is
-the mean gun to the projection on the.deck : " considered tobe at the tail wind velocity
plane of the virtual position, measured in = : C (Twy—=Twt-S6(E2))
yards in the deck plane, S - - ) - y R .
"R2 Advance . range. “The -distance “from -the .5 (Does not exist separatelyin the mechanism.)
-mean gun to the advance position, measured. in Vi = Elevation spot. - “Angular change in elevation
yards along . the line  of advance position of ‘point  of burst, measured. as the. angular
(R2=CR+EkR). L R : change of advance bosition in the vertical plane
dR2 - Advance range -rate.  The time rate -of containing the line of advance: position’ “Up”
-...change of advance range (used only in compu- -19 "~ Or.positive if the point of burst is raised):
tation for correction for dead time). .. Vs Sight -angle. . The  difference between gun
-Rj Range spot. The linear displacement of the elevation order and director elevation

point of burst, measured in yards asthe linear (VS=E’g—Eb)
displacement of advance position along the line Celi N AT
-.of advance position. (positive when the point of ‘15 X.'Y, W " Coordinates of the virtual position re-

burst is displaced outward on the introduction- - ferred to rectangular axes with the origin at

-of an:“Out” range spot). Lo S -~ the 'mean gun.: TI}e XY plane is hor}zontal
Bf Shell velocity. The average velocity of the and the YW plane is vertical and contains the
- shel; in the neighborhood of the point of burst - line of sight. When facing target, X is positive

(used -only in-computation for correction for go = to the right, Y is positive toward target, and

dead time). P e ‘W .is positive upward (X=Z§X, —Y;Rh+kY,
Sh _Target speed horizontal. .The  horizontal W=H-{-Hf+EkH) .- : .

© component of target speed with respect. to - kX, XY, kH ' Components of prediction. The

water. = . ] : - S total components of corrections in-the XYW
aSh Correction to target speed horizontal. The- 25 coordinate system to compensate for the effects
component of rate correction which is applied of relative ‘motion of ship _and target, drift,
to _target speed horizontal. . S - : rerlatlvev wind, and deflection and elevatlop
ShsCt . Correction normal to target speed hori- “spots. " The. height correction - for parallax is
.- zontal. The component. of rate -correction : - - also‘included. The corrections are positive in

- which is applied at right.angles to target speed. 30  the positiv’edirectiohs of X, Y and W
horizontal. S : : : S

L LR e e - KX =Xt+Xf-+Xw4-Xj

So Ship speed. - The velocity of own ship rela- T '(kYeYt-:_Yf]:]—-FYw'—':-Yig'
tivetowater-l o . . , : ) ; S = L RAd ] L

Ss Diving speed. ~ The velocity of target moving : O A R e U

-_ along the line of -sight towards own ship
(Ss==—dR; used only indive attack). . e
" 8¢ Target speed. The velocity. of target relative -
to water (not used explicitly in the computa--.’

85.X','¥’, W’ - Coordinates of the. virtual position
referred to rectangular axes with the origin at
the ‘mean gun.' The X'Y’ plane ‘contains the
_deck plane, the Y'W” plane is perpendicular to

wotloms) oo B S .~ 'thedeck, and the vertical plane through the Y’
-Bw Wind . speed.. The velocity, assumed .to be 40 - gxis contains the line‘of sight. -Directions are
- horizontal, of true wingd relative to water. . - Dositive in the same senses as in the XYW

.. System. v
X, Y, W Coordinates of the virtual position
o referred to.re¢tangular axes with the origin at
the-mean gun, obtained from the XYW system
by a rotation about the X axis by an angle
equal to-level (I)." Rotation of the XYW
; system about the Y’ axis by an angle equal to’
loss of initial veloeity (Tf=Tjod-Tm). .+ .cross level (Zd) résultsin obtaining the X' Y'W".
Tfo Basic time of flight.  Time of flight without 50 system.. Directions are positive in the same
- > correction for loss of initial velocity (I. V.=2600" " _gsenses as in the XYW system. - S
CF.8). S o oo oo Xf, Yf - Corrections for drift. “Components of
Tg  Dead time. - Time in seconds between setting . the correction to compensate for-the displace-
fuse and firing shell. R ment of the point of burst caused by drift of
“Tm Time.of flight correction for.loss of iitial 85 "the shell due to rifling, measured in yards as
suveloeity,. - oo LT R e displacement of the advance position in the - ,
Twe  Cross wind time. The apparent time in ° . XY coordinate system. - There is no vertical -
~ which the cross component of relative wind acts ~ component at the advance position; Hf is ap-
* “to displace -the-point of burst if the lateral. 60 < Plied to obtain the virtual position.. - -
.- motion caused by wind is considered to be at °0 X7, ¥i, Hj  Spot cotrections.. .Components of

@S Train and elevation sensitivity.
=187 Range sensitivity. - E S .
S1(E2).. .. S1(E2) Empiricalfunctions of ad- ,
vance elevation used in calculation of ballistic 45
- quantities. : R
“Tf Time of flight. ‘Time of flight of shell from-
mean gun to the point of burst; corrected: for

iy R s ived: from the hal.. - . ~the '_displa;bément of the point of ‘burst ‘caused
: };115151 : rg::;)npd YS;OCI?? (denvedfrom t‘he 'b«.afl s by deﬂectign spot (D7) and ele ,apion»rspotA(Vi)j ;
| Twt Tail wind fime. The apparent time i ~  N3SUred in yards as the displacement of the,

- Which the longitudinal component of relative g5~ pen o POSOR I the XYW coordinate sys-
" “wind acts to displace the point. of burst if the ' .5y Y4 Hf  Components of basic. prediction.
., longitudinal . motion caused by wind is consid-- . Components of corrections to' compensate for
°, ered to be at the tail wind veloeity .- ~the displacement of -the point of burst caused

: - I+ by-relative motion of ship and target, measured
<-1In” yards as the displacément-of the advance
Ry g e S oL s Sl position in the XYW coordinate system:: -
-2, (Doeés not exist separately in the mechanism.).«* 3y, Yw Hw. "Correc’tions__‘:fgrz?‘fwjnd, Compo- -
- Twy_ Vertical wind time. "The apparent time in nents.of the corrections to compensate for the -
- '“which: the: longitudinal component. of :relative - - . . displagement of the point of burst- éavsed by -

" wind acts to displace the boint of burst verti: 75 relatiy e wind, measured in yards as the " dis~

 (Twi=TweC6ED) . 70
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placement of the advance position: in the XYW

coordinate system. Relative wind includes
. trué wind and own: ship’s wind.

X2;V2, H2 Coordinates of the advance position
in the XYW coordinate system.

‘Zd Cross level. Angle of tilt of deck about a
line which:is the intersection of the deck plarie
with:the vertical: plane through the lifte of sight
(positive if when facinig {arget, deck at left is
tilted. down) ..

The operation of the computer when used for
the automatic-computation of guh orders for con-
tinuous fire against aireraft will first be described
i detail, then the modifications in the computer
necessary for other types of targets, such as div-
ing aircraft, surface targets, etc.; special types of
fire, such as selected 1level; and the. control of
latger caliber weapons will be déscribed.

_..'The significance of some of the quantities de-

fined in the glossary above will be more easily

appreciated by consideration of Figs. 1, 1A and

BB, which show iii plan and elevations the rela-

tionships involved in firing from a ship at an

geridl target. The ship S (Fig. 1) is moving.at a
speed So along a course a—b, having a bearing

“Co with réspect to north. THhe projection of the

target T is moving at a speed Sk along a course
¢—d, having a bearing C? with respect to north.

The. line of sight ST from the director on the
ship S to the present position of the target T
has a true target bearing B, with respect to

‘north, and a bYearing Br' relative to the axis

of the ship, measured. in the horizontal plane.

. 'THé vertical plane through the farget couise

.-is-at a target angle A, measured in the horizontal

‘plane, to the .vertical plane through the line of
sight.

A wind, having a true wind speed Sw,.is blow-
ig from & £0 1, at a true wind direction Bw. with
respect 0 north. The wind angle Bws is meas-
ured in the horizontal plane from the wind direc-
tion to the: vertical plane through the line of
-sight. !

As shown in Fig. 1A, the line of sight ST from

. the .director to the present position of the target

-is at a director elevation Eb with respect to the

.deck plane, and 4 target elevation E with fespect
“to the hotizontal plane. The target T is at a
- .range R from the director and a height B above
“the horizontal plane through the director; and
the. projection. of the target on the horizental

‘. plane is at a Hhorizontal range RE from the di-

“rector.

.In Fig. 1, the axis of the mean gun is in the
yvertical plane through S—g, having an advance
target bearing Bgr, measured in the horizontal

‘plane relative to the fore and aft axis of the

ship, and ‘a horizontal deflection Dh measured

~iin' the horizontal plane relativeé to the vertical

-plane through: the line of sight: The' vertical

plane thréugh the axis of the gun’is at an ad-~

“vanee wind: dngle- Bwg, measured in the hori-
“gorikal plarie from: the direction from which the
“xind is-blowing: - A shell fired along the axis'of
“fhetguly inthe direction of the advance position
will be deflected by the wind and other ballistic
-effeets, and, if the computations are correct, will
‘purst on the target-when the target reaches the
‘future ‘position.
‘As-shown in Fig. 1B, the advance position is at
an advarce range R2 from the mean gun G, and
advance height H2"above the horizontal plane,

-and the ‘proiection of the advance position is at.

" Uan advamce horizontal range RA2 from the mean
“igutk; “Theline:fromi the mean gun to the advance
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- the methods used in the present computer, since
“eot Br and. cot. B’r both approach infiinity as
‘Br-and B’r approach = or zero. The difference,

14
positions has an advarnce target elevation B2 with
respect to the horizontal plane. As the attraction
of gravity, and other ballistic effects, cause the
shell to travel below. the line of the axis of the
gun, the axis-of the gun is aimed at the virtual
position, having the superaltitude Hf vertically
above:-the advance position.  The axis of the gun
is thus elevated.to the gun elevation order E’g,
measured with- respect to the deck plane,

The broad principles of the theory of the com-~

putations. will. be explained with the aid of the
block schematic shown in Fig. 2, in. which the
apparatus in the computer has been. grouped
on. a funectional basis without regard to-its actual
location in the-ecomputer. In.this schematic, the
prineipal quantities: involved in the computa-
tions are represented by the symbols in the glos-
sary, mechanical shaft movements are shown
by dotted lines, and voltages by solid lines. Later,
a. detailed description o the complete computer
will be given.

Director tilt corrector

The director elevation Eb, and director train
B'r of the target are measured by the director
with respect to the plane of the deck, which is
constantly changing its position due to the rolling
and pitching of the ship. For convenience in
making the subsequent computations, these
angles are corrected to.refer to. the stable hori-
zontal plane maintained by the stable element.
Thus, in Fig. 2, by means of the synchronous
transmission systems, the director I supplies to
the director tilt corrector 2 shaft movements
proportional to Eb and B'r.

The stable element 3 supplies to the corrector
2. a shaft movement proportional to the level

'L, and this movement is combined in a differ-

ential gear with the movement proportional to
Eb to produce a shaft movement proportional
to the ftarget elevation E.

The problems involved in correcting the direc-
tor train B’r may be visualized by a eonsidera-
tion. of Fig. 3, in which the quantities involved
have been projected on a sphere, having the di-
rector at the center of the sphere. The vertical
plane through the line of sight, the vertical plane
through the fore and aft axis of the ship, and
the deck plane are projected from the.ship to
the surface of the sphere to form the spherical
triangle shown in heavy line. The director train
B’r is supplied by the director, the level ILs and
cross.level Zd are supplied by the stable element,
thus, in this triangle the two sides, B’r and

T
‘ —2-—-L.
and the included angle .

——Zd

are known. The angle Br can, therefore, be
found. .
The customary solution of a sphermal triangle

of this type is:

cot B'r cos L—sin L sin Zd

. cot Br= oos 7d

This equation is not. suitable for solution by

jB'r—=Br—B'r, never exceeds a comparatively
small value. The value Br—jB’r. is substituted
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for B’r and thé equation is thus transformed to
the .form:
tan 7B'

+-(—sin Br cos Br—— in2 ‘Br tan jB’ r—]—

tan jB’r) (—vers Zd)~

* <+ (—sin Br cos Br—sin? Br tan :lB 7) (vers L)
+ (sin? Br—sin Br cos Br tan 4B'7T) 7). ) o
(—sin Zd sin L=0 (1)

“computation.

The director tilt corrector 2, Fig. 2, contmu— k

ously solves this equation to produce a shaft
“movement proportional to §B’r.° The shaft

‘movement proportional to B’r is combined in a .

- differential gear with the shaft movement pro-
portional to B’'r to produce a shaft movement
proportional to jB’r-++B'r=Br, and .a -voltage
proportional to sin Br. ~The shait movement
-“proportional to B’r is also suppl1ed to the stable
element 3. .

Rate compamtor

The shaft movements proportional 0 Br and> 25

B are supplied by the director tilt corrector to
the rate comparison device 4. -As the range R
is not materially affected by the bpitching and
rolling of the ship, a shaft movement propor-

tional to R is supplied by: a. synchronous: trans-"

mission system -directly from - the director. l t0
the rate comparison device 4. - :

E In the present computer, the predlctlon is
based upon the usual assumption that, during

the time of flight:of the shell, the thotion of the g

target is in a straight 11ne at uniform speed -For

a ‘target moving in. a’ straight line at uniform- .

‘speed, the-course Ct, the horizontal spesd Sh -

relative to the.water, and the rate.of climb dH,
c e

of the target are constant, and thus may easily :;40 omponent decreases the elevation B).

be estimated. Shaft movements proportional

“to the estimated values of Sh, dH and'Ct are gen-
“erated by the ‘computer,: combined. ‘with . shaft
movements proportional to. own: ship ‘speed So

‘and -own ship course Co, ‘converted: to. rates .of-
. -range dR; bearing  dB and- elevation "d®; -in-.
- _tegrated; and the’ resultant displaceménts AcR, .
AcBr-and ‘AcE compared with the displacements

R, Br and E from the-director | and corrector 2.

.The differences,: if any, between -the génerated 59+
B displacements and the ‘measured displacements

©“from the director-are fed ‘back-to"coirect. the
estimated values of Sk, dH: and Cf,-until the ¢or~

rect. values are attalned The -displacements

~  proportional to. the corrected values' of AcR,
‘AcBr and AcE are supplied to the director to -

drive -the director "in tracking the- target, and
shaft movements -and voltages déependent. on

other -quantities. derived from  these generated

quant1t1es are supplied: to ‘the predlctor

Rate. generator ,v:’f‘ -

Any values of Sh dH and Ct may be in 1t1a11y

‘set into the: computer: and eventually ‘these

‘closer the initial values are to the triie values

" theiless the correction that will be required.and -

the-more rapidly the solution will ‘be Teached.
:In Fig. 4, the speed S0 of ‘own ship S and- the

; >speed Sk of-the target T have been projected in
~plan on the horizontal plane through the.direc-

~tor:~ The distance ST from'®own ship-Sito the
-projection  of the target T is. the horlzontal
'range Rh.-

“The.

Own Shlp S has a speed So—at a re1at1ve bear-.

‘16
“ing Br.
R~ is So sin- Br; and the component along the
" range Rhp is. —8o cos Br (the negative sign indi-
cating that- thls component decreases the hori-

5 zontal range). .

The target angle A is evidently B+r—Ct. The
component of target speed transverse to the
range-Ri is' Sk sin- (180—A) =8k sin A and the
component along the range

. A0 Rhis Sh cos. (180—4) =8h cos A
“The underhned quantity is obtamed from the

Voltages proportlonal to —So. cos Br and
—Sh.cos 4 are added to produce a voltage propor-
© tional to-dR*h, the rate of change of horizontal
15 range. ..
dRh_—So‘ cos:Br—Sh cos A 2)

Voltages proportional to So sm Brand Sh sin 4
are produced in the computer and added to pro-
duce g voltage proportmnal to RhdB, the linear
deflection rate.

RRAB=S0 sin Br+Sh sin 4 @

©In PFig. ,4A, the hor1zonta1, speed dRA and rate
~- 0f ‘climb dH have been proiected:in elevation on
' _the vertical plane through the line of sight. The
lineof sight ST from own ship S to target T is
‘at  an elevation E. above the ‘Thorizontal . plane,
and has a length-equal to the range c¢R.- With
20 optical range finders, the values of the observed
range R usually are not continuous, thus, in the
present: ,computatmn and, in the predictor, the
values of the generated.range cR, which even-
tually becomes equal to R and are. contmuous.
35 Bre used.
: The rate of .change of horlzontal range dRh
has a component hj=dRh cos E along the range,
and a component ji==—dRh sin E transverse to
~the range- (the negative sign indicating that this

20

) The rate of. cl1mb dI—I has a component f .
e zk dH sin E : )
along the range and a component kl~dH cos E

45 transvers\, to .the range.:
< 'The rate of change of’ the range hT—dR is

the stum of ‘the’ components  kj=dRh cos E and
’ 7T_zlc_-dH sin - E.: “Voltages - proportional ‘ to -

“.—<dRh cos'E and —dH sin E are produced in the
%9 .Computer and balanced in the:input of a motor
<amplifier’ against: a voltage approximately pro-
:“portional to dR, controlled by a motor connected
‘to.the amplifier. ~'The motor varies the value of
:dR-until the output voltage of the amplifier. is
55 reduced ‘to zero. . The shaft. of-'the motor has
thus rotated ‘to the value of dR.. -

F are supphed 40 the in-: o

; 1rcu1t"of a-motor ‘amplifier. . As shown in

2,08 voltage roportmnal to cR 1s supplled:-

by theé: motor:. connected 16 the' amphﬁer pro- -
portlonally t0 dE and balanced agalnst the other -

voltages in the: 1nput _of the amphﬁer When- the
“output: voltage of the amphﬁer is- reduced to
70.Zero, the haft. o the ; :

The component transverse to the rangé

GB—dRh cos. E—dH sin E=0 1(4) )
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RAh4B, Equation 3, is supplied to the input cir-
cuit of a motor amplifier. A volfage propor-
tional to cR, supplied by the predictor, is modi-
fied proportionally to cos E and the modified
voltage is varied by a motor connected to the
amplifier proportionally to dB and balanced
against the other voltage in the input of the
amplifier. When the output voltage of the am-
plifier is reduced to zerc, the shaft of the motor
has rotated to the value of dB

—c¢R cos EdB-4-RhdB=0

The handsets 5, Fig. 2, are adjusted to supply
to the rate generator 7 shaft movements pro-
portional to &k, dH and Ct. A voltage propor-
tional to sin Br ig supplied by the director tilt
corrector 2. ‘The ship log § stpplies a shaft ro-
tation proportional to So. As will be explained
below, the rate corrector 6 supplies shaft ro-
tations proportional to A, E and Br.

The rate generator 1 continuously solves Equa-
tions 2, 3, 4, 5, 6 and supplies to the rate inte-
grator 18, shaft movements proportional to dR,
dB, dE, and also supplies to the dead time cor-

8)

rection computer voltages proportional fo dR, -

dH, dRh and —RhdB.
Rate integrator

Th the rate integrator 19, the rates dR, dB, d¢E
are integrated, giving fdRdi=AcR, fdBdi=AcB
and fdEdi=AcE. The displacement AcE is com-~
bined in o differential gear with the bearing Co,
transmitted from the ship compass § through
the rate corrector 6, to produce a shaft rotation
proportional to AeBr=AcB—Co; and the shaft
rotation provortional to AcBr is combined in 2
second differential gear with a shaft rotation
proportional to jB’r from the director tilt cor-
rector 2 to produce a shaft rotation propertenal
to AcB’'r=AcBr—ijB’r. The shaft rotation pro-
portional to AcE is combined in a differential
gear with a shaft rotation proportional to
L-+Zd/30 from the stable element 3 to produce
a shaft rotation proportional to

ACEb—=ACE-+L+Zd/30

The shaft rotations proportional to AcR, AcB'r
and AcED are transmitted by synchronous trans-
mission systems to the director, to drive the ob-
serving instruments.

Comparator

Shaft rotations proportional to AcR, AcBr and

ACE are supplied by the integrator 18 to the .

comparator 4. A shaft rotation proporticnal to
R is supplied by the director i, through a syn-
chronous transmission system to the comparator
8: and shaft rotations proportional to Br and ¥
are supplied by the director tilf corrector 2.

The rotation proportional to ACR is supplied
through a differential gear to one ring of a ring
dial, and the rotaticn vroportional to R is sup-
plied to the other ring of the ring dial. If dR
has the correct magnitude, the two rings will
rotate in synchronism. If dR is not of the cor-
rect magnitude, the two rings will be out of syn-
chronism, and are arranged to close the circuits
of a motor, which through the differential gear,
supplies an additional rotation, /R, which is alge-
braically added to AcR until the rings are ‘in
synchronism.

Similarly, the shaft rotations proportional to
AEBr and Br ave supplied to a second ring dial
controlling & second motor; eand the shaft rota-~
tions proportional to the difference between AcE

10

18

and E are supplied to a third ring dial controlling
a third motor.

Thus,
cR=AcR-}jR=R (¢))
cBr=AcBr-}-jB=Br 8
cE=AcE-{|JjE=E (€))

The operator at the computer may adjust the
handset values of Sh, dH and Ct until the JR,
7B and jE motors are brought to rest. The values
of Sh, dH and Ct are then correct, and the de-
rived values supplied to the predictor and fuse
computer are also correct.

The values of Sk, dH and Ct may also be auto-
matically corrected by the rate corrector 6. The

__corrective voltages, from the ring dials to the jR,

20
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iB and JE motors, are due to the deviations from
the correct rates of change of the quantities and
may be designated 3dR, 5dB and sdE.

As shown in Fig. 2, the voltages 3dR, 8dB and
3dE, with shaft rotations proportional to c¢R, Br
and E are supplied by the comparator § to the
corrector 6.

Rate corrector

Fig. 4A shows, in the plane through the line
of sight from own ship S to target T, the eleva-
tion E, generated range cR, height H=cR sin E
and horizontal rahge Rh=cR cos E. The vector
AT is the rate of change of range dR; ie is the
rate of climb, or rate of change of height dH;
Ri is the rate of change of horizontal range dRF.

Let there be an error 3dR in range rate, repre~
sented in the figure by Am. (The scale is ex-
aggerated to make the drawing clearer.) This
error may be resolved into the vertical compo-
nent An=6dR sin E and the horizontal compo-
nent mn=>35dR cos E. - Also, let there be an error
5dE in rate of change of angular elevation dE;
at range c¢R this will cause an error cRIGE in
linear elevation rate, represented in the figure
by eo. This magnitude may be resolved into a
vertical component po=cRSdIE cos E and a hori-
zontal component ep=—cRSJIE sin E, the nega-
tive sign being necessary since a positive error
5dE tends to decrease the horizontal range rate
dRh.

The combined effect of the errors sdR and sdE
is to change the value of dR: from hi to

mg=mn-+hi—rq
and the value of 4H from ie to
qo=qs--sp--po=gs-t-ie--po

Thus the change in dRA is mn—rq, and on sub-
stituting the values of these magnitudes it ap-
pears that

3dRh==8dR cos E—cRSIE sin E a1,

The change in dH is gs-+po=hn--p0, whose value
is given by

SdH=56dR sin E-+cROIE cos E

In Fig. 4, the error 8dRh in horizontal range

rate dRR is shown by the vector wz in line with

ST. This vector may be revolved into a compo-
nent parallel to

Sh:wy=38dRh cos (180°—A)=—38dRh cos A
and a component transverse to

Sh:yr=58dRh sin (180°—A4)=—ddRh sin 4
The negative signs indicate that these compo-
nents decrease Sk and Ct, respectively. Let there

be also an error 8B in rate of change of angular
bedring; at horizontal range R this will causs

an
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‘an error RISER in linear deflection rate, repre-

senfed in the figure by the vector fv. This'may

be resslved into a component parallel to
Sh:lu=Rh3dB cos (A—90°) =RhédB:sin A
and a component transverse to‘-
ST:uv=RhsdB sin (A—90°) =—Rh3dB cos 4

The combined eifect of these errors on the
value of Sh will be the sum of the components

wy and tu; replacing Rh by its value ¢R cos E,

this may be written:
88Sh=—38dRh cos A +cR5dB cos E sin 4 (12)

Likewise, the effect on the lateral measure ShCi

yxr and uv: ’
Sh 8Ct=—3dRh sin A—cR3dBcos Ecos 4 (13

In Equations 10 to 13, inclusive, the quantities
cR and E are accurately determined by continu-
ous observation of present target position; the
angle A, however, depends on the estimated value

of Cf, and is thus usually somewhat in error, at 2:

least when rate correction is started, while the
voltages 8dR, sdE, and §dB, obtained from the

ring dial contacts and used also to drive the jR,

8, and jB motors which keep the dials matched,
are merely signals indicating whether positive
corrections, no corrections, or negative correc-
tions are required in the corresponding rates.
These voltages are switched at the ring dial con-
tacts so that they may be present or absent, and
if present may be of either sign; but if present
they are necessarily of constant amplitude.

 Since, however, the circuits of the iR, & and
7B moteors are designed to insure operation of
these motors at constant speed (the particular
speed depending on the setting of the manually
adjusted sensitivity controls ¢S and rS), the frac-

tion of time during which one of these ring dial
_contact voltages is present will be proportional

to the average speed with which the: associated
motor is turning to match its ring dial. Th_us
though the actual amplitude of any ring dial

voltage can be either zero or a fixed magnitude,

though of either sign, its average amplitude rep-
resents approximately the speed of the motor;
accordingly, the algebraic sum of the areas under
a curve of ring dial voltage against time, for a
iven time interval, is proportional to the total
motion during that time of the motor, and hence
to the total correction required during that time
by any differences between the observed and the
generated quantities. :

Returning now to Equation 10, the voltage sdR
whose average amplitude represents the speed of
the jR motor, and hence the rate at which range
is being corrected, is modified proportionally to
cos E; the voltage 8dE is modified proportional-
ly to cR, angd further modified proportionally to
—sin E. The two voltages thus meodified are
added in an amplifier according to Equation 10;
the average amplitude of the output voltage of
this amplifier, sdRh, thus represents the rate at
which corrections are being applied to the hori-
zontal range. '

Likewise, the voltage 8dR ‘is modified propor-
tionally to sin E, and the voltage §dE is modi-
fied proportionally to ¢R, anhd further modified
proportionally to cos E. 'The two voltages thus
modified are added in the input circuit of a
motor amplifier in accordance with Equation 11;
the average amplitude of the output of this am-
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plifier then represents sdH, the rate at which
corrections are to be applied to rate of climb, ¢,
The circuit- of this amplifier and its associated
motor are designed to insure that the speed of
the motor is proportional to the voltage applied
to if, over a range sufficiently great to include
all correction rates of practical interest. Ac-
cordingly, during a given time interval, the
average speed of the dH motor is proportional
to the requisite rate at which corrections are to
be applied to this quantity, and the total motion
of the dH shaft during this interval represents
the total correction applicable to this quantity
in the given interval. This motion of the shaft
repositions” the original hand setting of dX to a
correced. value, o o
The voltage ddRA obtained from the ampli-
fler performing the addition required in Equa-
tion 10 is modified proportionately to —cos 4;
the voltage 8dB is successively modified propor-
tionally to cR, to sin 4, and to cos E. The two
voltages thus modified are added in the input
circuit of a motor amplifier in accordance with
Equation 12; the average amplitude of the out-
put of this amplifier then represents sSh, the rate
at which corrections are to be applied to Sh, the
horizontal component of target speed. The cir-
cuit of this amplifier and its associated motor
operate, as in the case of the -dH motor, so that
the motion of the Sh shaft, representing the total

- correction applicable to Sk, repositions the origi-

40

nal hand setting of this quantity to a corrected
value.

The voltage sdRE is also modified proportion-
ally to —sin 4, and the voltage 8dB is successive-
ly modified proportionally to ¢R, to.—cos 4, and
to cos H; the two voltages thus modified are
added in the input circuit of an amplifier in
accordance with Equation 13. This amplifier

~has a feedback path through a potentiometer
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varying with Sh; the effect of this is to. multiply
the sum of the input voltages by 1/Sh. Thus
the output of this amplifier is a voltage whosa
average amplitude represents 5C%, the rate at
which ‘corrections are to be -applied to target
course Ct.  This voltage is applied to an ampli-
fier and associated motor which operate, as in
the case of the dH motor, so that the motion of
the Ci¢ shaft, representing the total correction
applicable to C¢, repositions the original hand
setting of this quantity to a corrected value.

By a continuation of this process the originsal
settings. of the target rate quantities will bhe
brought to their correct values. Rate correction
thereupon ceases, since the generated quantities
cR, ¢E and cBr will then agree with the corre-
sponding observed quantities R, E, and Br with-~
out operation of the jR, JE, and jB motors. As
the ring dial contacts will then ke continually
open, the input voltages to the rate corrector
(3dR, 8dE, 3dB) will not be present, so that the
4, Sh, and Ct motors will receive no driving
voltages and will leave the rates set at the cor-
rect values. . - - i .

The speed with which solution is approached
may be controlled by use of the sensitivity con-
trols a8 and 7S to vary the speed of the jR, 7,
and jB motors. For given offsets of the ring
dials, a reduction in the speed of these motors
will require that these motors operate during a
large fraction of the time to keep the dials in
match, angd thus increases the average amplitudes
of the voltages driving the dH, Sk, and C# shafts.
As the speed voltage characteristics of these
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motors are not affected by the sensitivity con-
trols, they will then effect. larger corrections to
the target rates, and thus cause the settings of
these shafts to approach the true positions more
rapidly. This type of control is provided so that
the operators can when necessary prevent erratic
motion of the position input shafts, due for in-
stance to poor visibility, from affecting the rate
solution azdversely, and still obtain very rapid
solution when agcurate tracking is possible.

The circuits by which the input voltages (3dR,
5dE, and 3dB) reach the rate corrector may be
interrupted when desired by the operation of
relays controlled by the director operators, thus
stopping the process of rate correction. If is
necessary thus to prevent rate correction while
the director is being moved to pick up a new
target, for during this interval the indicated R,
E, and Br have, of course, no relation to the
position of the target; these relays are also use-
ful when the visibility is poor, as they permit
an operator to make a correction of position,
necessary for instance to get back on target after
momentarily losing it, without introducing a rate
correction based on this motion ynrelated to the
motion of the farget.

Predictor

During the time of flight of the shell Tf, the
target moving with the velocity Sh, as shown
on Fig, 5, will travel the distance Tab=ShTf,
from the present to the future position. This dis-
tance may be resolved into the Y component

T.a0=ShTf cos (180—A)=—8hTf cos A
and the X component
ad.0b=ShTf sin (180—A4)=ShTf sin A

The motion of the ship during the time of fight
T/ will be Sad=80T/, and this distance may be
resolved into a Y component S.ac=—80Tf cos BT,
and an X compenent SoTf sin Br.

Thus, in the absence of all other effects, the
Y component of the advance position will be

Vit—=Rh—SoTf cos Br—ShTf cos A
and the X component will be
Xt=8oTf sin Br-+ShTf sin 4

Tn addition to the effect upon the shell of the
relative velocity of the gun and the target, the
shell is also affected by the drift of the shell
due to the spin imparted by the rifling, by the
wind and by spotting corrections. These effects
may respectively be expressed as components Y7,
Y and V4, of the ¥ coordinate, and Xf, Xw,
X4 of the X coordinate.

Thus, the Y coordinate of the projection of
the advanee and virtual positions on the hori-
zontal plane through the mean gun will be

Y=Rh~—8oTf cos Br—ShTf _
cos A+ (YF+Yw4-Y5) (14)

Similarly, the X coordinate of the projection
of the advance and virtual positions will be

X=S8o0Tf sin Br4-ShTf sin
A+ (Xf4+-Zwt+Xi)  (15)

Tn Pig. 1A the vertical or W coordinate of the
present position of the target with respect to the
horizontal plane through the director 8§ is H
which is equal to ¢R sin E. The director and
mean gun usually are not in the same horizontal
plane. Thus, as shown in Fig. 1B, usually there
will be a vertical parallax Hp between the di-
rector S and the mean gun G. During the time
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of flight of the shell Tf the altitude: of the target
will change by the factor Hi=dHTf, where -dH
is the rate of climb. The axis of the gun G is
directed to the virtual position, having a super-
altitude Hf above the advance position, and this
superaltitude Hf may be considered as the alge-
braic sum of the basic superaltitude Hfo for a
gun with normal initial velocity, and a correc-
tion, Hm, for loss of initial velocity. There will
also be factors Hw for the effect of the wind, and
Hj for the effect of spots. Thus the W coordinate
of the virtual position with respect to the hori-
zontal plane through the mean gun is

We=H--Hf+Ht+Hp+Hw--Hi

The factors Hf, Hp, Hw, H/ for convenience
may be combined into .a single factor KH.

kH=dHTf{-+Hp-+Hw--Hi (16
Thus,

W=cR sin E- (Hfo+-Hm)-{+kH an
and .
H2=H-+kH as

In Fig. 2 voltages proportional to Tf, Hfo and
Hm, as will be described later, are generated in
the ballistic computer 13 and supplied to the
predictor 1. Voltages proportional to

Y+ YwtYj

Xf4-Xw-+Xj and Hw--Hj are, as described later,
generated in the corrector {4 and supplied to the
predictor 11.

Shaft movements proportional to A, Br, ¢R,
dH, E and Sh are supplied by the rate corrector
§ and a shaft movement proportional to So is
supplied by the ship log 8.

A voltage proportional to ¢cR is generated by
the shaft movement proportional to cR, and frac-
tionated proportionally to cos E to produce a
voltage proportional to ¢R cos E=Rh.

The voltage proportional to T7 is fractionated
proportionately fo —cos Br and the result again
fractionated proportionately to So to produce a
voltage proportional to —SoTf cos Br.

The voltage proportional to Tf is also frac-
tionated proportionately to —cos 4, and the re-
sult again fractionated proportionately to Sk to
produce a voltage proportional to —ShTf cos A.

The voltages proportional to Rk, —SoTf cos Br,
—S8ShT} cos- A, Yi+Yw--Y7 are supplied to the
input circuit of an amplifier, which adds the
voltages to produce, according to Equation 14,
an output voltage proportional to Y.

The voltage proportional to Tf is fractionated
proportionally to sin Br and the result again
fractionated proportionally to So to produce a
voltage proportional to SoTf sin Br.

The voltage proportional to T/ is also frac-
tionated proportionally to sin 4 and the result
fractionated proportionally to S to produce a
voltage proportional to SATS sin A.

The voltages proportional tc SoTf sin Br,
ShTf sin A and (Xf+Xw+-Xj) are supplied to
the input circuit of an amplifier, which adds the
voltages according to Equation 15 to produce.s
voltage proportional to X. ] ‘

The voltage proportional to Tf is fractionated
proportionally to dH and supplied with the volt-
ages proportional to (Hw+Hj) and a voltage
proportional to Hp to the input circuit of an
amplifier which adds the voltages according to
BEquation 16 to produce an output voltage pro-
portional to —kH by selecting the amplifier out-
put lead which provides a reversal in phase of the
input voltage. - ’
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The voltage proportional to cR is fractionated

proportionally to -—sin E to produce a voltage
proportional to —cR sin E=-—H.

The voltages proportional to —kH and —H are

supplied to the input circuit of an amplifier which
adds the voltages according to Eguation 18 and
reverses the voltage phase to produce an output
voltage proportional to H2, which is supplied to
a meter to indicate the future height of the shell
burst, so that firing may be stopped before friend-
ly vessels are endangered.

The voltages proportional to —cR sin E, —kH
and —(Hfo4+-Hm) are supplied to the 1nput cir-
cuit of an amplifier which adds these voltages
according to Equation 17 to produce an output
voltage proportional to W on ‘the output lead
carrying the reversed phase.

In Fig. 5, the Y coordinate of the advance or
virtual position is Sap=RH2, and the X co-
ordinate is aeap. Draw aeaf perpendicular to
Sap. The horizontal deflection D2 is the angle
aeSap. Then aeaf=Y sin Dh=X cos Dh. Thus

Y sin Dh—X cos Dh=0 19
The advance horizontal range Rh2=Sap
Saf+t+afap=Y cos Dh-+X sin Dh
T (20)

Rh2=Y cos Dh-+X sin Dh

The voltage proportional to Y is fractionated
proportionally to sin Dh; the voltage propor-
tional to —X is fractionated proportionally to
cos Dh; and the fractionated voltages are sup-
plied to the input circuit of an amplifier having
its output circuit connected to a motor. The

motor adjusts the value of Dh until the differ- °

ence of the voltages supplied to the amplifier is
reduced to zero and the shaft of the motor has
rotated to the value of Dh.

In Fig. bA, the advance position has been pro-
jected to the vertical plane through the line of
sight. The present position of the target T is
at a horizontal range Sag—Rh and a generated
range ST—cR from the director S and at a height
Tag=H, above the horizontal plane. The ad-
vance position e¢p is at an advance horizontal
range Sah—Rh2 from the director S, and a future
height ahap=H2=H-1kH, above the -horizon-
tal plane through the director. The advance
target elevation E2 is the sum of the target ele-
vation E and the elevation prediction kE.

Thus, agah—=Rh2--Rh=kRh.

Draw Tai parallel to Sah, then azap__kH
Draw Taj parallel to Sap, then angle ajTai—E2.
Draw Tak and amai perpendicular to Sap, then
angle amaiap=E2. Let Sal=ST=cR.

Thus,

Taj—akam—(Rh2—Rh) cos E2
ajai=(Rh2—Rh) sin E2
Tak—amaj—cR sin kE
akal=cR vers KE
amai—=kH cos E2
and
amap=kH sin E2
As
aemai—amaj-ajoi
kH cos E2—cR sin kE-4-(Rhe—Rh) sin E2
thus
—cR sin _IEJ_— (Rh2—RPh) sin

E2-+kH cos E2=0 (21)
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The range predlc’cmn
kR=alap—=akam—akall-amap
Thus, i ‘
ZC_E:(RhZ—Rh) cos E2—cR
vers KE-+EH sin E2  (22)

‘The voltage proportional to —WY is fraction-
ated proportionally to cos Dh; the voltage pro-
portional to —X is fractlonated proportionally
to sin Dh and both the fractionated voltages
supplied to the input circuit of an amplifier.
Then, from Equation 20 the output voltage of
the amplifier would be proportional to —RAR2.
But to the input circuit of this amplifier a volt~
age proportional to Rh:is also supplied. Thus
the'output voltage is proportional to

—(Rh2—Rh)
that is to —~kRA.

The voltage proportional to kH, Equatlon 16,
is fractionated proporticnally to cos £2; the voli-
age proportional to —(Rh2—Rh) is fractionated
proportionally to sin E2; the voltage proportional
to —cR is fractionated proportionally to sin KE
and the fractionated voltages supplied to the
input circuit of an amplifier connected to a
motor. The shaft of the motor is connected to
one gear of a differential gear, another gear
being rotated proportionally to the rotation E,
to produce a rotation proportional to E+4+kE=E2,
The motor adjusts the values of %E and E2 until
the output voltage of the amplifier is reduced
to zero, the motor shaft has rotated to the angle
kE and the motion from the differential gear
has rotated to the angle E2.

Ballistic computer

As shown in Figs. 1 and 1B, the shell is fired in
the direction of the virtual position, but due to
the ballistic effects, the trajectory of the shell
is curved, both vertically and horizontally so
that the shell actually bursts at the future po-
sition of the target. One of the important steps
in the computation of the orders to be sent to
the guns is the computation of the ballistic
effects. .

In general, there are two modes of fire, the
so-called rifle -fire, in which the weapon has the
least elevation which will cause the shell to reach
the target; and the so-called howitzer fire, in
which the weapon has a large: elevation such
that the shell will drop on the target. - For an
advance target elevation of zero, or horizontal

~ fire, the maximum range of both rifle and how-
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itzer fire will be attained with a gun elevation of
about 45 degrees. In the present computer only
the rifle trajectory is provided for.

The plot of a ballistic: quantity will therefore
usually be substantially parabolic. For example,
in Fig. 6, the basic time of flight, Tfo has been

" plotted against advance range R2 for three values
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of target elevation E2, and these curves are sub-
stantially parabolic, and have infinite rate of
change at maximum range.

Ballistic - computations

The ballivstici'éoinputations may be made in
either polar or rectangular coordinates, and

might be based on either the virtual or the ad-
vance position; in the present computer they are
based on the advance position, and the polar co-
ordinates E2 and R2 are used; to obtain these
from ‘the rectangular coordinates: X, ¥, and
W—HF, it is necessary also to solve for the
horizontal deflection Dn.
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In & computer, these ballistic quantities are
usually represenited by some physical quantity
such as the lift of a cam follower, the voltage
Selécted by the brush of a toteéntiometer, the
curretit fiowitie thrdueh the brush of an adjust-
able resistor or other convenient device. In such
devices, the radius of the cam surface or the
width of the card supporting the winding of
the potentiometer or resistor, varies with the
ballistic quantity. However, there is usually &
physical limitation upon the rate of change of the
radius or width which may be used. If the rate
of change of the radius of the cam is too great,
the cam follower may fail to follow the cam sur-
face, or may jam the mechanism. Similarly, if
the rate of change of the width of the card is
too great, the resistance wire wound on the card
will slip and become loose. Thus, the device
must be so constructed that this limitation upon
the rate of change of the ballistic quantity is not
exceeded.

It Fig. 6, the rate of chiange of the function A
for E2=0 becomes infinite at about 19,000 yards,
whereas the rate of change of the function B for
E2==40 becomes inifinite at about 14,800 yards,
ahd the rate of c¢hange of the funhction C for
E2:=280 becomes infinhite at about 13,500 yards.
Asstiming 4 reasonable maximum slope to be
iised in the device, the maximum ranges would
be, for E2—=0, 18,000 yards; for £2==40, 12,500
yards; and for E2=80, 11,250 yards; and to
attain these maximuir ranges, a separate device
must be used for each value of E2, an impracti-
cable arrangement. If only orie device be used,
then, the maximum range will be limited to the
smallest value, which, in the present case, is
about 11,000 yards. In comiputers for controlling
antiaircraft fire, in which the terminal velocity
of the shell must be considérably greater than
the target velocity, a limitation in range of this
chargeter is rnot particularly serious. Buf, in
computers, such as the present computer, for
controlling, not only antisireraft fire, but also
fire at extreme range dgainst surface targets, a
limitatior iti rarige of this character would seri«
ously limit-the use of the weaporn.

