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Bernard D. Holbrook, Madison, Alexis A. Lund 
strom, East Orange, and William A. Malthaner, 
Summit, N.J., assignors to Bell Telephone Labo 
ratories, Incorporated, New York, N. Y., a cor 
poration of New York 

Application February 13, 1945, Serial No. 577,630 
4. Claims. 

This invention relates to artillery computers, 
and particularly to electromechanical com 
puters for the control of naval gunfire. 
The object of the invention is computing ap 

paratus for supplying to the prediction elements 
of the computer, physical quantities proportional 
to the effects on the prediction of the Wind and 
the deflection and elevation spots. 
A feature of the invention is computing ap 

paratus for modifying a quantity proportional 
to cross wind time to produce quantities pro 
portional to the effects on the prediction ele 
ments of the wind and deflection SpotS. 
Another feature of the invention is comput 

ing apparatus for modifying a quantity pro 
portional to cross wind time to produce quan 
tities proportional to the horizontal effects on 
the prediction elements of the range components 
of the wind and elevation spots during the tail 
wind time and of the Vertical effects, on the 
prediction elements during the vertical wind 
time. 
The present invention is embodied in a com 

puter designed to operate in conjunction. With 
known types of naval director and stable element 
and the usual ship CompaSS and automatic log. 
The scope of the invention is not thereby lim 
ited to the present embodiment, as the computer 
may be adapted to operate With other types of 
directors and stable elements, and the invention : 
may be used in other types of Computers. 

The director 

The foundation of the director may be mount 
ed on any prominent part of the ship, Such as a 
fire control tower, pilot house, etc., and supports 
a base ring and a circular training rack. The 
carriage may be made of two horizontal plates, 
spaced apart by side and stiffener plates, and 
is supported on rollers bearing on the base ring. 
The carriage may be rotated in train about an 
axis perpendicular to the deck plane of the ship 
by a training motor mounted on the carriage 
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 hold the carriage 
concentric with the axis of the rack during ro 
tation. Synchronous transmitters of known 
type rotated by the carriage transmit to the 
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computer voltages defining the position of the 
carriage. A slewing switch is provided whereby 
the training motor may be locally controlled by 
the trainer at the director, or it may be con 
trolled as a follow-up motor by synchronous 
receivers of known type excited by control volt 
ages transmitted from the computer. 
The optical instruments for tracking the tar 

get in elevation and train are mounted with the 
open sightS, indicators and control devices on a 
Shelf Supported by the carriage. Usually three 
instruments 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 box 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 ele 

Vation 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 con 
trolled as a follow-up motor by synchronous 
receivers of known type excited by control volt 
ages transmitted from the stable element. 
The telescopes are of known type having a 

metallic body, mounted in the ring bearings of 
the optical box, enclosing and supporting the 
Optical System. The optical system includes, in 
Order, an outer glass window, a head prism 
mounted for rotation about an axis transverse 
to the axis of the body, an inverting prism, an 
objective lens, an illuminated cross-line plate, 

50 

55 

optical filters, and an eyepiece. The head prism 
inverts the image from top to bottom, the in 
Werting prism inverts the image from right to 
left, then the objective lens completely inverts 
the image, focussing the field of view as a real, 
erect image upon the cross-line plate, which ap 
pears through the eye-piece as a virtual, en 
larged, erect image. 
The cross-level shaft in the optical box is 

geared to a sector gear attached to the outside 
of the telescope body, and rotates the telescope 
body about its longitudinal axis to maintain one 
of the Cross-hairs vertical. This rotation of the 
telescope body also produces an inclination of 
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the axis of the head prism, and, to correct this 
inclination, the head prism must be rotated not 
only in elevation, but also in cross level. In 
the present standard devices, this added correc 
tive rotation is equal to One-thirtieth of the 
rotation in cross level. The elevation motor is 
geared through a differential gear, or an elec 
trical equivalent thereof, to the axis of the head 
prism and rotates the head prism in elevation 
plus one-thirtieth of cross level. A handwheel 
is provided whereby the trainer may, through 
the differential gear, add a rotation to the other 
rotations of the head prism. 
The range finder, of the usual naval type, is 

rotatably mounted in a range finder carriage at 
tached to a beam pivotally supported by a stand 
ard secured to the director carriage near the 
axis of rotation. The range knob on the range 
finder adjusts the range finder to the range of the 
target, and drives, through a differential gear, 
synchronous transmitters which transmit to the 
computer Voltages proportional to the position 
of the transmitter. A synchronous receiver, 
mounted on the range finder beam, is excited 
by voltages transmitted from the computer and 
is coupled by a flexible shaft to the differential 
gear, so that when the voltages transmitted from 
the computer are of the proper value, the range 
finder will be kept adjusted to the range of the 
target. Shafts, driven by the elevation motor, 
are geared to the range finder to rotate in eleva 
tion plus one-thirtieth of cross level the range 
finder in the carriage. Shafts, driven by the 
cross-level motor are geared to the beam support 
to maintain the beam cross-leveled. 
The present computer is also adapted for op 

eration in conjunction. With other observing in 
struments, Such as the known radio location de 
vices, or a combination of optical and radio in 
strumentS. 
- The Stable element 

- The stable element may conveniently be lo 
cated near the computer, and connected by shafts 
and gears with the computer. One shaft trans 
mits the director train B'r of the target with 
respect to the axis of the ship from the Computer 
to the stable element, and other shafts transmit 
the level T, the angle in the Vertical plane Con 
taining the line of sight between the horizontal 
plane and the deck plane, the croSS level Zd, the 
angle of tilt of the deck about the line Which is 
the intersection of the deck plane with the Wer 
tical plane containing the line of sight, and 
L--Zd/30 to the computer. A synchronous trans 
mitter rotated by the stable element transmits 
directly to the director a voltage defining CrOSS 
level Zd. 
The function of the stable element is to Supply 

to the director and computer corrections which 
eliminate the effects on these devices due to the 
pitch and roll of the ship. The pitch of the ship 
is the angle of inclination of the deck plane with 
respect to the horizontal plane in the line of the 
longitudinal axis of the ship, measured in a plane 
normal to the horizontal plane and the roll 
is the angle of inclination of the deck plane With 
respect to the horizontal plane transverse to 
the longitudinal axis, measured in a plane nor 
mal to the deck. The level L is the angle of 
inclination of the deck plane in the vertical 
plane including the line of sight and the croSS 
level Zd is the angle inclination of the line of 
sight, measured in a plane normal to the deck. 
The stable element includes a Sensitive ele 

ment and a Supporting housing. 
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4. 
The sensitive element includes a gyroscope ele 

ment mounted in a gyroscope case and rotated at 
high speed about a vertical axis by a Small motor. 
The gyroscope case is equipped with devices to 
compensate for the effects upon the gyroscope of 
the earth's rotation and any violent accelerations 
of the case, and is supported by horizontal stub 
shafts journaled into a gimbal ring. The gimbal 
ring is Supported by horizontal stub shafts, 
located at right angles to the shafts Supporting 
the case and journaled in the arms of a Wer 
tically mounted fork. The lower end of the fork 
is journaled in a housing formed by the sides of 
the level ring. A motor, mounted on this housing 
and geared to the fork, is controlled by voltages 
transmitted from the ship compass to maintain 
the gyroscope Oriented with respect to the earth, 
So that the compensations for earth rotation are 
correct. Suitable slip rings on the fork and 
brushes in the housing provide the necessary 
electrical connections. 
The housing formed by the sides of the level 

ring extends upward and Supports two magnet 
coils with crossed axes above the upper end of 
the fork. A magnet is mounted on the upper end 
of the fork, and, when the housing is displaced 
With respect to the fork, induces voltages in the 
crossed coils proportional to the errors in level 
Or croSS level. 
The level ring is supported by horizontal stub 

shafts journaled into the cross-level ring, which 
is supported in turn by horizontal stub shafts, 
located at right angles to the level ring shafts, 
and journaled into brackets. The brackets are 
mounted on a conically-shaped casting attached 
to a large training gear supported on ball bear 
ings. A shaft from the computer is geared to the 
training gear and rotates the Whole aSSembly 
in director train. Slip rings and brushes aSSO 
ciated with the casting provide the necessary 
electrical connections with the rotating partS. 
A sector gear, attached to the level ring, is 

geared to a shaft journaled concentrically in 
One of the stub Shafts Supporting the CrOSS-level 
ring, and a second Sector gear is attached to the 
cross-level ring. Follow-up motors, mounted on 
the brackets, are geared to the level ring shaft 
and the cross-level ring Sector gear and are re 
spectively controlled by the voltages induced in 
the COSsed coils. 
The croSS-level follow-up motor rotates pro 

portionally to the cross-level and drives a shaft 
Connected to the Computer and a Synchronous 
transmitter connected to the cross-level receiver 
at the director. As the level ring is supported 
by the CrOSS-level ring and Shares the movement 
of the cross-level ring, the level follow-up motor 
rotates proportionally to level plus one-thirtieth 
of croSS-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 and is con 
nected to the computer. 
In the drawings 
FigS. 1, 1A, 1B show in plan and elevation the 

relationships, for antiaircraft fire, of own ship 
and target; - 

Fig. 2 is a functional block Schematic of the 
computer and associated devices; 

Fig. 3 is a three-dimensional diagram of the 
angles involved in the director tilt corrector; 

Figs. 4, 4A show in plan and elevation the rela 
tionships involved in the determination of the 



2,658,680 
S 

relative linear rates, and corrections to these 
rates; 

Figs. 5, 5A show in plan and elevation the rela 
tionships involved in the determination of the 
rectangular coordinates; 

Fig. 6 shows curves illustrating the effect of 
the use of ballistic range; 

Fig. 7 shows in the slant plane the relation 
ships involved in the determination of the dead 
time correction; 

Figs. 7A, 7B show in plan and elevation the 
relationships involved in the determination of 
deck deflection and advance range; 

Figs. 8, 8A show in elevation the relationships 
involved in the rotation of the coordinate system 
into the deck plane; 

Fig. 8B is a three-dimensional diagram of the 
relationships involved in the determination of 
the sight defection; 

Figs, 9, 9A, 9B show in plan and elevation the 
relationships involved in the determination of 
the gun Orders; 

Figs. 10, 10A, 10B, 10C, 10D, 10E show curves 
of certain functions used in the computation; 

Figs. 11, 11A, 11B are front and side views of 
a typical computer embodying the invention; 

FigS. 12, 13 Schematically show the controls 
and mechanism of the computer; 

Figs. 14, 15, 16, 17 schematically show the 
motors, potentiometers, shafting, gearing and 
other mechanical details of the computer; 

Fig. 18 schematically shows the relay and con 
trol circuits; 

Fig. 19 schematically shows the exciting cir 
cuits of the 210-cycle motors; 

Fig. 20 Schematically shows the exciting cir 
cuits of the 60-cycle motors; 

Fig. 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 matching 
dials; 

Fig. 24 diagrammatically shows the ring match 
ing dials in elevation; 

Fig. 25 schematically shows the circuits of the 
ring matching dials; 

Fig. 26 shows a block diagram of the circuit 
connections; 

Figs. 27 to 39 schematically show the circuits 
used in the computations; 

Fig. 40 schematically shows the elevation foll 
low-up system; 

Fig. 41 Schematically shows the deflection spot 
follow-up System; 

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 comput 
er, the quantities involved in the computations 
and the conventions assumed will be defined. 

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

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

(b) The reference point of computation for 
prediction is a (fictitious) mean gun located in 
the deck plane vertically below the director. 

(c) 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 
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6 
sight is the line from the director to the present. 
position. 

(e) Point of burst is the calculated position of 
the target at the computed time of burst (time 
of flight Seconds after the present), and may be 
regarded 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. Line 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 to the virtual position, the point of burst 
will coincide with the future position; the line 
from the mean gun to the virtual position is ac 
cordingly 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 motion 

(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 plane 
clockwise from north (B=Br--Co). 

AcB Increment of generated bearing. (Bearing 
correction.) The angle representing the inte 
gral With respect to time of angular bearing 
rate (AcB=dBdt). 

dB Angular bearing rate. The time rate of 
change of true target bearing. 

8dB Correction to angular bearing rate. The 
component of rate correction which is propor 
tional to the difference between relative target 
bearing and generated relative target bearing. 

iB Initial setting of, or correction to, gener 
ated target bearing. 

Bgr Advance relative target bearing. Angle be 
tween Vertical plane through fore and aft axis 
of own ship and vertical plane through line of 
advance position, measured in the horizontal 
plane clockwise from the bow (Bgr=Br--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 clockwise from bow 

Br Relative target bearing. Angle between ver 
tical plane 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'r-dB'r). 

cBr Generated relative target bearing. Relative 
target. Bearing generated by the computer as 
opposed to relative target bearing derived from 
director train (cBr=AcBr--iB). 

AcBr Increment of generated relative target 
bearing. The angle which is equal to the dif 
ference between the increment of generated 
bearing and ship's course (AcBr=ACB-Co). 
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B’r. Director train. Angle between fore and aft 
axis of own ship and vertical plane through 
line of sight, measured in deck plane clockwise 
from boW. 

iB'r Director tilt correction. The correction for 
the effect of deck tilt, used to derive relative 
target bearing from director train. 

AcB'r Increment of generated director train 
(train correction). The angle which is the dif 
ference between increment of generated relative 
target bearing and director tilt correction 

(ACB're AcBr-Br) 
Bud Wind direction. Angle between north-South 

vertical plane and direction from which true 
wind is blowing, measured in the horizontal 
plane clockwise from north. 
(Bu)=0 for Wind blowing from north.) 

Bug Advance wind angle. Angle between direc 
tion from which true Wind is blowing and Wer 
tical plane through line of advance position, 
measured in the horizontal plane clockwise 
from which wind is blowing (Bulg=BUS--Dh). 

. . . (Big-O for Wind blowing from advance po 
sition.) 

BDS Wind angle. Angle between direction from 
which true wind is blowing and Vertical plane 
through line of sight, measured in the horizon 
tal plane clockwise from direction from which 
Wind is blowing (BUS=B-B2)). 
(Bds=0 for Wind blowing from present posi 

tion.) 
Co Ship course. Angle between north-south 

vertical plane and vertical plane through fore 
and aft axis of ownship, measured in the hori 
Zontal plane clockwise from north to bow of 
ship. 

(Co-0° for ship moving toward north.) 
Ct Target course. Angle between north-south 

vertical plane and Wertical plane through di 
rection of motion of target. With respect to 
water, measured in the horizontal plane clock 
Wise from north. 
(Ct=0 for target moving toward north.) 

C4(E2), C5 (E2), C6 (E2) Empirical functions of 
advance elevation used in calculation of ballis 
tic quantities. 

6Ct Correction to target course. The component 
of rate correction which is applied to target 
COLSe. 

Dd Deck deflection. Angle between vertical 
plane through line of Sight and plane through 
ordered gun axis perpendicular to deck, meas 
ured in deck plane clockwise from intersection 
with vertical plane containing line of sight. 

Dh. Horizontal deflection. Angle between verti 
, call 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. 

Di Deflection spot. Angular defection of point 
of burst, measured as the angular defection 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 vertical 
plane containing the line of sight and the ver 
tical plane containing the line of advance posi 
tion, measured in the Slant plane which con 
tains the line of sight and Which is perpendicu 
lar to the vertical plane containing the line of 
advance position, clockwise from the line of 
sight (sin DS=sin Dh. COSE). 
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E 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=Eb-L). 

cE Generated target elevation. Target eleva 
tion generated by the computer as opposed to 
target elevation derived from director elevation 
(cE=AcE--iF). 

ACE increment of generated elevation. The 
angle Which represents the integral with respect 
to time of angular elevation rate (AcE=fdEdit). 

dE Angular elevation rate. The time rate of 
change of target elevation. 