Tn' gecordance with the invention, the scale
factor used in répresentiig the range is appro-
pristely changed for each value of the tdrget
elevation,

For example, in Fig. 6, the curves A, B, € dre
plotted with a scale factor ef 1,080 yards per
division. Let the curve B be replotted with a
scale factor of about 727 yards per division, as
shown by curve I¥; dnd the curve € be replot-~
ted with a- scale factor of about 670 yards per
division, as shown by curve E. The rates of
change of the curves D and E are thus reduced to
less than the limitation impdsed by the physical
construction of the computing device. Thus,
the present computeér, constructed in aecordance
with the inveéntion, ang using the same elements
to compute the ballistic guantities for alt target
elevations, can control the fire of the weapons
t0 a maximum range of 16,000 yards for surface
targets, diminishing to a maximum range of
some 11,060 yards for elevated targets.

A voltage proportional to kR, Equation 22,
and g voltage proportional to ¢R dre supplied to
the imput eircuit of an smplifier, which adds
these voltages to produce a voltage proportional
to the advance range R2. The output circuit of
the amplifier is connected to a motor, rotating
the brush of a linear potentiometer. The voltage
selected by the brush of this potentiometer will
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tHus be propottionsl to the rotation of the shaft
of the motor. The voltage selected by the brush
of the petentiometer is supplied to a fractionating
network aind Is slso fractionated proportionally
to 4 function S1 of the target elevationn EZ and
supplied to the fractionating retwork. The out-
put voltage of the¢ network, proportional to
ReS1(FE2) is supplied fo the inpul circuit of
the amplifier. The motor rotates until the out-
put voltage of the amplifier is reduced to zero.
Let the rotation of the mofor shaft, and the
voltage sclected by the brush of the potentiomi-
eter be designated Re, the ballistic range. Then,

ReS1(E2)y--R2=0 (23)

For a target elevation E2=0, S1=1, Re—R2
andg the shaft of the motor rotates proportionally
to R2, as required by curve A, Fig. 6. For a
target elevation E2=40, $1==.72742, Re=21.3747R2,
and the shaft of the motor rotates to & value
larger than R2, as required by curve D, Fig. 6.
The voltage selected by the wiper of the poten-
tiometer is similarly fractionated for all other

_ values of the target elevation E2.

A voltage proportional to the range spot Rj may
also be supplied to the input circuit of the motor
amplifier to supply a range spot control.

'The fuhctions réprésenting the various ballistic
quantities are dndlyzed niathemiatically and
rdatehed by fuiictioiis of He dtid B2. 'The shaft
of the Re fhcfor Colitrols the production of
voltages proportional to thé réquired functions
of Re, and these voltages are then fraetichated

. proportionally to the required functions of E2

40

60

65

and combined in fractionating networks to pro-
duce voltages proportiorial {o the shell velocity
S7, the drift Gf, the cross wind time Twe, the basic
superaltifude Hfo, the basic time of fiight Tjo
and the maximum values of the corrections for
loss of inifial velocity Hm and Tm. The voltages
preporfional to the maximum values of Hm and
Tm are then fractiondted in Handset potenti-
ometers proportionally to the actual value of
initial velocity.
Ballistic corrector

In Fig. 5, S is the projection of the director
and mean gun, and T is the projection of the
target on the refererice horizontal plane. In the
absence of apparent wind, drift, and spots, the
projection of the axis of the gun would be trained
to the future position. The line of sight to the
target T hds & bearing Br relative to the axis
of the ship, and the projection of the line to the
advance position has a relative bearing

Bgr=Br--Dh

The shaff movement proportional to Br from
the rate corrector 6 Fig. 2 is eombined in a dif-
ferential gear with the shaft movement pro-
portional to DR, Fquation 19, fromi the pre-
dictor (1 to produce a shdft moverent proper~
tional to Bor.

The wind is assutiied to be blowing in the
direction from- W to T, Fig. 5, at a bearing Bw.
The angle STW=Bws=(B-+-180) —Bw. A shaft
movement proportional to B is supplied by the
rate corrector 6, Fig, 2, and is combined in &

' differential geat with a hardset shaft movemerit

proportional to Bw to produce a shaft move-
ment proportiorial to Bws. The shaft movement
proportional to Bws is then combined in a see-
ond differential gear with the shafl movement
proportional to Dk t¢o produce a shaft movenient
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proportional to Bwg, which is evidently equal to
Bws--Dh.

The shell, on leaving the mugzzle of the gun, will
be controlled, not only by the shell velocity, but
also by the air velocity due to the movement of
the ship, and the wind velocity.

The ship speed So, Fig. 5, has a component
Sba==So cos Bgr in the direction to the advance
position, and a component babb—=So sin Bgr
transverse to this direction. Similarly, the wind
velocity Sw has a component Wbc=Sw cos Bwg
in the direction to the advance position and a
component bebd=Sw sin Bwg transverse to this
direction. The sum of the components in the
direction to the advance position will be

So cos Bgr|+Sw cos Bwg
and the sum of the transverse components will
be So sin Bgr+Sw sin Bwg.

The firing tables for the weapon tabulate the
yards deflection for a cross wind of ten knots.
As this tabular value is

1 .
yardsX 10 nautieal miles per hour

yards
10 nautical miles

it has the dimension of time and will be desig-
nated Twe, the cross wind time.

The horizontal displacement Gw, transverse to
the vertical plane through the director and ad~
vance position will be

Gw=TwcSo sin Bgr-|-TweSw sin Bwg (24)

The voltage proportional to Twc is fractionated
proportionally to —sin Bgr and then fractionated
proportionally to So and the fractionated voltage
is supplied to the input circuit of an' amplifier.
The voltage proportional to Twe is also fraction-
ated proportionally to —sin Bwg, then frac-
tionated proportionally to Sw and the fraction-
ated voltage supplied to the input circuit of the
amplifier to obtain a voltage proportional to—Gw.
The voltage proportional to the drift —Gf is
also supplied to the input circuit of the amplifier.

The deflection spot Dj is an angular defiec-
tion of the computed point of burst of the shell
which may be arbitrarily introduced by the fir-
ing officer. 'The linear lateral deflection Gj cor-~
responding to an angular deflection Dj. will be
approximately equal to

DjR2=DjRel(E2) =DjReST(E2)

A manually adjusted voltage proportional to Dj
is fractionated proportionally to Re, then frac-
tionated proportionally to S7(E2) and supplied
to the input circuit of the amplifier. The out-
put voltage of this amplifier will then be propor-
tional to the sum of the deflection effects

—Guw—Gf+4-Gj
The range component of the velocities of ship
and wind is (So cos Bgr--Sw cos Bwg). If Twi

be the tail wind time, the linear displacement
due to this component is Twt

(So cos Bgr--Sw cos Bwg)

X one hour

To derive this quantity directly by the method
used in the derivation of the cross wind dis-
placement would entail the generation of a volt-
age proportional to Twt. This difficulty may be
avoided by using the available voltage propor-
tional to Twe and fractionating this voltage pro~
portionately to —(So cos Bgr--Sw.-cos Bwg)- to

obtain a voltage proportional to cross wind time
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multiplied by tail wind velocity. From the firing
tables, the ratio of tail wind time to cross wind
time may be obtained. This ratio is a function
of advance: elevation E2, is substantially inde-
pendent of range, and will be designated C6(E2).
Thus

06 (E2) =12t
Twe
and
Twi
Twe=ggras)
Thus
Quw=—Twt (So cos Bgr--Sw cos Bwg)
and .
—Qq“—l)—=;Twc(So cos Bgr+ Sw cos Bwg)
C6(E2) , 7 )
25

The voltage proportional to Twe is fraction-
ated proportionally to So, then fractionated pro-
portionally to — cos Bgr and the fractionated
voltage is supplied to the input circuit of an
amplifier. The voltage proportional to Twec is
also fractionated proportionally to Sw, then frac-
tionated proportionally to —cos Bwg and supplied
to the input circuit of the amplifier. The out-
put voltage of this amplifier would normally he
proportional to .

_Quw

C6(E2)
However, the output voltage of the amplifier is
fractionated proportionally to

1
C6(E2)

and this fractionated voltage is fed back in re-
versed phase to the input circuit of the amplifier,
thus, in effect, multiplying the input voltage by
C6(E2) and making the output voltage of the
amplifier proportional to Qw.

The elevation spot Vj is an angular change in
elevation arbitrarily made by the firing officer.
The linear displacement perpendicular to  the
line from the gun to the advance position cor-
responding to this angular change is approxi-
mately equal to V/R2. The horizontal component
of this linear displacement is —VjR2 sin E2,
which may be replaced by —ViReS1(E2) sin E2.
But the voltage representing this quantity is to
be supplied to  the above-described amplifier
which, in effect, multiplies the input voltages by
C6(E2). Thus to insure accuracy the present
voltage must be divided by C6(E2), and will
become

. S (E2) .
—VijRe C6(B2) sin E2
The factors S1(E2), sin E2, C6(E2) are all func-
tions of advance elevatmn E2, and thm may be
combined in a single function
S1(E2)

S5(Ez)=06(E2)

gin B2

A manually adjusted voltage proportional to
V7 is fractionated proportionally to Re and again
fractionated proportionally to S5(®2) and sup-
plied to the input circuit of the Qw amplifier as
—Qj/C6(E2). 'The output voltage of the Qw am-
plifier will then be proportional to QW—&j.

The sum of the deflection effects. Gw4-Gf—Gj
is represented by the displacement apbf, Fig. 5.
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The angle bfapbe equals Di. This dlsplacement
may then be resolved into a ¥ egmponent

(Gw+Gi—Gj) sin Dh

and an X component —(Guw4Gf—Gj) cos Dh.
Similarly, the sum of the range effects Quw—@j is
represented by  the dlspla,cempnt apbg. The
angle boapbh also equals Dh, thus this dlsplace-
ment may be resolved into a ¥ component -

—(Quw—@Q7) cos Dh

and an X component — (Quw—@Q7) sin Dh. Thus,
the components of the displacement from the
future pesition ab to the advance position ap are
(Gw-Gf—Gj) sin Dh—(Gw—Qj) cos Dh and

—(Gw-+Gf—Gj) cos Dh—(Quw—Qj) sin-Dh
hence )

(Yw-+Yi+Y9) =— (Quw—@Qj) cos Dh+
(Gw4-Gf—Gj) sin Dh

(Xw+-Xf+Xj) =— (Quw—@j) sin Dh—
(Gw+GFf—G§ cos DR (2T)

The ballistic quantities Tf and Hf are com-
puted as functions of advance position, rather
than future position, by formulae which make
1no allowance for wind. In the absence of wind
and spots, the advance and future positions co-
incide so far as R2 and E2 are concerned. Cor-
rection for range wind is made by offsetting the
advance position from the future position, and
the amount of this ofiset is so chosen that Tf
and Hf, computed for the advance position in
the absence of wind, have the appropriate values
for the future position in the presence of the
actual range wind.

The output voltage of the Qw amplifier is pro-
portional to Quw—@7J, that is, to

—Twi(So cos Byr+-Sw cos Bwyg) —QF

The dispiacement Hw is the vertical wind time
Twy multiplied by the range components, that is,
Hw=Twv (So cos Bgr--SwBwyg). Assume that the
output of the Quw amplifier is. multiplied by &
function

(26

Tuwy

—86(B2)=—ipr

the output will then be

Twy(So c¢os Bygr--Sw cos Bwg) +
S6(E2) @j=Hw+S6(E2) Qj

The vertical effect H7 of the elevation spot Vi
will, approximately, be a vertical displacement
ViR cos E2=V§ReS1(Z2) cos E2. The horizontal
effect Qj of the elevation spot Vi is

ViReS1(E2) sin E2
Then,
Hi—S6(E2)Qj=VjReS1(E2) (cos E2—S6 gin B2)

As S1, S6, cos E2 and sin E2 are all functions of
2, let C5(E2) =S1(E2) (cos E2—S86 sin E2), thus
Hj—88(E2) @j=ViReCH(E2).
Then
Hw-t-Hj
—=Huw-}+S8(E2) Qj-+-Hj—S6(E2) Q7
=Hw}-S6(E2YQj-+-ViReC5(E2) (28)

The output voltage proportional to (Qw—&79)
out of the Qw amplifier is fractionated propor-
ticnally to —86(E2) and supplied tc the input
circuit of the kX amplifier.

The manually adjusted fractionated voltage

proporticnal to ViRe is further fractionated pro~.

portionally to CH(E2) and also supplied to the
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input circuit of the XH amplifier. The output
voltage of the kH amplifier will, in part, be pro-
portional to Hw--Hj.

Fuse setting order

In the present computer the basic fuse time F2
is numerically equal to the computed time of flight
Tf of the shell. A voltage proportional to Tf is
supplied by the ballistic corrector {4, Fig. 2, fo the
fuse setting computer 2. The voltage propor-
tional to Tf is supplied to the input circuit of
a motor amplifier having its output circuit con-
nected to & motor. A potentiomieter having a
uniform winding connected to a source of con-
stant voltage has a brush rotated by the motor
and connected to the input circuit of the am-
plifier. The motor will rotate the brush until
the sum of the voltages supplied to the input
circuit of the amplifier is reduced to zero and
the motor has rotated to the value of F2.

If the weapon could be fired at the present in-
stant, the fuse would be correctly set at the
basic fuse time F2. But after the fuse is cut
the shell is loaded in the weapon and the weapon
is fired after the lapse of the dead time Tg. If
the target is receding from the weapon the time
of flight is continuously increasing and if the
target is approaching the weapon the time of
flight is continuously decreasing. Thus, the basic
fuse time F2 must be combined with the dead
time correction Fg, corresponding to the change
in the time of flight during the dead time Tg to
give the fuse setting order F.

Fig. 7 shows the slant plane through the ship
S and the target course TF passing through the
future position P when the dead time Tg is zero
and the corrected future position F when the
dead time is Tg. Let angle STP=v, and angle
SPF=-9. The distance SP is the advance range
R2, and the distance ST is the generated range
c¢R. For convenience, let cR=R2—R{, where Rt
is the difference between cR and R2.

During the time of flight T/, the target, moving
at a speed St relative to the weapon will travel
the distance TP=StTf. During the dead time Tg
the time of flight Tf has changed an amount Fg
and the dead time Tg has elapsed. Thus a shell
fired after the lapse of the dead time will take a
time Tf4Tg+Fg from the present instant to
reach the target. During this time interval from
the present time the target will travel a d1stance
TP=8t(T{-Tg+Fg). Thus the distance

PF=St(Tg4-Fg)

Let Sf=the component of shell velocity at ad-
vance pogition along line of advance position, As

6R2

Sf= f ( E2 constart)

it may be derived from the firing tables for the
weapon.

If the shell were fired at the present instant
it would take a time Tf to meet the target at P.
Let Sa=SP then the shell will also take the time
Tf to reach a¢ and will have at this point a ve-
locity S7. But, after the lapse of the dead time
Tg, the time of flight of the shell has changed to
(Tf4+Fg) thus, the shell will take a time
(Ti+-Fg) to travel the distance SF. Assuming
that the shell velocity Sf does not change ap-
preciably in the distance aF, the dista,nce
aF=SfFy.
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Extend Pa to b and draw bF normal to Pb. SP, —8t cos ©6=dR2, the advance range rate.
Let angle TSP=¢, and angle PSF=¢, then, As 6=¥-v, and the angle ¥ is small
Angles SPa and SaP=7—r—2 ' dR2-dR=St (cos y—cos 0)
T - ¥ ¥
: 2 =28t sin 5 sin(0—§>
]
Angle bPF =0+5—7 : =St sin 0
Also, as & is a-small angle
Angle baF=E—2 &
2 2 10  dR23=dR2-+5 St sin 0
In triangle PbF, o - thus
- . P
bF=St(Tg-+Fg) sin (e +3-7 dR23%=dR2+ 5% (AR2—dR)
15 - .
in triangle gbF From Fig. 7, approximately
® &.TgtFg
bF=SfFgsing—g ¥ T
2
thus 0 thus v
— 8iTg cos (9 +§> dR23¢dR2+Tg;Cf 0(aR2—dR)
Fg= B 5
Sf cos 548t cos (0 —l——) 25 : .
2 2 Lg+Fg
, [dR2+———~(dR2—dR)]
St cos (e +i(3) ] . Fg=Tyg 277 7
2 : Sf— [d132+£g-;i (dR2—dR)
P ' . ' /
sz 30 The above expression for Fg is based upon the
=Ty % assumptions that the shell speed has the average
- S+ St cos (0 +§> value Sy during the dead time, and that the shell
—_— 2 speed is in the assumed direction. Neither of
cos‘_;i 35 these assumptions is rigorously true. The errors

may be reduced by first modifying the value of

In Fig. 7 bisect angle PSF by Sc and extend Fg to the following value.

to e. Let cd=the target relative velocity St. . [ Tg(dR2—dR)
Draw de normal to ce. : Fg=-97 Ty a2+ J6(¥2) i
40 Tg(dR2—dR)
Sf— [dRZ—l— 1R2—dR)
dee=angle PcS=180——(0+§> — J6(F2)
in which f6(¥F2) is the function shown in Fig.
Then 10B. Fg is then further modified by a function

45 J5(Fg)  such that, for Fg less than zero,

_ a2\ _ 2 2 f5(Fg)=Fy, and for Fg -larger than zero, 75(Fg)

ce= 8t cos (180 o 2>_ St cos <0+2> varies as shown in Fig. 10B. The expression
then has the form:

Draw cf parallel to R2, and extend de to 7.
R =)=

® 50 ~j6(F2)
Angle ecf=§ dRz_Tg(dR}—dR)_
f6(F2)
thus (29)
v St cos (o-i-i;i) 55 and ,
=== % . dRe3=dp2+T0(dR2I—dE) (30)
cos 5 cos 5 J6(F2)

) In Fig. 7A the mean gun S, present target posi-
But, as 8t is the target relative velocity, cf is the 60 tion T and advance position have been projected

component of rate of change of range mid-way on the horizontal plane through the mean gun.
between R2 and R3, and may thus be designated Let Teca represent the horizontal range rate
dR23. dRh, and cacc the linear deflection rate RAdS.
As angles caTcb and ebedce equal Dh; Tcb equals
St cos <6+_‘1_>>_ ) 65 dRh cos Dh and cbee equals RhdB sin Dh. The
dR23— — 2 ... advance horizontal range rate
cos 2 o ; dRh2=Tee=Tcb--cbce
, 2 » thus
= — St cos 65t tan ; sin 8 70 dRh2=dRh cos Dh-+RhdB sin Dh

: ’ , In Fig. 7B, the mean gun G and advance posi-

The target relative velocity St may be resolved tion cd are shown in the vertical plane through
at the target T into the component in the line the axis of the gun. The advance horizontal
ST, —S% cos y=dR, the present range rate; and range rate dRh2 is cdce, and the rate of climb
at the point P into the component in the line 75 dH is cecyg. As angles cfedce and cfcecg equal
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E2, cdef eyuals dRh2 cos. E2 and ccfcg equals
dH sin E2. ‘The advance range rate
dR2=cdcg=—=cdcf+tcfcg
thus
dR2=dRh2 cos E24-dH sin E2
=dRh cos Dh cos £2--RhdB sin Dh
cos E24-dH sin E2 (31)

As shown in Fig. 2, voltages proportional to
dR, dR%, and —RA7dB are supplied by the rate
generator 1; a shaft: movement proportional to
dH is supplied by the rate corrector 6; a voltage
proportional to Sf and shaft movements pro-
portional to E2 and Dh are supplied by the bal-
listic-corrector 14.

The voltage proportional to dR% is- fraction-
ated proportionally to- —cos DR, then fraction-
ated proportionally to cos E2; the-voltage pro-
portional to —RAdB is fractionaated proportion-
ally to sin Dh then fractionated proportionally
to -cos' E2;-the shaft motion proportional to dH
selects a voltage proportional to —dH which
is' fractionated proportionally to sin E2. The
sum of the fractionated voltages will then be
equal to —dR2.

The voltage proportional to dR and the frac-
tionated voltages proportional to —dR2 are sup-
plied to the input circuit’ of an amplifier. The
output voltage will be proportional to dR2—dR.
The output voltage is fractionated proportion-
ally to f6(F2) and fed back in:reverse phase to
the input circuit to make the output voltage of
the amplifier proportional to

1 oo
Forray (B2 dR)

The output voltage of this first amplifier is then
fractionated proportionally to the hand set value
of the dead time Tg to produce a voltage propor-
tional to
Tyq
76(F2) (dR2—dR)
The voltage proportional to
Tg
f6(F2)(dR2 dB)
the fractionated voltages proportional to—dR2,
and the voltage proporiional to Sf are supplied
to.the input circuit of a second amplifier. The
‘output voltage of this second. amplifier will be
proportional o
Ty .
Sf—dR2 fﬁ(m)(dRZ dR)
The' output. voltage of the second amplifier is
supplied.to the winding of a potentiometer, hav-
ing a variation in resistance such that the volt-
age selected by the brush varies with f5 (Fg).
The voltage selected by this brush is then frac-
tionated proportionately to a handset value of
1
97Tg
and supplied to the input circuif of a motor am-~
plifier, having its output circuit connected to a
motor driving the brush of the f5(Fg) potentiom-
eter. The fractionated. voltages proportional to
—dR2 and the output voltage of the first ampli-
fier are also supplied to the input circuit of this
motor amplifier. The voltages. supplied to the
input circuit of the motor amplifier are propor-
tional to
S (F) ) o TEGEZ AR
fo(Fg)_—g—m[Sf——[dRz-l- -
dR2___Tg(dR2—dR)
f6(F2)
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and if the output voltage of the amplifier is not
zero, the motor rotates the brush of the f5(Fg)
potentiometer until the output voltage is zero
and the motor has rotated to the value of Fg.

The shafts of the F2 motor and the Fg motor
are connected to a differential gear, which adds
the motions to produce a motion proportional to
the fuse setting order F, which is transmitted
by.a synchronous transmisson system to the guns.

Coordinate rotator

The coordinates WXY, produced by the pre-
dictor 11, Fig. 2, are the rectangular coordinates
of the virtual position with the origin at the
mean gun, the XY plane horizontal and the YW
plane vertical through the line of sight. For ease
in obtaining the gun orders, these coordinates
may be transformed into coordinates W’'X"Y’
with respect to the deck plane. This transform-
ation may be made in two steps, first the frame-
work of reference is rotated through the level L
about the X axis to produce coordinates
W’'X'’'Y’’, then this framework is rotated through
the cross level Zd about the Y’’ axisis to produce
the coordinates W/X'Y".

TIn Fig. 8, with the origin of coordinates at G,
the mean gun, the virtual position V has the rec-
tangular coordinates YW with respect to the
horizonal plane Gda. Let the framework of ref-
erence be rotated about the X axis through the
level I to Gdb. Draw. Vde normal to Gdb. The
rectangular-coordintes of the point V with respect
to Gdb will be ¥''=Gdc and W''=Vdc. Draw
deda parallel to Gdb and dadb normal to Gdb.
The angles deVda and Gdade equal L. ‘'Then,
Vde=W cos L; deda=W sin L; Gdb=Y cos L;
dadb=dedc=Y sin L.

¥’ =Gde=Gdb~dcdb=Gdb—deda=Y cos L—
Wsin L=—Y vers L+Y-~Wsin L
W''=dedc4-Vde=Y sin L--W cos L

=YsinL+W-—-WversL (32)

and X"'=X.

In the plane transverse to the plane through
the line of sight and containing the X’’ and W*’
axes with the origin of coordinates at the mean
gun G, the virtual position V has the rectangu-
lar coordinates X=@Gdf, Fig. 8A, and W''=Vdf.
Draw Gdk normal to X’ and in the X’’, ¥’
plane; Gdg and Vdj normal to the deck plane
and extend Vdj to di; and draw dgdhdi parallel
to the deck plane. Angles dgGdh and Vdhdi
equal Zd. Then Gdg=W’’ cos Zd; dgdh—=W""
sin Zd; dhdi=X cos Zd,; Vdi=X sin Zd.

W’ =didj -~ Vdi=Gdg—Vdi=W'’ cos Zd—-X sin Zd

X' =Gdi—=dgdi=dgdh-}+dhdi=
W'’ sin Zd-+X cos Zd

Y'=Y"=Y cos L—W sin L

Thus,
Z'=W"-—W" vers Zd—X sin Zd  (33)
E’:W" sin Zd4+X—X vers Zd 34)
Z’:Y——Y vers L—W sin L (35)

The predictor 11, Fig. 2, supplies voltages pro-
portional to WXY and the stable element 3 sup-
plies shaft rotations proportional to L, Zd, to the
coordinate rotator 1.

The voltage proportional to Y is supplied to
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the input circuit of Y’ amplifier: the voltage pro-
portional to Y is fractionated proportionally to
=vers Zd and supplied to the input circuit of the

Y’ amplifier; and the voltage proportional to W .

“is fractionated proportionally to —sin L and sup-
‘plied to the input ecircuit of the Y’ amplifier.
“Thus, by Equation 35, the output voltage of the
Y amplifier will be proportional to Y’.

- 'The voltage proportional to Y is fractionated

proportionally to sin L and supplied to the input !

‘circuit of the W'’ amplifier; the voltage propor-
tional to W is supplied directly to the input cir~
-cuit of the W’ amplifier, and is fractionated pro-
-portionally to —vers L and the fractionated volt-
-age supplied to the input circuit of the W’’ am-
-plifier. Thus, by Equation 32, the output voltage
of the W'’ amplifier will be proportional to W’’.
.The voltage proportional to W’’ is supplied di-
rectly to the input circuit of the W’ amplifier
and is fractionated proportionally to —vers Zd
.and supplied to the input circuit of the W’
amplifier. The voltage proportional to X is
fractionated proportionally to —sin Zd and sup-
plied to the input circuit of the W’  amplifier.
Thus, by Equation 33, the output voltage of the
W’ amplifier will be proportional to W’.
- The voltage proportional to- W’/ is fraction-
“ated proportionally to sin Zd and supplied to
the input circuit of the X’ amplifier. 'The volt-
.age proportional to X is supplied directly to
the input circuit of the X’ amplifier and is also
fractionated proportionally to —vers Zd and sup-
-plied to the input circuit of the X’ amplifier,
Thus, by Equation 34, the output voltage of the
X’ amplifier, will be proportional to X’.

Gun orders

In Fig. 9, the mean gun G, line of sight, gun
axis and virtual position V have been projected
on the deck plane.

the coordinates Gea=Y’ and Vea=X'. Draw

eaeb normal to GV. Angle VGea is the deck

deflection Dd, and equals angle Veaeb. .
Then,
’ ’ eaeb=Y" sin Dd=X’ cos Dd

X’ cos Dd—Y"’ sin Dd=0 (36)
_R'h2=GV=Gebl-ebV=Y"’ cos Dd}+X’ sin DA
. B'h2=Y"' cos DA4+-X’sin Dd =~ . (37)

The voltage proportional to X’ is fractionated
-proportionally to cos Dd; the voltage propor-
tional to Y’ is fractionated proportionally to
"—sin Dd and both fractionated voltages are sup-
-plied to the input circuit of the Dd motor am-
‘plifier.
plifier is connected to the Dd motor which ad-
justs the value of Dd to make the sum of the
voltages supplied to the input circuit of the am-
-plifier equal to zero. The motor shaft has thus,
by Equation 36, rotated to the value of Dd. .
. 'The shaft rotation proportional to Dd and the
~shaft rotation from the director proportional
to B'r are combined in a differential gear to
produce a rotation proportional to B’gr, the pear-

ing of the gun in the deck plane relative to:

the axis of the ship and this rotation is sent by
synchronous transmission to the guns.

The voltage proportional to Y’ is fractionated
proportionally to cos Dd; the voltage propor-
tional to X’ is fractionated proportionally to
sin Dd and both fractionated voltages are sup-
plied to the input circuit of an amplifier. The
-output voltage of this amplifier will then, by
Equation 37, be equal to R’h2, the component
of virtual range in the deck plane.

The virtual position V has <

The output circuit of the Dd motor am-=

[
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Fig. 9A shows the mean giin G, virtual posi-
tion V, deck plane Gec; and: the coordinates
R’'h2=Gec, and -W’'=Vec.  Draw edec normal
to GV. The angle VGec is the gun elevation

~order E’9g and is equal to angle Veced. Then,

eced=R’h2 sin E'g=W"’ cos E’g. Thus
W’ cos E'—R’h2 sin E'g=0 ‘ (38)

The voltage proportional to W’ is fractionated
proportionally to cos E’g; the voltage propor-
tional to R'h2 is fractionated proportionally
to —sin E’g and both fractionated-voltages are
supplied to the input circuit of the .E’g motor
amplifier. - The output circuit of the E’g ampli-
fier is connected to the E’g motor, which ad-
justs the value -of E'g to.make the sum of the
voltages supplied to - the input. circuit of the
amplifier equal zero. Thus, by Equation 38 the
motor shaft has rotated to the value of E’g,
and this rotation is sent to the gunsg by syn-
chronous transmission.

In Fig. 9B, the fore and aft axis of the ship,
the mean gun G- and the virtual position V are
brojected on the deck plane. The distance Gef
is.an arbitrary standard value of parallax, which
may be -taken as 100 yards, and subtends the
angle of parallax in train P’h.  Draw Geg nor-
mal to Vef. Then '

Geg=Gef sin (180—B’gr—P’'h) =

100 sin (B’gr4-P'h) =R’h2 sin P'h

thus R ’
100 sin (B’gr4-P’h) —=R’h2 sin P’h—=0 (39)

A voltage proportional to 100 yards is frac-
tionated proportionally to sin (B’gr4-P’h); the

-voltage proportional to --R’AR2 is fractionated

proportionally to sin P’k and both fractionated
voltages are supplied to-the input circuit of the
P’h motor amplifier. - The output circuit of the
P'r amplifier is: connected to the P’'hA motor.
The shaft of the P’hA motor directly controls
the value of P’h, and is combined in a differ-
ential gear with the rotation proportional to
B’gr to produce a rotation ‘proportional to
B'gr+-P'h. The P'h motor adjusts the value of

‘PR to make the sum of the voltages supplied

to the input circuit of the amplifier equal Zero,

.when, by Equation 39 the shaft of the motor will

have rotated to the value of P’%. :

- The rotation proportional to P’k is sent by
synchronous transmission to all the guns. At
each gun the train order B’gr is combined with

-an appropriate fraction of the proper sign of

the angle of parallax in train P’h, depending
upon the distance of that gun from the mean

Sight orders

“At the guns, the gun-sights are cdntinuously
sighted on the target so that, if the transmis-
sion of data from the computer is interrupted,

.the firing may.be controlled by the gun-sights.

The sight- orders are approximate values of the
angles between the axis of the gun and the line
of sight to the target, and insure that the proper
target is identified in the sights. .

The sight angle Vs is the difference between
the gun elevation order E’g and the director

_elevation Eb, thus

E:E'Q—Eb (40)

As shown in Fig. 2, a shaft motion propor-
tional to E'g is transmitted by the gun order
computer 18 to the sight order computer {9 and
is there combined in a differential gear with a
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shaft rotation proportional to Eb from the tilt
eorrector 2. to give a shaff rotation proportional
40 Vis, which is transmitted by a synchronous
transmission system to the guns.

The sight deflection Ds is the angle between
the vertical plane through the line of sight and
the vertical plane through the axis of the gun
measured in-the slant plane through the line of
sight and perpendicular to the wvertical plane
through the axis of the gun.
~In Pig. 8B, GSK is.the vertical plane through
the line of sight GS; GVL is the vertical plane
through the axis of the gun GV; and GSV is the
slant plane through the line of sight'GS and per-
pendicular to the plane GVL. Thus, GVS and
GLK are right angles, and SV=KL. Angle
SGV=Ds, angle SGK=E and angle KGL=Dh.
Then, SV=GS sin Ds. Also, GK=GS cos E and
KL=GK sin Dh=@GS cos E sin Dh. But SV=KL,
thus GS sin Dk cos E=GS sin Ds, thus

sin Dh cos E—sin Ds=0 (41)

A constant voltage is fractionated proportion-
ally to sin Dh, then fractionated proportionally
to cos E; the constant voltage is also fractionated
proportionally to —sin Ds and both fractionated
voltages are supplied to the input circuit of the
Ds motor amplifier.. The output circuit of the
Ds amplifier is connected to the Ds motor which

adjusts the value of Ds until the sum of the 3

voltages supplied to the input circuit of the am-
plifier has been reduced to zero, when, by Equa-
tion 41 the shaft of the motor has rotated to the
value of Ds, which is transmitted, by synchronou
transmission, to the guns. :

The computer

In a commercial embodiment of the invention,
the computer was made in four similar sections
which may be individually transported to the fire
control room and there assembled: into a unit.
Each section includes a substantially cubical cas-
ing having a top, a bottom and two sides, and
a vertical partition spaced from the face. The
motors, shafts, gearing and other mechanical
equipment, and the majority of the indicators are
mounted on the front of the partition and sup-
ported by suitable bosses. The potentiometers
are mounted on the rear of the partition, the
potentiometer shafts being journaled in the par-
tition. A shelf is hinged to the rear edge of the
outer side of each section and supports the am-
plifiers, networks, cabling and other electrical
equipment.

As shown in Figs. 11, 11A, 11B, the front of
each section is closed by an armor plate cover
carrying the knobs and switch levers, and form-
ing substantially water-tight compartments for
the mechanical equipment. The knhobs and levers
are aligned with their corresponding shafts, but
are freely rotatable thereon so that an accidental
movement of g knob or lever will not displace the
shaft. The knobs and switch levers are equipped
with push buttons or levers which, when oper-
ated, clutch the knob or lever firmly to the cor-
responding shaft.

Four types of knobs are used.

Type 4 knob

The type A knob has an outer casing and an -

inner lining rotatably mounted upon the cover
of the computer. A lever knob is pivoted to the
casing and normally folded back into a recess in
the casing. When foldeq forward to the oper-
ating position, the lever depresses & spring re-
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stored:plunger mounfed in the lining. The move-
mentof the plunger forces .depressions, formed in
a disec attached to the end of the plunger, into
registry with projections formed on & similar disc
mounted on the shaft to be operated. Rotation
of the knob will then rotate the shaft. When the
lever is folded back, the spring forces the plunger
upward drawing the discs out of contact. A cup-
shaped member is also mounted upon the end of
the plunger, surrounding the discs. A spring sup-
ported cylindrical friction member is supported
by the cover in alignment with the cup-shaped
member. When the lever is folded forward the
cup-shaped member is forced into contact with
the friction member thus frictionally braking the
driven shaft. A switch may be arranged so that
the movement of the cup-shaped member oper-
ates the switch.
Type B knob

The type B knob is similar to the type A knob
except that the cylindrical friction member is
omitted.

Type C knodb

The type C knob has an outer casing rotatably
mounted upon an inner lining attached to the
cover of the computer. A central button, con-
trolling a spring restored plunger, is mounted in
the casing. When depressed by the central but-
ton the movement of the plunger forces depres-
sions formed in g first disc attached to the
plunger into registry with projections formed on
a second disc keyed to a spring-operated clutch
keyed to the driven shaft. Rotation of the knob
will then, through the discs ang clutch, rotate
the driven shaft.

Type D knob

The type D knob is similar to the type C knob
except that the spring-operated clutch is re-
moved.

The mechanical equipment of the four sec-
tions is diagrammatically shown in Figs. 14, 15,
16, 17, fogether with the associated knobs, levers
and potentiometers. The apparatus has been

5 functionally segregated in the various sections

and, in those cases where a shaft must pass from
one section to another, connectors are provided
in each section so that the shafts may be readily
disconnected to permit the sections to be indi-
vidually removed.

Simplified diagrams of the mechaniecal equip-
ment are shown in Figs. 12 and 13.

The potentiometer cards are made by winding
insulated resistance wire closely and evenly on
a strip of suitable material. One edge of the
strip is straight and the wire crossing this edge
is bared to make a good contact with the brush
or brushes. The other edge of the strip is shaped
so that the width of the strip will vary to pro-
duce the desired functional variation in resist-
ance of the winding. A single card, or a plu-
rality of cards placed end to end, is wrapped
around a light drum of suitable material. A con-
tinuous binding ring is placed around the ecard

5 or cards and wedges inserted between the ring

and the card to press the card firmly to the drum.
A plurality of drums of different diameters are
nested together and mounted on the outer por-
tion of a base. Slip rings are insulatingly mount-
ed on the intermediate portion of the base and the
potentiometer shaft is journaled in a boss in the
center of the base. 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 mounteg on the
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potentiometer shaft and may be driven directly -

by the shaft or by suitable gearing supported by
the base and connecting gears mounted on the
shaft and brush arms.

With angular functions of less than a révolu-
tion, and non-angular functions, the potentiom-
eter card may be spread out to cover-a mechanical
travel larger or smaller or equal to the functional
range and the brush arm geared up in the ratio
of the travel to the range. In the case of func-
tions of a small angle the card may be spread
out over a physical angle which is larger than
the functional angle but is still only a fraction
of a revolution and more than one card may be
placed end to end around a drum. In the circuit
drawings the cards of potentiometers which are
automatically adjusted have been represented by
circles surrounded by lines indicating the ap-
proximate variations in the widths of the cards.
Manually adjusted potentiometers are represented
by straight cards but may be formed into circles
if desired. In the circuit drawings each card and
its associated brushes has bheen independently
shown. Each potentiometer has been given a
PT number, e. g., PT28, and the cards numbered
to correspond, e. g., 2805, 2808, etc.

With trigonometric functions which extend
over a complete revolution two similar cards may
be used, placed end to end around one of the
drums.

For convenience of reference, the potentiom-
eters used in the computer are tabulated below.

10
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In Figs. 12 and 17, the.coarse receiver SY3 is
geared down by the worm gear {726 so that the
shaft 1722 makes one revolution for 2.5 degrees
rotation of the shaft of receiver SY3. The fine
receiver SY4 is geared down in the ratio four to
one, so that the fine receiver SY4 makes 38§ rev-
olutions per revolution of the coarse receiver SY3.
The power motor MO{9 is geared down by gear-
ing 1723 in the ratio two to nine to shaft 1722.
Shaft 1722 is connected through gearing 1724,
and the other gears shown, {o shaft 1725 which
is connected through -clutch 1706 to the stable
element to orient the stable element in train. The
other- coarse and fine receivers and follow-up
motors used in the computer are similarly geared
to each other. o

The rotors of the coarse receiver SYE and the

" fine receiver - SY4 .are respectively connected
through switches RCi5 and RCI6, Fig. 27, form-

20
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ing two sections of a four position rate control
RC switeh, to the input circuit of the follow-up
amplifier MA{8, of the type shown in Fig. 22.

The rotor of the coarss receiver is grounded at
terminal 2200 and is connected by terminal 2208
through resistors 2203 and 2292 to ground, and
through resistor 2283 to the input circuit of con-
ventional power stages 2284.  The output of the
power stages is connected to one winding of the
follow-up motor MO19, Pig. 27.

The rotor of the fine receiver is connected to
terminals 22280 and 2205, Fig, 22. :

The voltage of the fine receiver goes through

Actual . .
PT | Function | Functional Range | Travel,| Brush Factor | Drums| Cards |Brushes; SHP
degrees ring

+360°_ ... 360

0-45 knots__ 150 | 108 per rev.._..| -
0-400 knots_ 320 { 450 perrev....
+360° 360 | 1ooooo ool
—250 to 150 knots__ 320-| 450 perrev__._
0-36,000 yards.____ 518 | 2,500 per rev._._

324 | 4,000 per rev_._
. 324 | 400 perrev..__.

do
—2.5° to 90°
~—2.5° to 90°
0-51 seconds

—6to 12seconds. ..
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HANDSET POTENTIOMETERS

Fune- Handset Travel,
PT | “Yion Rango degrees Drums | Cards |Brushes
172 SR Y 1 TS O 270 2 2 2
2 - I [, 270 1 1 1
73..-.4 Ss.....] 0-450 knots_____. 270 2 2 2
74| Tg..__} 2.5-6 seconds_._. 245 2 2 2
7ho..) LV____} 2,450-2,600.._ 270 2 2 2
76.._.| Sw-...} 0-60 knots.....-. 270 2 2 2
Director tilt corrector

GO

The coarse and fine synchronous transmitters

controlled by the training gear of the director are
respectively connected to the coarse SY3 and fine
SY4 synchronous receivers, Figs. 12, 17 and 27.

~1
[~ 4

IS

thirty-six cycles for each cycle of the voltage of
the coarse receiver, and it iS necessary in order
to avoid false settings to prevent the voltage of
the fine receiver from affecting the motor during
all the cycles preceding the cycle ending with the

. correct setting. - During this last cycle the volt-

age of the coarse receiver falls to a small value,
approaching zero at the correct setting.

Terminals 2209 and 2205 are connected through
the winding of potentiometer 2230 which may be
adjusted to control the fraction of the voltage of
the fine receiver supplied to the remainder of
the circuit.

The brush of potentiometer 2238 is connected
through resistors 2207, 2208 and non-linear re-
sistor 2209 to ground. The non-linear resistor
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2209, which mdy be g pair of oppositely connected
copper-copper oxide couples limits the peak volt-
age supphed to the remginder of the ciretit. The
junétion -of tesistors 2208 awd 2209 is coupled
thirough capacitor 2246 to the coritrél grid of a
vacuiim tube 2211.

The résistors 2208 and 2209 are shunted by the
nétwork formed by the seriés resistor 2212, the
shunt arm formed by résistor 2213 and capamtm
2214 i1 Serigl refationship, ‘and the shunt arm
formed by the series resonant circuit inéluding
the inductor 2215 and capacitor 22{6. This cir-
cuit may conveniently bé tesonated at three times
the frequency of the source exciting the syn-
chronous transmltters, 50 as to reéduce any third
hdrmonic voltages sipplied by the fine receiver.