ÖdE 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. 

dE Initial setting of, or correction to, generated 
elevation. 

kE Elevation prediction. The angular difference 
between 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 sight upward 
from the deck plane. 

ACEb Increment of generated director elevation 
(elevation correction). The angle which is 
equal to the sum of increment of generated ele 
Vation, level, and 40 of cross level 

(AcEb=AcE--L--Zd/30) 
E"g Gun elevation order. Angle between the 
deck plane and the ordered gun axis, meas 
ured upward from the deck plane in the plane 
perpendicular to the deck plane and contain 
ing the Ordered gun axis. ... 

E2 Advance elevation. Angle between the hori 
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--cE). 

F Fuze setting order. The sum of fuze time and 
correction for dead time, measured in seconds 
(F-F2--Fg). 

Fg Correction for dead time. The correction in 
Seconds which is added to fuze time to allow for 
the relative motion of target and shell during 
dead time. - 

F2 Fuze time. Numerically equal to time of 
flight in fire at aircraft targets (for mechanical 
fuzes). 

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

f1(dR), f1 (dE), f1(dB) Empirical functions of 
range rate, angular elevation rate, and angu 
lar bearing rate used for control of integrators 
in rate generation. 

J2 (Re), f3(Re), f4 (Re) Empirical functions of 
ballistic range used in calculation of ballistic 
quantities. 

Gf Drift distance. The lateral deflection 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 advanc 
position (position for drift to right). 

Gi 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 
to the line of advance position (positive when 
the point of burst is displaced to the right on 
introduction of a "Right' deflection spot) 

(GisDiR2) - 
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GD . 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 position). 

H. Height. Wertical distance of target above the 
horizontal plane through the director sights 
(H=CFR Sin E). 

dH Rate of climb. The time rate of change of 
height. 

adH Correction to rate of climb. The compo 
nent of rate correction which is applied to rate 
of climb. 

Hf Superatitude. Wertical 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 

Hfo Basic superaltitude. Superatitude uncor 
rected for loss of initial velocity. 

Hi Height spot. See Xi. 
Hip Height correction for parallax. The correc 
tion 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). 

Him Superaltitude correction for loss of initial 
Velocity. 

Ht Height prediction. SeeXt. 
Hap Height correction for Wind. See XU. 
H2 Advance height. Vertical coordinate of ad 
vance position in the XYH coordinate system, 
measured in yards as the Vertical distance to 
the advance position from the horizontal plane 
through the mean gun (H2=H--kH). 

I. W. Initial velocity. The velocity of the shell 
as it leaves the muzzle of the gun (aSSumed to 
be corrected for temperature and gun). 

I, Level. Angle between the deck plane and the 
horizontal plane, measured in the vertical plane 
through the line of sight (positive when deck : 
toward target is tilted down). 

Ph, Unit train parallax. The angle subtended 
by a base line in the deck plane and extending 
100 yards forward from the mean gun, at the 
projection of the virtual position on the deck 
plane, measured in the deck plane clockwise 
from the line of Virtual deck range (Rh2). 

Qi 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 containing the 
line advance position (positive when the point 
of burst is displaced outward on the introduc 
tion of a “Down' elevation spot). 

QD Tail Wind distance. The longitudinal dis 
placement of the point of burst caused by rel 
ative 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). 

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

cR. Generated range. Range generated by the 
computer as opposed to range observed from the 
director (cR=ACR--iR, used for all computa 

s, tions instead of R). 
AcR, Increment of generated range (range cor 
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10 
rection). The quantity which represents the 
integral With respect to time of range rate 

(AcR=d Rdt) 
CRdE Linear elevation rate. The component of 

relative Velocity of ship and target which is at 
right angles to the line of sight in the vertical 
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 
a Way from own ship). 

8dR Correction to range rate. The component 
of rate correction which is proportional to the 
difference between range and generated range. 

iR Initial setting of, or correction to generated 
range. . 

kiR Range prediction. The difference in yards 
between advance range and generated range 
(positive When advance range is greater than 
generated range). 

Re Ballistic range. An empirical function of 
advance range and advance elevation which is 
used in calculation of ballistic quantities. 
Equal to advance range when E2=0. 

Rh. Horizontal range. The horizontal projec 
tion of generated range (RhacR cos E). 

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

6dRh. Correction to horizontal range rate. The 
component of rate correction which is parallel 
to horizontal range. 

cRh. Horizontal range prediction. The differ 
ence in yards between advance horizontal range 
and horizontal range (positive when Rh2 is 
greater than Rh). 

RhdB 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). 

RhôdB 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-i-kRh). 

dRh2 Advance horizontal range rate. The time 
rate of change of advance horizontal range 
(used only in Computation for correction for 
dead time). 

Rh2 Wirtual deck range. The distance from 
the mean gun to the projection on the deck 
plane of the virtual position, measured in yards 
in the deck plane. 

R2 Advance range. The distance from the 
mean gun to the advance position, measured in 
yards along the line of advance position 

dR2 Advance range rate. The time rate of 
change of advance range (used only in compu 
tation for correction for dead time). 

Ri Range Spot. The linear displacement of the 
point of burst, measured in yards as the linear 
displacement of advance position along the line 
of advance position (positive when the point of 
burst is displaced outward on the introduction 
of an "Out' range spot), 

Sf Shell velocity. The average velocity of the 
shell in the neighborhood of the point of burst 
(used only in computation for correction for 
dead time). 

Sh. Target speed horizontal. The horizontal 
component of target Speed With respect to 
water, 
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8Sh. Correction to target speed horizontal. The 
Component of rate correction which is applied 
to target speed horizontal. 

Sh3Ct Correction normal to target speed hori 
Zontal. The component of rate correction 
which is applied at right angles to target speed 
horizontal. 

So Ship speed. The velocity of own ship rela 
tive to water. 

SS Diving speed. The velocity of target mov 
ing along the line of Sight towards OWn ship 
(Ss=-dR; used only in dive attack). 

St Target speed. The velocity of target rela 
tive to Water (not used explicitly in the compu 
tations). 

Suy Wind speed. The velocity, assumed to be 
horizontal, of true Wind relative to Water. 

aS Train and elevation sensitivity. 
rS Range sensitivity. 
S1 (E2) . . . S7 (E2) Empirical functions of ad-: 
vance elevation used in calculation of ballistic 
quantities. 

Tf Time of flight. Time of flight of shell from 
mean gun to the point of burst, corrected for 
loss of initial velocity (Tf=Tfo-Tm). 

Tfo Basic time of flight. Time of flight with 
out correction for loss of initial velocity 

(I. V.-2600 F. S.) 
Tg Dead time. Time in seconds between set 

ting fuse and firing shell. 
Tm Time of flight correction for loss of initial 

velocity. 
TDc Cross wind time. The apparent time in 
Which the cross component of relative Wind acts 
to displace the point of burst if the lateral mo 
tion caused by wind is considered to be at the 
cross wind velocity (derived from the ballistic 
data). 

Tupt Tail wind time. The apparent time in 
which the longitudinal component of relative 
Wind acts to displace the point of burst if the 
longitudinal motion caused by wind is con 
sidered to be at the tail wind velocity 

(Tipt-Tic C6 (E2) ) 

(Does not exist separately in the mechanism.) 
"Tu Wertical wind time. The apparent time 

in which the longitudinal component of rela 
tive wind acts to displace the point of burst 
vertically if the vertical motion caused by Wind 
is considered to be at the tail wind velocity 
(Tip-Tipt. S6 (E2) ) 
(Does not exist separately in the mechanism.) 

Wii Elevation spot. Angular change in eleva 
tion of point of burst, measured as the angular 
change of advance position in the vertical plane 
containing the line of advance position ("Up' 
or positive if the point of burst is raised). 

Vs Sight angle. The difference between gun 
elevation order and director elevation 

X, Y, W Coordinates of the virtual position re 
ferred to rectangular axes with the origin at 
the mean gun. The XY plane is horizontal 
and the YW plane is vertical and contains the 
line of sight. When facing target, X is posi 
tive to the right, Y is positive toward target, 
and W is positive upward (X=kX, Y= Rh-i-ky, 
W=H-I-Hi?--kH). 

kX, kY, kH. Components of prediction. The 
total components of corrections in the XYW 
coordinate system- to compensate for the 
effects of relative motion of ship and target, 
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drift, relative wind, and deflection and eleva 
tion spots. The height correction for par 
allax is also included. The corrections are 
positive in the positive directions of X, Y and W 
(kX=Xt--Xf--Xuy--Xi, ky-Yt--Yf--Yu-Yi, 
kH=Hit-i-Huy--Hi-Hp). 

X, Y, 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 the deck, and the vertical plane through 
the Y axis contains the line of sight. Direc 
tions are positive in the same Senses as in the 
XYW system. 

X', 'Y', 'W' Coordinates of the virtual posi 
tion referred to rectangular 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 (L). Rotation of 
the X'Y' 'W' system about the Y' axis by 
an angle equal to croSS level (Zd) results in 
obtaining the X'Y'W' system. Directions are 
positive in the same senses as in the XYW 
System. 

Xf, Yf Corrections for drift. Components of 
the correction to compensate for the displace 
ment of the point of burst caused by drift of 
the shell due to rifling, measured in yards as 
the displacement of the advance position in 
the XY coordinate System. There is no verti 
cal component at the advance position; Hf 
is applied to obtain the virtual position, 

Xi, Yi, Hi Spot corrections. Components of 
the displacement of the point of burst caused 
by deflection spot (Di) and elevation spot (Wii), 
meaSured in yards as the displacement of the 
advance position in the XYW coordinate 
System. 

Xt, Yt, Hit Components of basic prediction. 
Components of corrections to compensate for 
the displacement of the point of burst caused 
by relative motion of ship and target, meas 
ured in yards as the displacement of the ad 
vance position in the XYW coordinate system. 

Xu, YU, Huy Corrections for wind. Compo 
nents of the corrections to compensate for the 
displacement of the point of burst caused by 
relative wind, measured in yards as the dis 
placement of the advance position in the 
XYW coordinate system. Relative wind in 
cludes true wind and own ship's wind. 

X2, Y2, H2 Coordinates of the advance position 
in the XYW coordinate system. 

Angle of tilt of deck about a 
line which is the intersection of the deck plane 
with the vertical plane through the line of 
Sight (positive if when facing target, deck at 
left is tilted down). 
The operation of the computer when used 

for the automatic computation of gun orders for 
continuous fire against aircraft will first be de 
Scribed in detail, then the modifications in the 
computer necessary for other types of targets, 
Such as diving aircraft, surface targets, etc.; spe 
cial types of fire, such as selected level; and 
the control of larger caliber weapons will be de 
Scribed. 
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 
1B, which show in plan and elevations the rela 
tionships involved in firing from a ship at an 
aerial target. The ship S (Fig. 1) is moving 
at a Speed So along a course a-b, having a 
bearing Co with respect to north. The pro 
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jection of the target T is moving at a speed Sh 
along a course C-d, having a bearing Ci 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 bearing Br relative to the axis of 
the ship, measured in the horizontal plane. 
The vertical plane through the target course 

is at a target angle A, measured in the hori 
Zontal plane, to the vertical plane through the 
line of sight. 
A wind, having a true wind speed Sul, is blow 

ing from e to f, at a true Wind direction BU 
with respect to north. The wind angle Bus is 
measured in the horizontal plane from the Wind 
direction 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 a target elevation E. With re 
spect to the horizontal plane. The target T is 
at a range R. from the director and a height H 
above the horizontal plane through the director; 
and the projection of the target on the hori 
zontal plane is at a horizontal range Rh from 
the director. 

In Fig. 1, the axis of the mean gun is in the 
vertical 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 in the 
horizontal plane relative to the vertical plane 
through the line of sight. The vertical plane 
through the axis of the gun is at an advance 
Wind angle BUg, measured in the horizontal 
plane from the direction from which the Wind is 
blowing. A shell fired along the axis of the gun 
in the direction of the advance position will be 
deflected by the wind and other ballistic effects, 
and, if the computations are correct, Will burst 
on the target when the target reaches the future 
position. 
As shown in Fig. 1B, the advance position is 

at an advance range R2 from the mean gun G, 
and advance height H2 above the horizontal 
plane, and the projection of the advance position 
is at an advance horizontal range Rh2 from the 
nean gun. The line from the mean gun to the 
advance position has an advance target elevation 
E2 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 superatitude Hf ver 
tically above the advance position. The axis of 
the gun is thus elevated to the gun elevation 
order Eg, 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 functional basis without regard to its actual 
location in the computer. In this schematic, the 
principal quantities involved in the computations 
are represented by the symbols in the glossary, 
mechanical Shaft movements are shown by dotted 
lines, and voltages by Solid lines. 
tailed description of the complete computer will 
be given. 

Director tilt corrector 

The director elevation Eb, and director train 

Later, a de 
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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 roll 
ing 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 supplies to 
the director tilt corrector 2 shaft movements pro 
portional 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 differential 
gear with the movement proportional to Eb to 
produce a shaft movement proportional to the 
target elevation E. 
The problems involved in correcting the direc 

tor train B'r may be visualized by a considera 
tion of Fig. 3, in which the quantities involved 
have been projected on a sphere, having the 
director at the center of the sphere. The ver 
tical 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 L and 
CrOSS level Zd are supplied by the stable element, 
thus, in this triangle the two sides, B'r and 

g-L 
and the included angle 

are known. The angle Br can, therefore, be 
found. 
The customary Solution of a spherical triangle 

of this type is: 
cot B'r cos L-sin L sin Zd cot Br'...' ' ' ' ' '. A 

cos 2d 

This equation is not suitable for solution by 
the methods used in the present computer, since 
cot Br and cot B'r both approach infinity as 
Br and B'r approach T or zero. The difference, 
dB'r=Br-B'r, never exceeds a Comparatively 
Small value. The value Br-iB'r is substituted 
for B'r and the equation is thus transformed to 
the form: 

tan iB'r-- (-sin Br cos Br-sin2 Britan iB'r- 
tan iB'r) (-vers Zd)+(-sin Br cos Bi 
sin Br tan iB'r) (vers L) -- (sin2 Br 
sin Br cos Britan iB'r) (-sin Zd sin L)=0 (1) 

The underlined quantity is obtained from the 
computation. 
The director tilt corrector 2, Fig. 2, continu 

ously solves this equation to produce a shaft 
movement proportional to iB'r. The shaft move 
ment proportional to iB'r is combined in a differ 
ential gear with the shaft movement proportional 
to B'r to produce a shaft movement proportional 
to iB'r--B'r= Br, and a voltage proportional to 
Sin Br. The shaft movement proportional to B'r 
is also supplied to the stable element 3. 

Rate comparator 

The shaft movements proportional to Brand E 
are supplied by the director. tilt corrector to the 
rate comparison device 4. As the range R is not 
materially affected by the pitching and rolling of 

A Y 
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the ship, a shaft movement proportional to R. 
is supplied by a synchronous transmission System 
directly from the director to the rate compari 
Son device 4. 
In the present computer, the prediction is based 

upon the usual assumption that, during the 
time of flight of the shell, the motion of the 
target is in a straight line at uniform Speed. 
For a target moving in a straight line at uniform 
speed, the course Ct, the horizontal Speed Sh 
relative to the water, and the rate of climb dh, 
of the target are constant, and thus may easily 
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 dE, inte 
grated, and the resultant displacementS AcF, 
AcBr and AcE compared with the displacements 
R., Br and E from the director and corrector 
2. The differences, if any, between the generated 
displacements and the measured displacements 
from the director are fed back to correct the 
estimated values of Sh, dH and Ct, until the 
correct values are attained. 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 dependent On other 
quantities derived from these generated quanti 
ties are supplied to the predictor. 