The rotor of the coarse recsivérl is connegted
by terminal 226¢ to the confrol grid of the left
triode of a double vacuum tube 2217. The anode
of this aniplifying section is coupled by capacitor
2218 to the anode and control gud of the right
triode, which i$ eéonneeted as 4 didbde, rectifying
the applied voltage to produce a current flowing
downward in resistor 2219 and upward in resistor
2220‘ o produce a negative bias which is sup-
plied through the filter formed by resistors 2221,
2222 and capacitor 2223 to the control grid of
vacuum tube 221!, The control grid of vacuum
tube 2211 is also biased negatively by the usual
self-biasing resistors 2224 and 2225. The anodes
and screen grid of vacuuin tubes 2211 and 2211
are. supplied with power from fhe source 2229
through the ‘usual couplifig resistors and the
heaters are supplied with power from the usual
transformer (viot shown). The source 2228 is
also coupled through fesistor 2288 to the cathode
of the diode section of tupe 2217, to bias this eath-
ode positively fo a thrésheld value, so that, when
the voltage from the rotor of the coarse receiver
falls below this value, the diode is blocked and
no longer biases the grid of tube 221{. The con-
stants of the circuit are proportioned so that the
bias on the grid of tube 2211 cuts off transmission
through this tube until the fine receiver has been
moved within less than one cycle of the balance
point. By this tnne, the véltage from the rotor
of the coarse récéiver has decreased below the
threshold bias on- the diode section' of tube 277,
‘tHe bigs due to ‘the rectified curlent disappears,
urblocking tube 2211 and perniitting the ampli-
fied: Voltage from the fine receiver o be transmit-
ted through tube 2211, capacitor 2226 and fthe
power stages 2204 to the motor.

The inductor 2227 and #apacitor 2228 form a
resonant circuit turned to the supply frequency
and dssist in’ stabilizing the motlon of the follow-
1p’ motor.

Thus, oné winding of the follow-up motor,
MO, Fig. 27, is supphed with power froni the
follow-up @mplifier MA IS, Whiéh, for largé posi-
1t10naI dlsagreement betwéen the transmitters and
‘re elvers, ig controlled by the coarse receivér 8y 3,
“dnd ‘for small dlsagreements is conjointly con-
‘trolIed by the coarse dnd fine receivers.
‘other winding of rhotor MOI9 is exc1ted by ore
‘phase ‘of the ship bower supply, Fig. 20; through
the fourth contdet of ‘switch MCI12, which i the

twelfth sectldn of & four-position mastetr” contol

‘MC swn:ch
Thi otor MOIQ and shaft I122 Figs. 17 dnd

U7, “are thus rotated proportlonally to B'r, the

angtﬂar posmon of thé targef as messiired in

‘the ‘deck plane

L Pheshiaft 1122, Fig. 17, iy connected through -

The -
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gearing 1124, différential géar DF335, shaft {708,
gearing 1109 to the differenfial gedr DF2. 'The
motor MOt is geéared to shigft (T£2 and, through
geafing 13 ‘and 711 to différential gesr DFZ.
As will be Yater explained, the totor MO turns
to the angle 7B’r and as bhe D.m’t i 7@3 turns m

ifx the d1ffe1ent1a1 gear DFZ, uhe shaft (114 ro-
tates proportichially to Br.

The shaft 714 throudh stitable gedring ro-
tattes the brushes of potentrometer PT4 of which
zme are‘ sho‘wn in- Fig. 31,

aifd curfents dré used n the computmg c1rcu1ts
Thégé curreits mdy 6é obtained from any good
osclllator havmg éonistant frequency and a clean
wave, frée 6f harféiiics; and & low impedance
output The oscilldtor should supply -two volt-
ggés of Equal amplitiuds, opposed in phase to 4
hlg‘h degreé of accura,cy, ‘onie phise répresenting
posmve duantities #H& the opposed phase nega~
tive quantifies. For converifence; thée solurcds of
the Voltages of the two phasés will be shown
Separately, though both phases shiould be ob-
tamcd from & s1ng1e gseilldtor. Although these
soureés are mdeoendently shown on thé various
drawmgs it-i§ undérstood that tHéy arfe all the
“positive’” and “négétive” phasés from a smgle
oscﬂlator source This pr ovides gredter dccuraey
since the source cari yary in amplitude and fot
1mpa1r the deciracy of the solutibng obtdined by
the s€tvo baldncing of the varioiis nistor aripli-
ﬁers To reduce interférence from the ‘ship
poOwer sources, the frequency of the oscillator is
nion=harmonic thh the frequency of the supply,
for exéimple, with 4:60 eycles slpply the oseillater
may have 3 frequency of ‘210 éyclés.

The grounded sourée 1930; Fig. 31, is conriected
to ground through the potential dividing resistors
3103 and 3104. The junctioti of resistors 3103
and 3104 is connected to ground thicigh oné see-
tron of the wmdlng of éard 408. Thé source (930
isal§o connected to gmund through the potentisl
divrdmg résistors 3(06, $407 snd the junction of
these resistors is- connected t0 grouno through
ofié séction of the winding of card 401.
‘Similarly, theé grounded source 1931, of op-
p051te phase, 1s connected to ground through 1e-
sistors 31 (1 and
resistors is connected to ground through the
other section of winding of card 408 The séutce
{931 is ‘also connected to gfound thréush resis-
tofs 3113 dnd 314 ahd the junction of thése ré-
sistors connected to ground through the other
section of the Wmdmg of -¢ard 461. Phase cor
rectlng ca:pamtors ‘'stich ‘&s-éapaeitor 3109; may
be dontiecteéd across thé resisters; o compensa,te
for the distributed capa,cxtance of -the windings
of cards 408; 407 and the capacxty to grovnd of
an the shleided wiring betWween various poitits of
thé cifcuit.
itidicated on the drawmg the Wldths of tHe
itionieter cirtls 4608 and 407 vary with a

‘niodified cosmusoidal furchion so 'that the

brushes $115 and 316 select voltages with respect
to grotind résbectively proporticasl to the . -posi-
tive sine and negative cosine of Br.

The brush 3115 is connected to greund through

‘the poteritial dividing resistors 3117, 31(8 and the
Jjunetion of resistors 3417, 3118 is connected

through reSIStor 3 19 t6 the input éircuit -of the
lirieé amplifier LA31 Phdsé corrective: capaeitors
mdy be connected to the brush 3115 and across
resistor 3117,

THe liné amplifiérs used in this compuiter; such
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as line amplifier LA37, are stable, high gain, three
stage amplifisrs of conventional design, which
may include band-pass filters tuned to 210 cycles
to reduce currents of undesired frequencies.
The output transformer 3121, of amplifier
L:A37, has two grounded secondary windings con-
nected in serial relationship.. The output trans-
formers of all line amplifiers are poled so that
the voltage from the upper winding has the same
phase as the input voltages, and the voltage of
the lower winding is of reversed phase.. -One
winding is shunted by resistor 3i22,. and  the
other winding is shunted by resistors 3123 and
3{24 is serial relationship. The junction of re-
sistors 3123, 3§24 is connected through resistor
3125 to the input circuit of amplifier LA81, to
feed back the output voltage in reversed phase to
the input circuit.. This negative feedback re-
duces the apparent impedance of the input cir-
cuit of amplifier L.A37 to a small value, stabilizes

the operation of the amplifier, and reduces the

gain of the amplifier so that the output voltage
has the desired scale factor of volts.per unit of
the function.represented by the output voltage.

The secondary winding -of transformer 3124,
having a voltage proportional to sin Br, is con-
nected to connections 3128, 3127, Figs. 31, 29, 217.

Connection 3i26. is . connected - to- ground
through resistors 2765, 2118, Fig. 27, and through
‘resistors 2703, 2784. Connection 3427 is con-
nected to ground through resistors 270§, 2707 and
through resistors 2708, 27169.. The junctions of
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resistors 2785, 2710 and resistors- 2706, 2787 are _

connected to the ends of card 408 of potentiom-
‘eter PT4; the junctions of resistors 2703, 2704 and

35

resistors 2708, 2709 are connected to the ends of

card 465 of potentiometer PT4. - Cards 405 and
406 are on one drum of potentiometer‘ PT4 and
have a variation of resistance such that the volt-
ages on the brushes vary as cosine functions of
their angular displacement.

40

The voltage on -

leads 3126 and 3127 are proportional to +sin Br- .

and —sin Br, respectively. - These voltages are
applied to cards 486 and- 465 as. just described

and then fractionated on these cards according.

10 ==sin Br or =cos Br by suitably situating four
brushes in 90 degree relationships with each
other. This drum of PT4 has four brushes 2176,
2774, 2712, 2718, rotated proportionally ‘to. Br to
‘select voltages proportional to .-=sin? Br ‘ and
+sin Br cos Br, - TR
The positive sine brush- 2770 is connected
through resistor 27i3 to the input circuit of line
amplifier LAS.--The cosine brushes 2113,:2712
are respectively connected through resistprs_ 2115,
2716 and the sections of the winding of card 101
of potentiometer PTI to ground. ~The'winding of

_card 101 varies in resistance in such a way that .

the voltage between brush and groun_d’ as appl_ied
to resistor 2718 at the input of LA3 is-a fraction

of the voltage applied to the card and resistors

2715 and 2716 which fraction varies in accordance

45
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two - sectiofi§' of the secondary wihditig is
grounded. : :

Let the voltages supplied to resistors 2713, 2718
be e1 and e2; the resistances of resistors 2713,
2718 be r1 and rz and the currents flowing in re-
sistors 2713, 2718 be i1 and 7. Let the voltage

~across the input ecircuit of amplifier LA3 be eg;

the voltage across one section of the output trans-
former be -—eo; and ‘the voltage across resistor

2728 be —keo. Let the resistance of resistor 2722
- be 7o and the current flowing be —. -Let
€= 160. B

Then sihce no current flows ih the cohnection
from the junction of resistors 2713, 2722 and 2718
to the grid of LA3, :

fo--i1-4-d2=0
. —keo—e, e1—e, o ey—eg
20 g Yy ——
To- 1 Ty
~keo—eg , e1—e; , e3—e,
T 1 =0

To 71 T2 . :
. ‘7(7'17'2)<—k€o+%>‘:‘To[elrz'hezri*‘% (71+Tz)]=0

: 1./7¢ .70 1 ) - Ty To

o[ (B -k [+ (aR+a)=0
u\T2 T 13 1 T2

oL _<elﬁ+,€2r_ﬁ '
71 T2
== 1 o 7'0< e
—k _(_ To ) ,
N2 7‘x+"‘2+~1

1 o, T
+ey ’2,
1 Ts

g0
AN

7'e°_1+11(1+'3'ﬂ+’"—6
: M k r T2

The voltage amplification factor: w of the three-

‘stage amplifier is about 15,000 times, thus

1
. .
is very small, hence, S S
womglonten]
The output voltage eo is thus proportional to
the sum of the input voltages e:.and es, and the

(42)

.scale- factor ‘of the output voltage is determined
by the relative values of ro, 71, 72 and k. ' If ri=r2

andn:rlk,v,then eo=e1-t-e2. If ro=ri=re, then
. - ’ ¢o=—‘7];(€1'!“782)u
If the resistors 2728, 2721 are replaced by the

“winding of a potentiometer having a brush con-

60

with the negative tangent of the angular motion: =

of the brush. As shown in Fig. 17, the brushes

of potentiometer PT{ are geared to gear ;1|_3 so -
as to rotate through .a physical angle gaqual to

13jB'r. T e §

One section. of the secondary winding of the
output transformer of amplifier 1.A3; Fig. ?7, is
bridged by resistor 2719 and the ,oth('ar section is
bridged by resistors 272(5,7212I in serial relation-
ship. sisto ] - coLl
‘nected through resistor 2722 to the input cireuit
- of amplifier L:A3, to supbly voltage of reversed

phase to the input circuit. The- junction .of the’

The junction of resistors 2726, 2721 is con-

65

(]

nected to resistor 2722, the output voltage will he

“proportional to the sum of the input voltages

divided by the potentiometer function.
The output- transformers of ‘each’of ‘the line

amplifiers have ih ‘addition to the resistors shown ~
‘shunting: the lower winding additional elements

27114, 2176 such as are shown shunting resistors
2721 and 2720 in the case of LA3, Fig. 27. These
elements are necessary. to provide phase and

‘amplitude margin in the amplifier.for all the fre-

quencies at which ug is greater than unity. In
addition the ratio of the resistances shunting the
lower winding of each transformer to that shunt-
ing -the upper winding is of such value that for

‘the various loads connected to the amplifier the
voltages across the two ‘windings of the trans-

former are equal.  This-is necessary because these
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windings have resistance and the ‘upper sec-
ondary winding is net in the feedback loop.

The output voltage: of linie amplifier LA3 is pro-
pertional to sin? Br-- siri Br cos Br tan 4B’r. The
output: transforiner of amplifier I.A3 is connected
to ground through resistors 2723, 2724 and
through: resistors-2725,-212T. ‘The juhétion of re-
sistors 2723, 2124 is connected to ground. through
one: section. of: the winding of card 387 of poten-
tiometer P'T3, and the junection of resistors 27289,
2121 is connected to ground through the other
seetion:of the winding ofrcard 307T.

The pobential-dividing: resistors, such as: re-
sistors 27123, 2124 associated with the winding of
' potentiometer are: not absolutely essential to
fhe:operation of the circuit, but are a converient
expedient. for reducing the severity of the de~
‘mands upon: the circuit. design. By using poten-
tinl dividing: resistors; .the voltage from - the
source may be-higher, thus-improving the ratio of
this :desized voltage to any undesired voltages
picked up on: the wiring. By presenting a' con-
stant load: to: the source, these: resistors: reduce
theeffect-upon: the source produced by the move-
ment of the potentiometer brushes. Further-
tnore; it makes possible the:adapting of the poten-
tiometer loads to the:load capabilities of the line
amplifiers so-that: they can be made of uniform
design. throughout the computer. By forming an
impedance: in-sexies: with: the winding of one' po-
tentiometer,; these resistors reduce any interac-
tions;between the currents in:this potentiometer
and those in: any other: potentiomteer connected
to the same source. Also, capacitors may be
shunted acrossithese resistors:to correst the phase
shifts due to the: distributed: capacity of the po-

tentiometer cards: ‘To simplify and condense the -

description: of: the: circuits,; many of the resistors
shown, will- not: be-specifically’ identified, as-their
functionis obvious.

The-shaft. 1145, Fig. 17, is connected by: the
chitch. 1716 to the eross: level' Zd shaft of the
stable element, and: is geared-through differential
gear DF38 to shaft 1717, which-is-geared by gears
{148:t0 drive the brushes:of the-Zd potentiometer,
PT3; and the dials- 754, +155; Figs. 11-and 17.

The. secondary- winding of the output- trans-
former. of amplifier LA3S, Fig. 27, is also connected
- through-resistors.211+4, 2142 to the two ~se‘ctions~of
card. 306 -of potentiometer P'T3:

The brushes associated with cards 3988; 307, re-g
spectively, select voltages. proportional to.xsin Zd
and:are.connected through resistors 2144; 2111,
to.the ends.of:card-206 of potentmmeter PT2.

The shaft 1718, Fig. 17; is connected by the
clittch- 1128 to-the. level L. shaft-of the stable ele-
ment, and.is.connected by gearing. 1600, Fig. 16,
to- différential gear DF31. Gear DF3T is con-
nécted. by gearing: 1804 to the-brushes of the It
‘potentiometer, PT2, and by gearing i613 to-the
inner. coarse dial 1§15 and annular outer fine
dial- 1814, Figs. 11 and 16.

The: brush associated with card 206 selects a
veltage. proportional to sin L, and is'connected
‘througH. resistor 2129; Fig: 27, to the input-circuit
of motor amplifier MAI

The. voliage -supplied.- to. resistor 2128, is. pro-
portional to.sin Br (sin Br —cos Br-tan jB'T)
(—sin. Zd) sin L.

The positive sine brush 2170, associated with
cards-405, 406. of PT4 is. connected through re-
sistor:2730.to one end: of. card 162:of PTI while
the negative sine’brush-2771is connected through
resistors. 2134, 2132:to ground, . the: junction. of
reswtors 2131,.2132.being conuected-to the:other
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etid of card [02. The winding of eard 102 varies
in resistance with a tangent function modified
for the resistance load on the brush and .is
grounded at the centér. The resistor 2732 equal-
izes the loads on the two sine brushes.

The brush associated with card (02 is con-
nected through resistor 2734 to the inpuf cireuit
of line amplifier LAZ, and through resistor 2135
to the input circuit of line amplifier LAT.

The negative cosine brush 2773 associated with
cards 405, 405 of PT4 is ¢onnected through're-
sistor 2715 and through resistor 2136 to the input
cireuit of line amplifier A2 and through re-
sistor 2737 to the input circuit of line amplifier
LAL.

‘The secondary winding of output transformer
2138, associated with amplifier LA2, is: grounded
in the center and one section is shunted by re-
sistor 2739: The free end of this section is con-
nected through resistor 2740 to the input ¢ireuit
of amplifier LA2.

The output voltage of amplifier LA2 will be
proportional to sin By (—ces Br—sin Br tanijB'7r).

The free end of the other section of the second-
ary winding of transformer 2738 is connetted
through resistor 2741 to the ends of card- 285 of
PT2, the center of this eard being grounded
through resistor 21483. The winding of card 205
varies in resistance with & versine funiction modi-
fied for the resistance load on its brush: The
brush associated with-card 2065 sélects a-voltage
proportional to vers L and’ is- conriecteéd threugh
resistor 2744 to the input circuit of nmiotor” dmi-
plifier MAI.

The voltage supplied’ to motor amplifier - MA{
will ke proportional:to

sin Br(—cos-Br—sin Br tanjB’r) vers L-

The grounded souice 1938°is connected through
resistors 2748, 2747 to ground, and the junction
of resistors: 2746, 2747 is" connected' to' one end
of card. #63 of PTi. The grounded source: {931
is. connected: through- resistors 2750, 2751 to
ground, and the junction of resistors 2750, 2754
is conhected to the other end of card IU3

The winding of card {03 varies in resistarice in
such a way that the voltage on the brush of
this card varies according to the tangent of its
mechanical disglacement divided by 13.

The brush associsted’ with card {03 seletts a
voltage proportional to tan jB’r, is conidected
through resistor 2752 to the inpuf circuit of mio-
tor amplifier MA, and’ is connected through ré-
sistors 27563, 2764 to ground. The junction’ of
resistors 2153, 2154" is connected through resistor
2755 to the input circuit of line amplifier LAT.

The secondary winding of output transformer
2756, asscciated with amplifier LAI, is grounded
at-a center tap, and the sections of the winding
are’ shunted by resistors 2757, 2758. The. free
end- of the lower section is connected through
resistors 2783 to fhe input’ circuit of amplifier
LAl and” through resistor 2759 to the ehds of
card 305 of potentiometer PT3. The winding of
card 385 varies in resistance with a versine func-
tion modified for resistance load on the brush and
ig-grounded at the center through resistor 276{.
The brush associated with card 305 is connected
through resistor 2762 tothe input circuit of motor
amplifier MAI.

The motor amplifiers used in thé: present com=
puter, suchl as-motor amplifier MAf, have three
stages of high gain voltage amplification with
reversefeedback, and a power amplification stagé.
The reverse feedback loop. is ‘designed in accord-
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ance with the principles disclosed in TUnited

States Patent 2,123,178, July 12, 1938, H. W. Bode,.

so as o stabilize the operation of the motor.
The output circuit of motor amplifier MA! is
connected through the break springs: of limi}
switeh LS8! to one phase winding of & two-phase
motor MO, - ) : )
In Fig. 19, the sources 1930, 193( are connected
to the power amplifier 1982, The output circuit

of power amplifier 1982 is connected through’

switch MC§ to the primary winding of trans-
former 19684, The secondary winding of trans-
former {984 is in two sections connected to ter-
minals 19865, 1996, 1801. ) ] -
Terminal {985, Fig. 27, is connected. directly
to one end of a winding of motor MOt and to the
output circuit of amplifier MA{. Terminal 1993
is connected to the lower, and terminal (997 to
the upper make spring of limit switch I.Sf.  The
output circuit of amplifier MA! is normally con-
nected through the lower break spring and arma-

10

ing 1581 to shaft (502, Shaft (502 is geared
through differential DF5 to shaft 1563 and dif-
ferential gear DFI3, thus rofating shaft {504 and
annular dial {1838, proportionally to the bearing
B. - :Shaft 1504 is -geared to .differential gear
DFi2. S ;

- In Fig. 19 the output of amplifier 1988 is con-
nected through switches 1989 and MCT to one

‘phase winding  of -the two-phase “motor MOS.

The output of amplifier {992 is connected through
switch M6 and ‘transformer 1984 to terminals
1905, 1866, 1987. 'Terminal- 1907 is connected
to one end of the second phase winding of motor
MO8, Fig. 29. o : :
Terminal 1886 is connected directly to the first

- contact of target- angle switch TA, and through

resistor 2861 to the second contact of switch TA.
Terminal- {885 is connected through resistor

. 2802 to the fourth comtact of switch TA and

20

ture and the upper break spring and armature -

to the other end of the winding of -motor MOI.
‘When motor MOV} is driven by the current from
amplifier MAI to the limit of its travel in either
direction, one of the spring combinations of limit

switch LS! is operated, cutting. off the current:

from amplifier MA{ and supplying .current of

opposite phase from terminal (988 or i%07 to-
stop motor MO{ and drive motor MOt, and the -

attached shafting back from the limiting position.
.~ 'The sources 1830, 1934, Fig. 19, are also con-
nected through a conventional 90-degree phase
shifting network. {888, power amplifier - 1808,
switch 1888 in its lower position and switch MCT

in its fourth position to the exciting winding of -

motor MOI. ] - .
The voltages supplied to the-input circuit- of
motor amplifier MA{. are proportional to

tan jB’r+[tan jB’r-sin Br(-—cos Br—sin Br
tan iB’r) 1(~—vers Zd) 4-sin Br(—cos Br—
sin Br tan §B’r) (vers L) 4-sin Br(sin Br—

cos Br tanjB'r) (—sin Zd) (sin L) -

and, from Equation 1, the sum of these voltages
should be zero. If the sum of these voltages is
not zero, current is supplied by amplifier MAI
to motor MO, exciting motor. MOI. o rotate the
- brushes of potentiometer PTH, varying the value
of tan JB'r until the voltages are reduced to zero,
and the brushes of potentiometer PTI have ro-
tated proportionally to 7B’'r. If the values of
B'r, Zd and L are . continually changing, the
motor MO/ is continually moving, rotating the
brushes of potentiometer PT1 continually to the
correct values of §B’7. L :

Rate generaior-

directly to the fifth contact of switch TA.  The
blade of switch TA is’ connected .through the
break ‘contacts of relays RY2% and RY27 to the
other end-of the second phase winding of motor
MOG6. = The target angle TA switch is operated
by the type C knob: 1528, Figs. 11, 12, ’
When the blade of switch TA, Fig. 29, is moved
to the second contact, motor MOS§ will rotate at
slow speed in one direction, and when switeh TA
is. moved to the first contact, motor MO§ will ro-
tate at full speed. When the blade of switch TA
is moved to- the fourth contact, motor MO§ will
rotate ‘at slow speed in the other direction, and
when the bladeis moved’ to the fifth contact,
motor MO8 will rotate at full speed. B
The type € knob {525, Figs. 11, 12, 15 of ‘the
TA switch, is rotatably mounted on-the . cover
‘and has a spring-restored central button. When
depressed, the button connects the knob to the
switch shaft, so that rotation of the knob- will
rotate the switch shaft. = The switch shaft is.fur-
nished with - double restoring springs, . so~ that,

 when the pressure on the button is released; the

switch will be restored to engagement with the
blank-center contact. ) PP :
While an-aircraft target may suddenly change

its -course while approaching. the 'ship, these

changes usually do. not materially ‘change the
speed: of the aircraft.  Facilities are therefore

- provided whereby. a new value of target angle

may be set in to the computer by the computer
operator; or fire control officer whenever the tar-

get is obgerved to change course. -
The target -angle slewing control includes a

. two-position, non-locking key 181, Fig: 18, con-

“The synchronous: fraiismitters associated with -

the ship’s master. compass control the .coarse
SYi2, and fine SY 4, receiver, Figs. 15 and.29.

The rotors of receivers SYil and SYi2 are con--

nected to the input circuit of follow-up ampli-
fier MAZS, of the type shown in Fig. 21. "The out-
put circuit of amplifier MA25 is connected to-one
phase winding of the two-phase motor MO25.
" As shown in Fig. 20, the other-phase winding

of motor MOZE is exeited by power from . one-

phase of the ship’s three-phase supply, through
switch MCi§ in the fourth position, the local
control switch. Co and transformer TRI. :

In Fig. 17, differential gear DF2 driveg shaft

{724 proportionally to Br, and this shaft is-geared
to differential gear DF{3, Fig. 15.
and receivers SYIi, SYi2 are geared: by gear-

60

65

© RY21,

veniently located in the director. If the target
changes course $o as to decrease the target angle,
key 1811 is operated upward, completing g cir-
cuit from power supply through switches MCa,
RCI8, winding of relay RY2Y, upper springs- of
key 1811, back to power supply,koperating,relay
If- the change “in ‘course increases the
targetangle, key 811 is operated.downward com-
pleting".a circuit from power ~supply -through
switches' MC®8, RCI3, winding of relay RY28,
lower springs of key 18f1; back to vower supply,

operating relay RY286.

Motor MO25,
75

.. The operation of relay RY26, Fig. 29, connects
the winding of ‘motor MO$§ through the ‘break
springs of relay RY27, and the make springs of
relay RY26 to connection 1895, causing motor
MOS§ to increase the target angle; the operation
of ‘relay  RY27 connects the motor ‘winding

through the make springs of relay RY27 and the

break springs of relay RY25 to connection 19808,

caqung motor-MOS$ to decrease the target angle,
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‘In Pig. 15, the motor MO§ rotating propor=
tionally to. the ftarget course angle Ct is geared
to. differential gear DFi{2 which combines. this
rotation with the rotation of chaft (584, pro-
portional: to the true target bearing B, thus caus~
ing shaft i385 to rotate proporticnally to the
target angle A. Shaft 1895 is geared to the syn-
chronous transmitter SY3i, to potentiometer
PT13 and to the dial 1588, Figs. 11 and 15. Thus,
by the operation of the target angle switch TA,
the operator can cause the shaft of motor MOS
to rotate to any desired value of the target course
angle Ct, which is indicated as the target angle
A as A=180°4B-—Ct.

In Figs. 12, 16 and 40, the coarse SYI and fine
8Y2 synchronous receivers are excited by the
elevation transmitters on the director. The ro-
tors of the coarse SYI and fine SY2 receivers are
connected to the input circuit of follow-up am-
plifier MA{8, of the type shown in Fig. 21. The
output circuit of amplifier MAI(8 is connected
through the break springs of limit switches L.S6
and LS14 to one winding of a two-phase follow-
up motor MO{8. As shown in Fig. 20, one phase

of the power supply is connected through master :

switch MCI14, local switeh E, rate control switch
RCIli and transformer TR2 to the other phase
winding of motor MOI8.

*In Pig. 16, the receivers SY I and SY2, and the
follow-up motor MO{8 are geared to the shaft
1622, 'The shaft 1622 is geared to the differential
gear D¥I. . The shaft 1623 is driven by shaft (719
proportionally to the level L and is geared to the
differential gear DFf. The shaft 1824 will thus

be rotated proportionally to the target eleva- ©

tion E.

The shaft 1624 is geared by gearing (484, Fig.
14, to the E potentiometer PT64; by gearing 1404
to the E potentiometer PT62; and is geared to
the coarse {420 and fine (421 ring dials, Figs.
It and 14.

The ship’s power: is connected through master
switch MC16, Fig. 20, and transformer TRi® to
terminals 2002, 2003, 2004.

Terminal 2004 is connected to the upper make
spring of limit switch LS8, Fig. 40, terminal 2002
is. eonnected to one side of a winding of motor
MOI8, and terminal 2693 is connected to the low-
er make spring of limit switeh LS8, Limit switeh
LS# is operated by a cam nut threaded on shaft
1624, Fig. 16. When shaft (624 has rotated to
near the limiting position in one direction, the
cam nut operates the upper springs of switch

L.S6, opening the circuit from the output circuit ;

of amplifier MAI8 and connecting terminal 2004
through the upper make springs of switch LS6,
and the break springs of switches LS§ and LS14
to the other end of the winding of motor MOI8,
thus slowing down metor MO{8 and, eventually,
reversing its rotation. Similarly, at the other
limiting position, the lower springs of limit switeh
LSE. are operated, connecting terminals 2082 and
2003 to the windirg of motor MOI8 and driving
the: motor in the opposite direction.

In Fig. 31, the grounded source 1931 is con-
nected through the upper break springs of relay
RYT7T and resistors 3134, 3135 to one end of cards
1305 and 1386 of potentiometer PTI3, and the
grounded source (930 is connected through the
lower break springs of relay RYT and resistors
3136, 3137 to the other ends of cards 1385 and
1368. The resistances of the windings of cards
1305 and (306 vary with a sinusoidal function,
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and the cards are grounded at the points where
the function passes through zero.

The brushes associated with cards 1306, i385,
respectively, select voltages proportional to —cos
A and —sin A and are connected through re-
sistors 3138, 3139 to the ends of cards 701{, 702
of potentiometer PTT. The cards 70{, 702 pro-
vide a linear fractionatiori of voltages applied to
resistors 3138 and 3139 and are grounded at one
end.

As will be explained later, the brushes of po-~
tentiometer PTT are adjusted proportionally to
the estimated horizontal ground speed Sh of the
target.

The brush associated with card 701 selects a
voltage proportional to. —Sk cos 4 and is con=
nected through resistor 3140 to the input circuib
of line amplifier LA4.

Brush 3116, of potentiometer PT4, selects a
voltage proportional to —cos Br and is connected
through the upper break springs of relay RYI(4
and resistor 3141 to card 601 of potentiometer
PT6.

The synchronous transmitter of the ship’s
automatic log is connected to the synchronous
receiver SY 10, Figs. 14 and 42. The rotor of the
receiver SY10 is connected, through the break
springs 4204 and 4205 of the ship’s speed switch
So to the input circuit of follow-up amplifier
MAZ24, which may be of the type shown in Fig.
21. The output circuit of amplifier MA24 is con~
nected to one winding of the two-phase follow-
up motor MO24.

The ship’s power supply is connected through
switch MCI5, Fig. 20, and transformer TRS$ to
the other winding of motor MO24.

The ship’s power supply is also connected
through switch MCIi6 to the transformer TRS.
Resistors 2005, 2006, in serial relationship, are
shunted across the secondary winding of trans-
former TRS, and their junction is grounded.

Terminals 2007, 2008 of transformer TRS are
connected to the contacts of switeh So, Fig. 40,
contact 4207 being grounded. The blade 4208
of switch So is connected to the make spring
4206. Switch So is operated by the type C
knob, (422,

The outer casing of knob 1422, Figs. 11, 13, 14,
42, is rotatably mounted on the cover. A lever
knob is pivoted to the casing and is normally fold-
ed into a recess in the casing, so that springs
4204, 4205 are in contact, and motor MO2§ is
controlled by the receiver SY10. When the lever
knob is folded forward, spring 4205 is operated
to break contact with spring 4204 and make con-~
tact with spring 4206, thus breaking the circuit
from the receiver SYI0 to the amplifier MA24.
The lever also connects the casing to the switch
shaft, so that rotation of the knob will rotate
the switch shaft and move blade 4208 to one of
the outer contacts, connecting the input circuit
of amplifier MA24 to terminal 2607 or 2008 and
slewing motor MO2§ in the desired direction to
set the brushes of potentiometer PT8, as indi-
cated by dial 1423, Figs. 11, 13, 14, The shaft
operating blade 4208, Fig. 42, is furnished with
double restoring springs so that, when the pres-
sure on the lever knob is released, blade 4208 is
restored to engagement with contact 4207.

The synchronous receiver SYIi0, follow-up
motor MO24, potentiometer PT6 and dial (423,
with the connecting gearing {424, (425 is shown
in the center part of Fig. 14.

The winding of card ¢81, PT8, Fig. 31, has a
variation of resistance to provide a linear frac-
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tionation of the voltage applied from brush 3i18.
The brush associated with card 661 selects a
voltage proportional to —So cos Br and is con-
nected through resistor 3142 to the input circuit
of line amplifier LA8. 'The output transformer
3143 has two grounded secondary windings; one
shunted by resistor 3144 and the other shunted
by resistors 3145, 3146 in serial relationship. The
junction of resistors 3145, 3148 is connected
through resistor 3{47 to the .input circuit of
amplifier LA4. ' ’

- The voltages supplied to the input circuit of
amplifier LA4 are proportional to —Sh cos A
and —So cos Br, thus, by Equation 2, the output
voltage of amplifier L:A4 is proportional to dR%,
the horizontal range rate.

. The secondary winding of transformer 3143 is
connected through resistor 3148 to one end of the
grounded winding of card 618{, potentiometer

PT61. The winding of card 6181 has a variation

of resistance designed to fractionate the voltage
applied from amplifier 1.A4 in accordance with
the cosine of the angular travel of its brush. The
brush associated with card 6181 selects a voltage
proportional to —dRh cos E and is connected
through resistor 3{49 to the input circuit of motor
amplifier MA28.

~ The sources 1981, 1939, ¥ig. 31, are respectively
connected via the break contacts of relay RY7
through resistors 3438, 3121 to the ends of the
grounded winding of card 1892, PTI8 and
through resistors 3182, 3133 to the ends of the
grounded winding of card {603, PTi6. The wind-
ings of cards 1602, {603 have a variation of re-
sistance so designed to.fractionate the-applied
voltages in accordance with a linear relation with
brush position. As will be explained-later, the
brushes associated with cards 1681, 16982 are ad-
justed to select voltages proportional to dH, the
rate of climb of the target.

The brushes associated with cards 1882, 1603,
PTI$6 are respectively connected through resistors
3150, 3151 to the ends of the grounded winding of
card 6208, PT62. Card 6208 has a variation of
resistance so designed to fractionate the voltages
from cards- {602 and {683 in accordance with
the sine of the angular travel of its brush. The
brush associated with card 6298 selects a voltage
proportional to —dH sin E and is connected

through resistor 3152 to the input circuit of ampli- ,

fier MA26.

- The sources (988, 193{ are respectively con-
nected through resistors 3155, 3155 to the ends
of the grounded winding of card 5685, potentiom-~
eter PT88. The winding of card 5805 has a vari-
ation of resistance to provide a linear variation
of voltage on its brush in accordance with the
angular position of its brush. The brush asso-
ciated with card 5605 is connected through re-
sistor 3157 to the input circuit of amplifier MA28.
The output circuit of amplifier MA2% is connected
to one winding of a two-phase motor MOZ6.

. The amplifier 1988, Fig. 19, is connected
through switches (929 and MCT to. the other
winding of motor MO28.

As shown on the left side of Fig. 17, the shaft
of motor MO2§ is connected by gearing {748 to
the brushes of potentiometer PT58.

The voltages supplied to the input of amplifier
MAZ26, Fig. 31, are proportional to

dR—dRh cos E—dH sin E

and, from Equation 4, these voltages should equal
zero. If the sum of these voltages is not equal
to zero, current is supplied by the output circuit
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of amplifier MA28 to motor MO28§, causing motor
MO28§ to move the brushes of potentiometer PT56
until the voltage is reduced to zero and the
brushes of potentiometer PT58 have been moved
proportionally to the value of the range rate dR
for the estimated values of Sh and dIH.

The. brush associated with card 702, of poten-
tiometer PT7 selects a voltage proportional to
—S8h sin' 4, and is connected through resistor
3158 to the input ecircuit of line amplifier L.A38.

Output transformer 3121 is connected through
the lower break springs of relay RY {4 and re-
sistor 8159 to one end of the grounded winding of
card 602, potentiometer PT§.  The winding of
card 602 has a variation of resistance to provide

. a brush voltage which varies linearly with brush
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position. ]

The brush associated with card 892 is connected
through resistor 3168 to the input circuit of
amplifier LA39." :

The output transformer 3164 of amplifier L.A3Y
has two grounded windings, one shunted by re-
sistor 3162 and the other shunted by resistors
3183, 3164 in serial relationship. “The junction
of resistors 3463, 31564 is connected through re-
sistor 3185 to the input circuit of amplifier 1.A39.

The voltages supplied to the input ecircuit of
amplifier LA3Y are proportional to —Sh sin 4
and —So sin Br, thus, from Equation 3, the out-
put voltage of amplifier 1LA3S is proportional t
—RhdB. ) ) ‘

The output- transformer 32181 is connected
through resistors 3168, 3187 to ground, and the
junction of these resistors is connected through
resistor 3168 to the input circuit of motor ampli-
fier MAZ28. ‘

The grounded source {930, Fig. 36, is connected
to ground through resistors 3802, 3683 and the
junction of: these resistors is connected to one
end of the grounded winding of card i703, po-
tentiometer P17, whose variation in resistance
provides a brush voltage linearly related with its
brush position. = As explained later, brush 3604
selects a voltage proportional to c¢R, the gener-
ated range, and is connected through the break
springs of relay RYI5 and resistor 3685 to the
input circuit of line amplifier 1.A36.

" The output transformer 3686, of 1.A36, has two
grounded secondary windings, one shunted by
resistor 3667 and the other shunted by resistors
3608, 3609 in serial relationship. The junction
of resistors 3608, 3609 is connected through re-
sistor 3610 to the input circuit of amplifier T.A36.

Connections 3613, 36{4 are grounded through
the break springs of relay RY29.

The secondary winding of transformer 3666 is
connected by connections 3611, 3612 respectively
through resistors 3169, 3170 and 3{71, 3172, Fig.
31, to connections 35(3, 3814. The junctions of
resistors 3489, 8170 and of resistors 3171, 3/72 are
connected to the ends of the card 5893, poten-

tiometer PT58, whose resistance varies in such a

way that the voltage from amplifier LA2§ is
fractiondted in accordance with the linear rela-
tion to the brush position on card 5805.

The brush associated with card 5885 is con-
nected to ground through the winding of card
8106, PT6!, which has a variation of resistance
such to provide for the selection of voltage by its
brush according to the sine function. The con-
denser from the top of card 6186 to its interme-
diate tap is so selected as to value and tap posi-
tion to compensate for unwanted quadrature
currents set up due to card capacity to ground
and capacity to ground of shielded leads between

N
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eard brush and amplifier input resistors. It is
necessary: to. run: all wiring in cogxial conductors
where: the outer shell’ is connected to. ground in
order to shield the computing voltages from the
addition of pick-up voltages which. would other-
wise produce errors. The brush associated with
ecard: 6108 selects a. voltage proportional to
—¢RdE cos E and is connected through resistor
3114 to the input circuit of motor amplifier
MA28. The output circuit af amplifier MA28S. is
connected ta one winding of a two~phase: motor
MO28. Resistor 3113, connected from: the free
end of the winding: of card 6128 ta the brush as~
saciated therewith reduces the effect upon the
voltage selected by the brush associated with
card 85805 of the impedance changes due to the
movement of the brush associated with card 6106.

The output circuit of amplifier 988, Fig. 19, is
connected through switches 11909 and MCT to the
other winding of motor MO28.

The motor M0O28, Fig. 17, is connected by gegr«
ing' 1128 ‘to drive the brushes of potentiometer
PT58.

The voltages supplied to thie input circuit of

motor amplifier MA28 are proportional to .

+RhdB—cRdB cos E, and, from Equation 6, the
sum of these voltages should be zero. If the sum
of these voltages is not zero, current is supplied
by the output circuit of amplifier MA28 to motor
MO28, causing motor MO28 to move the brushes
of potentiometer PT58 changing the value of dB
until the sum of the voltages is reduced to zero,
and the brushes of potentiometer PT58 have
moved to the value of dB.

The brush associated with eard 1693, PTH8, is .

connected to ground through resistors 315, 3{T16
and the junction of these resistors is connected
to- ground through the winding of card 6207, po-
tentiometer PT62, which provides a cosinusoidal
variation of brush voltage with angular brush
position.

The brush associated with eard 6207, PT62,
seleets a voltage proportional to dH cos E and is
connected through resistor 3177 to the input eir-
cuit: of motor amplifier MAZT. The output cir-

cuit of amplifier MA27 is connected to one wind- °

ing of the two-phase motor MO2T.

The output circuit of amplifier 1998, Fig, 19, is
connected through switches 1999 and MC?T to the
other winding of motor MO2T.

The. secondary windings of transformer 2i43
are respectively connected to ground through re-
sistors 3178, 3179 and through resistors 3488,
3181. The junction of resistors 3178, 3179 and of
resistors 3180, 3184 are connected to the ends of
the grounded winding of card 8102 of potentiom-
eter PT8¢, which provides. a sinusoidal variation
of its brush voltage for variation in brush posi-
tion. The brush associated with card 5i062 se-
lects: a voltage proportional to —dR7Z sin F and
is: connected through resistor 3i§2 to the input
circuit. of amplifier MA2T.

Connections 364! and 3612 are respectively
connected by resistors 3183, 3184 and resistors
3185, 3{86 to connections: 3643 and 38i4. The

junctions of resistors: 3183, 3184 and of resistors °

3185, 3186 are connected to the ends of the
grounded winding of card 5765 of potentiometer
PT5T whose resistance variation provides g brush
voltage which wvaries linearly with brush pesi-
tion. The brush associated with card 5705 se-
lects a. voltage proportional to —cRAIE and is
connected through resistor 3181 to the input cir-
cuit of amplifier MA27.

Motor MO21, Fig. 16, is. connected: by gearing
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t605. to drive the brushes of potentiometer,.
PTST.
The: voltages supplied to: the input circuit of
amplifier MA27T are proportional to:

+4-dH cos E—dRE sin E—cRAE

and, from: FEquation: 5, the sum: of these voltages.
should be zero.  If the sum of these voltages is
not: zero, current. is supplied from the outpuf. cir-
euit of amplifier MA21 to motor MQO21, causing
motor MO27T to move: the brushes. of patentiom-
eter PTOT changing the value of dE until the
sum: of these voltages is reduced to zero and the
brushes of potentiometer PTST have moved to
the value of dE.

Rate integrator

The: oseillator shown in Fig. 21 is of the type
described in. Unifed States Patent 2,341,067,
February 8, 1944, R. O. Wise, assigned to
the assignee of the present application, and
iricludes & stable high gain amplifier 2104,
having an output coupled by capacitor 2{05 to
g first network composed of the series capaci-

- tors: 2106, 2107 and the shunt amplitude control

resistor 2108 and to a second network composed
of the series resistors 2110, 2i11 and the shunt
capacitor 2109. Capacitor 2106 and resistor 2110
are connected to the input ecircuit of amplifier
2104, and the input ecircuit- and the junction of
resistor 2108 and capacitor 2109 are grounded.

In a copending application Serial No. 577,622,
filed February 13, 1945, by S. Darlington and as-
signed to the assignee of the present application,
it is shown that the frequency of an oscillator of
this type depends upon the ratio: of the voltages
supplied to the first and second networks. The
coupling capacitor 2105 is connected through the
windings of potentiometers 2i12 and 5696 to
ground. The brushes of potentiometers 2112 and
569% are respectively connected to capacitor 2107
and resistor 21i#. The output load may be con-
nected across the potentiometer windings.