Rate generator 
Any values of Sh, dH and Ct may be initially 

set in to the computer and eventually these values 
will be corrected to the true values. The closer 
the initial values are to the true values, the leSS 
the correction that will be required and the more 
rapidly the solution will be reached. 
In Fig. 4, the speed So of own ship S and the 

speed Sh of the target T have been projected 
in plan on the horizontal plane through the di 
rector. The distance ST from own ship S to 
the projection of the target T is the horizontal 
range Rh. 
Own ship S has a speed So at a relative bear 

ing Br. The component transverse to the range 
Rh is So sin Br; and the component along the 
range Rh is --So cos Br (the negative sign 
indicating that this component decreases the 
horizontal range). 
The target angle A is evidently B-T-Ct. The 

component of target Speed transverse to the range 
Rh is Sh sin (180-A)=Sh sin A, and the com 
ponent along the range Rh is 

Sh cos (180-A) --Sh coS A 
Woltages proportional to --So COS Br and 

-Sh cos A are added to produce a Woltage pro 
portional to dr.h., the rate of change of hori 
ZOntal range. 

dRhi--So COS Br-Sh coSA (2) 

Woltages proportional to So sin Brand Sh, sin. A 
are produced in the computer and added to 
produce a voltage proportional to RhdB, the 
linear deflection rate. 

RhdB=So sin Br-i-Sh sin A (3) 
In Fig. 4A, the horizontal Speed dRh and rate 

of climb dEH have been projected in elevation. On 
the vertical plane through the line of Sight. The 
line of sight ST from own ship S to target T 
is at an elevation. E above the horizontal plane, 
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16 
and has a length equal to the range cFR. With 
Optical range finders, the values of the observed 
range R, usually are not continuous, thus, in the 
present computation, and in the predictor, the 
values of the generated range, cR, which even 
tually becomes equal to R, and are continuous, 
are used. 
The rate of change of horizontal range, dRh, 

has a component hi-cd Rh. COSE along the range, 
and a component ii-c-dRh. Sin E transverse 
to the range (the negative sign indicating that 
this component decreases the elevation E). 
The rate of climb dEH has a component 

iR-cdH sin E 

along the range and a component kil-cdH COs E 
transverse to the range. 
The rate of change of the range ht'=dR is 

the Sum of the components hi-cd Rh cos E and 
iT-ik-cdH sin E. Woltages proportional to 
-dRh cos E and -dH Sin E are produced in 
the computer and balanced in the input of a 
motor amplifier against a voltage approximately 
proportional to dr, controlled by a motor Con 
nected to the amplifier. The motor varies the 
value of dER, until the output voltage of the am 
plifier is reduced to Zero. The Shaft of the motor 
has thus rotated to the Value of dR. 

dR-dRh cos E-dH sin E=0 (4) 
The linear elevation rate, l-cRdE, is the 

difference of the components lk-cdH cos E and 
Tk-ii-cd Rh. Sin E. Woltages proportional to 
dH COS E and -dRh. Sin E are supplied to 
the input circuit of a motor amplifier. As shown 
in Fig. 2, a voltage proportional to cFR is supplied 
by the predictor if, and this voltage is varied 
by the motor connected to the amplifier pro 
portionally to dE and balanced against the other 
Voltages in the input of the amplifier. When the 
Output Voltage of the amplifier is reduced to 
Zero, the shaft of the motor has rotated to the 
Value of dE 

-cRdE--dH cos E-dRh sin E-0 (5) 

In Fig. 4A, CR cos E-Rh thus in Fig. 4, 
CR COS EdB-RhdB. A voltage proportional to 
RhdB, Equation 3, is Supplied to the input cir 
cuit of a motor amplifier. A voltage proportional 
to CR, Supplied by the predictor, is modified 
proportionally to coSE 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 amplifier is reduced 
to Zero, the shaft of the motor has rotated to 
the Walue of dB 

-cR cos E dB--RhdB=0 (6) 

The handsets 5, Fig. 2, are adjusted to supply 
to the rate generator 7 shaft movements pro 
portional to Sh, dH and Ct. A voltage pro 
portional to sin Br is Supplied by the director 
tilt corrector 2. The ship log 8 supplies a shaft 
rotation proportional to So. As will be explained 
below, the rate corrector 6 Supplies shaft rota 
tions proportional to A, E and Br. 
The rate generator continuously solves Equa 

tions 2, 3, 4, 5, 6 and supplies to the rate inte 
grator O, Shaft movements proportional to dR, 
dB, dE, and also Supplies to the dead time correc 
tion computer voltages proportional to dR, dH, 
dRh and -RhdB. w . 
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Rate integrator 
In the rate integrator i0, the rates dR, dB, dE. 

are integrated, giving dRdit=AcR, dBdit=ACB 
and dEdit=AcE. The displacement ACB is con 
bined in a differential gear with the bearing Co, 
transmitted from the ship compass 9 through the 
rate corrector 6, to produce a shaft rotation pro 
portional to AcBr-AcB-Co; and the shaft rota 
tion proportional to AcBr is combined in a Second 
differential gear with a shaft rotation propor 
tional to iB'r from the director tilt corrector 2 to 
produce a shaft rotation proportional to 

The shaft rotation proportional to AcE is com 
bined in a differential gear with a shaft rotation 
proportional to L-I-Zd/30 from the stable element 
3 to produce a shaft rotation proportional to 
AcEb=AcE--L--Zd/30. The shaft rotations pro 
portional to AcFR, AcB'r and AcEb are transmitted 
by synchronous transmission Systems to the di 
rector, to drive the observing instruments. 

Comparator 
Shaft rotations proportional to AcR, AcBr and 

AcE are supplied by the integrator 0 to the com 
parator 4. A shaft rotation proportional to R, is 
supplied by the director i, through a Synchronous 
transmission system to the comparator 4; and 
shaft rotations proportional to Brand E are Sup 
plied by the director tilt corrector 2. 
The rotation proportional to AcR, is supplied 

through a differential gear to One ring of a ring 
dial, and the rotation proportional to Ris Supplied 
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 correct magni 
tude, the two rings will be out of Synchronism, and 
are arranged to close the circuits of a motor, which 
through the differential gear, supplies an addi 
tional rotation, jR, which is algebraically added 
to AcR, until the rings are in Synchronism. 

Similarly, the shaft rotations proportional to 
AcBr and Br are supplied to a second ring dial 
controlling a second motor; and the shaft rota 
tions proportional to the difference between AcE: 
and E are supplied to a third ring dial controlling 
a third motor. 
Thus, 

cR=ACR--iR=R (7) 
cBr=AcBr--iBar Br (8) 
cE=ACE--iE=E. (9) 

The operator at the computer may adjust the 
handset values of Sh, dH and Ct until the dR, dB 
and is motors are brought to rest. The values of 
Sh, dH and Ct are then correct, and the derived 
values supplied to the predictor and fuse con 
puter are also correct. 
The values of Sh, dH and Ct may also be auto 

matically corrected by the rate corrector 6. The 
corrective voltages, from the ring dials to the dR, 
jB and is motors, are due to the deviations from 
the correct rates of change of the quantities and 
may be designated 6d R, 8dB and ÖdE. 
As shown in Fig. 2, the voltages 8dER, 8dB and 

SdE, with shaft rotations proportional to cFR, Br 
and E are supplied by the comparator 4 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 elevation 
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horizontal range Rh=cR cos E. The vector hit 
is the rate of change of range dR; ie is the rate 
of climb, or rate of change of height dEI; hi is the 
rate of change of horizontal range dRh. 
Let there be an error 8dR in range rate, repre 

sented in figure by him. (The scale is exaggerated 
to make the drawing clearer.) This error may be 
resolved into the vertical component hin-AdR sin 
E and the horizontal Component man-ÖdR COSE. 
Also, let there be an error 8dE in rate of change 
of angular elevation dE; at range cFR, this will 
cause an error cRödE in linear elevation rate, 
represented in the figure by eO. This magnitude 
may be resolved into a vertical component 

p0=cRödE COs E 
and a horizontal component ep=-cRödE Sin E, 
the negative sign being necessary since a positive 
error 8d.E tends to decrease the horizontal range 
rate dRh. 
The combined effect of the errors 6dr, and 6dE 

is to change the value of dRh from hi to 
mq=mn--hi-rq 

and the value of dEI from ie to 

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

6d Rh=8dR COs E-CR8dE sin E (10) 

The change in dE is qs--po-chn-po, whose value 
is given by 

8dH =ödR sin E--cR8dE cos E (11) 
In Fig. 4, the error 6d Rh in horizontal range 

rate dRh is shown by the vector vac in line with 
ST. This vector may be resolved into a compo 
nent parallel to 
Sh: Uy=ödRh cos (180°-A) = -8dRh cos A 

and a component transverse to 
Sh: Jac=6d Rh sin (180°-A) = -8d Rh sin. A 

The negative signs indicate that these compo 
nents decrease Sh and Ct, respectively. Let there 
be also an error 6dB in rate of change of angular 
bearing; at horizontal range Rh this will cause an 
error Rh8dB in linear deflection rate, represented 
in the figure by the vector tv. This may be re 
Solved into a component parallel to 

Sh:tu-Rh8dB cos (A-90) =RhôdB sin. A 
and a COmponent transverse to 

Sh: uv=Rh3dB sin (A-90°) = -Rh3dB cos A 
The combined effect of these errors on the 

value of Sh will be the sum of the components ugy 
and tu; replacing Rh by its value cFR cos E, this 
may be Written: 

ÖSh=-ödRh cos A-I-cR6dB cos Esin A. (12) 
Likewise, the effect on the lateral measure ShCt 
will be the sum of the transverse components yac 
and it): 

ShöCt=6d Rh sin A-cR8dB cos Ecos A. (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 Ct, and is thus usually somewhat in error, at 
least when rate correction is started, while the 
voltages 6dR, ÖdE, and 6dB, obtained from the ring 

E, generated range cR, height H=cR sin E and 75 dial contacts and used also to drive the iR, E, 
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and iB motors which keep the dials matched, are 
merely signals indicating whether positive correc 
tions, no corrections, or negative corrections are 
required in the corresponding rates. These volt 
ages are switched at the ring dial contacts 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, iF, and 
iB motors are designed to insure operation of 
these motors at constant speed (the particular 
speed depending on the setting of the manually 
adjusted sensitivity controls aS 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. Thus 
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 given 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 6d R. 

whose average amplitude represents the Speed of 
the iR motor, and hence the rate at Which range 
is being corrected, is modified proportionally to 
cos E.; the voltage 6dE is modified proportionally 
to cFR, and further modified proportionally to 
-Sin E. The two voltages thus modified are add 
ed in an amplifier according to Equation 10; the 
average amplitude of the output Voltage of this 
amplifier, 6d Rh, thus represents the rate at which 
corrections are being applied to the horizontal 
age. 
Likewise, the voltage 6dR is modified propor 

tionally to sin E, and the voltage 6dB is modified 
proportionally to cR, and further modified pro 
portionally to cos E. The two voltages thus modi 
fied are added in the input circuit of a motor am 
plifier in accordance with Equation 11; the aver 
age amplitude of the output of this amplifier then 
represents 6d.H., the rate at which corrections are 
to be applied to rate of climb, dH. 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 it, Over 
a range sufficiently great to include all correc 
tion rates of practical interest. Accordingly, dur 
ing a given time interval, the average Speed of 
the dEI 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 correc 
tion applicable to this quantity in the given in 
terval. This motion of the shaft repositions the 
Original hand setting of dE to a corrected Value. 
The voltage 6d Rih obtained from the amplifier 

performing the addition required in Equation 10 
is modified proportionately to -COSA; the Voltage 
6dB is successively modified proportionally to cFR, 
to sin A, and cos E. The two voltages thus modi 
fied are added in the input circuit of a motor 
amplifier in accordance with Equation 12; the 
average amplitude of the output of this amplifier 
then represents 5Sh, the rate at which correc 
tions are to be applied to Sh, the horizCntal com 
ponent of target speed. The circuit of this an 
plifier and its associated motor Operate, as in the 
case of the dH motor, so that the motion of the 

f 

s 

O 

20 
Sh, shaft, representing the total correction appli 
cable to Sh, repositions the original hand Setting 
of this quantity to a corrected Value. 
The voltage 6d Rh is also modified proportion 

ally to -sin A, and the voltage 6dB is Successively 
modified proportionally to cFR, to -cos A, and to 
COS E; the two voltages thus modified are added 
in the input circuit of an amplifier in accordance 
With Equation 13. This amplifier has a feed 
back path through a potentiometer 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 whose average ampli 
tude representS 8Ct, the rate at Which corrections 
are to be applied to target course Cit. This Wolt 
age is applied to an amplifier and a SSociated mO 
tOr which operate, as in the case of the dE motor, 
So that the motion of the Ct shaft, representing 
the total correction applicable to Ct, repositions 
the Original hand Setting of this quantity to a 
corrected value. 
By a continuation of this process the original 

settings of the target rate quantities will be 
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brought to their correct values. Rate correction 
thereupon ceases, since the generated quantities 
CR, CE, and cBr Will then agree With the corre 
sponding observed quantities R, E, and Br with 
out operation of the iR, dE, and iB motors. As 
the ring dial Contacts will then be continually 
Open, the input voltages to the rate corrector 
(6dR, 8dE, 6dB) will not be present, so that the 
dH, Sh, and Ct motors will receive no driving 
Voltages and will leave the rates set at the cor 
rect Values. 
The Speed with which Solution is approached 

may be controlled by use of the sensitivity con 
trols aS and rS to vary the speed of the iR, i.E, 
and iB 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, and thus increases the average ampli 
tudes of the voltages driving the dH, Sh, and Ct 
shafts. As the speed voltage characteristics of 
these motors are not affected by the sensitivity 
Controls, 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 instance to poor visibility, from affecting the 
rate Solution adversely, and still obtain very 
rapid solution when accurate tracking is possible. 
The circuits by which the input voltages (6dR, 

8dE, and 6dB) 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. It 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 unrelated to the 
motion of the target. 

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 

O 
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the present to the future position. This distance 
may be resolved into the Y component 

Taa-Sh.If cos (180-A) = -Sh.If cos A 
and the X component 

aa...ab=ShTf sin (180-A) =ShTf sin. A 
The motion of the ship during the time of flight 
Tfwill be Sad-SoTf, and this distance may be 
resolved into a Y component S.ac--SoTf cos Br, 
and an X component SoTf sin Br. 
Thus, in the absence of all other effects, the Y 

component of the advance position will be 
Yt=Rh-SoTf cos Br-ShTf cos A 

and the X component will be 
Xt=SoTf sin Br-i-ShTf sin. A 

In 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 
rSepectively be expressed as components Yf, Yu) 
and Yi, of the Y coordinate, and Xf, Xu, Xi of 
the X coordinate. 

Thus, the Y coordinate of the projection of the 
advance and Virtual positions on the horizontal 
plane through the nean gun will be 

Y=Rh-SoTf cos Br-ShTf cos A 
(Yf--Yu-Yi) (14) 

Similarly, the X coordinate of the projection 
of the advance and virtual positions will be 
X=SoTf sin Br-ShTf sin Al 

(Xf-Xuy-2i) (15) 
In Fig. 1A the Wertical or W coordinate of the 

present position of the target with respect to the 
horizontal plane through the director S is H. 
which is equal to CR 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 
of flight of the shell Tf the altitude of the target 
will change by the factor Hit-edHTf, where dEH 
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 Hud for the effect of the wind, and 
Hi 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 

W-H-I-Hi-i-Hit--Hip--Hu--Hi 
The factors Ht, Hp, Hu, Hi for convenience 

may be combined into a single factor kH. 
IcH-dHTf--Hip-Ho-Hi (16) 

Thus, 
W=cR sin E-- (Hfo--Hm)--kH (17) 

and 
H2=H--kH (8) 

In Fig. 2 voltages proportional to Tf, Hfo and 
Hn, as Will be described later, are generated in 
the ballistic Computer 3 and Supplied to the 
predictor . . . Woltages proportional to 

are, as described later, generated in the corrector 
4 and supplied to the predictor . 