With the wiper of potentiometer 5606 at mid-
point, the brush of potentiometer 2112 is ad-
justed until’ the frequency of the oscillator is in
the middle of the desired frequency range, which,
in the present case; is 60 cycles. The movement
of the brush of potentiometer 5666 can then vary
the freguency of the oscillator from 30 to 90
cycles. For a linear relationship between the
movement of the brush of potentiometer 5606 and
the resulting frequency of the oscillator, the re-
sistance of the winding of potentiometer 5606

,5 varies with the square of the movement of the

brush.

Oscillator 2828, Fig. 28, of the type shown in
Fig. 21 is connected to ground through the wind-
ing of card 5606 of potentiometer PT56. The
brush associated: with: card 3608 is rotated by
motor MO26, Fig. 31, and is connected through
the break springs of relay RY 7 to oscillator 2825,
Fig. 28. The output circuit of oscillator 2825 is
connected. to the phase splitting network 2§24, in

. which it is- grounded through resistor 2826 and

capacitor 28271 in serial relationship. The june-
tion. of resistor 2826 and capacitor 2827 is con-
nected through resistor 2828 to the input circuit
of motor amplifier MA30. The output circuit. of
oscillator 2825 is also grounded through capacitor
2829 and resistor 2830, and their junction is con-
nected through resistor 2831 to the input circuit
of motor amplifier MA3I.

The values:of resistors 2826, 2838 and capacitors
2827, 2829 are so related that the voltages sup~

e
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plied to amplifiers MA38 and MA2{ are 90 degrees
out of phase. The output circuits of amplifiers
MA3D and MAS3{ are respectively connected to
the windings of a two-phase synchronous motor
MO38. Motor MO38 will thus rotate at a speed
exactly proportional to the frequency of oscillator
2825, which is determined by the setting of the
brush associated with card 56686. .

- Oscillator 2832 is also of the type shown in Flg
21. The resistors 2833 and 2834 maintain the
frequency of this oscillator at a constant value of
60 cycles. Oscillator 2832 is connected through
the phase splitting network 2833, which is similar
to network 2824-to the input circuits of motor am-
plifiers MA3% and MAS81. The output circuits of
amaplifiers MA36, MA37 are respectively connected
to the windings of the two-phase synchronous
motors MO3{, MO83 and MO35. Motor MO3I,
MO33 and MO35 will thus rotate at speeds propor~
tional to 60 cycles.

- The shafts of motors MO28 and MO3! are
connected to differential gear DF28, Fig. 14,
which drives shaft 1437 at a speed proportional
to dR. The total rotation of shaft {437 with time
will be the integral of this rate, that is, propor-
tional to AcR. Shaft {437 is geared through dif-
ferential gear DF{9 to the synchronous transmit-
ter SY26, which transmits this value directly to
the range determining equipment in the director.

- Oscillator 2836, Fig. 28, of the type shown in

Fig. 21 is connected to card 5786 of potentiom-
eter PT51, and through the phase splitting net-
work 2837, which is similar to network 2824, to
the input circuits of motor amplifiers MA32 and
MA33. The brush associated with card 5706 is
rotated by motor MQ28, Fig. 31.

. The output circuits of amplifiers MA32 and
MA33 are connected to the windings of the two-
phase synchronous motor MO32.

The shafts of motors MO32 and MO33, Fig. 16,
are connected to differential gear D29, thus
driving shaft (886 proportionally to AcE.
Shaft {688 is geared to differential gear DF3.-

. Shaft 1729, Fig. 17, is connected by clutch {730
to the stable element and is rotated proportional-
ly to L+-Zd/30, and is also geared to the differ-
ential gear DF3, Fig. 16. Differential gear DF3

is geared to the fine SY27T, and coarse SY28, syn-.

ehronous transmitters which are thus rotated
proportionally to AcEb=AcE-}L-+Zd/30, and are
connected to the synchronous receivers on the
director.

. Similarly, oscillator, Fig. 28, of the type shown
in Fig. 21, is connected to the card 5805 and the
brush associated therewith, of potentiometer
PTH8, and through the phase splitting network
2839, which is similar to network 2824, to the
input circuits of motor amplifiers MA34 and
MA38. The output circuits of amplifiers MA34
and MAS3E are connected to the windings of the
two-phase motor MO34.

Motors MO24 and MO335 are geared to differ-
ential gear DF39, Fig. 15, to drive shaft 1587 pro-
portionally to the generated bearing AcB. Shaft
§587 is geared to differential gear DF5. Shaft
1502, rotating proportionally to the ship course
Co, is also geared to differential gear DFS.
Shaft 1508 is thus rotated proportionally to
AeBr(AcBr=AcB—Co0). Shaft 1588 is geared to
differential gear DF4, Pig. 17. Motor MO!, ro-
tating proportionally to jB’r is connected by
shaft 1712 and gearing (7{3 to differential gear
DF4. Shaft {731 is thus rotated proportionally
to AeB’r(AcB’r=AcBr—ijB’r), and drives the
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fine 8Y29 and coarse SY20, synchronous trans-
mitters, which are connected to the director.

. Assume the motors MO38, MO31, MO32, MO33,
MO34 and MOS85, Fig. 28, are two-phase, four-
pole synchronous motors, then, at 60 cycles, mo-
tors MO34§, MO33 and MO35 will rotate at 1800
revolutions per minute. The frequencies of oscil-
lators 2825, 2836, 2838 may be varied from 90 to 30
eycles, thus motors MOS8, MO32, MO3%& will ro-
tate at speeds between 2700 and -900 revolutions
per minute. Af{ 2700 revolutions per minute the
outputs of differential gears DF23, DF23, DF38
will be 900 revolutions per minute, proportional
to the maximum relative speed of the target in
one direction; at 1800 revolutions per minute the
outputs of the differential gears will be zero, when
the relative speed of the target is zero; and at
9006 revolutions per minute, the outputs of differ-
ential gears D28, DF29, DF36 will be —200 revo-
lutions per minute, that is, will rotate in the
opposite direction, proportionally to the maxi-
mum relative speed of the target in the other
direction. The total number of revolutions of
the output shafts in any given time interval will
be the 1n’ceglals of these speeds..

Comparator

The quantities Br, E and R, obtained from the
observations, are compared with the correspond-
ing generated quantities ¢Br, cE and cR, in
matching ring dials, which may be of the type
shown in PFig. 23.

The continuous, - concentric slip rings, 2304,
2302, 2863 are insulatingly mounted on a plate
2384, secured to the frame of the device 2385.

A shaft 2306, journaled in the frame 2365, and
rotated proportionally to oneé-of the generated
quantities, is attached to the central dial 2287,
and to a disc 2388, insulatingly supporting the
plain brush 2388 and the roller contactor 28i9.

The shaft 2811, journaled in the frame 2385, is
rotated - proportionally to the corresponding
quantity from the observations and is geared by
gear 23{1’ to gear 2312, which is rotatably sup-
ported by the shaft 2385.

The gear 23[2 supports the annular external
dial 2313; the plate 2314 insulatingly support-
ing the complete concentric slip ring 2816, and
the two concenftric partial slip rings 23{5 and
2318’; and insulatingly supports the brushes
2317, 2318, 2319,  The brushes 2317, 2318, 2219
are respectively conductively connected to the
slip ring 2316 and the partial slip rings 22345 and
2315’.

The shaft 2311 is geared to the shaft 2328,

which is geared through the worm gear 222¢ to
the external shaft 2322, journaled in the frame
2305. .
The shaft 2388 is’ geared to the shaft 2323,
which is geared through the worm gear 23228 to
the internal shaft 2325 journaled in the shaft
2322.

The worm gears 2321 and 2324 have a gear
ratio such that the shafts 2308, 231f rotate pro-
portionally to the fine synchronous receivers,
and the shafts 2322, 2825 rotate proportionally
to the coarse receiver. Thus, if anh observed
quantity, such as the range, is transmitted di-
rectly to the ring dials, the shaft of the fine re-
ceiver may be geared to the shaft 23i{, the

shaft of the coarse receiver may be geared to
the shaft 2322, and the shaft 2829 and gear 232!
omitted.

The plate 232§ is attached to the frame 2345
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and inswlatingly supperts the .complete .concen-
trie slip rings 2327,.2828, 2328.

“The shaft 2325 is attached fo the inner dial
2339, and drives the plate 2231, insulatingly sup-
porting ‘the two concentric partial slip rings
2382, 2332, and the concentric.complete slip rings
2333 and 2334. The slip rings 2332 and 2334
are conductively connected by the connection
2335; and ‘the slip rings 2332’ and 2333 are con-
ductively connected by the connection 23233,

The shaft 2322 drives the plate 2337 supporting
the .annular external dial 2333. The plate 2337
also carries the three sets of twin brushes, 2333,
23397, 2340, 2340’ and 2341, 2341’ which ars
eonnected in pairs. Each pair is insulated from
the plate 2337 and from the other pairs.

As shown in Fig. 25, slip rings 2381 angd 23237
@re respectively connected through resistors 2348,
2348 1o the grounded resistor 2258; slip rings
2302 and 2328 -are respectively connected
through resistors 2346, 2347 to the grounded neg-
ative source 1831; and slip rings 2363 and 2328
are respectively connected through resistors 2248,
2344 to the:grounded pesitive source 1936.

“The source 1938 is connected through zasistor
2343, ring 2323, brush 2319 to partial ring 2315’
and through resistor 2344, ring 2329, brushes
2344 2351’, ring 2334, connection 2335 to par-
tial ring :2832. The source 19334 is .connected
through resistor 2848, ring 2382, brush 2348 o
partial ring 2815; and through resistor 2847, ring
2328, brushes 2340, 2349’, ring 2233, connection
2336 to partial ring 2332'.

The ends of the partial slip rings 2315, 2315’
are separated at the left side 2 distance slightly
Jarger than the width of .contact of the roller
contactor 2310, and left side by a space equal
to about 20 degrees. Contactor 2310 is connect-
ed through brush 2309, ring 23186, brush 2317,
wing 2301 to resistors 2348, 2350. Brush 2309,
and contactor 2318 are driven by shaft 2308,
rings 23(5, 235" by shaft 23{1. If the shafts
2306 .and 2211 are in positional and rotational
agreement, the brush 2310 -will be mid-way he-
tween the ends of the rings 2315, 2315’ and no

voltage will be applied ‘to resistors 2348, 2350.°

If the shafts 2395 :and 2311 have .a positional
disagreement, the contactor 2310 will -either be
.on thepartial ring 2315 or the partial ring 2345’.
If the contactor 2318 is on ring 2315, the source
1931 -is .connected to resistors 2348, 2356. Re-
sistor 2348 may be connected, as by -dotted re-
sistors 2351, 2351’ to a correction circuit.

The ends of the partial slip rings 2332, 2332’
are separated -at the -point of :agreement by a
distance .enough .larger than the width of the
brush 2339’ that this brush may move through
the angle egquivalent to one-half revolution .of
the contactor 2310 without touching ring 2332
or 2332, and at the diametrically opposite point,
.are overlapped without touching. Brush 2338’
is connected by brush 2338 and ring 2327 through
resistor 2349, 2350 to ground. If the shafts 2322
and 2325 are in positional-and rotational agree-
ment, the brush 2339’ will be mid-way between
the .ends of the parfial rings 2332, 2332’ and
no voltage will be applied to resistors 2348,
2350, "If these shafts have a positional diagree-
ment, larger than the angle equivalent to a half-

revolution of contactor 2310, the brush 2338 will .

be either on the partial ring 2332 or the partial
ring 2332’. If brush 2338’ is on ring 2332, the
source {930 will be connected ‘through resistors
2349, 2350 to ground -and .if the brush 2339’ is
on ring 2332, the source 1931 will be -connected
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through resistors 2349, 2350 fo ground. A con-
trol voltage may thus be obtained from the-volt-
tage drop in resistors 2349, 2350, -as by the po-
tentiometer PTT1. )

Tn prior matching systems, the current for the
.corrective motor was drawn from the power
source directly through the slip rings .and
‘brushes -and the circuit from the sources o the
motor was of low impedance. 'The partial rings
2332, 2332' were separated at diametrically op-
posite points by spaces longer than the width
of brush 2339, so that brush 2339’ never bridged
the gaps between rings 2332, 2332, as :such
bridging would short-gircuit fhe power supplies.
Thus, the system -could be in a stable sondition
when the brush 2339’ was in the proper space
between rings 2332, 2332°, and :also -when the
brush 2339’ was in the other spaee, thus produec-
ing a-positional error:of 180:degrees.

In the present system, the brush of potentiom-
eter PTT1 is connected 4o the inpub circuit of
8 motor amplifier which supplies power to the
corrective motor. ‘The system is thus substan-
tially voltage-operated, and only very small cur-
rents need be drawn through the brushes .and
slip rings. The resistors in the circuit may then
Jhave fairly high values -of resistance, and the
rings 2332, 2332’ may overlap at the false bal-
:ance point, so that, at this peint, the brush 2339°
wil] bridge the rings 2332, 2332°.

“The resistors 2344 and 2347 -are not of equal
resistance, so that, when the hrush 2339’ bridges
the rings 2332, 2332, a small current will flow
from one of the sources through potentiometer
PTT{, driving the -corrective -motor away Ifrom
the false balance -point, through 180 degrees -to
the correct point of balance.

The shaft 1121, Fig. 17, rotating -proportion-
ally to the observed relative bearing Br, is con-
nected through the .gearing 1589, Fig. 15, do
the outer annular dials 4526, 1527, Figs. 11 and
15, of the ring dials 1539, of the type shown in
Fig. 23.

The shaft 1507, Fig. 15, is rotated by differen~
tial gear DF30 proportionally to the -inerements
of generated absolute hearing AcB, and -is con~
nected to diffexential gear DF5. The shaft 1502
is rotated by motor MO25 -proportionally to the
ship course Co .and is .also connected to .differ-
ential .gear DF§. The shaft 1510 will thus be
rotated by -differential gear DFBS proportionally
to the increments of generated relative hearing
AcBr(AcBr=AcB~C0), and is .connected through
differential gear DF8 :at -which point B from
motor MOQO2 over shaft 1512 is -added -to set -up
generated relative target bearing

{¢Br=jB--AcBr)

on shaft 1511 which is connected -to the inner
dials 1528, 1529, ¥igs. 11 and 15, of the ring
dials 1530.

Shaft 1431, Fig. 14, Is rotated proportionally
to AcR and is connected -through differential
gear DFiL0 to shaft (425 which is connected fo
the outer annular dials 1426, 1427 of the ring
dials 1430, Figs. 11, 12, 14 -of the type shown in
Fig.'23. ‘The observed values of the range R are
transmitted by -the synchronous-transmitters on
the director to the coarse SY5 and fine SY6
synchronous receivers -connected directly ‘to the
shafts of the ring dials, 1430, and to the inner
dials 1428, 1429, Pigs. 11-and 14.

Shaft 1624, Fig. 14, rotating -proportionally to
the observed value E of ‘target elevation ‘is
geared by gearing 1401, 1404, -to the outer an-
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nular dials 1420, 1421, Figs. 11 and 14, of the
ring dials 1403, of the type shown-in Fig. 23.
Shaft 1606 is geared to differential gear DF6.
Shaft {402 is driven by differential gear DF5 pro-
portionally to the generated value cE of target
elevation and is geared to the inner dials 1431,
1432, Figs. 11 and 14, of the ring dials 1403. At
this differential gear DF$, /E from MO4 is add-
ed to increments of generated elevation AcE on
shaft 1606 to make generated elevation

CE(CE—=ACE-+JE)

on shaft 1402. - The increments of generated
elevation (AcE) are non-zeroed gquantities and
can attain only the correct rate of rotation and
not correct positional values. The correction to
make a zeroed quantity of generated elevation
is  accomplished by the addition of the gquantity
JE. In addition jE automatically makes up the
difference in rates between observed elevation
E and generated increments AcE.

The circuits of the bearing ring dials 1538, Fig.
30, are similar to the circuits shown in Fig. 23
except that the sources 1980, {931 are connected
through switches RCI2 and RC13 of the rate con-
trol switeh; and the coarse control circuit is con-
nected to ground through switch RCi4 of the
rate control switch, the winding of card 742 of
the sensitivity control potentiometer PTT{ and
resistor 3640. )

The brush of potentiometer PTT{ is manually
adjusted by the type D knob 1102, and dial 1183,
Figs. 11, 12, to the desired sensitivity ¢S and is
connected to ground through resistors 3080, 3081,
3083, Fig. 30. The junction of resistors 3068 and
8001 is connected to the input eircuit of motor
amplifier MAZ.

The network formed by the shunt arms made
up. of resistor 80806 and capacitor 2007, capacitor
3008, and resistor 3609 simulates the 1mpedance
of one winding of motor MO2, when the motor is
at rest. This network, the winding of motor
MOZ2 and the resistors 3§85, 8010 form a Maxwell
bridee 3004. The output ecircuit of amplifier
MAZ2 is connected to the vertices of the bridge at
the junction of resistor 3805 and the winding of
motor MO2, and the junection of resistor 3610
and the network One end of resistor 3010 is
grounded and one end of resistor 3685 is con-
nected through resistor 3602 to the junction of
resistors 388{ and 3882. The conjugate vertices
of the bridge are thus connected across the in-
but circuit of the amplifier MA2. The output
voltage of amplifier MA2 is thus applied to the
winding of motor MO2 but is not fed back to the
input of the amplifier. The motion of motor
MO2 generates a back electro-motive force pro-
portional to the velocity of motion of the motor
and, as this voltage is not balanced by the bridge,
it is fed back through resistor 3602 to the input
circuit of amplifier MA2, thus making the speed
of motor MO2 closely proportlonal to the ampll-
tude of the applied current.

Power from the sources 1930, {93!, Fig. 19, is
supplied through network 1903 amplifier (810,
swifich 1811, switeh MCi3 and the make contacts
of relay RY30 to the other winding of motor MO?2.

The shaft of motor MO?2 is connected by gear-
ing 1512, Fig. 15, to differential gear DFS.

Thus, when there is a positional: disagreement
between shafts - {5{1 and 1721, motor MO2 is
started and adds a motion /B to shaft {511 thus
making the motion ¢Br of shaft 51 equa] the
motion AcBr of shaft {510 plus the motion: 4B of
'motor MO2. (eBr=AcBr+jB.)
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The shaft of motor MO2 is also geared to a
solution indicator (531, Figs. 11 and 15, associ-
ated with the ring dials 15380. The motlon of this
indicator shows that a disagreement exists be-
tween the motions of shafts (510 (AcBr) and
£72{ (Br), the speed of the motion of the indi-
cator shows how rapidly the system is approach-
ing & solution, that is, how soon AcBr approaches
Br as to rate of rotation, and when the indica-
tor is at rest it shows that shafts 15i1 and 1721
are in positional and velocity agreement.

The coarse dial circuit of the ring dial (403,
Fig. 30, is connected to ground through card T3
of potentiometer P17, and resistor 304{.

The brushes associated with cards 7{2 and 7i3
of PT7i could be separately adjusted to give dif-
ferent sensitivities for the jB and jE corrections
but, as these are both angular corrections, the
same sensitivity may e used, thus these brushes
are ganged. together and controlled by the type
D knob {102 and dial 1103, Figs, 11, 12.

The brush associated wn;h card 713 is con-
nected through resistor 3811, Fig. 30, to the in-
pvub circuit of motor ampliﬁer MA4&, and through
resistors 3812,-2814, to ground. -The output cir-
cuit of amplifier MA4 is connected to one winding
of the two phase motor MO4 through a network
similar to network 3884, The feedback from this
network is connected through resistor 3818 to the
Junction of resistors 3012, 3014.

The coarse dia] eircuit of ring dials 1430, Fig.
30, is connected to ground through card 721 of
potentiometer PT72, and resistor 3042. 'The
brush associated w1th card 721 is manually ad-
justed by the type D knob (104 and dial (165,
Figs. 11, 12, to the desired sensitivity 7S for the
range correction and is connected through re-
sistor 3818, Fig. 30, to the input ¢ircuit of motor
amplifier MA3, and through resistors 3016, 3018,
to ground. The output circuit of amphﬁer MA3

is connected to one winding of the two-phase

motor Mos through a network similar to net-
work 3664. The feedback from this network is
connected through resistor 3047 to the Junctlon of
resistors 3018, 3018.

Amplifier 1918, Fig. 19, is connected through
switches 181t and MCI3 and the make springs of
relay RY$! to the other winding of motor MO4
and through the make springs of relay RY25 to
the other winding of motor MOS3.

Motor MOS4, Fig, 30, thus rotates proportmna,l-
1y to 4B, and motor MOS3 rotates proportmnally to
jR. The shaft of motor MO3 1s geared to dif-
ferential gear DF'10.

The shaft of motor MO4, Fig. 14, is connected
by gearing 1433 to the solution indicator {434,
Figs. 11 and 14, and to differential gear DF§, Fig.
14, Thus when there is a positional disagree-
ment between shafts 1624 and {6985, motor MO4 is
started and adds a motion JE through differen-
tial gear DFS to the motion of shaft (608 thus
making the motion of shaft {462 equal to

cE(cE:AcE—{—j‘E)

Similarly, the shaft of motor MOS Fig. 14, is
connected by gearing 1435 to the solutlon 1nd1-
cator 1435, Figs. 11 and 14, and to differential
gear DFIg, Fig. 14. When there is a positional
dlsagreement between the motion of shaft (405
and the motions of the receivers SY5, SY8§, motor
MOz is started and adds a motion R through

‘differential gear DF10 to the motion AcR of shaft

1437 thus making the motion of shaft 1405 equal
to cR(CR=ACR+4R).
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Rate corrector

The slip ring associated with the fine correc-
tion brush of the bearing ring dial 1539, Fig. .30,
generates corrections proportional to momentary
velocity differences between relative bearing (Br)
and generated bearing (¢Br) and is designated
as 8dB and is connected through resistor 2351,
make spring of rélay RY |, and resistors 3919 and
3020 to ground. The junction of resistors 30f9,
3020 is connected {o ground through the winding
of .«card 1781, potentiometer PTI7. The brush
associated with card (70{ is rotated proportion-
ally to ¢R to select a voltage proportional 1o
¢R5dB and is connected through the upper break
spring of relay RY 18 and resistor 2903, Fig. 29,
‘to the input circuit of line amplifier T.A18. The
secondary winding of the output transformer
‘2904 of amplifier T.A 5 has two grounded sections,
one shunted by resistor 2885, and the other
shunted by resistors 2806, 2987, in serial relation-
ship. The junction of resistors 2366, 2987 is con-
nected through resistor 2388 to the input circuit
of amplifier LA1{ES.

The slip ring associated with the fine correc-~
tion brush of the elevation ring dial 1483, Fig. 30,
is ‘connected through the make spring of relay
RY?2, resistors 80621, 3622, to ground. "The junc-
tion -of resistors 3621, 3622, is connected through
the ‘winding -of card 1782, potentiometer PTIT.
*The ‘brush associated with card 1702 selects a
voltage proportional to cRIE and is connected
‘through the break springs of relay RY{8 and re-
-sistor 3023 to the input circuit of line amplifier
TA16. The output transformer 3624 of line am-
plifier LAI§ has two grounded secondary wind-
ings-one shunted by resistor 3028 and the other
:shunted by resistors 3826, 3027 in serial relation-
ship. 'The junection of resistors 3828, 927, is con-
‘nected through resistor 3028 to the input circuit
of amplifier LA{6. The cam nut 1488, Fig. 14,
‘on the ¢R shaft 1485, operates the limit switch
L5112 at a range of about 22,500 yards. The op-
seration of limit switch L8142, Fig. 18, completes
i, -circuit from the power supply through switch
MC8, winding of rélay RY {6, limit switch LS112,
;and switch MC9 to the power supply, operating
rélay RY 6. The operation of relay RYI6, Fig.
730, ‘disconnects the brush associated with -eard
¥181, PTI7T from, and connects the junction-of re-
-gistors 3019, 3020 to, resistor 2903, Fig. 29; and
‘disconnects the brush associated with card 702,
“Fig, 30, from, and ‘connects the junction of re-
sistors 3021, -30622 ‘to, resistor 3823. Thus, for
ranges greater than 22,500 yards, the voltages
.supplied to -amplifiers LAlS, Fig. 29, and LAfS,
Fig. 30, are respectively proportional tosdB and
3dE multiplied by the value for a range of 22,500
yards.

"The end of one winding of transformer 3624
is .connected to ground through resistors 3029,
3038. "The junction of resistors 3029, 3030, is
connected through the winding of card 6283,
PTB2, to ground. The winding of card 6203 has
.2, variation of resistance to provide a brush-volt-
age proportional to the sine of the angular brush
position. The brush associated with card 6203
sélects a voltage proportional to ¢cRIE sin £ and
is -connected through resistor 2888, Fig. 29, to the
input circuit of line amplifier LAIT.

The output transformer 2910 of line amplifier
T.A17, has two grounded secondary windings.
‘One winding is shunted by resistor 2841, and the
other winding is shunted by resistors 2912, 2913,
in 'serial relationship. The junction of resistors
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2912, 2918, is connected through resistor 2914 to
the ‘input circuit of line amplifier LAY

"The slip ring associated with the fine correction
brush of the range ring dial 1430, Fig. 30, is con~
nected through the make springs of relay RY3,
resistors 3031, 3032, to ground. The junction of
resistors 3031, 3032, is connected -to ground
through the winding of card 6281, potentiometer
PT62. The winding of card 62081 has a variation
‘of resistance to provide a brush voltage propor-
tional to the cosine of the angular brush position.
The brush associated with card 6201 selects a
voltage proportional to 8dR cos E, and .is .con-
nected through resistor 2889, Fig. 29, to the input
circuit of line amplifier LAIT. )

The voltages supplied to the input circuit of line
amplifier TA{7, thus are respectively proportional
to 8dR cos E—cROIE sin E, and from Equation
10 the output voltage of line amplifier LAIT is
thus proportional to sdRnh.

The slip ring of the range ring dial 1438, Fig.
30, is also connected through the make springs of
relay RY3 and resistors -3632, 3034, fo ground.
The junction of resistors 3633, 3034, is connected
to ground through the winding of card €202, po-
tentiometer PT62. The winding of card §262 has
a variation of resistance to provide g brush volt-
age proportional to the sine of the angular brush
position. The brush associated with card 6292
selects a voltage proportional to sdR sin E, and
is connected through resistor 2917, Fig. 29, to the
input circuit of motor amplifier MAS.

One winding of output transformer 3024, Fig.
30, is connected through resistors 3038, 036, to
ground. The junction of resistors 3835, 3036, is
connected to ground through the winding of .card
$204, potentiometer PT62. The winding of card
6284 has a variation of resistance to provide a
brush voltage proportional to the cosine of the
angular brush position. The brush associated
with card 5284 sslects a voltage proportiona] to
cRsdE cos E and is connected through resistor
2916, Fig. 29, to the input circuit of amplifier
MAS8. The output circuit of amplifier MAS is
connected to one winding of the two-phase motor
MO® through a network similar to the network
3004, Fig. 30. The feedback from the network is
connected ‘through resistor 291§, Fig. 29, to the
input circuit of amplifier MAS. :

The output circuit of amplifier i8¢, Fig. 19,
is connected through switch 1911, switch MCIi3,
to the other winding of the motor MO&.

Thus from Equation 11 the shaft of motor MO8
will be rotated proportionally to the required cor-
rection 5dH, in the rate of climb of the target.
The shaft of motor MO8, Fig. 14, is connected
by gearing 438 to the brushes of potentiometer
PTI6, and to the dH dial 1138, Figs. 11 and 14.

The source of power {831, Fig. 28, is connected
directly to the first contact of the ¢H switch and
through resistor 2920 to the second contact of
this switch. Similarly, the source {828 is con-
nected directly to the fifth contact of the switch,
and through resistor 2922 to the fourth contact
of the switch. The blade of the dH swifch is
connected through resistor 2918 to the input cir-
cuit of motor amplifier MAS. 'The sources {851
and 1930 are of opposite polarity. When cor-

‘rective voltages are being received from the ring

dial, the dH switch is on the blank third contact
and does not supply any voliage to the input cir-
cuit of motor amplifier MA8. "To okiain an in-
itial setting of the shaft of moctor MO8, the blade
of the dH switch is moved by the type ‘C knob,
i 106, Figs. 11, 12, to the second, or fourth, con-

e T
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tact thus supplying a reduced voltage from the
source 1931, Fig. 29, or the source 1830 to the
input circuit of amplifier MAS, thus rotating the
motor MO8 at slow speed.  If the dH switch is
moved to the first, or fifth, contact the motor
MOS8 will be rotated in one direction or the other
at full speed.

One winding of output transformer 2318, Fig.
29, is connected to ground through resistors 2831,
2932 and through resistors 2933, 2934. The other
winding of transformer 2818 is connected to
ground through resistors 2925, 2936, and through
resistors 2937, 2838. The junctions of resiStors
2833, 2934, and of resistors 2835, 2936 are respec-
tively connected to the ends of the windings of
of card 1381, potentiometer PT18§. Similarly the
junctions of resistors 2934, 2532, and of resistors
2837, 2538, are connected to the ends of the wind-
ing of card 1382.
and {382 have a variation of resistance so de-
signed to provide a sinusoidal variation of brush
voltage with its brush position and are grounded
at the points where the function: passes through
zero. The brush 2947 selects a voltage propor-
tional to —sdR7 cos A and is connected through
resistor 2841 to the input circuit of a motor am-
plifier MAT. )

One winding of output transformer 2894 is
connected to ground through resistors 2823, 2824,
and through resistors 2825, 2926. The other
winding of transformer 2884 is similarly con-
nected to ground through resistors 2827, 282§,
and through resistors 2828, 2830. The junctions
of resistors 2825, 2826, and of resistors 2927, 2828,
are connected to the ends of the windings of card
1303, potentiometer PT{3. 'The junctions of re-
sistors 2923, 2924, and of resistors 2528, 2830, are
similarly connected to the ends-of card 1854, The
windings of cards 1383 and 1364 have s variation
of resistance so designed to provide a brush volt-
age proportional to the sine of angular brush po-

sition and are grounded at the points where the

function is zero. The brush 2949 selects a voli-
age proportional to sin A, and is connected
through resistor 295{, and the winding of card
6205, potentiometer PT82, to ground. - The wind-
. Ing of card 6286 has a variation of resistance so
designed to provide a brush voltage proportional
to the cosine of brush position. The brush asso-

ciated with card 628§ selects a voltage propor- °

tional to cRsdB sin 4 cos E and is connected
through resistor 2942 to the input circuit of mo-
tor amplifier MAT.

The output circuit of motor amplifier MAT is
connected through a network similar to the net-
work 3884, PFig. 30, to one winding of the two-

The windings of -cards (381

[~}

10

20

25

2,658,674

64 :

card 8205 has a variation of resistance so de-
signed to provide a brush voltage proportional to
the cosine of brush position. The brush asso-
ciated with card 6285 selects a voltage propor-
tional to —cRédB cos A cos E and is connected
through resistor 2984 to the input circuit of line
amplifier LAI{8S.

The source 1931 is connected directly to the

first contact of the Sz switch and through re-

sistor 2844 to the second contact of the Sh switch.
The source {930 is connected directly to the fifth
contact of this switch and through resistor 2945
to the third contact of this switch.. The blade of
the Sk switch is connected through resistor 2948
to the input circuit of motor amplifier MAT. The
Sh switch is controlled by knob {i8{, Figs. 11 and
12, to operate similarly to the d¥ switch and is
initially used to rotate the shaft of .the motor
MO7T to the estimated value of the speed Sk of
the target. . .

The output transformer 2857, Fig. 29, of the
line amplifier LA{8, has two grounded secondary
windings respectively shunted by resistors 2958
and 2959. -

Brush 2948 of potentiometer PTI8 selects a
voltage proportional to —3dRA sin 4 and is con-

" nected through resistor 2955 to the input circuit

30
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phase motor MO1, Fig, 29, the feedback connec- -

tion from the network being connected through
resistor 2929 to the input circuit of amplifier MAT.

The output circuit. of amplifier 1919, Fig. 19, is
connected through switch 1911, switch MC{3 to
the other winding of motor MO7T. :

Thus, in accordance with Equation 12, the
winding of motor MO? has been supplied with
voltages proportional to the eorrection 88k, the
appropriate correction in the horizontal speed of
the target, and the shaft of motor MOT is thus
rotated in accordance with these voltages. 'The
shaft of motor MO71, Fig. 15, is connected by gear-
ing 1532 to the brushes of potentiometer PT7, and
to the counter indicator {533, Figs. 11, 18 and 15.

Brush 2850 of potentiometer PT3, Pig, 29, is
connected through resistor 2952-to the winding of
~ard 6205, potentiometer PT62. The winding of
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of amplifier LAI§. Thus, by Equation 13 the
voltages supplied to the input eircuit of amplifier
LA{8 are proportional to ShéCt. One output
winding -of transformer 2837 is connected to
ground through resistor 29688, the winding of
card 783, of potentiometer PTT and resistor 281.
The brush associated with card 763 selects a volt-
age proportional to the target speed Sh, and is
connected through resistor 2956 to the input cir-
cuif of amplifier LAI8. The output voltage of
amplifier LAIS is thus divided proportionally to
Sr-and thus becomes proportional to the correc-
tion to target course angle 5Ct.

The other winding of transformer 2857 is
connected to ground through resistors 2952 and
2963, The junction of resistors 2962, 2983, is
connected through resistor 2885 to the input
circuit of the motor amplifier MAS.

The output.circuit of motor amplifier MAS§ is

‘connected through a network similar to the net-

work 3604, Fig. 30, the third contact and blade
of the TA switch, the break contact of relay
RY26, the break springs of relay RY27 to one
winding of the two-phase motor MO8. The shaft
of motor MO$§ will thus be rotated through the
required correction ¢Ct in the target course angle
Ct. The shaft of motor MO§, Pig. 15, is con-
nected by gearing 1534 to differential gear DFi2.

The resistances of resistors 304¢, 364{, 30642,
Fig. 30, are so proportioned with respect to the
supply voltage that for disagreements between
the coarse rings and brushes sufficient voltage
will be supplied to motors MO2, MO3, MO4%, to
cause the motors to run at full speed irrespec-
tive of the settings of the brushes of potentiom-
eters. PTTi,. PT12. The trainer, pointer and
ranger in the director are supplied with hand
wheels which, through the appropriate differen-
tial gears or equivalent mechanisms can add
motions to the motions of the train, elevation and
rangefinder drive motors.. These adjustments
change the values of B, E and R, and. if these
changes cause a positional disagreement of the
coarse dials, will cause motors MO2, MO3, M8
to follow up;, at full speed, on the motions of the
hand wheels. When the coarse dials are in

agreement but the ﬁng dials are in positional dis-
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agreement: the resistances; of the circuit. are so
proportioned that motors MO2, MO8, MO4 fol-
low up the motions of the hand wheels at speeds
determined by the settings: of the brushes of
potentiometers PTT1, PTT72. When the brushes
of potentiometers PTTi, PTI2, are at. the top,
the motors run at full speed and for other set-
tings at reduced speeds. diminishing to one-~
twentieth of full speed when the brushes are
at the bottom of the potentiometers. Thus

even without any adjustment of the rates the

motors' MO2, MO3, MO# follow up on the adjust-
ments made by the hand wheels.
If one of the director operators finds that

frequent cperation of the hand wheel is reguired:

to follow the target this is an indication that
the rates should be adjusted.  The trainer is
furnished wih-'a bearing rate BR, key [888, Fig.
18, and the pointer is furnished with an elevation
rate ER, key 1887. The present computer is
designed to work with either a radar or an opti-
cal range finder, thus the ranger is. furnished
with a double-pole double-throw range selector
RS, switch., 1885, which is operated to select
either the optical range mark key (808 or the
radar range rate key 1808.

Wihen: eperating without rate correction, the
bearing rate eorrection eircuit is  grounded
through resistor 3819, Fig. 30, and the break
springs of relay RY§; the elevation rate correc-
tion eireuit. is grounded through resistor 3821
and the break springs of relay RY2; and the
range rate correction eircuit is grounded through
resistors 3931, 3033, and the break springs of
relay RYS3.

For full automatic eperation against aircraft,
with radar ranging and optical training and
elevation the main control switeh MC, Fig. 18, is
cn the fourth contaet, the rate control switch RC
is: on the. first contact, the radar optical switch
RO is on the seecnd contact, the aircrait sur-
face switch AS is on the first contact, and the
range selector switch 1885 is in the lower position.

When the bearing rate key {889 is operated, a
circuit is completed from the ship’s power supply
through: direetor slew key #8¢{, bearing rate
key 1898, rate control switch RCS, winding of
relay R¥ 1, switches RCH8, MC§, to power supply,
operating relay RYE.

When the elévation rate key (887 is operated,
2 c¢ircuit is completed fromx the power supply,
key t88t, key 1887, switch RCH, winding of relay
RY2, switch ASE, elevation key i8{%, switches
RC1S, MC8, to power supply, operating relay RY¥ 2.

When the radar range rate key $88% is oper-
ated, o circuil is completed from power supply,
switches 835, {889, winding of relay RY2Zi,
switches RCI8, MCS8, to power supply, operating
relay BYal.

The operation of relfay RY2{ completes a. cir-
cuit from the power supply, switch MCS, upper
make springs of telay R¥Y2E, switches RO2, RCE,
lower brezk springs relay RY28, winding of relay
RY¥Z, lmit switch LS 18, range key (822, switches
RO, DECE, ko power supply operating relay RYS.

The cperation of relay RY{ completes a circuitb
frems power supply, switches MCSE, BCS3, lower
make springs of relay BYL, signal lamp (625 and
resistor 1825 in paraliel, resister 827, switches
RO, MOS8, to power supply, lighting the signal
lamp 1825, Pigs. 1t and 18, to notify the com-
puter and plotting personnel that corrections are
being made in the bearing rate.

The operation of relay RY2 completes a circuit
frowm pewer supply, switches MCS, RCE, lower
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make: springs. of relay RY2, signal lamp 1830
and resistor {831 in parallel, resistor 1832,
switches RC10, MC8, to power supply, lighting
the elevation rate correction signal lamp 1828,
Figs. 11 and 18.

A eircuit is completed from power supply,
switeh. MC8, signal lamp- {835, resistor 1838,
switehes RCIE, MCE, to power supply. The signal
lamp {82% is shunted by the upper break springs
of relay RY2{. The operation of relay R¥2i
cpens this. shunt path, lighting the: range rate
correction sizgnal lamp 1835, Figs. 11 and 18. The
shafts of motors MOS, MOT, MO8, Fig. 29, have

initial displacements, Ctl, Shl, dH1, either due
to some previcus use of the computer or by use
of the Ci, Bh.and dE switches to set.in the esti-

mated values of Cf, Sh, dH. By appropriate co-
ordinate transformations these initial displace~
ments of the shafts of motors. MO8, MO7, MO8,
produce correspending displacements dR1, dEl,
d31, of the shafts of motcrs MO26, MO2T, MO28,,
iz, 31, and of the brushes of potentiometers
PTES, PTSL, PTES, Fig. 28. The positions of the
brushes cf these potentiometers cause the speeds,

. of motors MO38, MC32, MO34, and shafts {437,

{5886, 1510, to be propertional to dR1, dE1, dBl.
Shafts 1427, 1606, {510, produce displacements of
the rings of the coarse ring dials 1438, £403, 1539
Wi, 30, proportional to the increments of dis-
plagement ACR, AcE, AcB. The rsceiver SY&and
shafts 1684, 172, produce displacements of the
prushes of the coarse ring dials proportional to
R, T, B. If there is a positional disagreement
hetween the rings and brush of a dial, due teo
inegquality between the generated and observed
gisplacements, the appropriate motor MO8, MO&
or BIO2 robates adding a displacement 7R, /E or
iB to the increments of generated displacement
ACR, ACE oY AcB.

When the generated displacements cR, cE, ¢B
are within a few degrees of equality with the ob-
served displacements R, E, B, the brushes of the
coarse dials move into the spaces hetween the
paztial rings, and the moters MO§, MO4E, MO2

. are no longer under the control of the coarse

dials.

Even though the generated displacements ¢R,
cE, cB are substantially equal to the observed
displacements, the rates dR, dE, dB based on the
existing or estimated values of C¢, Sh, dH may
not be egual to the rates R, E, B, from the ob-
servations and this inequality will produce a. po-
sitional disagreement between the roller con-
tacter and rings of one or more of the fine ring
dials. The currents 8dR, 6¢E, 6dB from the ring
dials, after appropriate cocrdinate transforma-
Lions, are supplied to the motors MOE, MOT, MO3,
Fig. 20, to change the initial displacements of the
shafts of these motors, thus changing the dis-
piscements of the shafts of motors MO2E, MO21,

T

1
WIO28, Fig. 31, and the values of dR, dE, dB.
In order-to simplify the explanation of the type
of regenerative tracking embodied in the presenf
cmputer; assume that the target is moving with
unacoelerated speed along the line of sight, se
that the sngular rates dE, dB are zero, and the
rax rate ¢R is eonstant. The coordinate trans--

dials.

jifferential gear in the range-finder drive

he rate dR. Theother gear of the differential
ear adiusts the range finder ot the rate R which,
when dR is correct, will equal St, the target veloc-

i ol
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ity in the line of sight. If dR is not correct in

order to keep the range finder on target, the hand
wheel is opsrated, producing through the differ-
ential gear, a displacement sR of the range finder
which is transmitted to the ring dial by the re-

68

ational solution for such a: circuit, Equatmn 49

- may be written. -

ceiver SY§, g, 30. This change in displacement -

causes a corrective current to produce a change
5dR in the rate dR and a change 5cR in the dis-
placement ¢cR to match the change sR.

An approximate or estimated rate dR1. is
initially set in the computer and as the solution
proceeds the rate correction §dR is added to this
rate to give the intermediate values dR which
will eventually become equal to dR, the correct
rate. -
__ The rate correction circuit responds only fo

changes in the displacement of the range finder
and is active only while changes are being made,
thus no information as to the total displacement
cof the range finder is required in the rate cir-
cuit.

In aided tracking the rate correction should be

proporticnal to the change in dlsplacement that

is

6dR=k6cR 43>
where k is a factor of proportionality.