0. 

5 

20 

30 

40 

50 

60 

65 

O 

75 

22 
Shaft movements proportional to A, Br, cFR, 

dH, E and Sh, are supplied by the rate corrector 
6 and a shaft movement proportional to So is 
Supplied by the ship log 8. 
A voltage proportional to cFR is generated by 

the shaft movement proportional to cR, and frac 
tionated proportionally to cos E to produce a 
Voltage proportional to CR cos E-Rh. 
The voltage proportional to Tif is fractionated 

proportionately to -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 A, and the re 
Sult again fractionated proportionately to Sh to 
produce a voltage proportional to -ShTf cos A. 
The voltages proportional to Rh, -SoTf cos Br, 

-ShTf cos A, Yf--Yu-Yi 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 Brand the result again frac 
tionated proportionally to So to produce a volt 
age proportional to SoTf sin Br. 
The voltage proportional to Tf is also frac 

tionated proportionally to sin A and the result 
fractionated proportionally to Sh to produce a 
Voltage proportional to Shilf sin A. 
The voltages proportional to SoTf sin Br, 

ShTf Sin A and (Xf--Xu)--Xi) are supplied to the 
input circuit of an amplifier, which adds the volt 
ages according to Equation 15 to produce a volt 
age proportional to X. 
The Voltage proportional to f is fractionated 

proportionally to dh and supplied with the volt 
ages proportional to (Hub-i-Hi) and a voltage 
proportional to Hp to the input circuit of an 
amplifier which adds the voltages according to 
Equation 16 to produce an output voltage propor 
tional to -kH by selecting the amplifier output 
lead which provides a reversal in phase of the 
input voltage. 
The Voltage proportional to cFR 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 Equation 18 and 
reverses the Voltage phase to produce an out 
put 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 
friendly Wessels are endangered. 
The Voltages proportional to -cR sin E, -kH 

and - (Hfo--Hm) are Supplied to the input 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 coordinate 
is deap. Draw deaf perpendicular to Sap. The 
horizontal deflection Dh is the angle aesap. Then 
decifs sin Dh-X coS Dh. Thus 

Y Sin Dh-X COS Dh=0 (9) 
The advance horizontal range RH2=Sap 

Saf--afap=Y cos Dh--X sin Dh 
Rh2=Y cos Dh--X sin Dh. (20) 

The voltage proportional to Y is fractionated 
proportionally to sin Dh; the voltage proportion 
alto-X is fractionated proportionally to cos Dh; 
and the fractionated voltages are supplied to the 
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input circuit of an amplifier having its output 
circuit connected to a motor. The motor adjusts 
the value of Oh until the difference of the Wolt 
ages supplied to the amplifier is reduced to zero 
and the shaft of the motor has rotated to the 
Value of Dh. 
In Fig. 5A, the advance position has been 

projected 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 ap is at an advance horizontal 
range Sah–Rh2 from the director S, and a future 
height ahap=H2=H--kH, above the horizontal 
plane through the director. The advance target 
elevation E2 is the Sun of the target elevation 
E and the elevation prediction kE. 
Thus, agah =Rh2-Rh=kRh. 
Draw Tai parallel to Sah, then diap=kH. 

Draw Tai parallel to Sap, then angle diTdi=E2. 
Draw Tak and amati perpendicular to Sap, then 
angle anaiap=E2. Tet Sal-ST= cR. 
Thus, 

Tai-takam- (Rh2-Rh) cos E2 
aidisc (Rh2-Rh) sin E2 
Tak=amai-cF sin kE 

dical=CR 9ers cF 

indi=cH COS E2 
and 

andp=kH sin E2 
AS 

amai=amdi-didi 
kH cos E2=cR sin kE-- (Rhe-Rh) sin E2 

thus 

-cR sin kE- (Rh2-Rh) sin E2-kH coS E2=0 
ma (2) 

The range prediction 
kcR=aldp=akan-dical--a map 

Thus, 
kR- (Rh2-Rh) coS E2-CR vers kE--kH sin E2 
arm (22) 

The voltage proportional to -WY is frac 
tionated proportionally to cos Dh; the voltage 
proportional to -X is fractionated 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 -Rh2. But 
to the input circuit of this amplifier a voltage 
proportional to Rh is also supplied. Thus the 
output voltage is proportional to - (Rh2-Rh), 
that is to -kRh. 
The voltage proportional to kH, Equation 16, 

is fractionated proportionally to COS E2; the Volt 
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 in 
put 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 ro 
tation proportional to E--kE=E2. The motor ad 
justs the values of icE 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. 
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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 
position 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 hori 
Zontal fire, the maximum range of both rifle 
and howitzer 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 exam 
ple, in Fig. 6, the basic time of flight, Tifo has 
been plotted against advance range R2 for three 
Values of target elevation E2, and these curves 
are substantially parabolic, and have infinite rate 
Of change at maximum range. 

Ballistic computations 
The ballistic computations 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 
COOrdinates E2 and R2 are used; to obtain these 
from the rectangular coordinates X, Y, and 
W-Hf, it is necessary also to Solve for the hor 
izontal deflection Dh. 
In a computer, these ballistic quantities are 

usually represented by some physical quantity, 
Such as the lift of a cam follower, the voltage 
Selected by the brush of a potentiometer, the 
Current flowing through the brush of an ad 
justable resistor or other convenient device. In 
Such devices, the radius of the can surface or 
the width of the card supporting the winding 
of the potentiometer or resistor, varies with the 
ballistic quantity. However, there is usually a 
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 Surface, or may jam the mechanism. Sim 
ilarly, 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 limita 
tion upon the rate of change of the ballistic 
quantity is not exceeded. 

In Fig. 6, the rate of change of the function 
A for E2=0 becomes infinite at about 19,000 
yards, whereas the rate of change of the func 
tion B for E2=40 becomes infinite at about 14,800 
yards, and the rate of change of the function 
C for E2=80 becomes infinite at about 13,500 
yards. ASSunning a reasonable maximum slope 
to be used in the device, the maximum ranges 
WOuld be, for E2=0, 16,000 yards; for E2=40, 
12,500 yards; and for E2-80, 11,250 yards; and 
to attain these maximum ranges, a separate de 
vice must be used for each value of E2, an im 
practicable arrangement. If only one device be 
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used, then, the maximum range will be limited 
to the smallest value, which, in the present case, 
is about 11,000 yards. In computers for con 
trolling antiaircraft fire, in which the terminal 
velocity of the shell must be considerably greater 
than the target velocity, a limitation in range 
of this character is not particularly Serious. 
But, in computers, Such as the present computer, 
for controlling, not only antiaircraft fire, but 
also fire at extreme range against Surface tar 
gets, a limitation in range of this character would 
seriously limit the use of the Weapon. 
In accordance with the invention, the scale 

factor used in representing the range is appro 
priately changed for each value of the target 
elevation. 