The generated rate at any instant is equal to
the initial rate plus the rate. correction.

dR=dR1-}+5dR

‘Since the shafts connected to the ring dial-are
continuously rotating and their displacements
are measured from arbitrary zeros, the difference
in displacement of the contactor and rings of

the dial may be specified by the integral of the

difference of the velocities of the shafts.

soR= [ [(B—cR)d (45)
Thus,
TR= th-x-f (R—¢R)di - (46)
Diﬁerentlatmg,
dR=k(R—CR) 47

But for continuous tracking the dlrector operator
manipulates his hand wheel to make R=St and

cR=dR, thus

7 AR=k(St—aR), (48)
Solving, )
(49)

AR=AR1--(St—dR1) (1—e—Fkt)

where e=2.71828 . . . . i ‘
“The generated rate dR is equal-to the initial
rate dR1 at time =0, and ultimately becomes

10, thus the data are weighted exponentially, the

15

20

, AN
E(t):dR1+(sz—dR~1)(1—g T>+

dR(t)=—f ¢ T;S’t(t-——f)dr (51)

In Equatmn 51 the weighting functmn is

ey
T -

greatest weight being given to present data and
progressively less weight to past data. -

Since. S7(¢) may be any function of time, it
may be considered as made up of three com-
ponents, the initial setting dR1; a correction
(St—dR1) applied at time {=0; and a variation
A sin wi commencing at {=0 corresponding to a
sinusoidal error in tracking, of amphtude Aand
angular velocity wt.

. S
Asinwt  AwTe T
ViFwrTz  1+wrT?
At the start of ‘the tracking, the tracking error

(52)

" in displacement is usually small compared with

30

(44) . -

35

45

50

the error in'the rate dR. It is therefore desir-
able to have the time constant T as small as prac-
ticable to give rapid convergence to the true rate.
When sufficient time has elapsed so that the ex-
ponential terms in -Equation 52 are neghglble,

‘then

-40.

- operating. voltages are developed across resistors

A sin wt

th—-St
© +vr

- (83)

For the remainder of the settling time, it is

desirable to have the time constant T as large
as practical so - as to-reduce the effect.of the
tracking errors as expressed by the'term

A sin wt

VitwTs

In g typical embod1ment of Fig. 25, resistors
2343,-2346, were about 2500 ‘ohms, resistor 2244
about 30,000 ohms, resistor "2347 -about 27,600
ohms, resistor 2348 about 60,000 ohms, resistor
2348 about 350,000 ohms, resistor 2258 -about
10,000 ohms and resistor 2851 about 10,000 ohms.
When the coarse dials are out of balance, full

3040, 3041, 3042, Fig. 30, and the jR, jE, jB mo-

- tors: MO3, MO4, MO2, turn at full speeds. As

55
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equal to the target rate Sf. The approach to the

correct solution is exponential and the time re-

quired to reach a solution depends upon the-con- .-

stant k& and the difference between the 1n1t1a1'

rate dR1 and the target speed St.-
Let
' R F
r= k: T
then Equation 47 may be 'wri'cten

T, dR—I—dR =8t (50)

By analogy to an_electric circuit cons1st1ng of
o resistor and inductor in series, and the oper-

65

_be supplied to.the rate correction circuit through'

the: brushes of the fine dials make several rota-
tions for partial rotations of the coarse dials,
any -adjustments of the rate circuits m this in-
terval are ineffective. :

When a coarse:dial is in balance but. a fine
dial ig out of balance, g fairly large voltage will

-resister 2351, Fig. 25.  The sensitivity of the rate

correction circuits, that is, the speed of the Ct,
Sh, dE motors, will depend upon the attenuation

-in the eircuit, such as provided by re51stor 235?

and any subsequent amplification;
When the coarse dial is in- balance but the fine

-dial is ‘out-of balance; voltage is applied through

70

the nétworks formed’ by resistors 2248, 2348, 2358,
to the windings of the potentlometers PTTL or
PTI2. -
netWorks, ‘the jR, 7E; jB motors will -rotate at
slow: speeds.  The speeds of these ‘motors are

further controlled by the settings of the brushes
75 of the potentiometers.

The sensitivities of these

‘Owing to-the large attenuations in these.
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motors; that is, the speed for a given abplied
voltage depends upon the attenuations in the
networks, the settings of the potehtiometéer
brushes, and any other attenuations or amplifi-
cations in the circuits.

The rate correction circuits are adjusted only
during the peried that the fine dials are out of
balance. The motors iR, /B, /B eventually re-
store the fine dials fo balance, thusg, the lengths
of time duting which the rate correction eircuits
are being adjusted and the exftents of such ad~
justments depend upon the speeds of the /R, iBE,
7B motors.

Let the motors MO6, MOT, MO8, Fig. 29, have
initial settings C£l, SK1, 41, which, during the 15
beriod of adjustment, take mtermedmte values
Ct, Sk, dH, and eventually reach the correct
values Ct, 8, dH. During the adjustment peri~
od; the outputs of differentials DF28, D¥FZ§, DF30,
Hig. 28, will have intetmediate values of rates of
rotation of dR, dE, ¢B, which eventually redch
the correct values dR, dF, dB.

: The displacement of motors MO3, MO4, MO?2,

Fig. 30, will then be

jR= ﬁ) “R—TR)dl

5
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jE=ﬁ<dE-EE)-dt

36
vt o
jB:-J; (dB—dB)dt
Differentiating with respect to {imhe 35

jR=dR~dR, jE—=dE-QE, jB=2db—dB
From Equations 2, 3, 4, 5, 6;

dR=dRh cos E-4-dH sin B 40

dEz‘-LR[dH cos B—dRk sin E}
C

dBﬁI%L[srz sine A+ 8o sin B 45
dRh==8h cos A—=S8o cos Br
A=Br+Co+180—Ct
rCot 50
‘AR==dRkE cos BE4dH sin

——E—R[dH cos B—~dRh sitt E]
55
_§=————[Sh sin 4 So sin Br}

dLh=—Sh eos A—So cos Br
60
A=DBr-+Co+189—Ct
Thus,
j‘R‘: (dRh— dRE) cos B4 (dH—~dH) sin B (54
65
E—-[(dH d8Y cos E=(dRh~adRBky sin E}
(55)
(56)

in T R i
jB= Rh‘[Sh sin A— Sh sin A} 70

Let the corrections made to Ctl, Snit, dHl bé
iCt, iSh, $4H, s0 that

"CE=Ct1-+iCt; SR=8h1+}ish; dH—dHLLidE 15

M 70
Differentiating,
Ci=iCt (57
Sh=ish (58)
dH—jdH 59

From Equations 2 to 9 it may be shown that
jCi-———[— (riR cos BE—
egEcR sin E) sin 4— —bjBcR cos A cos Ele

(60)
§8h=[—(r§R cos E—
¢jEcR sin E) cos A4-bjB sin AcR cos E]s (61)
jdH=[rJ R sin ¥ +¢jEcR cos Elk (62)
where
r=sensitivity of /R integrator
e==sensitivity of /B integrator
b=sensifivity of jB integrator
c=sensitivity of Ct integrator
=sensitivity of /Sh integrator
h=sensitivily of jdH integrator
Let ri=e=b=k and substituting
§Cr= ko’gh sin (A = A4) (63)
i8R =ks[Sh cos (4 —Ay—8h] (64)
jdH=kh(dH—4H) (85)

Sukstitutiiie Equatiohs 57, 58,
tions €3, 64, 65 and simplifying,

89 into Equa-

Tt kel sin (Ti—Ct) =0 (66)
Sh
84 hsBh—ksSh cos (Ci—Ctj=0  (67)
GH -+ khdF —khdH =0 (68)
From Equationis 66, 67, 68, letting ks=kc=q,
(‘é?-ctt):ﬁan—x[ sin (GH0D) ](69)‘
cos {Cfl~ Ct)—i—Shl/Sh,
52 “ggl;bl siti (CF1==Ct) sini (Ll——Ct)e"“+
cos: (C’t—C’t)[l [l—é’hl cos (C’tl——Ct)]e—“‘]J
(70)
—1 (1 AH1 o, (1)
The time constant
1
2

is controlled by theé settmgs of the brushes of the
¢S potentiometer PTTH, Fig. 30, and the rS poteén-
tiometer PT72. Potentionieter PL7t may be ad-
justed by knob {1902, Figs. 11, 12, 14 and the set-
ting is indicated on dial $103, Figs. 11 and 14.
Potentiometer PTT12 may be adiusted by kneb
{164, Figs. 11, 12, 15 and the setting is indicated
on dial |105, Figs. 11, 15.

The computer will automatically solve for the
correct target rates for any target angle which
is: withinn =180 degrees of the ecorrect value.

e T
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Thus, in blind tracking of an invisible target by’

radio location, when it is impossible to estimate
the target angle, it is not necessary to set in.an
approximately true value of the target angle.

If the target horizontal speed Sh is: initiaily
incorrect, it will affect the speed of solution for
target course angle Ct but will not affect the
value of Ct if is initially set at the true value.

If the target course angle Cf is initially in-
correct, it will affect the speed of solution for
target speed Sh, even when Sk is initially set at
the true value. If Cf is mitially set at the cor-
rect value, the values of £ approach the value
Sh exponentlally

‘The values of dH approach the value dH ex-
ponentially and independently of the values of
Ct and Sh.

The solution times mlght e excessive except

for the controls of the time constants supplied -

by the sensitivity potentiometers TITH, PTIA,
Fig. 30. These controls may be manipulated to
reduce the time constants during the initial stages
of the solutions sc as to reduce the solution time,
then to increase the time constants during the
later stages of the solution to increage . the
smoothing of the solution in the increased sup-
pression of unwanted perfurbations that may be
superposed on the wanted observed data. )

When a solution has been reached the motors:
Fig. 14, rotate shaft 1£37 at the

MO38, MO3I,
speed dR to produce the increment of displace-

ment AcR which is transmitted by transmitter -
8Y26 to drive the range finder; the motor MO3 -
produces a displacement jR, which is added in-

differential gear DF{8 to the displacement of

shaft 1437 to produce a displacement cR of shaft.

1465 which is geared to the brushes of the cR po-
tentiometer PTIT.

The motors MO32, MO33, Fig. 16, rotate shaft '

{606 at a speed dE to produce a: displacement
AcE -which is combined in differential gear DF3
with the displacement L-+-Zd/30 of shaft 1729 to
produce a displacement AcEb which is transmit~
ted by the transmitters 8SY27; SY28 to the direc-
tor; the receivers SYI, SY2, aie controlled by the
director to produce a displacement from motor
MOI18 proportional to Eb which is combined. in
differential gear DF'l with the displacement L. of

shaft 1623 to produce a displacement E of shaft
{404, Fig. 14, cor~ -

{624 and, through gears 1401,
responding displacements of the brushes. of po-
tentiometers PT61, PT62.

The motors MO34 MO35, Fig. 15, rotate shaft
§507 at a speed dB to produce a- displacement

AcB, which is combined  in differential gear DFS-
with the displacement Co of.shaft 1502 to pro-
- duce 2 displacement AcBr of shaft 1508, which is,
in turn, combined in differential gear DF4, Fig.:

17, with the displacement jB’r of shaft 1712 to
_ produce a displacement AcB’r of shaft 1131 which
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: ground or source 1930. The Wmdlng of card 6104

produces a cosinusoidal variation of the applied
voltage at the associated brush -which is con-
nected to. ground through resistors 3617, 3618.

~The brush associated with card 6184 is thus at

a vcltage proportional to ¢R cos E, that-is, to the

-"horizontal range, Rh. The junction of resistors
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3617, 3618 is connected through resistor 3622 to
the input circuit of line amplifier L.A19. B
As explained below in connection with the basie
ballistic ‘circuit, the connections 3301, 3302 have
voltages proportional to Tf, the time of flight, and
are respectively connected through break springs
of RY%, resistors 3633, 3634 and resistors 3§35,
26368, and through :resistors 3638, 3629 and re-
sistors 3631, 3632 to ground. The junctions of re-
sistors 3629,.3630 and of resistors 3635; 3636 are
connected to the ends of the windings of card
403, potentiometer PT4. The junctions of re-
sistors 3631, 3632, and of resistors 3633, 3634 are

.connected to the ends of the windings of card

404, PT4. The windings of cards 483, 464 produce
sinusoidal variations -in brush veltage, ‘and are

-grounded at the points where the function passes
through zero. The brush 3538, of potentiometer

- PT4 'is thus at a voltage proportional to

30

—T5 cos Br

_and is connected to ground through resistor 3639
' and the winding of card 693, potentiometer PTS.

The winding- of card 6683 produces g -linear

. variation of the applied voltage at its associated

brush- which-is connected through resistor 3624

to the input circuit of amplifier LAI9.

35

The connections 33081, 3382. are respectively

~‘connected - through' the break springs of relay

40
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is transmitted by transmitters SY29, SY30 to the

director. The receivers S¥3,-SY4 are controlled
by the director to produce a displacement. B’r of
shaft 1708 which is combined in differential gear

DF2 with the displacement jB’r of shaft 1712 to
produce a displacement-of shaft {714, ang the”

brushes of potentlometer PT4, proportlonal to Br.

Predictor -

The secondary winding of transformer 3606, -
Fig. 36, is connected by connection. 361t through -
resistor 3615, and card 6104 to ground; the june- -
tion of resistor 36{5 and card 6104, PT§t, is con-
nected through resistor 3616 by connection 3613
" through the upper springs-of relay RY29' to

- ance with Equation 14, the output voltage of am-
coor- -

75

RYY, resistors 3642, 3643 and resistors 3640, 3641
to the ends of the windings of cards 1366, 1367
of potentiometer PT{3. - The windings of cards
1388, 1367 produce sinusoidal variations of brush
voltage, and are grounded at the points where the
functions pass through zero. 'The brush 3645 is

-thus at a voltage proportional to —T7 cos 4 and

is connected to ground through resistor 3647, and
the winding of card 705, potentiometer PTT.
The wmd)ng of card 785 produces a lnear varig~
tion of voltage at the brush which is connected
through resistor 3623 to the input circuit of am-

plifier LAY,

As will be eAplamed later in connectlon with
Fig. 32, the connections 3281, 3203 together have
voltages proportional to Yf+Yw+Yj and are re-
spectively connected through resistors 3628, 3521
to the input circuit of amplifier LAI8. " The out-

-pub; transformer of amplifier LA -has two

grounded secondary winidings one winding being
shunted by resistor 3628, and the other winding
being shunted by res1stors 3627,-3628 "in serial
relationship. - The junction of resistors 3627,
3628 is connected:. through resistor 264% to the
input eircuit of amplifier LA{9. Thus in accord-

plifier LA will be proportional to the
dinate of the virtual position. :

Brush 3637, of potentiometer PTS, is at a volt-'

age proportional to Tf sin Br and is ‘connected

to ground through resistor 3648 and the winding-
“The winding’

of card" 604, potentiometer PT6.
of card 604 produces a linear variation of the ap-
plied voltage -at its associated brush which - is

‘connected through resistor 36583 to the 1nput cir-

cuit-of line amplifier L.A20.

“ Brush 3644, of potentiometer PTE3 is ata volt-
age proportional to T sin 4 and is connected to
ground through resistor 3646 and the Wmdmg of
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card 704, potentiometer PT1. The winding of
ecard 704 produces g linear variation in its brush
voltage proportional to €k and the brush is con-
nected through resistor 3652 to the input circuit
of amplifier 1.A28.

As will be explained later in connection with
Fig. 32 the connections 3202, 3264 together have
voltages proportional to Xf4+Xw--XJj and are re-
spectively connected through resistors 3650, 3651
to the input circuit of amplifier LA20, .

The output transformer 3554 of amplifier LA29,
has two grounded secondary windings. One
winding is shunted by resistor 3655 and the other
winding is shunted by resistors 8358, 3657. The

_junction of resistors 385§, 3657 is connected
through resistor 3649 to the input circuit of am-
plifier T.A20. Thus in accordance with Equation
15 the voltage of transformer 3884 will be pro-
portional to the X coordinate of the virtual posi-
tion.

Connections 3381, 3312 are respectively con-
nected through the break springs of relay RY9
and resistors 3658, 3659 through the sections of
the windings of card {684, potentiometer PTI§ to
ground. The winding of card 1694 produces g
linear variation of voltage at its associated brush
proportional to TfdH which is connected through
resistor 3684 to the input circuit of amplifier
1.A32.

The source 1930 is connected through the first
or second contact of the aircraft surface switch
AS4, and resistors 3665, 8672 to ground. The
junction of resistors 388§, 3672 is connected
through resistor 3§71 and the first or second con-
tact of switch ASH, to ground and through resis-
tor 3682 to the input circuit of amplifier L.A3S2,
The resistances of resistors 3668, 367§, 3672 are
selected so that the veltage supplied to the input
circuit of gmplifier L.A32 for switch AS in the first
or second positions is proporticnal to Hp, the
vertical height of the director above the mean
gun plane, to correct the verfical components of
advance and virtual positions for the effect of
the effect of the vertical parallax when elevations
are measured gt the director as in the case for
example in fire at aircraft targets.

As will be explained later in conneection with
Fig. 32, the connections 320§, 3268 together have
voltages proportional to Hw-Hj and are respec-
tively connected through resistors 3681, 3883 to
the input circuit of amplifier LA32.

The output transformer 3565 of amplifier 1:-A32,
has two grounded secondary windings and one
winding is shunted by vresistors 3568, 3667 in
serial relationship. The junction of resistors
2666, 3667 is connected through resistor 3869 to
the input ecircuit of amplifier .A32. Thus, in ac-
cordance with Equation 16 the voltage of trans-
former 8665 will be proportional to kH.

The secondary winding of transformer 3685 is
connected through resistor 3873 to the input eir-
cuit of the meter amplifier TA36, and through
resistor 2685 to the input cireuit of line amplifier
LA21.

The secondary winding of transformer 3686 is
connected by connection 36i2 through resistor
36186, and card §185, PT6{ to ground; the junction
of resistor 3878 and card 6185 is connected
through resistor $675 by connection 3614 and the
lower springs of relay RY28 o ground or source
1931, and connection 3611 is connected through
resistor 3678, and card 8105 to ground; the junc-
tion of resistor 3678 and card §{85 is connected
through resistor 3871 by connection 3813 and the
upper springs of relay RY2§ to ground or source
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i830. The winding of card £195 produces from
the applied voltage a sinuseidal variation of this
voltage at its brush and is grounded at the point
where the function passes through zero. The
brush associated with card §195 is thus at a volt-
age proportional to ¢R sin &, that is, to H and is
connected through resistor 3674 to the input cir-
cuit of meter amplifier I.A36 and alsc through
resistor 3686 to the input cireuit of line amplifier
LA21. The oufput circuit of meter amplifier
L:A35 is connected to a meter 1187. Preferably,
the output stage of meter amplifier 1.A36 is in
push-pull, and the meter has g center zero, s0 as
to indicate positive and negative values. Thus,
in accordance with Equation 18, the meter (107,
Figs, 11, 12, 36, will indicate the future height,
H2.

As explained later in connection with Fig. 33,
the connection 3363 has a voltage proportional
to Hm, the connections 3384, 3385, 3366, 3347 to-
gether have a voltage proportional to Hfo, and
these connections are respectively connected
through resistors 3584, 3583, 3582, 3684, 3880 to
the input circuit of line amplifier LA2{. The out-
put transformer 3887 of amplifier LA2{ has two
grounded secondary windings, one winding being
shunted by resistor 3588 and the other winding
being shunted by resistors 3689, 3830, in serial
relationship. The junction of resistors 3588, 3655
is connected through resistor 3678 to the input
cireuit of amplifier LA2(. Thus, in accordance
with Egquation i7, the voltage of transformer
3687 will be proportional to W, the vertical co-
ordinate of the virtual position.

The windings of transformer 3625 are respec-
tively connected through resistors 3701, 3762 Fig.
37 to the ends of the ‘windings of card §692,
potentiometer PT66. The winding of card §682
modifies the applied voltage to produce a sinus-
oidal variation of this voltage at its brush, and is
grounded at the point where the function is zero.
The brush associated with card 6882 is connected
through resistor 3711 to the input circuit of motor
amplifier MAI3.

One winding of transformer 3854 Fig. 36 is
connected through resistor 3786 Fig. 37 to the
mid-point of the winding of card 6681, potenti-
ometer PT66. The winding of card 668{ modifies
the applied voltage to produce a cosinusoidal
variation of brush voltage, and the ends of the
winding are grounded. The brushh associated
with card $69! is connected through resistor 37i2
to the input circuit of motor amplifier MAI3.
The output circuit of motor amplifier MAI3 is
connected to one winding of the two-phase motor
MOI3.

The sources 1880, 1961 are connected through
the phase shifting network 1983 to the input cir-
cuit of the power amplifier 1912, Fig. 19. The
output circuit of amplifier 19i2 is connected
through switch 1913, in its lower position, the
main control switch MCS3, in its fourth position,
to the other winding of motor MO13.

From Equation 19 the voltages supplied to the
input circuit of amplifier MAI3, Fig. 37, should
equal zero. If the sum of these voltages is not
equal to zero, motor MO138 will move the brushes
associated with cards 6604, 6662 until the sum
of these voltages has been reduced to zero, at
which point the brushes have been displaced to
a position proportionate to DR, the horizontal
deflection.

Motor MO13, Fig. 15, is connected by gearing
1514 to the brushes of potentiometers PT§5% and
PTE5 and is connected by shaft 1545 {o the differ-

R
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ential gear DFIS. Shaft 1721, having a position
proportional to Br, is connected by shafis (589
and {5{6 to another gear of the differential gear
DFi{8. The third gear of differential gear DF{8
is geared to the brushes of potentiometer PT2§,
which will thus be displaced to a position propor-
tional to the advance relative target bearing Bgr,
(Bgr=Br-+Dh).

One winding of transformer 3825, Fig. 36, is
connected through resistor 3783, Fig. 37, to the
mid-point of the winding of card §%8§, poten-
tiometer PT85. Card 6585 has a winding which
varies the applied voltage to produce a cosinus-
oidal function of this voltage at: its brush, and
is grounded at the ends. The brush-associated
with card €888 is thus at a. voltage proportional
to ¥ cos DR which is connected through the re-
sistor 3728 to the input circuit of line amphﬁer
LA2&,

The windings of transformer 3554, Fig, 36, are
respectively connected through vresistors 3784,
3705, Fig. 37, to the ends of the winding of card
586, potentiometer PT35. The winding of card
§806 modifies the applied voltage to produce a
sinusoidal variation of brush voltage and is
grounded at the point where the function is
zero. The brush associated with card 8%3§ is
thus at a voltage proportional to X sin DA which
is connected through resistor 3782 to the input
circuit of line amplifier LA24. Thus in accordance
with Equation 20, the voltages supplied to the
input circuit of line amplifier 1.A24 are propor-
tional to RR2, the advance horizontal range.

The brush associated with card 6i94, Fig. 38,
is at a voltage proportional to ¢® cos E, that is
to Rh, and is connected by connection 2712
through resistor 3718, Fig. 37, to the input cireuit
of line amplifier LLA24. The voltages supplied
to amplifier LA28 will thus e proportional io
(Rh2—Rh). The output transformer 37i{§ of
amplifier LAZ24, has two grounded secondary
windings, one shunted by resistor 3718, and the
other shunted by resistors 378, 3717 connected
in serial relationship. The junction of resistors
3716, 3117 is connected through resistor 3787 to
the input circuit of amplifier LA24. Connection
86¢1 is connected through resistors 8724, 8728 to
connection 3663 and connection 3812 is connected
through resistors 3749, 27(8 to connection 35i4.
The junctions of resistors 3718, 3719 and of re-
sistors 3729, 372t are respectively connected to
the ends of the winding of card 52355, potentiom-~
eter PT52. The winding of card 5285 modifies
the applied voltage to produce a sinusoidal var-
iation of brush voltage, and is grounded at the

point where the function is zero. The brush as- -

sociated with card 5285 is thus at a voltage pro-
portional to —cR sin kE, and is connected through
resistor 3729 to the input circuit of motor am-
plifier MAIS.

One winding of transforimer 8714 is uOIl"lef‘t‘:‘d
through resistors 3725, 3725 o ground. The junc-
tion of resistors 3725, 8126 is connected througsh
the winding of card 2819, PTZ8 to ground. " The
winding of card 2819 modifies the applied voltage
to produce a sinusoidal variation of brush volt-
age. The brush associated with card 2818 is
thus at a voltage proporticnal tc — (Rh2—RhR)
sin E2, which is connected through resistor 3731
to the input circuit of amplifier MA1S5.

One winding of output transformer 3583, Tig.
36, is connected by connection 3732 through re-
sistor 3724, the winding of card 2814, Fiz. 37, and
resistor 3728 to ground.. The brush associated
with card 2814 is at a voltage proportional to kH
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€0s E2, which is connected through resistor 3758
to the mput circuit of amplifier MA!§. - The out-
put circuit of ampilifier MA{86 is connected to one
winding of the twoe-phase-motor MCi8.

The output circuit of amplifier 1212, Fig. 19, is
connected through the lower contacts of switeh
1513, the fourth contact of switch MC3 to the
other winding of motor MOI{8.

The voltages supplied to the input circuit of
amplifier MAI{S§, Fig. 37, are proporiional to
—cR sin kE—(Rh2—Rh) sin E2+4-kH cos E2 and,
by Equation 21, the sum of these voltages should
be zero. If the sum of these voltages is not equal
to zero, the output voltage from amplifier MA S
will cause motor MO1§ toc move the brushes of
potentiometers PT28 and PTH2 until the sum
of the voltages has been reduced to zero, at which
point the brushes of potentiometer PTE2 have
been displaced to the value of kE.

Motor MO8, Fig. 16, is connected by gearing
1627 to shaft 1528, and through gearing {828 to
the brushes of potentiometer PTE Shaft 528
is geared to one gear of differential gear DF32,
and shaft (624 at & position proportional to E
is also geared to one gear oi differential gear
Dr32. Shafi 1828 is connected to the third gear
of differential gear D¥382 and is geared to the
brushes of potentiometer PT23, rotating these
brushes to a position proportional to E2=—=E-}-kE.

Basic ballistics

The cR line amplifiers in the present computer
have a maximum linear variation of cutput voli-
age proportional to about 14,000 yards, while the
weapons controiled by the computer have a max-
imum range of 18,000 yards. 'Thus, the circuij
must be switched, as explained below, to. accu-
rately computle for ranges bestween 14,090 and
18,060 yards. -

Equations 5 to 13 are rigorously co;rect up to

-a maximum range of some 22,508 yards, and, up

to this range, the time constants of the rate cor-
rectors are fixed by the sensitivity controls.
Above 22,500 yards the circuit is switched, as ex-
plained below, to cut off the cR terms. The re-
sulting equations, while not linear, will produce
accurate adjustments of the rates up to 38,000
yards, though the time conotant will vary with
range.

The shait {488, Fig. 14, rotating proportionally
t0 cR, is threaded and éngages a cam nut 14888,
displacing the nut proportionally to ¢cR. The nub
has a lever which, at about 13,500 yards, operates
a small single=pole snap switch, limit . switch
LSiid, then at about 22,560 yards operates a
second single-pole snap switch, limit switch
15412, and at about 35,000 yards operstes a third
single-pole snap switch LS{ 3.

The cR potentiometer PTi7 has g scale fac-
tor of 25,000 yards per revelution. Card 17¢3,
Fig. 36, is shaped to extend over about 23,000

" .yards, the space between the ends of the card
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being filled by an insulating spacer. The wind-
ing of card {783 is tapped at 14,000 yards, which,
for the scale factor used, is equivalent to an
output- voltage of the cR amplifier LA36, of. 25
volts. - Two brushes, 3684, 8691, are associated
with ‘eard {783; brush 3691, being displaced an
angular distance equivalent to about 13,000
yards ahead of brush 3684,

In Fig: 18 the two sides of the ship’s power
supply are connected to the blades of switches
MC8, MCS8, two sections of the main control
MC switch.  The third and fourth contacts of
switch MC8 are connected through the wind-~
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ings of relays RYI13, RY29 and switch LS4
to the second, third apd fourth contacts of
switeh MCY; and through the winding of relay
RYt§ and switch LSii2 to the same contacts.
When the computer is on, the main control MC
switch is on the fourth contact, thus, the op-
eration of switch 1LS44{ will operate relays RYi89,
kY28, and the operation of swiltch LSi42 will
operate relay RY16.

The ship’s power is also connected through
the lever and contacts of switch MC8, the lever
and contacts RCGii$ of the rate control RC switch,
contacts of switch 1822 controlled by range knob
R, switch LS{13, winding of relay RY25, con-
tact and lever of rate contrel switch RCi, lever
and contact of radar-optical switch ROS, and
contacts and lever of switch MC9 to the ship’s
power. For automatic operation switches RCi
and -RCi8 are on the first contact. TFor radar
ranging, switch RO2 is on the first or second
contact. Thus, relay RY25 is held operated by
switch LSi13.

For ranges up to about 13,500 yards, brush
3604, Fig. 36, is connected through the break
springs -of relay RYI5 and resistor 3695 to the
input ecircuit of amplifier L.A36, and the output
voltage of the amplifier rises from zero to about
24 volts. When brush 2804 reaches 13,000 yards,
brush £69! will pass the grounded zero, At
about 13,500 yards the limit switch operates re-
lay RY{5, disconnecting brush 36904, and con-
necting brush 36§14, through the make springs of
relay RYI5 and resistor 3665 to the input cir-
cuit of amplifier 1L.AS6. The output voltage of
amplifier LA38 drops nearly to zero, then rises
with the motion of brush 269{ for about 14,000
yvards or 25 volts, when brush 3891 passes the
tap in the winding of card 1783, and the volt-
age remains steady at this value for about 9,600
yards.

The connections 3811, 3512, from the output
transformer 3699, of amplifier LA36, are con-
nected to the various loads, such as card §105,
of PT61, through resistors, such as resistors
2678, 23678. 'The connections 3613, 2614, from
the springs of relay RY29 are also connzcted
to the various loads, as by resistors 3677, 36785.
Relays RY15 and RY29 are operated together,
at about 13,500 yards, by the limit switch. The
operation  of relay RY22 connects connection
3613 to the source (%238 and connection 3814 to
a source {831’ of equal voltage and opposite po-
larity. The resistances of the various resistors
and loads are so proportioned that the sources
1828, 1931’ supply constant voltages, to the
proper scale factors, equal to the voltages which,
just prior to the switching, were supplied by
connections 3611, 3812, and to these constant
voltages, will be added any increases in the volt-
ages from connections 3811, 3612. Thus, for
ranges up to about 13,500 yards, brush 3£84 sup-
plies to amplifier 1.A26 a voltage proportional to
cR; after the operation of relay RYIS, for
ranges from 13,500 to 27,600 yards, brush 3691
supplies to amplifier 1L,A2§ a voliage proportional
to ¢cR—13,000, while the simultaneous operation
of relay RVY28 supplies directly to the loads a
voltage proportional to -}-13,000 yards; for ranges
from 27,000 to 36,000 yards, brush 3891 is on
the short-circuited portion of the winding of
card 1782 and the voltages supplied to the loads
are constant at the value proportional to 27,000
yards.

One winding .of output transformer 368§ is
connected by connection 3737 through resistor
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3750, Fig. 37, to the input circuit of motor ani-
plifier MA{9.

When relay RY29, Fig. 36, is operated, the
source 193¢€ is connected by connection 3813 and
resistors 3738, 3739, Fig. 37, to ground. The
junction of resistors 3738, 3739 is connected
through resistor 3748 to the input ecircuit of
amplifier MA19. Connection 3612 is connected
to ground through resistors 3749, 3742 and con-
nection 3614 is connected fhrough resistor 3741
to the junction .of resistors 3748, 3742 to main-
tain constant the loads on the secondary wind~
ings of transiormer 38698, Fig. 36, when relay
RY29 operates.

‘When the range potentiometer PTi1T is driven
to a range of 36,000 yards, the cam nut operates
limit switch L8412, Fig, 18, thus releasing re-
lay RY25. As shown in Fig. 19, the release of
relay RY25 disconnects the exciting winding of
motor MO3 and substitutes resistor 4820 as a
dummy load for amplifier §810. The cam nut
1808 blocks the shaft 1485, Fig. 14, thus pre-
venting the brushes of potentiometer PTI17 from
moving,  The motion of shaft {437 is then trans-
mitted through differential gear DFIf and gear-
ing (435 and rotates the rotor of motor MOS3.

‘The voltages supplisd to resistors 3746, 37150,
Fig. 37, will together be proportional o cR.

The winding of transformer 3714 is connected
to ground through resistor 3728, the winding of
card 2809 of potentiometer PT28, and resistor
3727. The winding of card 2809 has a varia-
tion of resistance such that the voltage appear-
ing at the brush is the applied voltage modified
according to @ cosinusoidal function. The brush
associated with card 2889 selects o voltage pro-
portional to (Rh2—Rh) cos E2, and is connected
through the break springs of relay RY {1 and re-
sistor 3749 to the input circuit of amplifier MA190.

Connections 3612, 3614 are respectively con-
nected through resistors 3151, 3152 to both ends
of the winding of card 5207 of potentiometer
PT52. The winding of card 52871 is grounded
where the function is zero and has a variation in
resistance such that the voltage applied modified
according to a versinusoidal function is present
on the connection to the brush. 'The brush as-
sociated with eard 5287 seleets a voliage pro-
portional to —cR vers kKE and is econnected
through the break springs of relay RY 10 and re-
sistor 37417 to the input circuit of amplifier MA1{D.

Connection 3732 is connected to ground
through resistor 3722 and the winding of card
2813, potentiometer PT28. The winding of card
2813 has a variation of resistance which produces
on its brush a sinusoidal modification of the ap-
plied voltage. The brush associated with card
2813 selects a voltage proportional to kH sin E2
and is connected through the break springs of
relay RYI8 and resistor 3748 to the input cir-
cuit of amplifier MAIQ.

Thus, by Equation 22 the voltages supplied to
resistors 3747, 3748, 3749 are together propor-
tional to kR.

The fire control officer at the director is sup-
plied with a range spotting control which moves
a synchronous transmitter connected to the re-
ceiver SY1. The control winding of the receiver
SY17 is connected through the right-hand break
springs of the ballistic correction, BC, switch
3153 to the input of the follow-up amplifier
MA2{, of the type shown in Fig. 22. The output
circuit of amplifier MA2{ is connected to one
winding of the two-phase follow-up motor MO2/{.

___



2,858,674

79

Power is supplied from - the sh1p 'S power
through switch MCI4, Fig. 20, contacts associ-
ated with the range spot knob Rj.and trans-
former TR3 to the other winding of motor MO21.

Receiver SYT, Fig. 14, drives the range spot Rj
dial 1488, PFigs. 11, 13, 14, is geared by gearing
1439 to motor MO21{, and by gearing {446 to the
brushes of the range spot potentiometer PT{8.

The source {939, Fig. 37, is connected to ground
through resistors 3732, 37133. The source 1931 is
connected to ground through resistors 37134, 3735
and through resistor 3736 and the left break
springs of the BC switch 3753, The junctions
of resistors 3732, 3733 and of resistors 3734, 3735
are connected to the ends of the winding of card
19¢1, PTi9. The winding of card {98 has a
linear variation of resistance and is grounded
at midpoint. The brush associated with card
1981 selects a voltage proportional to Rj, the
range spot and is connected through resistor 3745
to the input circuit of amplifier MAIG.

Thus, the voltages supplied to resistors 3748
to 3156 are proportional to cR+kR--Rj, that is,
to R2.

From Equation 23 R2=Resl(E2). As shown
in Fig. 19, s1(E2) varies from 1.009 to .66948.
The card might be shaped to give the function
starting at .66948, and a resistor connected in
series with the card to represent the values from
zero to .66948, but a more efficient procedure-is
to modify Equation 23 to the form

R2=Rel.669484-s1(E2) —.66948]

and to shape the potentiometer card to the func-
tion [s1(E2) —.669481, adding the constant term
by separate connectlons

This permits the use of a lower maximum volb-
age for a given voltage scale factor and simpler
shaping in tandem card connections.

The source 1931, Fig. 35, is connected to ground

through resistor 3502 and the winding of card
6481, potentiometer PT64. 'The winding of card
8407 produces on its brush a linear variation of
the applied voltage. The brush associated with
card 6407 is connected to ground through re-
sistor 3593, the winding of card 2819, potentiom-
eter PT28, and resistor 3504; and by connection
35688, throush resistor 3322, Fig. 33.
associated with card 2818 is connected by connec-
tion -8587 through resistor 3743, Fig. 37, to the
input of amplifier MAI18; and through resistors
3323, 332%Z, Fig. 33, to ground. Resistor 3324 is
connected in series with resistor 3323 and -the
combination is shunted by resistors 3317, 3318,
3319 in series. The junction of resistors 3318,
3319 is grounded through resistors 332€, §321-in
series.
connected by connection 8325 through resistor
3744, Fig. 37, to the input- cxrcult of amphﬁer
MAIS.

Owing to the mterconnectmn of connectlons
3506, 3507 in the network formed by resistors
3317 to 3324, Fig. 33, a small part of the voltage
from connection 3587 is impressed on connection
3325. The winding of card 2818, Fig. 35, pro-
duces a variation in its brush voltage proportional
to [s1(E2)—.56948]1. The  small resistor -3504
compensates for the leak voltage in the network.
In some cases, the winding of card 28{9 may also
be slightly modified to more exactly compensate
for the leak voltage..

Thus, the voltages supplied to resistors 3?43
3744, Fig. 37, are approximately proportional to
—[.66948Re-}-Resl (E2) —.66948Rel. The output

The brush-
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circuit of amplifier MAI0 is connected to one
winding of the two-phase motor MOIi8.
The sources 1980, {80!, Fig. 19, are connected

' through the network (963, amplifier {914, switch
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v -tional to the function f2(Re), Fig.

1918, switch MC2 to the other winding of motor
MOIi8.

Motor MOI9, Fig. 14, is connected by gearing
1418 to the brushes of potentiometer PT§4, and
by gearing (517, Fig. 15, to the ballistic range
counter 1518, Figs. 11, 13, 15. -~ )

The voltages supplied to the input circuit of
amphﬁer MAI{0Q are proportional to

R2—I. 66948 Re--Rels1(£2) —.6694811

and the sum of these voltages should be ZEro.
If the sum of these voltages is not zero, motor
MO8 is started, rotating the brushes of po-
tentiometer PT84 until the sum of the voltages
is zero at which point the brushes of potentiom-
eter PT84 have heen. rotated proportionally to
Re, which is indicated on the ballistic range
counter. .

In the present computer, the varicus ballistic
quantities, as tabulated in the firing tables, are
matched, by conventional mathematical proce-
dure, by three functions of the ballistic range
Re, and seven functions of advance target eleva-
tion E2. The three functions, f12(Re), f3(Re) and
f4(Re), of balistic range are shown in Fig, i0E,

and the-seven functions, s1(E2), s2(E2), s6(E2),.

§3(®2), 34(E2), c4(E2), ¢5(E2), are shown in
Figs. 10, 10A, 10C, 16D. In addition, three other
functions s5, s7, ¢5, of advance target elevation
E2 are used. ‘These functions are combinations
of the other functions, thus,

s1(E2)
B(E2)

€5 (E2) =51 (E2) [cos E2—s6(E2) (sin E2)]

and very nearly s7(E2)=si(E2). .

‘Source 936 is grounded through resistor 8523
and the winding of card 6485, potentiometer
PTE4, Fig. 35. Card $49¢ has a winding which
varies in resistance to produce o voltage propor-
108 at its
brush when the brush associated with card 6486
(Fig. 35) is rotated in accordance with the bal-

s5(E2)— (sin E2)

- listic range Re and is connected to connection

50

The junction of resistors 33{7, 3318 is -
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3588,

The function F4(Re), Fig. 10E, has g rapid
rate .of change with ballistic range and cannot
easily be represented by. a single potentiometer
card as the rapid change in width of the card
would cause the winding to slip. This difficulty
may  be avoided by using the product of two
functions in place of the single function. From
an inspection of the curve as plotted in Fig.
10E, the function resembles an exponential func-
tion,; thus, it may be divided into a single ex-

‘ponéntial function, and a second function which
“together with the exponential function will give

the desired function.- Or, two functions each
equal to V74 (Re) may be used. Card 6408, of
potentiometer FT64, Fig. 35; has a winding vary-
ing in resistance with an exponential function.
The source {881 is connected to ground through
resistor 3543, the winding of card 8488 and re-

. sistor 3514,  The brush associated with card 6488
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is grounded through the winding of card £483.
The winding of card €409 has a variation in re-
sistance such that the voltage selected by the
brush associated with card 6499 varies in accord-
ance with the function f4(Re). The brush as-
sociated with card 64069 is connected to connec-
tion 3509,
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The ‘sotirce 3%1 Fiz. 35,3 conmected to groumd
through resistor 1 ‘and ‘the winding of ‘cakd
‘6405, “Thé brish associated with ‘card 6405, Flg
35, connects n Volthze proportional to f3MRe),

Fig. 10E to contiection 3511 by virtue of the ie- "

sistance variation of ‘the ‘wihdihg ‘of card 6405.

Connection 3538 is -grounded through resistor
3515 and the winding of card 2811, potentiometer
PT28, Fig. 35. The winding of card 2811 varies
the applied voltage to produce a voltage at its
‘orush ‘in . aecordande with -function s4(E2), Fig.
10A, ‘multiplieéd by AHe ‘applied wvoltage :and -a
woltage $cale factor. “The ‘brush associated :with
-card 2811, Fig. 35, s rotated sproportionally .to

42 ‘donnecting in - combination with cards 6408:

““and 6409 a voltage proportional.tois4(EB2)f4Re)
-0 connection 3508,
:Gonnection 3509 ‘is idlso igrounded :through <re-
- §istor:38.16, the windirg 'of scard 2812, potentiom-
eter PT28 and resistor 35171.
2812 wvaries in:resistance to produce:s modifica-
#tionrof:the applied 74 (Re) -voltage:in:accordance
iwith.function ic4 (E2),:Fig. 10C. ‘The brush:as-
sociated -with :card 2842, Fig.:35, (is:rotated .pro-

-portionally:to.F2:tb:select a:voltage proportional:;

to c4(E2) f4{Re) :and.is:connected to:connection
3307.

Connection 3511 is grounded through resistor
73548, the -winding. of icard: 2815, :potentiometer

PT28, and resistor:3519. The winding:of:card:;

2815 wvaries in.résistanceito.produce:a: modifica-
tion:-of the applied #3(Re) voltage-in-accordance
with funetion :s3¢12),:¥Fig. :10A. ~The:brush:-as-
sociated with card 2815,:Fig. 35,:is;rotated:pro-

iportionally: to:E2 toiselect a volbage proportional ;;

to s3¢(E2>f3{Re)and:is connected.to connection
53510,
+Thus,:the potential:with:respect-to:ground. of
_iconnection 3307 is —c4(E2)f4(Re); of .connec-
tion:8508:1is F2(Re) ;:oficonnection :3506:is —Re;
2iof :connection 8507 :4s --s1{Re); :of -connection
~13508 :is 84 (E2)f4(Re); of’ connectwn 35!}9 is
—7f4(Re); of connection 351 0 is -—33(E2)f3 (Re);
and: -of connectlon 35“ -is .—#3(Re), -each-to a
iThe ’eotal t}me 'of ﬂlght -of - the- shell Tf is
‘ equal ‘to-the basic_ time of- ﬂlght for standa,rd
-conditions, Tfo,: plus -the added time of - ﬁlght
“m,. due: toany: difference: between the. standard
4nitial-velocity of- the shell and the actual initial
-iveloegity as: aﬁected by:wear: of the gin, tempera-

sTPHe winding of card
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ture,.etc. In the.present: computer
“Tfo==23.266 f2(Re) +53(B2) F3(Re)+
-5.143 f4(Re).seconds - (72)

Tin=[~.666 F2(Re)+.042s3(E2) f3(Re)+
00554 (E2) f4(Re)+1.02352(E2) (— f2(Re) +
t
803 74(Re ))]standard -aetual 1.V, (73)
100
- Connection 3505 is further connected to'ground
-through four: parallel paths, resxstors :3329, 3328,
5321, 3396 3395, Fig.. 33, in- senal relatlonshlp,
resmtor 3333 resxstors -3330, 333! _____ 3335 in ser1a1
3330, 3331 through resmtors 3334 3331 in. serial
- relatlonsmp
The junction of resistors. 3328, 3329 has a poten-
- tial- proportional %o —23 266}2(Re) ‘and. is” con~

seconds

. mected through re51stor 3339 fo the. input gircuit’

of line amplifier: 1:A25.
Connection 3510s ¢oniriected to’ ground through
., five paths, resistors 3367, 3366, 3365, 3364 in serial
"relationship;, fioim, ﬁhe Junctmn of” res1stors 3361,
3366 through resistor 3368; Tesistors 3370, 3369;

60

* tential " proportional to

-resistors 3351,

- combmamon 'of: resistor.. 3316-and card-753.

.. 8 L
tesistors 8373, 3312, 3374, 3369; and from thé
junction of resistors 3312, 3314 through resistor
3374.

The junction of resistors 3366, 3367 has a po-
tential proportional $o —s3 (E2)f3 (Re) and is
connected through resistor 3341 fo the input cir-

-cuit -of line amplifier LA2S.

Conneetion 3509 is connected to ground

through two -parallel paths, resistors 3347, 3346,

3345, 3344; and resistors 3348, 3349. A source of
voltage 1930, of opposite phase ‘to the source
4831, Fig. 35, is:connected from ground through
re51stor ‘3343, Fig. 33, to the junction .of resistors
3341, :3348.

The junction of resistors 3345, 3346 has a .po-
—5.143/4(Re) and is
connected through resistor 3340 to -the input
circuit of 'line amplifier LA25.

Thus, in accordance with Equation 72, the
voltages supplied to resistors 3339, ‘3320, 334i
are together equalito —Tfo.

The junction of resistors 3331, 3335 is con-
nected to ground through resistor 3332 .in:series
with the parallel ‘combination of resistor 3376

‘and card 753 of potentiometer PTT5, thus ap-

plying a voltage proportional to .666f2(Re) to

the winding of card-153.

The junction of resistors .3372, 3373 is con-
nected to ground through resistor 3375 .in series
with the parallel combination of resistor -3376
and card 753, thus applying an additional voli-
age proportional to .042s3(E2)f3(Re) to the
winding of card 793.

Connection 3508 is connected to ground through
two parallel paths, resistors 3355,.-3354 in.serial
relationship, and resistor -3358.

The junction  of : resistors- 3355, :3356 is con-
nected to ground through resistor 3357 in .series
with the parallel combination of resistor 33716
and card 7153, thus applying a further additional
voltage proportional to .00554(E2) f4(Re) to the
winding of card .753.

Connection 3585 is further grounded through
:3352, 13353 in series. Connec-
tion 3509 is grounded through resistor 3353. ‘The
junction of resistors 3351, 3352 has a potential
‘proportional to —[f2(Re)-.803f4(Re)], and is

-connected to the brush associated with card 2817
..of .potentiometer PT28.

A -portion of the winding of card 2817 is
shunted by resistor 3379, and the whole winding
is shunted by resistor $378. The unshunted end

0f . card: 2817:is ;:connected to ground:and the
.other: end- of -the.-card :is, connected .to -ground

through; resistor-§317-in series ‘with- the: parallel
‘The
winding-of.card- 2817 has-a/ vauatlon dn resistance

-such that, in combination with the resistances
~0of resistors-3377,:3338,-8379, it produces-an addi-
-tional: voltage : across the -winding .of ' card . 153
~which ~varies:thevoltage applied: to: the: brush

~of:card.28117:in:accordance -with ‘ the - function
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-1:02352(E2).

‘Thervoltage-across:the ‘winding .of card; 2817
is proportional to '
—1.02352(E2) (—f2(Re) +.80374(Re) )
“Thus, from’ Equatlon 73 the voltage across card

153 s proportional’ to' the maximum value “of
‘T, “The brush’associated with' cald 188 is-ad~

justed by the type D knob' 1761, Flgs 11,:13, 17,

. to!the actual vilue of ‘the initial velocn;y as in-
~dicated by the'dial’ 1162, Figs. 11, 17, and iscon-
" nected through' 1e51stor 3342, Flg "33, to the input
“eireuit of amplifier LA25.

75

The ‘output” transformer *3380, of amplifier
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-LA25, has two grounded secondary windings, one
shunted by resistor 238¢, and the cther shunted
by resistors 3382, 2383 in serial relationship.
. The junction of resistors 3382, 3383 is connected
through resistor 23833 to the input circuit of am-
plifier LA25.

The potentials of the connections 3301, 3382
are thus proportional to Tfo--Tm, that is, to T/.
As previously explained, connections 3301, 3382
connect transformer 3388 to the potentiometer
cards of Fig. 36.

The superaltitude Hf is the sum of the basic
superaltitude, Hfo, for standard initial velocity
and the correction, Hm, for loss of initial velocity.

in the present computer,

Hfo=—883.73f2( Re) -+260.04f3( Re) +
o4 (E2)f4( Re) +14.657s4(E2)f4(Re) yards (74)
Hm=[—287.86/2(Re) +230.75/4( Re) +
0874c4(E2)f4(Re) -+
2.2792s4( E2)f4(Re)] Standai%%—l'v' yards (75)

The junction of resistors 3828, 3327, Fig. 33,
has a potential proportional to 883.73/2(Re) and
is connected by connection 33%84 through re-
sistor 2683, Fig. 36, to the input circuit of line
amplifier LA2{.

The junction of resistors 3384,
has a potential proportional to 260.0473(Re) and
is connected by connection 2388, through re-
sistor 3684, Fig. 36, to the input circuit of am-
plifier LAZI. ’

Connection 3337, Figs. 33 and 35, has a po-
tential proportional to c4(E2) f4(Re) and is con-~
nected through resistor 3880, Fig. 36, to the in-
put circuit of amplifier LA2¢.

The junction of resistor 3354, 2355, Fig. 33, has
a potential proportional to 14.657s4(E2) f4(Re)
and is connected by connection 3385, through re-
sistor 3682, Fig. 36, to the input circuit of am-
plifier L.A21,

Thus, to resistors 3680, 368{, 3882, 3683, are
supplied voltages which together are propor-
tional to Hfo.

The junction of resistors 2334, 2337, Fig. 33, is
connected to ground through resistor 33386, i
series with the parallel combination of resistor

- 3384 and the winding of card 752, potentiometer
PT15, thus applying a voltage proportional to
287.86f2(Re) to the winding.

The junction of resistors 3348, 3349, is con-
nected to ground through resistor 3330 in series
with the parallel combination of resistor 3384
and card 732, applying an additional voltage
proportional to 230.75f4(Re) to card 752.

Connection 3387 is connected to ground through
two parallel paths, resistor 3362, and- resistors
2359, 3360, 3351 in serial relationship. The june-
tion of resistors 3361, 3362 is connected to ground
through resistor 8363 in series with the parallel
combination of resistor 3384 and card 7152, ap-
plying a further additional voltage proportional
to .0874c4(E2) f4(Re) to card 152.

The junction of resistors 3355, 3356 is con-
nected to ground through resistor 3358 in series
with the parallel combination of resistor 3384
and card 152, applying a further voltage propor-
tional to 2.2792s54(E2) f4(Re) to card 752.

The brushes of potentiometer PT15 are man-
ually adjusted by knob 1761, Figs. 11, 13; 17, to
the actual value of the initial velocity, as shown
by dial 1762, Figs. 11 and 17, thus, by Equation
15, the brush associated with card 1562, Fig. 33,

3385, Fig. 33,
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- gelects a voltage proportional to Him, and is con«

nected by connection $803 through resistor 3684,

~Fig, 36, to the input circuit of amplifier LA21.

Thus, amplifier- LA21 is supplied with voltages
which together are proportional to Hf.
In the present computer,

Tuwc=(6.1497Tf— 4.433Tm) —.0073s1( Be) +

yards .
0 knots (76)

One winding of transformer 3380, Fig. 33, is
connected to ground through resistors 3309, 3308.
The- junction of resistors 3309, 3308 has a po-
tential proportional to 6.1497Tf and is connected
through resistor a386 to the input circuit of line
amplifier LA38.

The brush associated with card 153 is also con-

000003Re— 25.004f4(Re) = i

- nected through resistor 3389 to the input circuit

20

of amplifier L.A33 and supplies a voltage pro-
porticnal to —4.433Tm.

Connection 3506 is grounded through resistor
3322; connection 3%07 is grounded through re-

- sistors 3823, 3322, and resistors 3317, 3318, 3319,
- 3324 are connected in serial relationship across

25

resistor 3323, thus the junction of resistors 33!9

3324 has a potential proportional to

30

—.0073s1(Re).000003Re

and is connected through resistor ‘3387 to the
input circuit of amplifier L.A38.

The junction of resistors 3344, 3345 has a po-
tential proportional ‘to --25.004f4(Re) and is

- connected through resistor 3388 to the input cir-

35

cuit of amplifier LA38.
Thus, by Equation 76, the output voltage of

" amplifier 1.A38 will be proportional to Twe. -

The output transformer 3890, of amplifier

- LA38, has two grounded secondary windings, one

40
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. resistors 3212, 3213.

shunted by resistor 3381 and the other shunted
by resistors 3392, 3393 in serial relationship.
The junction of resistors 3392, 3393 is connected
through resistor 3385 to the input circuit of am-~
plifier LA3S.

The secondary windings of transformer 3393
are connected to connections 3234, 3235.

Connection 3234 -is 'connected to ground
through resistors 3210, 3211, Fig. 32, and through
Connection- 3235 is con-

" nected to ground through resistors 3214, 3215

50

and through resistors 32{6, 3211. The junctions
of resistors 3210, 3211 and-32(6, 3217 are con-
nected to the ends of the winding of card 2601,
potentiometer PT26. - The junctions of resistors

. 3212, 3213 and 3214, 3215 are connected to the
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ends of the winding of card 2602. The windings
of cards 2601, 26082 have variations of resistance
which produce sinusoidal variations of the ap-
plied voltage at their brushes and are grounded at
the points where the functions are zero.
Connection 3234 is connected to ground

- through resistors 3218, 3218 and through resistors

. ‘resistors 3224, 3225.
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- PT21.

- 2702..
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3228, 3221. Connection 3235 is connected to
ground through resistors 3222, 3223 and through
The junctions of resistors
3218, 3219 and 3224, 3225 are connected to the
ends of the winding of card 2761, potentiometer
The junctions of resistors 3226, 3221 and
3222, 3223 are connected to the ends of card
The windings of cards 27061, 2702 have
variations of resistance which produce sinusoidal
variations of the applied voltage at their brushes
and are grounded at the points where the func-
tions are zero.

In Fig. 15, shaft 15I5 rotating vroportionally
to Dk is geared to differential gears DFI8 and




bien8;674

85

Di*'ls shaft 1516 Totating propoff,ionally to Br
15 geared ‘to ‘differential gear DF8, thus the
priishes ‘of potentlometer PT26, which are driven
by ‘aifferential gear ‘DPI8, ‘will Totate propor-
tlonally t0 - Bgr(Bgr_Br—{—Dh)

‘Shaft 1504, rotatmg ‘proportionally to B, is
géared to- dlﬁerentlal gear DFI4. ‘By means of
tHe Bw knob f535, Figs. 11, 12,15, shaft 1519 is
rotated proportionally to the bearing of the wind

w ahd this shaft-is- geared ‘also -to differential
gear DFI4. ‘Shaft 1520, which is driven by dif-
ferential gear DFI4, will thus ‘be ‘totated “pro-
pbrtionally to ‘Biws, (Bws-—B—Bw)

“SHaft I505 rofates the dial 506 ploportlonal-
Iy to the ‘target angle ‘A, and shaft 1721 rotates
the dial ‘1534 proportlonally to the* relatlve target
‘bearing Br. ‘Shaft (504 rotates the inner annular
dlal 4533 “pro; xonally to ‘the true ‘target bear-

g B, 'and -shaft {520 rotates ‘the outer -an-
milar dial -1532 proportlonally to ‘the wind -angle ¢
Bws

The dials 1506, 1532, ‘533, 1534, Fig. 11,
%, ‘corimon zero -index ‘on ‘the line joining
the ‘centers of the dlals The zero index repre-
sents tHe trace ‘of ‘the vertical plane containing
the “litie of 51ght on the ‘horiZontal plane. The
target angle Ais rouvhly ‘the” angle between the
Yiead-to=tail axis of the target and the plane of
the line of’ sxght thus if representatmn of the
target be pamted n dial |506 with the head-to-
fail axis-aligned with ‘the ‘zero ‘of the dial, the
representatlon wiil be rotated to about the same
aspect as the Tpedr target as seén from the ship.
Slmnarly, if o representatton of ‘the ship be
pam'ced on -dial - 1534 w1th the fore- and ‘aft axis
ahgned With the zero-of ‘the-dial, the representa-
tlon Wlll be ‘rotated to the aspect of the ship with
respéct ‘to the ‘line’ of ‘Right. -“The edges of dials
1506, 1634 are angularly graduated thus, the
angle “A'tay be read on-dial (506, and the bear-
ing Br on' dxal {544, at ‘the ‘zéro-index.

Fhe ‘innér annular dlal 1533 -is -also -angularly
graduated with the zero -graduation markeéd
North ‘thus the angle: ‘B may be read at the zero
mdex and the -angle -Co may Pe ‘read on “dial
4 533 at the zero of dial 534,

“The outer annular ‘dial 1532 has o “zero line
which is set by ‘the type A ‘knob 1535, Figs, 11,
12, 15, to'the angle’ ‘B on ‘the dial {533, and is
fhus set at the'angle Bws with tespect to the zero
axis

“Fhie rotation ‘of ‘Shaft 1520 is ‘combined with
{ite ‘fotation -of ‘shaft '§515 ‘in -differential gear
BFI9 'to drive Fedring '1521- and -the bBrushes of
Potentiometer P21 proportionally to

‘Bivg (Biwly=Biws+DR)

“Brush 3231, ‘Fig. 32, is'connected to ground
tHrough résistor 3237 -and the winding" of card
406, potentiometer PT6. The brush of card 606
selects linear variation of the voltage -applied to
the'card. 'The brushes of potentiometer PT6 are
rranually adjusted by-knob 1422, Fig."42, control-
ling switches 4205, 4208, causing motor MO24 to
rotate to the actiial value-of -ship’s own speed,
Sp, “as ‘shown -by dial [423,-Fig. 11. The brush
associated ‘with card: 606, Fig. 32, provides a volt-
age proportional to —Twe sin BgrSo, and is-con~
nected through resistor 3266 to the input-circuit
of line amplifier LA22.

. ~Brush 3233 provides & voltage proportional to
Tawe sin BWG and is connected to ground through
resistor 3239 and the ‘winding of card 161 of
potentlometer PTT6. The “brush associated with
¢ard 161 is manually’ a.dJusted by knob f4a1, Iigs.
11, 13, 14, to the “value as shown on dial {442,

[~
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Figs. 11, 14, of ‘Sw, the horizontal velocity of 'the
wind With respect'to the water, to ‘select a ‘volt-
age proportional to —Twe sin ngSw arid is ‘con-
hectad through resistor ‘3267, Fig. 82, fo the-in-
put circuit of amplifier TA22,
Thus, in acéordance with Equatlon 4, the” Yolt-
ages supplied ‘to resistors 3266, 3267 are together
proportional to —Gw.
In the present computer

Gf=—39.35/2(Re) --:0394c4(E2) f4(Re) yards (1T

.- The juriction of resistors 3325, 3328, Fig. 33,
is conhectéd by connection 3354 through resrst,or
3264, Pig. 32, to the input circuit of ‘aniplifier
L,A22, and supphes a voltdge proportmnal ‘to
39. 35f2(R.e) to the input circuit of ‘dinplifier
LA22. o

The junction of Teésistors 3359, 3350, Fig. 33, Is
cofinected by corneéction ‘3395 through resistor
3263, Fig. 32, to the mput circuit of amphﬁer
LA22, and supplies a voltage propoftiondl to
—_ 039404(E2)f4(Re) ‘to ‘the input circuit “of
amplifier LA22. Thus in 4dccordance with Equa-
tion 77, the voltages together proportiondl to the
drift” —Gf, have been supplied through the re-
sistors 3263, 3264 to tHe input of T:A22.

The fire 'coiitrol officer at ‘the 'director is
furnished with a’ déflection spot knob cotitrolling
a synchronous transmitter’ donnected’ to’ the syn-
chronois receiver SY8, Figs, 14 and 41. "The ¢on-
trol winding of the synchrdhous réceiver SY8 is
cotinected to the input circuit of a motor ampli-
fier MA22, which mdy be of the tyie shown ih
Fig. 22. The oufput circuit of miotor dmplifier
NLA22 is corinected to ‘ohe winhding of a two-phase
motor MO22.

The power from the Shlp supply is ‘cohiigcted
through ‘switch MCI4, Fig. 20, the make springs
of switch Df, and the Pprimary winding of ‘trans-
former TR4. The ‘secondary winding “of ‘trans-
former TRA4 is connected ‘to the other winding
of the two~phase métor ‘MO22.

Motor MO22, Fig. 14,'is connected by gearing
4 14 to the synchronous receiver SY§ ahd the dial
1126, and by the gearing (403 to the brushes of
potentiometer PT29. Motor MO22 will run utitil
it has positioned the control winding of SY8 to
the zero output voltag'e point at which position
the brushes of PT20 and didl {126 will correspond
to the position of the déffection spdt knob in the
director.

The soutcés of voltages f9“30 1931, Fig. 32, are
Tespectively connected through ‘resistors 3207
"2209, to the ends of the wihding of ecard’ 2961, of
potentlometer PT20, which is grounded at 2 mid-
point, The brush a8s0ciated with card 200! is
‘corinedted to ground ‘through resistor 3236 and
the winding of ¢ard’ 5402, ‘potentiometer PTGG
The winding of ¢ards $001 a11d 6402 have such a
variation of resistarice that the brush associated
with card 6402 provides a voltage ; proportional to
‘DjRe and is connected "to ground ‘through ‘re-
sistor 3253, the wirding of card 2805, potenti-
ométer PT28 and résistor "3252. The Wwinding of
card 2806 having zero degrees of (E2) at the
junction with ‘resistor "3252 ‘has a variation of
resistance such that tHe potential of the wind-
ing varies in accordance with the function
s1(E2). The brush associatéd with caid 2806
will thus.provide a voltage proportional to G,
and is connected through 1ésistor 3265 to~ the
input eireuit of line amplifier T;A22. "The otitput
‘transforiner 3273, of amphﬁer ‘LAZ22, has two
secondary windings, one winding belng shiinted
by resistors §274; *3215 in’ §érial Félatioriship. THe
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Junction- of resistors 3274, 3275 is" connected
through resistor 3282 to the 1nput cirecuit of
amplifier 1.A22,
. The voltages of the windings of transformer
3218 are thus proportional to —Guw—=Gf+GY.
Brush 3230, PT26 is connected to ground
through resistor 3238 and the winding of card 605,
potentiometer PT6. The winding of card 605
has such g variation of resistance that the brush
associated with card 605 provides a voltage pro-
portional to —Twe cos BgrSo and is connected
through resistor 3278 to the input circuit of line
.amplifier LAZ3. Brush 3232, PT27 selects a volt-
-age proportional to cos Bwg of the applied —Twe
_voltage and is connected to ground through re-
_sistor 3248 and the winding of card 162, potenti-
ometer PT76. The winding of card 7162 has a
linear variation of the applied voltage. The
Jbrush associated with card 762 manually ad-
‘justed to a position corresponding to the wind
‘speed, Sw, provides a voltage —Twc cos BwgSw
and is connected through resistor 3271 to the in-
put circuit of line amplifier I.A23.
. 'The fire control officer in the director is fur-
‘nished with an elevation spot knob controlling a
synchronous transmitter connected to the syn-
chronous receiver SY9, Figs. 14 and 43. 'The con-
trol winding of the synchronous receiver SY9 is
connected to the input circuit of the motor am-
‘plifier MA23, which may be of the type shown in
‘Fig. 22. The output circuit of motor amplifier
MA23 is connected to one winding of the two-
phase follow-up motor MO23. One phase of the
ship’s supply is connected through the blade and
fourth contact of switch MCI5, Fig. 20, the con-
tacts of switch V4, and the primary winding of
transformer TR5. The secondary winding of
transformer TRS5 is connected to the other wind-
ing of motor MO23. Motor MO23, Fig. 14, is
connected by gearing {409 to the dial 1124 and
‘the receiver SY8, and by gearing (408 to the
brush of potentiometer PT2{, MO23 will run to
‘bosition the control winding of SY$ to the zero
output voltage point at which position the
brushes of PT21 -and dial 1124 will correspond to
the position of the elevation spot knob in the
“director.
" The sources 1930, 1931, g, 32, are respectlvely
connected to ground through resistors 3221, 3229,
and the two halves of the windings of card 2181,
potentiometer PT2{. The winding of card 2I0l
has a linear variation of voltage. The brush as-
sociated with card 210i is connected to ground
through resistor 3241 and the winding of card
6401, potentiometer PT64. The winding of card
6401 has a linear variation of voltage propor-
tional to Re times the voltage from resistor 324{.
"~ The brush associated with card 6481 is con-
nected to ground through resistor 3254, and the
winding of card 2802, potentiometer PT28. The
potential of the winding of card 2882 varies the
applied voltage in accordance with the function
s5(E2) which is proportional to the sin E2 multi-
plied by the ratio of function s1, Fig. 10, to func-
tion c¢6, Fig, 10D, The brush associated with
card 2802 is connected through resistor 3272 to
the input circuit of amplifier L.A23. The output
transformer 8276 associated with amplifier LA23,
‘has two grounded secondary windings, one wind-
ing being shunted by resistor 3271, and the other
winding being shunted by resistors 3278, 3278
in serial relationship,. The junction of resistors
32178, 3279 is connected through resistor 3268 to
the input circuit of amplifier 1.A23. One wind-
ing of transformer 3276 is connected to ground
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- winding of card 2807 and resistor 3293,

88

through resistor 3288, the-winding of card 2808,
potentiometer - PT28, and resistor 2289. The
winding of card 2808 has a variation in resistance
such that, in combination with the resistance-of
resistor $289, the voltage of the brush varies in
accordance " with function c¢6, Fig. 10D: . The
brush- associated with card 2898, Fig. 32, is con-
nected through res1stor 3269 to the input circuit
of amplifier 1.A23, -

‘Thus, in accordance with Equatlon 25, the out-
put voltage of transformer 3276 will be propor—
tional to Quw—Qj. -

The output windings of fransformer 3213 are
respectively connected to ground -through re-
sistors 32808, 3286 and through . resistors 328i,
3281. The junctions of resistors 3280, 3286 and
of resistors 3281, 3287 are connected to the ends
of the windings of card 6502, potentiometer PT85.
The winding of card 6582 has a sinusoidal varia-
tion of voltage and is grounded at the point where
the function is zero.

The winding of transformer 3278 is connected
to ground through resistor 3283, and the halves
of the winding of card 6603, potentiometer PTE6,
The potential of the winding of card 6§03 sup-
plies to its brush a cosinuscidal variation of the

‘applied voltage and is grounded at both ends.

The brushes associated with cards 6502, 6683 are
respectively connected by connections 32!}! 3203
to the input circuit of line amplifier LA1S9, Fig.
38, and, in accordance with Equation 28, together

Supply voltages proportional to Yw-+ Y577,

One winding of transformer 3273 is connected
to ground through resistor 3282 and the halves
of the winding of card 650{. 'The potential of the
winding  of card 6581 supplies to its brush a
cosinusoidal variation of the applied voltage and
is grounded at the two ends.

The windings of transformer 3216, Fig. 32, are
respectively - connected to ground through resis-
tors 3284, 3285 and the two halves of the wind-
ings of card 6664, potentiometer PT§5. 'The
brushes associated with cards §581{, 6504 are ro-
tated proportionally to the hor1zonta1 deflection,
Dh, and are connected by connections 3292, 3204

to the input eircuit of amplifier LA20, Flg 35.
‘Thus, in accordance with Equation 27, as previ-

ously described, these connections supply voltages
which together are proportional to Xw-X7f-+-Xj,

The winding of transformer 3216, Fig. 32; is
connected to ground through resistor 3281 and

-the parallel paths formed by one section of the
‘winding of card 2897, potentiometer PT28, and

resistor 3299, and by the other section of the
A por-
tion of the winding of card 2807 is shunted by re-
sistor 2292." The winding of card 2807 has a varia-
tion in resistance such that, in combination with
the resistances of resistors 2296, 3252, 3293, the

‘potential of the brush will vary in accordanf’e

with the function s6(E2), Fig. 10.

The brush associated ‘with card 640{, poten-
tiometer PTE4, is connected to ground through
resistor 3258, the winding of card 2861, potentiom-

-eter PT28, and resistor §256. The winding of card

280{ has a variation in resistance such that, in
combination ‘with the resistor 3256, the voltage

‘supplied to its brush will vary in combination in
‘accordance with the function ¢5 (E2).

The brushes associated with cards 286! 2§07,
are respectively connected by cennectlons 3208,

.8205, to the input circuit of amplifier LA32, Fig.

36, and, as previously explained, in accordance
with Equation 28, the connections together supply
voltages proportmnal to Hw+H :/
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Fuze setting order

‘One winding of transformer 3143, Fig. 31, hav-
ing a pofential proportional to dRA is connected
to ground by connection 3192 and resistors 3242,
3243, Fig. 32. The junction of resistors 3242,
3243 is connected to a center tap in the winding
of card 6503, poteniiometer PT65. ‘The winding
of card 6503 has a variation of resistance such
that it modifies the applied dRF voltage cosinus-
oidally with DA and is grounded at both ends.
‘The brush associated with card 8503, is con-
nected to ground through resistor 3258, the wind-
ing of card 2803, potentiometer PT28, and resistor
3257. The winding of card 2803 has a variation
of resistance such that it modifies the applied

voltage dRAE cos Dh cosinusoidally with E2." The

brush, associated with card 2803, provides a volt-
age proportional to —dRh cos Dh cos E2, and is
connected through the lower break springs of
relay RYS and resistors 3294, 3295 to ground. The
junction of resistors 3294, 3295, is connected
through resistor 3455 to the input eircuit of line
amplifier LA4G.

The windings of transformer 3161, Fig. 31,
having potentials proportional to RadB are re-
spectively connected to ground by connections
3199, 3194 through resistors 3244, 3245, Fig. 32,
and resistors 3246 and 3247. ‘The junctions of
resistors 3244, 3245 and of resistors 3246, 3247
are respectively connected to ground through the
halves of the winding of card §%24, potentiometer
PTES. The winding of card 6504 has a variation
of resistance such that it modifies the applied
voltage sinusoidally. The brush associated with
card 6504 is connected to ground through re-
sistor 3269, the winding of card 2804, potentiom-
eter PT28 and resistor 3259.

The winding of card 2884 has a variation of re-
sistanece such that it provides at its brush the ap-
plied voltage modified sinusoidally. The brush
associated with card 2894 provides a voltage pro-
portional to —RhdB sin Dh cos E2, and is con-
nected through the upper break springs of relay
RY6 to ground through resistors 8296, 3297. The
junetion of resistors 3296, 3297 is connected
through resistor 8454 to the input circuif of am-
plifier L.A4D.

The sources {93¢, 1831, Fig. 31 are respectively
connected to ground by connection 3188, 3188, re-
sistors 3250, 3251, Fig. 32 and resistors 3248, 3248.
The junctions of resistors 3248, 3249, and of re-
sistors 3250, 3251, are respectively connected to
the ends of the winding of card 1691, potentiom-
eter PTi6. The winding of card (681 provides at
its brush a linear variation of the applied volt-
age and is connected to ground at an intermediate
tap. The brush associated with card (68! is con-
nected to ground through resistor 326f and the
winding of card 2805, potentiometer PT28. The
winding of card 2805 provides at its brush a sinus-
oidal variation of the applied voltage. The brush
associated with card 2805 is connected to ground
through the lower break springs of relay RY6 and
resistors 3298,3299. The junction of resistors
3298, 3299 is connected through resistor 3453 to
the input circuit of amplifier 1.A48, and supplies
4 voltage proportional to dH sin E2.

Thus in accordance with Equation 31, the volt-
ages supplied to resistors 3433, 3454, 3455 are to-
gether proportional to —dR2.

The brush associated with card 5688, potentiom-.
eter PTHS, Fig. 31, is connected to ground through
resistors 3193, 3i94. The junction of resistors
3193, 3194 has a potential proportional to dR and
is conneeted by connection 3482 through the up-
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per break springs of relay RYS, Fig. 32, through
resistor 3451 to the inpubt circuit of amplifier
T.A40.
The output transformer 8457 of amplifier L.A%0
has two grounded secondary windings one shunted

by resistor 3458 rand the other shunted by re-

sistors 3459, 3460 in serial relationship.

The junction of resistors 3458, 3460 is con-
nected through resistor 3450 to the input eircuit
of amplifier I.A%0. "The winding of transformer
3380, Fig. 33, having a potential proportional to
Tf, is connected by connection 3439 through the
first contact and blade of switch AS3 and resis-
tors 3427, 3438, Fig. 34, to the input circuit of
motor amplifier MAS. The source (931 is con-
nected to. ground through .resistors. 3419, 3420.
The junction of resistors 3419, 3420 is connected
through the winding of card 6302, potentiometer
PT63. The winding of card §302 provides ab its
brush a linear variation of voltage. The brush
associated with card 6302, is connected through
resistor 3421 to ground, and through resistor 3437
to the input circuit of amplifier MA9. The out-
put circuit of amplifier MA9 is connected to one
winding of the two-phase motor MOS.

‘"The output circuit of amplifier 1912, Fig. 19, is
connected through the lower contacts and blades
of switch 1913, and the fourth contact and blade
g; ssmtch MC3 to the other wmdmg of motor

O

Motor MOS9, Fig. 15, is connected by gearing
1522, and gearing 1523 to the brushes of paten-
tiometer PT63. If the oubtput voltage of ampli-
filer MA9 is not equal to zero, motor MO9 will
rotate the brush asseciated with card 8392 until
the output vollage has been reduced to zero and
the motor MO$Y has rotated to a position pro-
portional to 2, the basic fuse time.

One winding of transformer 3457, Fig. 32 is
connected to ground by connection 3205, through
three parallel paths, resistor 3425, Fig. 24, and
the winding of card 6306, potentiometer PT63;
and through resistor 3422, the winding of c¢ard
6305 and resistor 3423; and through resistor
3424, the winding of card 6207 and resistor 3426.
in Fig. 10B, the function [6(F2) is plotted
against F2 in seéonds. From this curve it is
evident that the function 76(F2) has a. rather
wide range of variation, and a rather rapid rate
of change. Thus some difficulty would he expe-
rienced in shaping a single potentiometer card
to all the values of this function. However, if
the potentiometer card is divided into three sec-
tions, and the voltages applied to each section
are appropriately chosen, and the ends of the
sections are suitably everlapped, it will be found
that the function may be derived from three po-
tentiometer cards of convenient size. The varia-
tions in resistance of the cards 6305, 6306, 6307
are so related to the resistances of the resistors
3422, 3423, 3424, 3425, 3426 that the potential ap-
plied to brush connection 2408 beginning with zero
at the right-hand ground, varies in accordance
with, the function f6(F2). The brushes associated
with cards 6305, 6306, 6307 are connected by con-
nection 3406 through: resistor 3456, Fig. 32, to the
input circuit. of amplifier L.A40. The output
voltage of transformer 3457 will thus be propor-
tional to

dR2—dR
J6(F2)
One winding of transformer 3457 is connected

to ground by connection 3404, resistor 3410, Fig.
34, the winding of card 742, potentiometer: P’I‘M

_—
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and resistor 341f. The brush  associated with
card 742 is manually adjusted by the type D knob
1763, Figs. 11, 13, 17, to the value of the dead
time Tg, as shown by dial {164, Figs. 11, 17, is
connected through resistor: 3435, Fig. 34, to the
input circuit of motor amplifier- MAH, and
through resistors 3418, 3412 to ground.

The potentiometer PTT4 is designed to handle
values of the dead time Tg¢g from 2.5 to 6.0 sec-
onds. The resistances of the resistor 3411 and
the winding of card 742 are so proportioned that
their junction has g brush voltage proportional
to 2.5 seconds; the resistances of resistor 3410,
the winding of card 742 and resistors 3411 and
3412 are so proportioned that the junction of
resistor 2416 and card 742 has a brush voltage
proportional to 6.0 seconds.

The junction of resistors 3412, 34!3 has a po=
tential proportional to

Tg(dF2—dR)
76(F2)

and is connected by connection 3407 through re-
sistor 3462, Fig. 32, to the input circuit of line
amplifier LA3l.. The junctions of resistors-3294,
3295 of resistors 3286,.3297 and of resistors 3298,
2299 are respectively connected through resistors
3466, 3485 and 3464 to the input circuit of line
amplifier L.A3{ and together supply a voltage
proportional to dR2. Thus, in accordance with
Equation 30 the voltages supplied to the resistors
3462, 3464, 3465, 3466 are together equal to
dR23.
In the present computer

Sf=-4-12.401Twc—32.213Tf4-861.92—
02288 Re—.0279851 (E2) Re-297.6f2(Re) —
) 031604(E2)f4(Re) yards per second

_The secondary winding of transformer 3390,
Fig. 33, has a potential proportional to Twe and
is connected to ground through resistors. 3310,
2311, 3313, 3314. The secondary winding of
transformer 3380 has a potential proportional to
Tf and is connected to ground by connection
3397 through resistor 3312 to the junction of
resistors 331f, 32i3. The source 1930 is con-
nected through resistor 3315 to the junction of
resistors 3313, 3314, The junction of resistors
3319, 3311 will have. a potential proportional to
+12.401Twc—32.213711861.92 and is connected
by connection 3478 through resistor 341790, Fig. 32,
to the input circuit of amplifier LA3I.

The junction of resistors 3320, 3321,
has. a potential proportional to

—.02288Re—.02798s1(E2) Re

and is connected by connection 3477 through re-
sistor 2469, Fig. 32, to the input circuit of
amplifier LA3I.

The junction of resistors 3327, 3328, Fig. 33
has a potential proportional to 297.6f2(Re) and
is connected by connection 3416 through resistor
3468, Fig. 32, to the input circuit of amplifier
LA3I.

The junction of resistors 3360, 3361, Flig. 32, has
a potential proportional to —.0316c4(E2)f4(Re)
and is connected hy connection 34715 through re-~
sistor 3487, Fig. 32, to the input circuit of ampli-
fier LA3t. The output voltage of amphﬁer LA3I
will thus be proportional to Sf—dR23.

The output transformer 3471{ of amplifier LA3I,
has two grounded secondary windings, one
shunfed by resistor 3472 and the other shunted
by resistors 3472, 3474. ‘The junction of resistors
34718, 3474 is connected through resistor 3461, o
the input circuit of amplifier LA3I.

Fig. 33,

10
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The secondary windings of transformer 3471

are-respectively connected by .connections 3408,

3409 through resistors. 34186, 3811, Fig. 34, through
the sections of the winding of card 6701, poten-
tiometer PT67. 'The winding of card 6781 varies
its brush voltage in accordance with the function
/5(Fg) and is grounded at the point where the
function passes through zero.. The brush associ-
ated with card €701 is connected to ground
through resistor 3415, the winding of card 743,

- potentiometer PTT4 and resistor 34i4. The
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winding of card 143 varies its brush voltage in
accordance with

1 .
Tg
The brush associated with card 743 is manually
adjusted by the type D knob, 1763, Figs. 11, 13,
17 to select a voltage proportional to

1

Ty
and ‘is connected through resistor 3436 to the
input circuit of motor amplifier MAII.

The output circuit of motor amplifier MAII is
connected to one winding of the two-phase motor
MOti.  The output circuit of amplifier {1942, Fig.
19, is connected through the lower blades and
contacts of switch 1813, the fourth contact and
blade of switch MC3 and the break springs of
switeh 1916 to the other winding of motor MOI(1.

Motor MOI I, Fig. 15, is connected by gearing
1524, to the brush of potentiometer PTH1.

The voltage supplied to re51stor 3436, Fig. 34, is
proportional to

f5(Fg)
9TTq (Sf dR23)
The voltages, supplied by connections 3408, 3481,
3402 to resistors 3432, 3433, 3434 are together pro-
portional to dR2. The voltage supplied to resis-
tor 3435 is proportional to

Tg(dF2—dR)
f6(F2) ,
thus, in accordance with Equation 29, the output
voltage of amplifier MAll should be zero. If this

output voltage is not equal to zero, motor MO{1
rotates the brush of potentiometer PT§7T until the

. output voltage has been reduced to zero and the
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brush of potentiometer PT67 has been rotated to
the value of Fg.

Motor MO39 is connected by gearing 1522 to the
differential gear DF36. Motor MOIi1 is also con-
nected by gearing 1524 to differential gear DF385.
Differential gear DF36 adds the rotations of
motors MO39 and MOI{ to produce a rotation pro-
portional to the fuze setting order F, which is
transmitted by the synchronous transmitters,

SY21 and SY22 to the various guns, and is indi-

cated on the fuze counter 1118, Figs. 11,13, 15.
Coordinate rotator

The output windings of transformer 3825, Fig.
36, having a potential proportional to Y, are re-
spectively connected by connections 3§24, 35895, to
ground through resistors-3803, 3804, Fig. 38, and
resistors 3805, 3806.. The junctions of resistors
3803, 3804, and 3805, 3806 are respectively con-
nected to the ends of the winding of card 283,
potentiometer PT2.: The winding of card 283
produces a sinusoidal variation of its brush volt-
age, and is grounded at the point where the func-
tion passes through zero. .- The brush associated
with eard 203, is connected through resistor 3816
to the input circuit of line amplifier L.A28.
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One- winding' of transformer 3687, Fig. 36; is

connected by connection 3693 to. ground through:
resistors 3813, 3814, Fig. 38. The. junction. of
resistors 3813, 2814, is connected. through resistor
3817 to the input circuit of amplifier LA28S.
other winding of transformer 3687, Fig. 36; is con-

nected by conneection. 3882 to ground: through.

resistor 3811, Fig. 38, the: sections of the winding:
of card-202, potentiometer PT2, and resistor 3812..

The winding of card 202 produces a:brush voltage.
varying in accordance with: a versine function:
The brush. associated. with card 202.is- connected-

through resistor 3848 to-the input circuit. of am-
plifier LAZ8. The output transformer 3819 of.

amplifier LA28, has two grounded secondary
windings, one shunted by resistor 3820 and: the.

other shunted by resistors 382f, 3822, in serial:

relationship. The junction of resistors 3821, 3822
is connected through resistor 3845 to the input:
circuit of amplifier 1.A28. Thus, in accordance:
. with Eruation 32, the output voltage of trans-

former 3819 will be proportional to W’’.

One winding of transformer 3819 is connected:
The:

to. ground. through resistors- 3829, 3830.
Junetion of resistors: 2829, 3830 is- connected

through resistor 3845 to the input-circuit of line-

amplifier L.A28. The windings of transformer
3819 are respectively connected to ground through
resistors 3825, 3826, and resistors 3827, 3828. The

junctions of resistors 38825, 3826 and of resistors:
3321 3828 are respectively connected to the ends’

of the windings: of card. 302, potentiometer PT3.
The winding of card 302 produces a. sinusoidal
variation of its brush voltage, and is grounded at
the point where the function passes through zero.
The brush associated with card 302 is connected
through the resistor 3848 to the input circuit of
line amplifier LA2T.

The other winding of transformer 3818 is con-
nected to ground through resistor 3824, the sec~
tions. of the windings of card 301, potentiometer
PT3, and resistor 3823. The winding of card 301
varies its brush voltage with a versine funection.
The brush associated with card 301 is connected
through resistor 3844 to the imput circuit of line
amplifier LAZ9,

The windings of transformer 3654, Fig. 36,
having a potential proportional tor X, are re-
spectively connected. by connections 369§, 3697
to ground through resistors 3836, 3885 and. re-
sistors 3833, 3834. The junctions of resistors
2833, 8834 and of resistors- 3835, 2836 are respec-
tively connected to the ends: of the winding of
card. 304, potentiometer PT3. The winding of
card- 384 produces a sinusoidal variation of its
brush voltage and is grounded: at the point where
the function passes through zero. The brush
associated with card 304 is connected through
resistor 8846 to the input circuit of line amplifier
L.A29,

The output transformer 3855, associated with
amplifier L.A29, has two secondary windings, one
winding being shunted by resistors 38555, 3857
in serial relation. The junction of resistors 385%,
3857 is connected through resistor 2343 to- the
input circuit of amplifier LAZ9. Thus, in ac-
cordance with Equation 33, the oufput veltage
of transformer 3855 will be proportional to W”’.

Connection 3696, having a potential propor-
tional to X is connected: to ground through resis-
tors 3837, 3838. The junction of resistors 2837,

3838 is connected through resistor 3858 to the

input circuit of amplifier 1.A27, Conneetion

3687 having a potential proportional to —X, is

conhected to ground through resistor 3832, the

The:
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seetions: of: the: winding: of: card: 303;, potentis-
ometer -PT3; and:resistor: 3831: The.winding:of-
card: 303: varies-itsibrush:voltage: with.. g versine
function:.. The brush associated with- card- 303:
is-connected through: the resistor: 3849:to-the in-.
put:circuit: of amplifier: 1.A27:. The output trans=.
former 3858; associated with amplifier 1.A2T, has;
two ‘secondary- windings:one-shunted by resistor:
3883, and the other shunted: by: resistors- 3860;,

: 3861, inserial:relation: The junction:of resistors

3860, 3861 is. connected: through. resistor 3847 to:
the. input: circuit. of amplifier: LA2T: Thus, in:
accordance with-Equation .34, the output voltage:
of transformer 3858 will be proportional:to- X, .
Conneetion- 3694 having: a:potential proportional
to ¥, is  connected  to:ground: through resistors:
3804;.3802; The.junction;of resistors:3801; 3802:
is connected: through  resistor: 3841- to: the input-
circuit of: line. amplifier LA2§. Connection: 3595:
having: a' potential: proportional to —¥. is: con--
neeted: to-ground through- resistor 3808 and: the:
sections of. the winding:of-card-28i, potentiometer:
PT2. The winding of card 281 varies: its. brush
voltage-with the versine function and is ground-
ed-atthe point where the.function passes through:
zero: The brush  associated- with card. 20i. is:
connected through:the -resistor 3840 to. the: input
cireuit: of amplifier LA26. Connections- 3692,
3683- having. potentials: nroportional: to W: are-
respectively. connected: to. ground through re-
sistors 3809, 3810 and: resistors 3807,.3808. The
junctions of resistors 3897, 3808 and resistors
3889; 3810 are respectively: connected: to the -ends
of the:windings of card. 204, potentiometer PT2.
The. winding of card 204 produces a sinusoidal.
variation of its brush.voltage and is connected to
ground: at: the point where the. function- passes
through. zero.. The: brush associated with card:
204 is: connected through: resistor 3842 to the
input. circuit' of amplifier LA26. The output
transformer 38581 associated with amplifier T,A26
has two-grounded secondary windings, one shunt-
ed: by resistor 3852 and the other shunted by
resistors 3853; 3854, in: serial relationship. The

. junction of resistors 3853, 3854, is connected

through: resistor 3832 to the input circuit of
amplifier L.A28. Thus in accordance: with Equa~
tion 35; the output voltage of transformer 3851
will: be' proportional to. ¥’.

One winding of transformer 3858 is connected:
threugh. resistors 3880; 3884 to one end. of the
winding of card 5343, potentiometer PT53; and
through resistors 3880, 3878 to one end. of the
winding of card. §314. The other winding of
transformer 3858 is connected threough resistor
3879 to. the other ends of the windings of cards
5343, 5314. The windings of cards 53t3, 5314
broduce: cosinusoidal variations of brush voltage
and are grounded at. the: point where the funec-
tion passes through zero. The brush associated
with. cards. 8314, 5343, selects: a voltage approxi-
mately: proportional to X’ cos Dd and is con-
nected through resistor 3917, Fig. 39, to the
input eirewit of motor amplifier MA29.

One winding of transformer 3851, Pig. 38, is
connected through resistor 3884 to the junction
of cards 53/0, 53t!, potentiometer PT52: and
the other winding of transformer 3851 is con-
nected through: resistor 3862 to the junction of
cards 53141, 5312. The ends of cards 5310, 5312
are respectlvely connected to ground through
resistors 3869, 3883. The windings of cards 5310,
5311, 5212 produce. sinusoidal variations of brush
voltage and the winding of card 5311 is grounded
at the point. where the function passes through

D T C—
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zero. The brush associated with these cards
selects a voltage approximately proportional to
—7Y’ sin Dd and is connected by connection 3928
through resistor 3916, Fig. 39, to the input cir-

cuit of motor amplifier MA28. The output cir-
cuit of amplifier MAZ29 is .connected through.

the lower break springs and the upper break
springs of limit switch LS17 to one winding of a
two-phase motor MO29.

The output circuit of amplifier 1914, Fig. 19,
is connected through the lower contacts and
blades of switch {915, the fourth contact and

blade of switch MC2 to the other winding of the-

motor MO29.

In accordance with Equation 36, the voltages’

supplied to the input circuit of amplifier MA28S,
Fig. 39, should equal zero. - If the output voltage

of this amplifier is not equal to zero, motor MO23-

will rotate the brushes of potentiometer PTH3,
g, 38, until the sum of these voltages has been

reduced to zero and the motor has rotated the:
brushes to a position proporticnal to Dd, the.

deck deflection.

Motor MO28, Fig. 17, is connected. by gearing
{732, {733 to the brushes of potentiometer PT53.
Motor MO29 is also connected by gearing 1732
to shaft 1734.
ries a cam nut {707, having a lever which at one
end of the travel of the nut operates the upper

springs of limit switch LSi7, and at the other:
end of the travel of the nut operates the lower

springs of limit switch LSI7.
The ends of the secondary windings of trans-

former 1804, Fig. 19, are effectively connected

by connections 1905, {307, to the make springs of
limit switch LS17, Fig. 39, and the cominon path
is connected by connection 15886 to one side of
the winding of motor MOZ2§.
switch LS17 is operated at either end of the travel
of the cam nut, the voltage from the output of
amplifier MA2? is cut off from the winding of
motor MO28 and a voltage of opposite polarity

is supplied by the connection 1965 or {887 to slow

down motor MO29 and rotate it back from the
spring position.

Motor MO28, Fig. 17, is connected by gearing
1782, i737 to the inner fine dial 1738, and the
outer concentric coarse dial 1139, Figs. 11, 17.

Motor MO29 is connected by gearing (732 and
shaft 1735 to the differential gear DF34. Shaft
{188, rotating proportionally to B’r, is connected
by gearing {789 to differential gears D34, Dif-

ferential gear D¥F34 combines the rotation -of

shafts {78% and (735 to produce a.rotation of
shaft 1735 proportional to B’ gr(B'gr=Dd+B’r).

Shaft 17238 is geared to the coarse transmitter

SY 15 and the fine transmitter SY18, which are

Shaft 1738 is threaded and car-

When the limit-
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lects a voltage proportional to ¥’ cos Dd, and
is connected through resistor 3883 to the input
circuit of line amplifier LASE.

The windings of transformer 3888 are respec-
tively connected to ‘ground through resistors
8872,-3873-and resistors 3875, 3878.  The junction
of resistors 3875, 38716 is connected to the ends of

" the windings of cards 5308, 5307, potentiometer
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connected to corresponding receivers at the gun.

The rotations of the coarse and fine receivers are
indicated on the dials (781, 1742, Figs. 11, 17.
The shaft i736 also drives the duplicate coarse
transmitter SYE3 and the duplicate fine trans-
mitter SY14. .
The windings of transformer 3851, Fig. 38, are
respectively connected to ground through re-
sistors 3867, 3868 and resistors 3868, 3876. The
junction of resistors 3887, 3868 is connected to
a tap in the middle of the winding of card 5318,
potentiometer PT83. The junction of resistors
3869, 3878 is connected through resistors 38886,
3871 to the ends of the winding of card 5315.
The winding of card 5315 produces a cosinusoidal
variation of brush voltage, and is grounded at
the points where. the function passes through
zero. - The brush associated with card 5318 se-
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"voltage extending over 85 degrees.

PTH3. The junction of resistors: 3872, 3873 is
connected to the ends of the windings of cards
5307, 5308. The winding of card 53871 produces
a sinusoidal variation of brush voltage, extend-
ing over 180 degrees, and is grounded at the
point where the function passes through zero.
The windings of cards 5306, 5308 produce sinus-
oidal variations of brush voltage respectively ex-
tending over 50 degrees.
5306, 5308 are respectively connected to ground
through- resistors 3877, 3874, producing brush
voltages equivalent to 40 degrees. ‘The brush
associated with cards 5386, 5307, 5308 selects a
voltage proportional to X’ sin Dd, and is con-
nected through resistor 3884 to the input circuit
of line amplifier L.A38. ' The output transformer
3885 -associated with amplifier 1.A33 has two
grounded secondary windings, one shunted by
resistor 3888, the other shunted by resistors 3881,
3888, connected in serial relationship. The junc-
tion of resistors 3887, 3838 is connected through
resistor 3882 to the inpub eircuit of amplifier
LAS3S. 'Thus in accordance with Equation 37 the
output voltage of transformer 3885 will be pro-
portional to R'h2, -

-One winding of transformer 8855 is connected

by connection 3929 through resistor 3991, Fig. 39,.

to a tapin the winding of card 5502, potentiome-
ter PT85. The right-hand section of the wind~
ing of card 5502 produces a cosinusocidal varia-
tion of brush voltage extending over 15 degrees,
and is grounded through resistor 3985. The
brush: voltage produced at resistor 3885 is equiva~-
lent to 75 degrees. The other section of the
winding of card 5502 produces a cosinusoidal
variation of brush voltage extending over 85 de-
grees and is grounded through resistor. 3904.
The brush voltage produced at resistor 3884 is
equivalent to .5 degrees. 'The brush. associated
with card 5582, selects a voltage approximately
proportional to. W’ cos E’g and is connecied
through resistor 3918 to the input circuit of motor
amplifier MA{2,

The windings of transformer 3885, Fig. 38, are
respectively connected by connections 3930, 2931
through resistors 39262, 3983, Fig. 39, to the ends
of the winding of card 5581, potentiometer PTH5.
The winding of card 5501 is grounded at the point
where the function passes through - zero,  the
right-hand section of the winding producing a

sinusoidal variation of brush vcltage extending -

over 15 degrees, and.the left~-hand section of the
winding producing a sinusoidal variation of brush
The brush
associated with card 5581, selects a voltage ap-
proximately proportional to R’R2 sin E’g and is
connected through resistor 8819 to the input
circuit of amplifier MA{2. The cutput circuit of
amplifier MA#2 is connected through the break
springs of the limit switch 1.825 to one winding
of the two-phase motor MO{2, .

The output circuit of amplifier (9§, Flg 19, is
connected through the lower contacts and blades
of switch 19815, the fourth contact and blade of
switch MC2, and the break springs of switch 1817

to the other: winding of motor MOI2.  Motor

The windings of cards.
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MOI2, Fig. 16, Is connected by gearing 1607, 1608
to the brushes of potentiometer PT55,

" In accordance with Equation 38 the sum of
the voltages, supplied to amplifier MA{2 should
be equal to zero. If the sum of these voltages is
not equal to zero, motor MOI2, Fig. 39, will ro-
tate the brushes of potentiometer PT55 until
the sum of the voltages has been reduced to
zero, and the brushes of potentiometer PTE5 have
been rotated to a position proportional to E'g,
‘the gun elevation order.

Motor MOI2, Fig. 16, is connected by gearing
‘1607 to shaft 1689, which is geared to shaft 1645.
Shaft 1618 is geared to the coarse transmitter
SY19, and the fine transmitter SY29, which are

respectively connected to corresponding receiv-

‘€rs in the gun turréts.  The settings of these re~
ceivers are respectively indicated by the dials
1804, 1612, Figs. 11, 18. The shaft 15i8 also
drives the duplicate transmitters SYi1, SY!8.

The shaft 1699 is threaded to drive a cam nut
{526, having a lever which operates the limit
switch L.S25, at the limits of the travel of the
cam nut.

The make springs of the limit switch 1825, g,
‘39, are respectively connected to the connections
1905, 1997; and one side of the winding of mo-
tor MO1{2 is connected to connection 1208. Con-
nections (985, 1986, 1907 are connected to the
secondary winding of transformer. 1884, @ig. 19
When the cam nut reaches a limit of its travel,
the lever will operate one, or the other, of the
spring combinations of limit switch I.825, Mg, 39,
thus disconnecting the output of amplifier MA{2
from the winding of motor MO#{2, and substitut-
ing a voltage of opposite polarity, so as to slow
motor MO12 to rest, and back off the motor from
the limiting position.

The shaft 1609, rotating to a position propor-

tional to E’g, Fig. 16, is geared to differential gear -

DF33. Shaft 1822, rotating to a position pro-
portional to ED, is also geared to differential gear
D¥33.  The shaft {631 is driven by differential
gear DF33, and, in accordance with Hauation
40, will rotate to a position proportional to Vs,
the sight angle. Shaft (83{ drives the syn-
chronous transmitter SY24, which is connected
to a corresponding receiver at the guns. Shaft
1613 is geared to shaft 1831 and drives the
counter, 1415, Figs. 11 and 14, to indicate the
sight ‘angle.

"~ The sources 1938, {93], Fig. 39, are respectively
connected to ground through resistors 3949, 331{¢
and resistors 3912, 3213. The junctions of re-

sistors 3909, 3910 and resistors 8912, 39%{2 are 5

respectively connected to the ends of the wind-
ings of cards 40€i, 4082, potentiometer PT4S.
The windings of cards 4884, £302 produce 2 sinu-
soidal variation of brush voltage and are ground-
ed ‘at the points where the function passes
through zero. The resistances of resistors 8389,
3916, 2912, 3913 are so selected that the voltage
selected by the brush associated with cards 4881,
8002, is approximately proporfional o]
100 sin  (B’gr--P'h) and is connected through
resistor 2921 to the input circuit of motor am-
plifier MAI(T.

~ The windings of transformer 3885, Fig. 38,
are respectively connected by connections 3838,
3931 through resistors 38088, 2807, Fig. 39, to the
ends of the winding of card £421, potentiometer
PT&I, The winding of card #4181 produces a
sinusoidal variation of brush wvoltage, and is
grounded at the point where the function passes
through zero. The brush, associated with card
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2101, selects voltage approximately proportional
to —R’R2 sin P'h and is connected through re-
sistor 3920 to the input circuit of amplifier MA{T.
The output circuit of amplifier MAIT is connected
to one winding of the motor MOI1.
The output circuit of amplifier 158(2, Fig. 19,

‘is connected through the lower contacts and

blades of switch 1913, the fourth centact and
blade of switch MC3 to the other winding of mo-
tor MOI1.

Motor MOI1, Fig. 17, is connected by gearing
{761, 1162 to the brush of potentiometer PT#i.
Motor MOIT is connected by gearing 1151 to
shaft 1763 which is connected by gearing 1784
to drive the synchronous transmitter SY23, which

is connected to a corresponding receiver at the

guns, and the dial 1743, Figs. 11, 17, which indi-

‘cates P’h, the parallax in train due to a 100-

yard base in deck plane.

The shaft 1763, rotating to a position propor-
tional to P’h, is connected to differential gear
DF26. Shaft 1736, rotating to a position pro-
portional to B’gr, is also connected to differential
gear DF'26. The shaft 1744, which is driven by
differential gear DF26, will thus be rotated to a
position proportional to B’gr4-P’h and is con-
nected by gearing 1745 to drive the brushes of
potentiometer PT40.

From Equation 39 the sum of the voltages
supplied to the input circuit of amplifier MAI17,
Fig. 39, should equal zero. If the sum of these
voltages is not equal to zero, motor MOIT will
rotate the brushes of potentiometers PT48, PT4I,
until the sum of these voltages has been reduced
to zero, and the brush of potentiometer PT48
has been rotated to a position proportional to
B'gr4-P’h, and the brush of potentiometer PT4(
has been rotated to a position proportional to
P'h.

The sources 1930, 1931, Fig. 38, are respective-
ly connected to ground through resistors 2822,
3881 and resistors 3893, 3894. The junctions of
resistors 38920, 3821, and of resistors 38983, 3884
are respectively connected to the ends of the
windings of card $507, potentiometer PT35. The
winding of card 6507 produces a sinusoidal vari-
ation of brush voltage, and is grounded at the
point where the function passes through zero
The brush associated with card 6307 is con-
nected to ground by connection 3928, resistor
2908, Fig. 39, and the winding of card 61983, po-
tentiometer PT6I. 'The brush associated with
card 6193 selects a voltage proportional to
sin Dh cos E and is connected through resistor
3914 to the input circuit of mector amplifier
MAi4,

The sources {931, 1930, Fig. 38, are respectively
connected to ground through resistors 2896, 3897
and resistors 3899, 3933. The junctions of re-
sistors 2896, 3897, and of resistors 3899, 3933, are
respectively connected to the ends of the winding
of card 290{, potentiometer PT29. The winding
of card 2901 produces a sinusoidal variation of
brush voltage and is grounded at the point where
the function passes through zero. The brush as-
sociated with card 2901 selects a voltage approxi-
mately proportional to —sin Ds and is connected
by connection 2927 through resistor 3915, Fig. 39,
to the input circuit of amplifier MA{4. The out-
put circuit of amplifier MA 4 is connected to one
winding of the two-phase motor MO{4. The out-
put circuit of amplifier MA {4 is connected to one
winding of the two-phase motor MOi4. The out-
put of amplifier 1914, Fig. 19, is connected
through the lower contacts and blades of switch



2,658,674

99
1845, the fourth contaet and blade of gwitch MC2
and the break contaets of switch 59 {18 to the other
winding of motor MO{4. -

Moter MOI4, PFig. 14, is connected by gearlng
i416, 1417 to the synchronous transmitter 8Y28,
which is connected to a corresponding receiver
atthe guns and transmits Ds, the sight deflection.
The motor MO!4 is also connected by gearing
1416, 1417 to the counter 1412, Figs. 11, 14, and
by gearing 1416, 1418 to the brush of potentwm-
eber PT29.

In accordance with Equatmn.ﬂ the sum of the
voltages supplied to the input circuit of ampli-
fier MAI{4, Fig. 39, should equal zero. If the sum
of these voltages iz mot equal to zero, motor
MOt4 will rotate the brush of potentiometer
PT29, Fig. 38, until the sum of the voltages has
been reduced to zero, and the brush of potenti-
ometer PT29 has been rotated to the value of Ds,
the sight deflection, :

Sensitivity control
Equation 38 is :
W’ cos E’g—,R'hz sin E’g=0
Consider the conditions aproaching the. -correct
value of E'g, when the angular error is 5, and the
angle is E’g+-s, producing an error voltage v

millivolts, and let the scale factor be k& millivolts
per yard, then

kLW’ cos (E’g+8) —R’h2 sin (E'g--8) 1=v

k[W’{cos E’g cos §—sin E’g sin §)
—R'h2(sin E’g ¢os §-~cos E'g sin &) 1=v

as 8 is a small angle cos 5~1 and sin =3, thus.

kLW’ cos E'g—R’'h2 sin E'g—.
3(W’ sin E'g-+R’'h2 cos E'9) 1=v

but
W’ cos E’'g—R'h2 sin E’g=0
thus
—ks (W’ sin E’g-+-R'h2 cos E'9)=v
85

W’=cR sin E’g and R’h2=¢cR cos E'g—
k5(cR sin? E’g-+-cR cos? E'g) =v

or
kacR_v

That is, the voltage » supplied to the restoring
motor for the same angular error 6 varles w1th
the generated range cR.

A similar analysis may be made of Equation 36.

This change in sensitivity may be counter=
acted by producing a compensating change in
the magnitude of the error voltage.
lable losser pad may be inserted at some conven-
ient place in the transmission path of the error
voltage, or the amplification of some amplifier
tube in the transmission path may he controlled.

In the present computer; this change in sensi=
tiwty is found te be negligible for- ranges of less
than 10,000 yards.

A grounded source of direct voltage 3934, Fig.
36, is connected to ground through two parallel
paths: resistor 3837 and the winding of card 1705,
potentiometer PTI17, and the winding of card
1704 and resistor 3935. The brush associated
with card 1708 is aligned with brush 3604, is con-
nected to ground through the load resistor 3938,
and is connected to the lower break spring of re-
lay RY15. The brush associated with card {704
is aligned with brush 3691, is connected to ground

A control-
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through the load resistor 3936 and is eonnected to
the lower make spring of relay RY (5. The wind-
ing-of card {788 is grounded at the points-corre-
sponding to 0 and 10,000 yards, so that no voltage
is delivered in this region. The winding of card
17105 extends over about 0 to 13,500 yards, the
remainder of the card being blank. Thus, be-
tween 10,000 yards and 13,500 yards, the brush
associated with card 1785 delivers a voltage
through the springs of relay RY 15 to conneetion
3925, The winding of card 1704 extends over
the region from 13,000 o 36,000 yards, but is con-
nected to the source 3934 at the points corre-
sponding to 23,000 and 36,000 yards, so that a
constant voltage is delivered in this region. Re-
lay RY 15 operates at about 13,500 yards, thus the
brush associated with card (704 delivers to con~
nection 35285 a voltage which rises hetween 13,500
yvards and 23,000 yards and is constant between
23,000 yards and 36,000 yards.

Connection 3925 is connected to the gain con-
trols of the motor amplifiers MA29, MA12, Fig. 39.

The fully sutomatic operation of the computer,
with radar ranging and optical pointing and
training has been given above. The various con-
trols, switches, relays, ete. for plaeing the com-
puter in operation, and the modificationg of the
circuits and apparatus for other types of fire will
now be described.

The various controls are used for the following
purposes:

(1) To arrange the circuits as requn'ed. for the
desired mode of operation.

(2) To introduce quantities required for the
initial conditions of operation.

(3) To control the automatic correction of
rates, and to introduce the required correctlons
for non-automatic correction of rates.

(4) When computer is not in use, to disable the
drive of certain potentiometers by the stable ele-
ment, and to enable these drives in synchromsm
with the stable element.

(5) To introduce quantities normally received
by synchronous receivers; and to transmit by
synchronous transmitters to the guns, certain
quantities normally computed by the computer.

(6) To make certain tests. ]

Certain adjustments are made by means of
knobs mounted on the covers, others by rotary
and lever switches and synchronizing latches.

The MC, RC, RO and AS rotary switches are
operated by the usual knobs and pointers, are
heavily detented to prevent accidental operation
and are attached by simple dog clutches to the

switch shafts.

The BC and SF switches are operated by sim-
ple handles, mounted in recesses in the covers,
which actuate simple locking type sw1tches bear-
ing on the switch levers.

The handles of the ST, IM, BM, EM, RM
switches are similar to the handles of the BC
and SP switches, but. the switches controlled are
non-locking.

Main control, MC switch, ¢ position rotgry

Controlled by knob 1108, Figs. 11 and 12, sec-
tions 1, 5, 8, 9, 10 shown on Fig. 18, sections 2,
3, 6, ’7 13 shown on Fig. 19, sections 4, 12, 14, 15,
16 shown on Fig. 20.

POSITION 1.—OFF

In this position, circuit to plate supply con-
tactor in power supply unit is open, preventing
the application of plate voltage to the amplifiers
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and oscillators in the computer; and the circuits
to the exciting windings of the motors are open.

POSITION 2.—STABILIZE
In this position, only enough of the computer

mechanism is energized to drive the stable ele~

ment in train and to transmit a motion propor-
tional to L+Zd/30 to the director, to stabilize the
director while tracking or searching for a target
with radar equipment at ranges beyond the range

-1imit of the computer.

In Fig. 18, the power supply is connected
through switch MCIi0, second position through
the plate supply contactor in the power unit, the
safety switches 1837 closed by protective covers

-on the:doors supporting the amplifier equipment,

switch MC9, second position to the power supply.

‘The plate supply contactor connects the recti-

fiers in the power unit to the plates of the ampli-
The
switches 1837 prevent the application of plate
voltage to the amplifiers when the doors support-
ing the amplifiers have been opened to examine
or repair an amplifier, thus protecting the per-
‘sonnel.

7 In Fig. 20, the power supply is connected
through switch MCI{2, second, third and fourth
positions, to the execiting winding of the B'r
motor MOI8. The motor MOI{9, Fig. 27, is thus

rotated in synchronism with the receivers SY3 :

and SY4. The motor MOI!S, Fig. 17, rotates
shaft 1125, driving the stable element in train.
The shaft 17129, Figs. 17, 16, drives the transmit-
ters SY27, SY28, to cause a rotation propor-
tional to L+-Zd/30 at the director. Switch MC4,
Pig. 20, in position 2 short-circuits the primary
winding of transformer TR2, the energizing cir-
cuit of which is open at switch MCI4, to the Eb
motor MOI8 to retard any movement of this
motor. ‘

A circuit is completed from the power supply,
Fig. 18, through switch MCI, second position,
relay RY11, switch MC9, second position, to pow=-
er supply, operating relay RYI1. A circuit is

completed from power supply through switch -

MCI10, second position, relay RYI8, break con-
tacts of stop time ST switch 1838, switch MCS5,
second  position, switch MC9, second position to
power supply operating relay RY 8.

The operations of relays RYI7, RYI8, Fig. 28, -

disconnects the leads from.the brushes associated
with cards 5686, 5706, 5886 and connects taps
in the windings of these cards to the oscillators
2825, 2836, 2828, so that these oscillators generate
voltages having. a frequency of sixty cycles, the
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same as oscillator 2832. Motors MO30 to MO385,

inclusive, are thus all driven at the same speed,
and the shafts 1404, 1606, 1587 are not rotated.
The motion of shaft 17129 is thus transmitted by

differential gear DF3 unchanged to transmitters

SY27, 5Y28.

Normally, the level L dials {614, 1615, Fig. 16
and the level L potentiometer PT2 are driven by
the shaft (119 from the stable element, through

gearing 1600, 1621, 1630 and differential gear ¢

D37. The planet gears of differential gear DF31
are geared to shaft 1616, and this shaft is nor-
mally held motionless by the latch 16171 con-
trolled by the latch lever 1618, Figs. 11 and 16.

In the stabilize position, the latch lever is turned 7

to. “Out” releasing the latch 1617 and permitting
shaft 1616 to rotate. The friction load of poten-
tiometer PT2, dials 1614, 1615 and the apparatus
driven. by shaft 1683 is much larger than-the
load of shaft 1616, thus, when the latch 1617 is
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A‘Out,” the motion of shaft {7Ti9 will be trans-

mitted by differential gear DF3T to shaft 1616
and dial 1619 and shaft 1603 and the brushes of
potentiometer PT2 will be at rest, reducing the
wear on the potentiometers. The dial (619 will
register what rotation of shaft I1T9 has occurred
since the latch was turned to “Out.” Even if
some slight movement of the brushes of poten-
tiometer PT2 should occur, this movement will
be subtracted from the registration of dial 1619,
so that dial 1619 always registers the difference
between the rotations of shaft 1719 and the
brushes of potentiometer PT2. To resynchronize
the system the lever of the type A knob 1620,
Figs. 11 and 16, is folded forward, clutching the
knob (620 to shaft 1616. The knob (620 is ro-
tated, adding a motion to the motion of shaft
1719 which is transmitted by differential gear
DF31 to potentiometer PT2, shaft {623 and dials
1614, 1615 until dial 1619 is rotated back to zero,
indicating that synchronism has been attained.
The lever knob 1618 is turned to “In” engaging
the latch {616, and the lever of knob (620 is fold-
ed back.

Similarly, the lever 1748, Fig. 17, when turned
to “Out,” opens the latch 1751, releasing the shaft
1747 so that the train B’r shaft 1725 rotates the
dial 1749 and the brushes of potentiometer PT4
are at rest. The system is resnychronized by the
type A knob (750. Lever knob (748, dial 1749
and knob {750 are also shown on Fig. 11,

In the same way, the lever knob 1158, dial 1759,
and type A knob 1760 control the synchronizing
of the Zd potentiometer PT3 and the dials 1754,
1785, with the shaft {715, Dials 1754, (155, knob
1768, dial 1759 and knob 1760 are shown in Fig. 11.

In the present computer, the gearing of the
stable element is so chosen that full revolutions
of the shafts {715, 1719, 1725 are respectively
equal to 3 degrees of Zd, L. and Br. The com-
puter is designed to handle variations of +25.5
degrees in Zd and L, and of 360 degrees in Br.
The dials (759, (819, 1749 are geared 50 that com-
plete revolutions of the dials represent 108 de-
grees of Zd and L, and 36C degrees of Br, thus,
the complete variation of any of these quantities
will not cause more than one revolution of the
corresponding dial. The shafts (737, 1616, 1747,
respectively, make full revolutions for values of
3 degrees of Zd and L, and 10 degrees of Br. To
restore the system to synchronism, it may be
necessary to turn the synchronizing knobs (789,
1622, 1758 through a number of revolutions be-
fore the corresponding dials (759, 1619, 1749 are
restored to zero, thus, in effect, giving a fine and
coarse control of the synchronization.

Power is supplied through switch MCT, Fig. 19,
in positions 3 and 4 to the exciting windings of
the dE motor MO27, the C{ motor MOS, the
B’ motor MOI, the dR motor MOZ6 and the dB
motor MO28.

Power is supplied through switch MC!3, Fig. 19,
in positions 3 and 4 to the exciting windings of
the dil motor MOS8 and the S& motor MO7T, and
depending upen the conditions of relays RY?25,
RY2!, RY38 to the exciting windings of the /R
motor MO3, the 4E motor MO4 and the 7B motor
MO2, or to the dummy loads formed by the re-
sistors 1920, 1921, 1922,

Power is supeplied through switch MCi4, Fig.
20, in positions 3 and 4 if the Rj and D7 switches
are not operated to the exciting windings of the
Rj and Dj motors and if the E switch is not op-
erated and the switch RCI{ is in positions 1, 2 or

5 3 to the exciting winding of TR2.

__
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~Power’is supplied through switch MCIE, Fig.
20, in positions 3 and 4 to transformer 'TRS, sup-
Pplying the exciting winding of the So motor
MO2E; and, if the V5 and Co switches are not
‘operated, to transformers TRS, TR supplying the
exciting windings of the V;j motcr M0O23 and the
Co motor MO%5..

Power- is supplied through switech MC48, Fig.
20, in positions 3 .and 4 to transformers TR&, TRSY
and TRIO,

When the main control MC switch is in the
second, or stabilize position, the lever knobs (618;
4748, 1758, Fig. 11 should be in “Cut” position to
reguce wear on the L, B’r and Zd potentiometers.

‘Before the MC switch is moved to the third
position, the knobs {628, {758, 1769 must be
‘manipulated to bring the dials 1619, 1749, 17159
into synchronism, and the latch knobs 1§18, 1748,
4788 turned to “In.”

POSITION 3—RATE CONTROL

‘In this position of the MC switch, only the
mechamsrn for director tilt correction, and for
‘operation of the rate system is ener gized. This
bermits a farget beyond the rvange of the com-
puter to be tracked with rate control and correc-
tion, without causing any wear on the potentiom-
_'eters used only in the computation of prediction,
gallistics, gun orders, ete.

- The circuit to the plate supply contactor,
through switches MCi{9, _MC3, wig. 18, is main-
teined in the third and fourth positions of the
main control MC switch. .

The excitation circuit for the B'r motor, M8,
Fig. 20, through switch MCI12 is maintained in the
third and fourth positions of the main control
MC switch, the bridging contacts of the switeh
lever insuring that the circuit is not opened dur-
ing the switching. .

Power is supplied through switch MCS8, Fig. 19
to the limit switches of the 7B’ motor MO, Fig
27, the E'g motor MO12 and the Dd motor MO23,
Fig. 39, and the target angle A switch Fig. 20
for slewing the Ci motor MOS.

The circuit of relay RY117, Tig. 18, is opened
by switch MC{ and the circuit of relay RYI8 is
opened by switch MCS5, releasing relays RYIT
and RY18, connecting the brushes of potentiom-
eters PTH6, PT81, PT58, Fig. 28, to the oscillators
2325, 2836, 28238 and causing motors MO39, MO32,
MO34 to commence generating —the motions
ACR, AcE, AcB. :

A circuit is prepared through switches MC8
and MC9 for the operation of relays RY 15, RY{6,
RY25 and RY2§ py the range limit switches
LSt LSH{2, 18118, controlled by the cam nut
on the generated range shaft.

A circuit is prepared through switches MCS,
RCI{0, and the target angle A switch {811, in the
director, for the operation of relays RY26, RY21.
Circuits are also prepared through switches MC8,
RCI¢ for respectively operating relays RYI, RY2,
RY2!I, RY3 and lighting signal lamps 1825, {830,
1835 Whon the keys {806, 1887, {808 at the direc~
tor, or the keys 1344, !8@? 1843 at the computer
are operated; for operating relays RY22, RY23,
RY24 and lighting lamp 1845 when the initial
match key 1844 is cperated; for the operation of
relay RY38 through switch RCT; and for the
operation of relay RY81 through key 1817 and
switches AS6, RC8 and MCS.

POSITION 4.—ON

- In this position the entire computer is opera-
tive. The various circuits closed by the operation
of the MC switch to the fourth position have
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previously been described in connection with the
.detailed ecircuit descriptions.

Rate éontrol, RC, switch

A four-position rotary switch, operated by knob
1188, Figs. 11 and 12, and having sections 1 to 10,
‘Fig. 18; sections 12,13, 14, Fig. 30, and sections
15, ‘16, Fig. 27.- This switch is used to prepare
‘cireuits as required for solution of rate control
and for “Local” operation. -

~In all positions, except the “Local” fourth po-
sition; this switch prepares the following connec-
tions:

(@) Switch RCit, Fig. 20, prepares a mrcmt to
transformer TR2 for the excitation of the Eb
motor MO18; this circuit is completed when the
‘B switch 2819 is closed and switches MC4, MC{4
are in the third, “Rate control” or fourth, “On”
positions.

(b) The circuit is completed from the syn-
chronous receivers SY3, SY4, Fig. 27 to the fol-
Jow-up amplifier MA |9, putting the B’r follow-up
motor MOI9 under the control of the receivers.

(¢) The circuit is completed from the sources
1938, 1931, Fig. 30, to the ring dials 4530, pub-
ting the 7B motor MO2 under the control of
the ring dials 1538; provided.that switch MCI8,
Pig. 19 is in the third or fourth position, and
relay RY30 is operated, so as to connect the ex-
citing winding of motor MO2 to the sources {930,
193f. The operating circuit of relay RY38, Fig.
18 is from the power supply, switch MCS$, third
or fourth positions, switch RCi§ first, second,
third positions, winding of relay RY30, switch
RC1, first position, or switch 184{ and switch
RCT, second and third positions, switch MC3,
second, third and fourth posmons to power
supply.

POSITION 1.—AUTOMATIC

In this position, as described in detail here«
inbefore, the rate correction. circuits are con-
trolled by the range selector switch 1885, Fig.
18, the director slew key 18{0, the range rate
keys 1808, 1809, the elevation rate key 1807 and
the bearing rate key 1808, all under the control
of the d1rector operators.

POSITION 2.—SEMIAUTOMATIC

In this position the matching and rate cor-
rection. circuits  are. under the control of the
computer personnel. -

The bearing match  switch 1841, elevation
match switch 1842, and range match switch (843,
Figs. 12 and 18 are three-position, non-locking
switches, respectively controlled by. the lever
knobs 1133, 1431, {132, Figs. 11, 12,

- The circuit from switch {886 to relay RY|{ is
opened by switch RC8, and the circuit to relay
RY39 is opened by switch RCT, thus preventing
operation of these relays. by the director per-
sonnel.

. :Circuits are . prepared. from power supply
through switches MC8, RCi0, thence through
the winding of relay RY|, the upper make springs
of switch 1841 and switches RC3, MC9 to power
supply; and through the winding of relay RY39,
the center make springs of switch 184f, and
switches RCT, MC9 to. power supply. The op-
eration of switch i84{ to the upper, or match
and rate position, will operate relays RYI and
RY38; the operation of switch {841 to the lower,
or match position, will operate only relay RY30.
~ The operation of relay RYI, Fig. 30, connects
the bearing ring dials {530 to the rate correction
circuits, to produce desired corrections in the
quantities Sk, dH, Ct, and the rates, dR, dE, dB.
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‘The operation of relay RY38, Fig. 19, supplies
excitation to the 7B motor, MO2, Fig. 30, so
that, under the control of the ring dials 1538,
this motor will produce a rotation jB to maich
the ring dials.

Whenever the trainer at the director is trained
on the target, he operates switch {808, complet-~
ing a circuit from power supply through switches
MC8, RCi§, resistor (827, bearing signal lamp
1825 in parallel with regisier 18286, switches RCE,
1806 to power supply, lighting signal lamp 825
to notify the computer personnel thus provid-
ing a guide to the operation of switch 184§,

The circuit from switch §887 to relay RYZ is
opened by switch RCH and the circuit to reiay
RY3%4-is opened-by switch RC8,-to prevent op-
eration by the. director personnel.

Circuits are prepared from power sSupply
through switches MC8, RCi0, 18(1, ASS, thence
through - the winding of relay RY2, the upper
make springs of switch {842, switches RCd, MC3§
to power supply; and through the winding of
relay RY2{, the center make springs of switch
1842, switchies RC8, MC$8 to power supply. The
operation of switch i842 to the upper, or match
and rate position, will operate relays RYZ and
RY34{; the operation of switch 1842 to the lower,
or ‘match position, will operate only relay RY35i.

The operation of relay RY2, Fig. 30, connects
the elevation ring dials {403 to the rate correc-
tion circuits.

‘The operation of relay RY3i, Fig. 19, supplies
excitation to the jE motor, MO4, Fig. 30, so that,
under the control of the ring dials (483, this
motor will produce a rotation jE to raatch the
ring dials. :

‘I'he operating circuit of relays RY2, RYE, is
prepared by the elevation switch i8§7 and the
aircraft surface switch ASG. If either oi these
switches is operated, as for example in fire ab
a surface target, match and rate corrections in
elevation are prevented.

POSITION 3.—MANUAL

In this position, the circuit of rate correction
relay RYIi, Fig. 18, is opened by switches RC§,
RC3; the circuit of relay RY2 is opened by
switches RC4, RCH; and the circuit of relay RY3
is-opened at switch RCZ, thus disabling the rate
correction system.

Circuits are prepared from power supply, Fig.
138, switches MC8, RCid, winding of relay RY328,
switches {841, RCi, MC$§ to power supply; from
power supply, switches MC8, RCi6, key (8117,
switch AS6, winding of relay RC3{, switch (842,
switches RC8, MC$ to power supply; from power
supply, switches MC8, RC{8, key (822, limig
switch LSi#§, winding of reiay RYZ5, switch
i843, switches RCH, MC8 to power supply. -The
operation of the bearing match BM switch {34
operates relay RY30; the operation of the ele-
vation match EM switch 1842  operates relay
RY31; and match and rate corrections in eleva-
tion and in bearing are prevented.

The operation.of the range control circuit with
the radar range finder in semiautomatic oper-
ation will be described at this time, and the op-
eration -with the optical range finder will be
described below. The radar-optical RO switch
will be ia:the first or second position for radar
range use.

A circuit is prepared from ship’s power through
switches MC$§ in positions 3 or 4, RCI8 in posi-
tions 1, 2 or 3, range knob switch 1822, LSI1{3;
thence by two parallel paths, one through the
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winding of relay RY3, lower break springs relay
RY28, switch RC2 in position 2, upper make
springs of range match switch 843, switches
RO in positions 1 or 2, MC9 to power supply,
angd the other through winding of relay RY25,
center make springs of switch 1843, switches
RCSY, MCS$ to power supply. The operation of-
switch i843 to the upper, or match and rate po-
sition, will operate relays RY3 and RY25; the
operation of switch 1843 to the lower, or match
position, will operate only relay RY25.

The operation of relay RYS3, Fig. 30, connects
the range ring dials 1430 to the rate correction
circuits.

The operatiocn of relay RY25, Fig. 19, supplies
excitation to-the jR motor MOS, Fig. 30, which,
under the control of the ring dials 1430 pro-
duces a rotation jR to match the ring dials.

If the ranger at the director sets switch 1805,
Fig. 18, to the type of range finder in use, and
operates the corresponding switch {808, or 1809,
a .circuit is completed from power supply
through switches MC8, RCIi0, winding of relay
RY21, switches 1805, 1808, 1889 to power supply,
operating relay RYZ2Ii. The operation of relay
RY2{ removes a shunt from the range signal
lamp 1835, lighting the signal lamp {835 to notify
the computer personnel that the range finder at
the director is set to target range, thus providing
necessary - information for the operation of
switch 1843.

‘The operation of relay RY30, Fig. 19, connects
the power supply to the exciting winding of the
/B motor MO2; the operation of relay RY31 con-
nects the power supply to the exciting winding
of the jE motor MOA4; and the cperation of relay
RY25 connects the power supply to the exciting
winding of the jR motor MOS3.

With the motors MO2, MO4, MO3, Fig. 30,
excited, the ring dials 1530, 1463, 1430 will control
these motors to match the rotations of shafts
1511, 1402, 1405 to the rotations of shafts 1121,
1684 and receivers SY§, SY6.

When the dials are matched, the matches
may be maintained by manipulation of the Sh,
dH and Ct switches, Fig. 29, controlling the Sk
motor MO1, the dH motor MG8 and the Ct motor
MOG. ‘

POSITION 4—LOCAL

In this position, the circuits of the computer
are modified for operation when data from the
director is not available, due to the director, or
the synchronous transmissions therefrom, being
out of service.

For fire against surface targets, the knob
1108, Fig. 11, may be turned, operating the dE
switch, Fig. 29, to slew the dH motor MOS8 to
zero, as shown by the dial {139, Figs. 11 and 14.

The type A elevation B knob, {188, Figs. 11, 12,
14,18, 20 first operates switches {817, Fig. 18
and 2010, Fig. 20. The operation of switch 1817,
Fig. 18, opens the operating circuit of relays RY2
and RY3{, preventing the transmission, to the
rate correction circuits, of voltage from the E
ring dials (463, Fig. 30; and preventing the ap-

. plication of power to the exciting winding of the

7B matching motor MGC4E, Figs. 19 and 30. The
operation of switch 2018, Fig. 20, prevents the
application of power to the exciting winding of
the Eb follow-up motor MOI8.

The operation of knob 1i83, Fig. 14, connects
the knob to the driven shait, and applies a fric-
tion brake to the shaft, thus braking shaft 1628.
For fire against surface targets, the knob is
turned until the dials 1420, {42! read zero, For

e e
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fire against aircraft targets, the dH switch, Fig.”
29 may be operated to slew the dH .motor MO8’

to a-desired value of dH, thus causing the shaft
1606, Fig. 14 to rotate proportionally to the
generated elevation AcE and the knob 1482 may
be continually manipulated to keep the dial MZB
matched with the dial {431. .

With shaft 1624, Fig. 18, braked, the motion
of shaft §623, proportional to. the level L. can
back up through the differential gear DF! into
the motor MOI8, rotating shaft .
tionally to Eb=FE-+L. .The shaft 1809 is rotated
by motor .MO{2 proportionally to E’'g, and this
motion is combined in differential gear D33
with the motion of shaft {622, thus, shafts 1631,

1613 and the synchronous transmitter SY24 are”

rotated proportionally to Vs=F'g—Eb.

The type A range R knob (110, Figs. 11, 12, 14,
18, first operates switch {822, Fig. 18, opening
the operating circuit of relays RY3. and RY25,
preventing the transmission, to the rate correc-
tion circuits, of voltage from the ring dial 1439,
Fig. 30; and preventing the application of power
to the exciting winding of the jR matching motor
MO3, Figs. 19 and 30.

The operation of knob HIO Fig. 14 connects.
anhd applies a.

the knob to the driven shaft 1411,
friction brake to this shaft. The shaft {1437 is
rotated by motors MO39, MO3! proportionally
to AcR, and is geared to differential gear DFi0.
The shaft 1411 is also geared to differential gear
DFI16, thus, by manipulation of knob -i{i@, shaft

1405 may be rotated to any desired value of cR,

as shown by dials 1426, 1436.

The ship’s power supply. is connected through

switch MCI85, Fig. 20, to the primary winding of
transformer TRSI.
transformer TR is grounded through resistors

2015, 2016 and is connected by connections 2018, -

2011, to the fourth contacts of sw1tches RC12,
RCI3, Fig. 30.

The operation. of sw1tches RCi2, RC13 to the
fourth position disconnects the ring dials (538
from-the sources 1930, 1931 and connects: them
to the connections 2018, 20117.

..The operation of switch RCI4 disconnects the

ring dials 1530 from the winding of card- 712,
thus preventing operation-

potentiometer PTTI,
of the /B matching motor MO2:

‘The operation of switches RCI5, RCI8, Fig. 217,
to the fourth position disconnects the follow-up

amplifier MAI9 from the synchronous receivers
SY8, SY4 and connects it by connection 3644,
and resistor 3043, Fig. 30, to the fine dial of the.
ring dials 1530, so that motor MOI19, Pigs. 17 and

27 will drive to keep the ring dials matehed sifice
Br is introduced manually onto the 7B shaft. -
The operation of the type A relative bearing

Br knob {111, Figs. 11, 12 dand 15, connects the

knob to shaft 1538, which is connected by gear-
ing 1512 to differential gear DF8. Shaft 1507 ‘is

- 1830, 1825,-relays RY39, RY231{, RY25, signal lamp-
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rotated by motors MOS4, MO35 proportionally to .

AcB; and this rotation is combined in differential
gear DF§ with a rotation of shaft 152 propor--
tional to ‘Co, to produce g rotation of shaft {510
The knob 1111 is manip-

proportional to AcBr.

85

ulated to produce a rotation of shaft 1536 pro~

portional to /B and this rotation is combined. in
differential gear DF8 with the rotation of shaft
1518 to produce a rotatlon of shaft 151¢ propor-

tional to ¢Br=AcBr-+jR. The ring dials 1538
drive motor MOI8, Fig. 17, to keep the dials:

matched, so that the rotation of shaft 1721, pro-
portlonal to Br, is equal to ¢Br. -
shaft 1721 is combined 1n -differential. gear DFZ,

The rotation of -
75

_ supplied continuously to the computer;

108
with the rotation proportional to 4B'r of shaft
1712, thus the rotation of shaft {788, and motor
MO19, - is proportional to B'r=AcBr+4jR-—jB'r
and this rotation drives the stable element in

- train.

Switches RC3, RC8, RCT, RC?) RCS RC‘Q
Fig. 18, prevent the operatlon of signal lamps

1835 and relays RY26,. RY27, RYI, RY2, RVS.
The radar-optical RO switch is-a three-position
rotary switch, operated by knob {12, Figs. 11 and
12,  and having four sections RO! RO2, RO3,
RO4, Fig. 18.
In general; the changes in radar Tange data aze
whereas.

the optical range finder is only adjusted when the.
ranger detects an erroy in coincidence, thus, the-

changes in optical range data are discontinuous.
‘When the ranger is satisfied with the adjustment

of the optical range finder, he operates key {388

to notify the computer -personnel.  The radar
optical switch modifies the circuits of.the. com-
puter to handle the data most advantageously.
POSITION -1.~RADAR RANGE RADAR TRAIN AND
ELEVATION
In this position, switches ROU, R02 place relay
RY3, and switch RO3 places relay RY25, under

the contrel -of -the range rate key 1889, in-the:

director, or the range mateh key 1843 in-the com-

puter; in a-manner similar to the control of re-:
lays RY! and RY38 by keys i805 and 1841 and-

the control of relays RY2 and RY3{ by keys 1807
and 1842, Switch RO8 maintains the cireuit to-

the dive attack. clutch- lsﬂ Wthh will e de~

seribed later.

POSITION 2—RADAR RANGE, OPTICAL TRAIN AND”
ELEVATION

“The ¢ircuits in this posmon are the same agin-
position 1.

POSITION 3—OPTICAL "RANGE, OPTICAL TRAIN
AND ELEVATION

After selection of a taiget, the director and
range finder are slewed to the target. During

-this slewing operation, very large changes in the

bearing -elevation and range rates may be pro-
duced, thus-any correction of the rates during a"
slew will be impractical. However, the time re=-
quired to adjust the computer will be decreased-
if the range ring dials are matched during the

slew. During optical ranging, the range selector

switch 1888, Fig. 18, is operated-to the switch
1388. In order to prevent matching in elevation-
and bearing during a slew, the director slew key
1816 may also be operated. -

By means of knob 1113, Figs. 11, 12, the 1n1t1a1
match, tM, switch 1844, Fig. 18, is operated. by’
the computer operator.- With the MC-switch in*
fourth position, and the RC swiitch in first, sec-
ond-or third position, that is, any pos1t1on but the-
fourth ‘“local” position, a circuit is completed
from the -power supply through sivitches MCS$,
RCI8, 1822, LS8, RO4, the windings of .relays

erating relays R¥23, RY24. Relay RY23 locks
up through the break springs of relay RY22 and

and the make springs-of relay RY24. A circuit is
also completed from power - supply through
switches-MC8, RCIB, 1522, LS!13, RO4, resistor.

1846, signal lamp 8453 in parallel Wlth the break -
springs of relay RY24, switch MC$ to power sup-
ply. The operation of relay RY24 removes- the:
short c1rcu1t and llghts 51gna1 lamp 1345, F1gs.
11 and.18. : . R

‘RY23, RY24 in parallel, switches 1844, MC9, op--

. the make springs -of relay RY23; relay RY24.
locks up through the break springs of relay RY22. -
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Relay RY32 has an operating circuit from re-
lay RY3, break contacts of relay RY28, switches
RC?, RO2, break contact of relay RY28, switches
RCIi, RO3, make contact of relay RY24 which is
prepared by the operation of relay RY24, but
opened by the operation of relay RY23, to pre-
vent the operation of relay RY3, thus preventing
the transmission of voltage from the range ring
dial 1486, Fig. 30, to the rate correction circuit.

When the rate control RC switch is in the sec-
ond, “semiautomatic”’ or third, “manual” posi-
tion, the operation of relay RY2% completes a
circuit from power supply through switches MC38,
RCI®, 1822, Ls{i{3, relay RY25, lower make
springs relay RY23, switch RC9, switch MC9 to
power supply, operating relay RY25, to supply
power to the exciting winding of the jR motor
MO3, Fig. 19.

‘When the rate control RC switch is in the first,
“gutomatic” position, the operation of relay
RY24, FFig. 18, completes the above eircuit through
switches RCI1, RO3, make contact of relay RY24.
Thus, for all positions of the RC switch, except
the fourth, “loccal” position relay RY25 is oper-
ated, supplying excitation to the jR motor MO3
to produce centinuous matching of the ring dials,
while holding relay RY3 unoperated so that rate
correction is prevented.

When the slew is completed and the ranger is
satisfied with the setting of the range finder on
the target, he operates the optical range imark
key 1898, Flig. 18, completing a circuit from the
power supply through key {1898, switch 1885, re-~
lay RY21, switches RCi0, MC8 to power supply,
operating relay RY21. .

"The operation of the break springs of relay
RY2! removes the short circuit from the range
signal lamp 1835, Figs. 11 and 18, lighting this
lamp to signal that the optical range key 1808 is
operated.. The operation of the lower make
springs of relay RY21 completes a circuit in par-
allel with the lower break springs of relay RY22
to keep relays RY23, RY24 locked up. The oper-
ation of the upper make springs of relay RY2!
completes  a circuit from the power supply
through switches MC8, RCi8, §822, LSi{3, RO4,
relay RY22, upper make springs of relay RYZ{,
switch MC9: to power supply operating relay
RY22, which locks up through the upper make
contact of relay RY22 and the upper make con-
tact of relay RY24, and at the lower break springs.
opens the circuit through which relays RY23,
RY24 were operated.

‘When the mark key 1888 in the director is re-
leased, relay RY2i is released, the upper make
springs placing a short circuit across the signal
lamp {835, and the lower break springs cpening
the locking cirguit of relays RY28, RY24, re-
ledsing relays RY23, RY24.

The release of the upper make springs of relay
RY23 opens the locking circuit of relay RY25,
which releases, removing the excitation from
motor MOZ, Fig. 19, stopping the ring dial match-
ing. The upper break springs prepare a path for
the subsequent operation of relay RYZ, so that
subsequently corrections from the range ring dials
may be connected to the rate correction cireuit.

The release of the upper make springs of relay
RY24 opens the locking circuit of relay RY22, re-
leasing RY22. The release of the lower break
springs-of relay RY24 short-circuits the signal
lamp 1845, extinguishing the signal lamp to in-
dicate that the initial matching condition has
ended.

Each subsequent operation of the mark key
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1808 will operate relay RY2I, lighting the signal
lamp 1835, and incidentally operating relay RY22.
The operation of relay RY22 is now without
effect, as relays RY23, RY24 are released.

With the rate control switch in the first “auto-
matic” position, the operation of relay RY2!
completes circuits from power supply through
switch MCS9, upper make springs relay RY2{,
upper break springs relay RY?24, switches ROS;
RCI, relay RY25, and through upper break
springs relay RY23, switches RO2, RC2, upper
break springs relay RY28, relay RYZ, thence
through switches LS(i3, 1822, RCI0, MC?2 to
power supply operating relays RY2, R¥25. The
operation of relay RYS, Fig. 30, connects the ring
dial {438 to the rate correction circuit; and the
operation of relay RY25, Fig. 18, supplies excita-
tion to the jR matching motor MO8, thus match-
ing the ring dials, and correcting the rates as
long as the mark key 1888, Fig. 18, is closed.

With the rate control RC switch in the second
“semi-automatic” or third “manual” positions,
if the mark key 1888 is closed operating relay
RY2{, the only useful effect will be to light the
range signal lamp {825.

If the initial match key 1844 is inadvertently
operated after the closure of key 1888 has oper-
ated relays RY21, RY22, relays RY23, RY24 will
operate, but will not lock up, since their locking
path is opened at the lower break springs of
relay RY22, thus the signal lamp {845 will fail
to light. As the circuit of relay RY38 is then
opened at the upper break springs of relay RY23,
rate correction will be prevented while key (844
is manually held operated.

Aireraft-surface AS switch

The aircraft surface switch is a three-position
rotary switch, controlled by knob iii4, Figs, 11,
12, and having sections ASSH, AS6, Fig. 18, sec~
tions AS2, AS3, Fig. 24, and sections AS{, AS§,
Fig. 36. This switch is used (@) to control the
fuze setting order to permit the use of combined
time and contact fuze action against aircraft
targets, and of contact fuze action only against
surface targets; (b) to control the correction for
vertical parallax to modify the position of the
reference point for certain types of selected level
operation; and (c) to disable the elevation rate
correction circuits and elevation ring dial match-
ing when fire is directed at surface targets.

POSITION 1.—AIRCRAFT

In this position, the operation of the fuze set-
ting eircuit is as previously described. The Fyg
motor MO |, Fig. 34, positions its shaft propor-
tionally to the dead time correction; time of flight,
Tf voltage is supplied by connection 3438 to the
input circuit of motor amplifier MAS, causing
the F2 motor MO9S to position its shaft propor-
tionally to F2=-Tf, thus setting the synchronous
transmitters S¥Y21, SY22 to the proper fuze order
F=F2-1-Fg for time fuzes. A positive veltage, Hp,
of magnitude proportional to the height of the
director above the mean gun plane, is supplied
by the source {930, Fig. 36, to the input circuit
of the line amplifier 1.A36, to correct the W com-
ponents of the advance and virtual positions for
the effect of virtual parallax when the target
elevation is computed with respect to the direc-
tor, as is the case in fire at aircraft targets. The
cireuit to the relays RY2, RYS§!, Fig. 18, iz pre~
pared at switch ASS, ASE, permitting their op-
eration as required to give rate correction and
dial matching in elevation.
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POSITION 2.—SURFACE DIRECTOR

In ‘this position, the computer is adapted for
fire with contact fuzes against surface targets
and the gun ordérs are based upon tatget eleva-
tion as measured at the director.

A eireuit is completed from the power supply
through switch MCI, Fig. 18, windings of relays
RY5, RYS, in parallel switch ASS, switch MC9
back to power supply, operating relays RY5, RYS.

The operation of relays RYS, RYS, Fig. 32,
breaks the connections to the brushes of the
potentiometer, PT28, and grounds the connec=
tions to line amplifiers L:ASH, LAAG, and to motor
amplifier MAI!, Fig. 34, thus in effect making
the rahge rate dR and the advanece range rate
dR2, Zero so far as MAI1 is ¢cohcerned and caus-
ing motor MOI1{ to rotate to the position Fg=0.

The operation of switches AS2, AS3, Fig, 34,
grounds thé connection 3439 through - resistor
3428, and grounds the source {931 through vre-
sistors 3439, 3427. The junction of resistors 3430,
3421 is connected through resistor 3438 to the

input circuit of motor amplifier MAS, and ap-

plies a voltage proportional to the longest time
of the fuze, in the present case, to 50 seconds,
thus eausing motor MO$ to rotate the transmit-
ters SY21, SY22 to the position representing 50
seconds. The fuze order thus transmitted to the
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fuze setter receivers, causes the receivers to set .

the fuzes in the “safe” position, thus disabling the 3

time fuze, and leaving the burst of the she;l
under the control of the contact fuze.

The vertical parallax Hp voltage is unchanged,

so that the gun orders will be based on glevation
measured at the director.
. The operating circuit of relays RY2, RY3{, Fig.
18, is opened by switch ASS, to'prevent any inad-
vertent rate correction or dial matching based
on the elevation component of target position.

POSITION 3.—SURFACE STABLH ELEMENT

.. The fuze setter is driven to the “safe” position
by the operation of switch ASSE, Fig. 18, and
switches AS2, AS3, Fig. 34; and the operating
circuit of relays RY2, RY31l is held open by
switch ASS, Fig.: 18.

Facilities are provided in the stable element
whereby the level, or cross level, shaft may be
locked at a selected angle, such as zero, and
a firing switch will be operated by the. stable
element when the motion of the ship causes the
plane through the stable element parallel to
the deck plane to pass through this selected
value.

In firing with level, or eross level, selected at
the stable element, the vertical parallax should
be measured down from the plane of the mean
gun to the water level. The switches ASI, AS4,
Fig. 36, ground the source of negative voltage
1931 through resistor 387f{ and resistors 3688,
3672. The junction of resistors 3689, 3671 is con«
nected to the input circuit of the line amplifier
1.A2%2, and supplies a negative voltage, Hp, pro-
portional to the vertical parallax from the plane
of the mean gun to the water line, to correct
the W components of the advance and virtual
positions of the target.

Standby controls

These controls may be used to preset certam
values when the computer is standing by, or to
introduce certain duantities when the computer
is controlled locally by the computer personnel,
due to disablement of the associated devices
or the synchronous transmission systems. .

40
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Bearing Br knob

As previously described, knob 1111, Figs. 11, 12,

is uséd to set in a desired value of bearifig when
transmission from the director is inoperative.
With the rate control, RC, switch in fourth, “Lo-
cal,” position, the knob (111, when engaged drives
the jB shaft, 1536, to control, through the 1ing
dials 1§30, the B'r follow-up motor MO19.
Elevation E knob

As previously ‘described, knob 1109, Figs. 11
and 12, 18 used to set in a desired value of ele-
vation in controlling fire against surface targets,
or when transmission from the director is in-
"Thé knob, when engaged, opens the
operating circuit of relays RY2, RY31, Fig. 18, to
prevent rate correction and matching; opens the
exciting circuit of the Eb follow-up motor MOI8,
Fig. 20; and- drives the j7E shaft 1624 Fig. 12,
to set the elevation to zero on the ring dials
1403. . .

Range R knob

As prevmusly described, knob 1110, F1gs 11
and 12 may be used to set in a desired value of
range when transmission from the director is in-
operative. The knob {{10, when engaged, opens
the operating circuit of relays RYS, RY22, RY23,
RY24, RY25 and clutch 1847, Fig. 1'8 and drlves
the 7R shaft (418, Fig. 14, to set in 5 desired value
of range on the ring dials.

The limit switch LS113, Fig. 118, is operated
when the range shaft is driven past 35,000 yards,

opening the operating circuit of relays RYS, RY25.

The radar range is continuously transmitted to
the synchronous receiver SY82, Figs. 12 and 14,
and is indicated on the dial {i{5, Figs. 11, 12 and
14. ‘When this dial again indiéates a range less
than 35,000 yards, or transmission is switched
to the optical range finder, knob (110, Figs. 12

~and 14, is engaged and turneéd until the ring dials
- 1439 read below 35,000 yards, thus releasing the
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limit switch L8138, preparing the circuit for re-
lays ‘RY3, RY25.

Ship speed So knob

The Shlp speed knob So, 1422, Figs. 11, 13, 14
42, as previously described, may be -used to set
in ship speed when’ noxmal transnussmn is in-
operatlve .

Ship course Co knob

The type A ship course knob 1116, Flgs 11, 12,

15, 20, 29, is used to set in ship course when trans-
mission. from ship compass is inoperative, and
operates switch 2014, Figs. 12, 15, 20 opening the
exciting eircuit ¢f* the follow-up motor MO25,
Figs. 15, 20, 29; and engages shaft 1537, permit~
ting a desired value of ship course Co to be set
in on shaft 1537, as indicated on the ship dlal

- 1534, Figs. 11, 15

65

70

Fuze F knob

The type A fuze knob Hl'l Figs. 11B, 13, 15, 19
is used to-set in a Tuze order for transmission to

the guns- if the conmiputer fails, and operates.

switeh {815, Figs. 13, 15, 19, to cut off the excita-
tion from the F2 motor MO% and the Fg motor
MOl 1, Figs. 19 and 34, and substitute the dummy
load formed by resistor 1823; and engages shaft
1538, permlttmg a Gesired value of the fuze F
to be set in on the counter 1118, Figs. 118, 13,

%15 and the transmitters SY2{, SY22 and setting

75

the brushes of potentiometers PT63, PT61..
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Sight deflection Ds knob

The type A sight deflection knob {1{9, Figs.
114, 183, 14, 19, is used to set in a desired value
of sight deflection for transmission to the guns
if the computer fails. Enob {1{8 operates switch
1918, Figs. 13, 14, 19, opening the exciting circuit
of the Ds motor MOI{4 and substituting the
dummy load formed by resistor 1924; and en-
gages shaft 1442, Figs. 13, 14, permitting a de-
sired value of sight deflection to be set in the
computer, as indicated by the counter {442, Figs.
11A, 14, and to be sent to the guns by the trans-
mitter SY24, Figs. 13, 14.

Sight angle Vs knob
-The type A sight angle knob {120, Figs. 114,

13; 14,-isused to set in a desired value of the-

sight angle Vs for transmission to the guns if
the computation of E’g fails. The knob operates
switch 1917, Figs. 13, 14, 19, cutting off the excita~
tion from the E’g motor MOI2, short-circuiting
the exciting winding to produce dynamic braking
of motor MOI12, and substituting the dummy load
formed by resistor 1925. Knob 1§20, Pigs. 13, 14,
engages shaft (813, permitting a desired value
of sight angle to be set in on the counter 415,
Figs. 114, 13, 14 and the transmitter SY24, Fig.
16
Spot controls

Range, elevation and deflection spot controls

are provided, so that these quantities may be set
into the computer loecally if transmission of these
quantities from the director is inoperative.
" In some cases, as in repelling a torpedo bomb-
ing. attack during an engagement with another
ship,. it may be desirable to temporarily divert
guns of major caliber to repel the bombing at-
tack, without. diverting to this use, the directors
and’ computers normally used for the control of
these guns. 'The range, elevation angd deflection
spot -controls, . in~ conjunction. with the ballistic
correction BC switeh may be used for this pur-
pose. . The .circuits of the computer are thereby
modified so that, in conjunction with suitable
conversion tables, satisfactory gun orders for se-
lected fuze operation may be given to the guns
of major caliber.

Range spot Rj knod

The type A range spot knob 1122, Figs. 114,
13, 14, 20, 37, operates switch 2811, opening the
evclt‘nﬁ eircuit of the Rj follow-up motor MOZ2!,
Figs. 20, 37, to prevent the operation of this
‘motor by the receiver SY7, and engages the shaft
{444, Figs. 13, 14, so that ‘a desired value of
range spot may be set in, as indicated by the
dial 1409, Figs. 11A, 13, 14,

Ballistic correction BC switch

The ballistic correction switch 3788, Figs. 13,
37, is a two-position locking switch controlled by
the switch knob {121, Fig. 11A,

POSITION 1.—MAJOR CALIBER

In position 1, switch 3753 is operated to the
upper. contacts.  The lefi-hand springs connect
the source 1931 to ground, through resistors 3734,
3736 in parallel and resistor 3735, thus changing
the voltage scale so that the lower section of
the winding of card 1924 has a voltage drop pro-
portional-to- 12,000 -yards, and the right-hand
springs open the circuit from the receiver SY7
to. follow-up amplifier MA2{ and short-circuit
the mput to-follow-up amplifier MA21, thus dis-
abling the control of motor MO2{ by receiver
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SY1 to prevent the introduction of erroneous
values of Rj from the director.

POSITION 2.—NORMAL

In position 2, as shown in Fig. 37, the source
1931 is connected to ground through resistor 3734
and resistors 3735, 8736 in parallel. In this posi-
tion, both sections of the winding of card 1901
have voltage drops proportional to 1,800 yards.
The receiver SY7 is connected to the input cir-
cuit of the follow-up amplifier MA2f, so that
motor MO2{ may be controlled from the di-
rector.

In a typical computer, the two sections of the
winding of card {98f had resistances of about
5,680 chms, resistors 3732, 37234 had resistances
of about 29,250 ohms, and resistors 3133, 31735,
3136, respectively, had resistances of about 3,150,
8,070 and 5,160 ochms. -

The dial 1408, Pig. 114, is graduated =1,800
yards in black for the normal position of the BC
switeh, and +-1,800-12,000 yards in red for use
when the BC switch is in position 1.

Elevation spot Vj knodb

The type A elevation spot knob 1123, Figs. 114,
13, 14, 20, operates switch 2013, opening the ex-
citing . eireuit of the V4 follow-up motor MO23,
to prevent the operation of this motor by the
receiver SY9, Figs. 13, 14, 43, and engages shaft
1845, Figs, 13, 14, so that a desired value of ele-
vation spot may be set in, as indicated by dial
i124 Figs.11A, 13,14,

Deflection spot Dj knob

The type A deflection spot knob 1125, Figs. 11A,
13, 14, 20, 41, operates switch 2042, opening the
exciting circuit of the Dj follow-up motor MO22,
to prevent operation of this motor by the re-
ceiver SVY8, Figs. 13, 14, 41, and engages shaft
1448, Figs. 13, 14, so that a desired value of de-
flection spot may be set in, as indicated by dial
1126, Figs. 114,13, 14.

Stop time ST switch

The stop time switch is used in testing to stop
generation of AcB, AcE and AcR so that values
desired for test purposes may be set in. The
stop time switch is a two-position switch, oper-
ated by switch lever [127, Figs. 114, 12, In the
normal position, the stop time switch 1838, Fig.
18, prepares a circuit for the operation of relay
RYi8, when switches MC5, MC{@ are in the sec-
ond, “stabilize” position, but, normally, for the
third, “Rate control” and fourth “On” positions
of switches MC8, MC9, MCI0 holds open the oper~
ating circuit of relays RY {1, RY 8. With switches
MC8, MCS, MCI0 in the third or fourth position,
and switch RC10 in the first, second or third posi-
tion, the operation of switch 1838 completes a cir-
cuit from power supply, switches MC8, RCI86, up-
per make springs of switch {838, winding of relay
RYI17, switch MC9 to power supply, operating re-
lay RY4T; and from power supply, switch MCi8,
winding of relay RYi8, lower make springs of
switch 1828, switch MC9 to power supply, operat-
ing relay RY!8. The operating of relays RY{T,
RY8, Fig. 28, as previously described, sets the fre-
quency of the oscillators 2825, 2885, 2838 at 60
cycles and stops the rotations of the AcR shaft
1437, the AcE shaft 1606 and the AcB shaft §507.

Selected fuze operation

When controlling the fire of major caliber
weapons, or when the fuzes of the shells for the

——_
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regular weapon are not continuously set by the
automatic fuze setter, the fuzes may be preset
to some convenient’ fu’z’e Tnumbers, the weapon
Joaded and, when the computed time of flight
becomes equal to a selected fuze number, fired
by the computer personnel. The firing of the
weapon may conveniently be controlled by the
firing keys which are furnished with the stable
element. When firing with selected fuzes, the
dead time Tg should be zero.

" The dead time dial 1764, Fig. 11, has a zero
mark, but is only graduated from 2.5 to 6 seconds.

10

The zero dead time cannot conveniently be ob- .

tained by setting the brushes of potentiometer
PT14 to zero, because the winding of card 743
varies with

1

Tg
and-unduly wide cards would be required. Thus,
when the dead time Tg dial 1764 is turned to

zero, a cam on the driven shaft operates switch

1816, Fig. 18, completing a circuit from power
supply through switch MCI, windings of relays
RY5, RYS in parallel, switches 1816, MC9, back
to the power supply, operating relays RY5, RYS.
The operation of relays RYS5, RY6, Fig. 32, cuts
off the voltages normally supplied to the input
circuit of line amplifier L.A4Y, reducing the signal
voltages supplied to the input circuit -of motor
amplifier MAI({, Fig. 34, to zero, driving the
Fg motor MCI1i to zero position. "The F2 motor
MOS8 is controlled to rotate to a position propor-
tional to the time of flisht Tf, thus the fuze
order F=Tf. 'The computer operator ~watches
the fuze number counter {118, Fig. 11, and, when
the selected fuze number is:showing, .presses. the
firing key to fire the gun.

Defense against dive attack

Dive attack by aircraft constitutes one of the
grave dangers to ships -in modern - warfare.
When the aircraft target begins a dive attack,
the sudden change of course and speed changes
all the components of target velocity and corre-
spondingly changes the data to be used in -pre-
diction. In order for the aircraft to dive attack
efficiently, it may be assumed that the aircraft
will dive in -a straight line towards the ship,
that is; down the line of sight, and the prediction
may be based on a single rate, the target speed
Ss diving down the line of sight, which .is a range
rate. With the short time available for defense,
the change from ordinary prediction must be

made with the utmost speed;-a dive attack switch

is therefore provided in the  director. and the
computing circuits are so arranged that when
this switeh is operated,.all the rates in the com-
puter resulting from prior use are discarded, and
the prediction is based upon the value of the
diving speed Ss. The value of Ss may:be preset
upon the known or estimated characteristics of
a-visible target or this rate may be automatically
derived when radar range data is.available dur-
ing the dive. The fuzes of the shells may be con-
tinuously set by an automatic fuze setter, or the
fuzes of a number of shells ‘may be preset to
different values. and the shells having selected
fuzes fired when the time of flight of the shell
equals the fuze time.

The operation of the dive attack switch 18i2,
Fig. 18, completes a circuit from power supply
through switch MC{, fourth position, through

the windings of relays RY1, RYIi4, RY28, RY),
RY18, RYIil, switch 1812 to power supply, oper-
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_nects the sources 1931,
-tiometer PTI6 and from the Sh potentiometer

- 116 ,

ating these relays. A cireuit is also completed
through switéh MCI0, winding of relay RYI8,
switches 1838, MCH, 1812 to power. supply, oper-

‘ating relay RY{8. ‘Another circuit is completed

from-power supply through switch MCI, resistor
{821, signal lamp 1820 and the:break springs of
relay ‘RY?28 in pardllel, switch MC$ to power
supply. The shunt :on signal lamp 1820 is re-
moved ‘by the opening of the break springs .of
relay RY28. ) :

Potentiometer PTT3, Figs.. 12, 14, 31, 36 may
be manually preset by the type D knob 1128,
Figs. .11, 12, 14, to the estimated value .of the
diving speed -Ss of the. target, .as indicated on
dial 1129, Figs. 11, 14. )

The operation of relay RYT, Fig."31, discon-
1939 from the dH -poten-

PTT, grounds the source 1931 through resistor

3186, and grounds the source 1930 through re-

sistor 3197, and through resistor 3199 and the
winding -of -card 732, potentiometer PTT3. The
winding of card 132 provides a linear variation
of “voltage at the brush associated therewith
which is -connected through resistor 3480 to.the

“input circuit of -the motor amplifier MA26, con-

trolling the dR motor MO26.

The operation of relay RY{4 disconnects -the
normal power supplies from the So potentiometer
PT8, and grounds the winding of card 60! and
connection 8127 through resistor 3198.

The operation of relays RYT1, RYI4, has thus
replaced by the diving speed Ss, the rates dH,
Sh, So normally used in controling the dR motor
MO28. The operation of these relays has also
cut off the inputs to the motor amplifiers MA2T,
MA28, confrolling the dE and dB motors, MO2T,
MO28. )

The operation of these relays also cuts off the
power normally- supplied by connections 3188,
3189, 2198, 3191, 3192 to the input circuit of line

. amplifiers LA3(, L.A49, Fig..32. The brush asso-

ciated with .card 732, Fig. 31, is .connected to

:ground by connection 3481, switch 1818, and re-
-sistors 3483, 3484, 3485. The junction of resistors

3484, 3485 is connected through resistor 3452 to
the input circuit of amplifier ' 1.A40, and through
resistor 3463 to the input circuit. of amplifier
T.A21. ‘The junction of resistors 3193, 23194, Pig.
31, is connected by connection 3482 through the
upper: break springs of relay. RYS5, Fig. 32, and
resistor 3451 to the input circuit of amplifier
LA48. The junction of resistors 3483, 3484 is
connected by connection 3463 through resistor
3431, Fig. 34, to the input circuit of motor ampli-
fier ' MAIl. The effect. of these changes_is to

replace with the diving speed Ss the advance

range rate dR2 in Equation 29, so that the dead
time correction, Fg, is properly computed for
fire with continuous fuze setting.

‘In some cases, fire with selected fuzes against
a diving target may be -desired. - The fuzes on a
number of. shells.are preset to various desired
values of time of flight. Switch {818, Fig. 32, is
operated by the switch lever 1130, Figs. 11, 13.
The operation of switch 1818, Fig. 32, cuts off
connection 348i, and grounds resistor 3483, thus

removing the voltage proportional to Ss formerly

supplied to amplifiers LA3I,
amplifier MAIl, Fig. 34.
The operation of switch 1818, Fig. 18, completes

LA40, and motor

.a circuit from power supply through switch MCI,

windings of relays RYD, RY6 ‘in parallel, lower
make contacts of switch 1818, make contacts of
rélay RY28, switch. MC9 to power supply, opet-




‘2,658,674

‘ 117

ating relay RYS, RYS6. The operation of relays
RY5, RYS, and switch 1818, Fig. 32, cut off the
voltages proportional to dR, dR2 and Ss from
amplifiers LA40, LA3{ and from motor amplifier
MA(1, Fig. 34, so that motor MOI1 is driven to
make Fg—=0, and motor MO9 is driven to make
F—=Tf. The computer operator may thus watch
the fuze number counter {118, Fig. 11, and, when
the proper time of flight for the preset fuze of
the shell in the gun is displayed, fire the gun by
operating .the firing key on the stable element.

The output transformer 3389, Fig. 33, of the
Tf amplifier LA2S5, is normally connected by con-
niections 3201, 2892 to the dH potentiometer pTiE,
Pig. 36, the A potentiometer PTI3, and the Br
potentiometer PT4. The operation of relay RYS
clts off the voltage from these potentiometers;
grounds connection 2282 through resistor 3487T;
and grounds connection 83@1 through resistor
3488, and through resistors 3698, 3689 in serial
relationship. The junction of resistors. 3688,
3699 is grounded through the winding of card 13 {,
potentiometer PT13. The winding of card 131
produces @ linear variation of voltage at the
brush associated therewith proportional to T/Ss
which is connected through resistor 3486 to the
input circuit of line amplifier LA3S. The output
voltage of amplifier LA26, which is normally pro-
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portional to generated range cR, is thus made -

proportional to advance range R2=—cR- TfSs.
The terms depending upon the rates dH, Sh, So
are also cut off from the rectangular coordinate
amplifiers L.A19, LA20, LA2I,

Because of the change made in the method of
prediction by the operation of relay RYY, the op-
eration of relays RY!8, RY I, Fig. 37, cut off from
the motor amplifier MA1@ the quantities based
on dH, Sh, So, which together make up the range
prediction R, and ground these inputs to motor
amplifier MA{0.

As previously described, the operation of relay
18, Fig. 28, sets the frequency of oscillators 2826,
.. 9838 at 60 cycles, so that the shafts 1686, 1387
are motionless and the generation of AcE and
AcB is stopped so as to prevent driving the di-
rector sights off the line of sight: The motion,
proportional to L-+Zd/30, of shaft 1729 is still
transmitted through the differential gear D¥F3;

the motion, proportional to Co, of shaft #1582 is _
still transmitted through differential gear DFS °

and the motion, proportional to 7B’r, of shaft
{744 ig still transmitted through differential gear
DF4, to the director, to. stabilize the director
sights or radar antenna.

The operation of the lower break springs of
relay RY28, Fig. 18, removes the short circuit
from the signal lamp 1820, Figs. 11 and 18, to
notify the computer personnel that the dive at-
tack switch at the director has been operated.
The lower make springs of relay RY28 prepare
the cireuit; previously described, for the operation
of relays RY5, RY8, when switch 1818 is oper-
ated to the “Selected fuze” position. The oper-
ation of the upper break springs of relay RY28
opens the circuit of relay RY3, to prevent range
rate correction by normal means; and the oper-
ation of the upper make sbrings of relay RY28
prepares a circuit from power supply through
" switches MC8, RCI0, 1822, 1S1 13, RO4, winding
of magnetic clutch {847, upper make springs re-
lay RY28, switches RC2, RO2, upper make springs
relay RY2{, switch MC9 to power supply. Thus,
with the main control MC switch in the third,
“Rate control,” or. fourth, “On” positions; the
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rate control RC switch in the first, “Automatic”
position; the radar-optical RO switch in the first
or second “Radar range” positions; and the limit
switch LS{(3 released, the operation of relay
RY2! by the radar range rate switch {898 in the
director will energize the magnetic clutch i847.

The operation of clutch 1847, Figs. 12, 14, con-
nects the jR motor MOS3, through gearing (435
with the shaft 1450, geared to the brushes of the
Ss potentiometer PTT3. Thus, if there is a posi-
tional disagreement in the range ring dials 14389,
the 4R motor MO3 will be started to mateh the
dials, and to correct the dive speed Ss setting of
the brushes of potentiometer PT13.

The director tilt corrector is claimed in United
States application, Serial No. 577,624, filed Feb-
ruary 13, 1945, by S. Darlington and A. A, Tund-
strom; the rate generator and corrector are
claimed in United States application, Serial No.
577,627, filed February 13, 1945, by A. A. Lund-
strom and W. A. Malthaner; the bhallistic com-
puter is claimed in United States application,
Serial No. 577,621, filed February 13, 1845, by S.
Darlington; the fuse number computer is claimed
in United States application, Serial No. 577,625,
filed February 13, 1945, by A. A. Lundstrom; the
spot and wind correctors are claimed in United
States application, Serial No. 577,630, filed Feb-
ruary 13, 1945, by B. D, Holbrook, A, A. Lund-
strom and W. A. Malthaner; the control system
is claimed in United States application, Serial No.
577,629, filed Pebruary 13, 1945, by B. D. Holbrook
and A. A. Lundstrom; the sight order computer
is claimed in United States application, Serial
No. 577,628, filed February 13, 1945, by B. D.
Holbrook and A. A. Lundstrom; the variable fre-
quency oscillator is claimed in United States ap-
plication, Serial No. 577,622, filed February 13,
1945, by S. Darlington, now Patent No. 2,441,567,
the limit switches are claimed in United States
application, Serial No. 577,631, filed February 13,
1945, by E. D. Mead and F. M. Thomas, now Pat-
ent No. 2,417,434; the control knobs are claimed
in United States application, Serial No. 577,632,
filed February 13, 1945, by E. D. Mead and O. S.
A. Mesch.

All of the above applications are assigned to
the assignee of the present application.

What is claimed is:

1. In a computer, computing means controlled
by observations of the present position and move-
ment relative to a selected point of a moving
ohject to form the source of a first voltage pro-

5 portional to the horizontal distance in the plane

of the line of sight from said point to the pro-
jection of the virtual position of said object after
the lapse of a computed time interval and the
source of a second voltage preportional to the
vertical distance of said virtual position above
the horizontal plane through said point, a shaft
gyroscopically controlled to rotate proportionally
to the angle in the plane of the line of sight be-
tween said horizontal plane and an inclined
plane, first means connected to the source of said
first voltage and controlled by said shaft to frac-
tionate said first voltage proportionally to the
positive sine and cosine of the angle of rotation
of said shaft, second means connected to the
source of said second voltage and controlled by
said shaft to fractionate said second voltage pro-
portionally to the negative sine and positive
cosine of the angle of rotation of said shaft, first
adding means connected to said fractionating
means for adding the cosine fraction of said first
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voltage .and the negative sine fraction of said
-second voltage to produce a voltage proportional
-to the distance in said inclined .plane from said
point to the projection of the virtual position of
said object in the plane of the line of sight nor-
mal to said inclined plane, and. second adding
~means connected to said fractionating means for
adding the sine fraction of said first voltage and

the cosine fraction of said second voltage.
2. The combination of eclaim 1 with means in
said computing means.to form the source. of a
third voitage preporticnal to the horizontal dis-
stance normal to the plane of the line of sight
from said plane to the prcjection of the virtual
-position, a.second shaft gyroscepically controlled
to rotate proportionally to the angle normal to
the plane of the line of sight between said hori-
.zontal and inclinéd planes, third means con-
nected to the source of said third voltage to
fractionate said voltage proporticnally to the
negative sine and positive cosine of the angle of
rotation of said second shaft fourth means con-
nected to. said second adding means to fraction-
ate the sum of said voltage proportionally to the
sine and cosine of the angle of rotation of said
second shaft, third adding means connected- to
said third and fourth fractionating means for
adding the positive cosine fraction of said third
voltage and the positive sine fraction of the sum
of said voltages to produce a voltage propor-
tional to the distance in said inclined plane not-
mal to the plane containing the line of sight to
the projection of the virtual position of said ob-
" jeet mormal to said plane, and fourth adding
means for adding the negative sine fraction of
said third voltage and the positive cosine fraction
of the sum of said voltages to produce a voltage
proportional to the projection of the virtual posi-
- tion of said object normal to said inclined plane.
3. In a naval ordnance computer, computing
means controlled by observations of the present
bosition -and ‘movement relative to a fictitious
mean gun-of .a moving target to form the source
-of a first voltage proportional to the distance
“along.the deck in the plane of the line of sight
from said gun to the projection normal to the
deck of the virtual position of said target after
the lapse of a computed time. interval and the
source of a second voltage preportional.to the

distance along the deck plane normal to the
_blane of the line of sight to said projection, a-

motor, first means connected to said first source
. and controlled by said motor to fractionate said
first voltage proportionally. to the negative sine
-and positive cosine of the angle of rotation of
‘said motor, second means.connected to said sec-
-.ond source and controlled by said motor to frac-
tionate said second voltage proportionally to the
sine and cosine of the angle of rotation of said
motor, first summing means connected from both
said fractionating means to said motor for add-
ing the negative sine fraction of said firs§ volt-
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age .and the positive .cosine fraction of said sec-

ond voltage to énergize said motor to reduce the
sum of said voltages to.zero and to rotate pro-
portionally -to. the deck defiection, and second
summing means connected to both said fraction-

-ating means 10 .add the cosine fraction of said

first voltage and. the sine fraction of said second
voltage to produce- a third voltage proportional
to the slant distance along the deck from said
gun-to the projection of said target.

4. In a:naval ordnance- computer, computing
means controlled by observations of the present
position and movement relative to a fictitious
mmean gun of a moving target to form the source

.of .a first. voltage proportional to the distance

- .aleng the. deck from said gun to the projection
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normal to the deck of the virtual position of said
target after the lapse of a computed time in-
terval and the source. of a second voltage pro-
portional to ‘the lénsth of said projection, a
motor, means connected to said sources and con-
trolled by said motor for fractionating said first
voltage proportionally to.the negative sine and
said second voltage proportionally to the positive
cosine of the angle of rotation of said motor,
means connected to said fractionating means and

“said motor to add said fractionated voltages and

to energize said motor to reduce the sum of said
voltages to zerc, whereby said motor is rotated
through the elevation angle for said mean gun.

5. In a naval ordnance computer, computing
meaxs controlled by cbservations of the present
bosition and movement relative to a fictitious
mean gun of a moving target to form the source
of a first voltage proportional to the distance
along the deck from said gun to the projection
normal to the deck of the virtual position of said

*target after the lapse of a computed time interval

and having a first shaft rotated proportionally
to the train of said gun, first means connected
to-said source and controlled by said motor to
fractionate said first voltage proportionally to
the negative sine of the angle of rotation of said
motor, a second shaft, a differential sear con-
nected to-said first and second shafts and the
shaft of said motor to rotate said second shaft
broportionally to-the sum of the rotations of
said first shaft and said motor, a source- of a
second voltage proportional to a predetermined

‘distance, second means connected to the source

of said'secqnd'volta‘ge to fractionate said voltage
proportionally to' the sine of the angle of rota~-
tion of - said second shaft, means connected to
both said fractionating means-and said motor to
add said fractionated voltages and energize said

-‘motor to rotate and reduce the sum of ‘said ‘volt-

ages- to zero, ‘whereby said motor is rotated to
the unit train- parallax. -
. : SIDNEY DARLINGTON.
ALEXIS A. LUNDSTROM.

No.references cited.
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