For example, in Fig. 6, the curves A, B, C are 
plotted with a scale factor of 1,000 yards per 
division. Let the curve B be replotted With a 
Scale factor of about 727 yards per division, as 
shown by curve D; and the curve C be replotted 
With a scale factor of about 670 yards per di 
vision, as shown by curve E. The rates of 
change of the curves D and E are thus reduced 
to less than the limitation imposed by the phyS 
ical construction of the computing device. Thus, 
the present computer, constructed in accordance 
with the invention, and using the same elements 
to compute the ballistic quantities for all tar 
get elevations, can control the fire of the wea 
pons to a maximum range of 16,000 yards for 
surface targets, diminishing to a maximum range 
of some 11,000 yards for elevated targets. 
A voltage proportional to kR, Equation 22, 

and a voltage proportional to cR are supplied 
to the input circuit of an amplifier, which adds 
these voltages to produce a voltage proportional 
to the advance range R.2. The output circuit 
of the amplifier is connected to a motor, rotating 
the brush of a linear potentiometer. The volt 
age selected by the brush of this potentiometer 
will thus be proportional to the rotation of the 
shaft of the motor. The voltage selected by the 
brush of the potentiometer is supplied to a 
fractionating network and is also fractionated 
proportionally to a function S1 of the target 
elevation E2 and supplied to the fractionating 
network. The output voltage of the network, 
proportional to ReS1(E2) is supplied to the in 
put circuit of the amplifier. The motor rotates 
until the output voltage of the amplifier is re 
duced to zero. Let the rotation of the motor 
shaft, and the voltage selected by the brush of 
the potentiometer be designated Re, the ballistic 
range. Then, 

ReS1 (E2)-R2-0 (23) 

For a target elevation E2=0, S1=1, Re=R2 
and the shaft of the motor rotates proportion 
ally to R2, as required by curve A, Fig. 6. For 
a target elevation E2=40, S1=72742, 

Re=1.3747R2 
and the shaft of the motor rotates to a 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 Rd 

may also be supplied to the input circuit of the 
motor amplifier to supply a range spot control. 
The functions representing the various ballis 

tic quantities are analyzed mathematically and 
matched by functions of Re and E2. The shaft 
of the Re motor controls the production of volt 
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26 
ages proportional to the required functions of 
Re, and these voltages are then fractionated 
proportionally to the required functions of E2 
and combined in fractionating networks to pro 
duce voltages proportional to the shell velocity 
Sif, the drift Gif, the cross wind time Tuc, the 
basic superaltitude Mfo, the basic time of flight 
Tifo and the maximum values of the correc 
tions for loss of initial velocity Hm and Tm. 
The voltages proportional to the maximum val 
lues of Hn and Tm are then fractionated in 
handset potentiometers proportionally to the ac 
tual value in 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 reference 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 has a bearing Br relative to the 
axis of the ship, and the projection of the line to 
the advance position has a relative bearing 

The shaft movement proportional to Br from 
the rate Corrector 6, Fig. 2, is combined in a dif 
ferential gear with the shaft movement pro 
portional to Dh, Equation. 19, from the predictor 
k to produce a shaft movement proportional to 
gr. 
The Wind is assumed to be blowing in the di 

rection from W to T, Fig. 5, at a bearing Buy. 
The angle STW=Bus= (B-180) -Bu). A shaft 
movement proportional to B is supplied by the 
rate corrector 6, Fig. 2, and is combined in a 
differential gear with a handset shaft move 
ment proportional to Buy to produce a shaft move 
ment proportional to BUS. The shaft move 
ment proportional to Bus is then combined in 
a Second differential gear with the shaft move 
ment proportional to Dh to produce a shaft 
movement proportional to Bug, which is evidently 
equal to Bus-Dh. 
The shell, on leaving the muzzle of the gun, 

Will be controlled, not only by the shell veloc 
ity, but also by the air velocity due to the move 
ment 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 ad 
Vance position, and a component 

babb=So sin Bgr 
transverse to this direction. Similarly, the wind 
velocity Sud has a component Wbc=Saty cos Bug 
in the direction to the advance position and a 
component bobd=Su) sin Bug transverse to this 
direction. The sum of the components in the 
direction to the advance position Will be 

So cos Bgr--Sud cos Bug 
and the sum of the transverse components will 
be So sin Bgr--Sud sin Bug. 
The firing tables for the weapon tabulate the 

yards deflection for a cross Wind of ten knots. 
AS this tabular value is 

yards X 10 nautical miles per hour 
yards 

10 nautical miles 
it has the dimension of time and will be desig 
nated TUC, the cross Wind time. 
The horizontal displacement Gw, transverse 

XOne hour 
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to the vertical plane through the director and 
advance position Will be 

Guy=TucSo sin Bgr.--TDCSu) sin Bug (24) 
The voltage proportional to Tuc is fraction 

ated proportionally to -sin Bgr and then frac 
tionated proportionally to So and the fraction 
ated voltage is supplied to the input circuit of 
an amplifier. The voltage proportional to TDC 
is also fractionated proportionally to -sin Bug, 
then fractionated proportionally to SD and the 
fractionated voltage supplied to the input cir 
cuit of the amplifier to obtain a voltage pro 
portional to -Guy. The voltage proportional 
to the drift -Gif is also supplied to the input 
circuit of the amplifier. 
The deflection spot Di is an angular deflec 

tion of the computed point of burst of the shell 
which may be arbitrarily introduced by the fir 
ing fiocer. The linear lateral deflection Gi 
corresponding to any angular defection Di will be 
approximately equal to 

DiR2=DiReS1(E2) =DiReS7 (E2) 
A manually adjusted voltage proportional to Di 
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 pro 
portional to the sum of the deflection effects 

-Gly-Glf--Gi 
The range component of the velocities of ship 

and wind is So cos Bgr.--Su) cos Bug). If Tupi 
be the tail wind time, the linear displacement 
due to this component is 

Tupt CSo cos Bgr--Sud cos Blog) 
To derive this quantity directly by the method 
used in the derivation of the croSS Wind dis 
placement would entail the generation of a Wolt 
age proportional to Tut. This difficulty may 
be avoided by using the available voltage pro 
portional to Tuc and fractionating this Voltage 
proportionately to - (So cos Bgr-i-Su) cos Bug) 
to obtain a voltage proportional to cross Wind 
time 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 substan 
tially independent of range, and will be desig 
nated. C6 (E2). Thus 

Tit 
C6(E2)=7. 

T't 
Two-C6(2) 

Thus 
Qu)=-TDt(So cos Bgr.--Su) cos Bug) 

and 

Qu) = -Twc(So cos Bgr--Sup cos Bug) C6(E2) 
(25) 

The voltage proportional to Tuc is fractionated 
proportionally to So, then fractionated propor 
tionally to -cos Bgr and the fractionated volt 
age is supplied to the input circuit of an ampli 
fier. The voltage proportional to TDC is also 
fractionated proportionally to Sul, then fraction 
ated proportionally to -COS Bug and Supplied to 
the input circuit of the amplifier. The output 
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voltage of this amplifier would normally be pro 
portional to 

Quy 
C6(E2) 

However, the output voltage of the amplifier is 
fractionated proportionally to 

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 Quy. 
The elevation Spot Wi 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 COT 
responding to this angular change is approxi 
mately equal to WiR2. The horizontal component 
of this linear displacementis-ViR2 sin E2, which 
may be replaced by -ViReS1 (E2) sin E2, But 
the voltage representing this quantity is to be sup 
plied 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 

The factors S1 (E2), sin E2, C6 (E2) are all func 
tions of advance elevation E2, and thus may be 
combined in a single function 

A manually adjusted voltage proportional to 
Wi is fractionated proportionally to Re and again 
fractionated proportionally to S5 (E2) and Sup 
plied to the input circuit of the Qu) amplifier as 
-Qi/C6 (E2). The output voltage of the Qu) 
amplifier will then be proportional to Qu)-Qi. 
The sum of the deflection effects Guy--Gif-Gi 

is represented by the displacement apbf, Fig. 5. 
The angle bfapbe equals Dh. This displacement 
may then be resolved into a Y component 
(GD--Gif-Gd) sin Dh, and an X component 
- (Gup--Gif-Gi) cos Dh. Similarly, the sum of 
the range effects QD-Qi is represented by the 
displacement apbg. The angle bgapbh also 
equals Dh, thus this displacement may be re 
Solved into a Y Component - (Qu-Qi) cos Dh. 
and an X component - (QU-Qi) sin Dh. Thus, 
the Components of the displacement from the 
future position db to the advance position ap are 
-- (G20--Gif-Gi) sin Dh-(Qu-Qi) cos Dh, and 
- (Gu-Gif-Gi) coSDh- (QD-Qi) sin Dh, hence 
(Yuy--Yf--Yi) see - (Qu-Qi) cos 

-ViRe sin E2 

sin E2 

Dh-- (Gu--Gif-Gi) sin Dh. (26) 

(Xuy--Xf--Xi) s-(QD-Qi) sin 
Dh- (Gu-Gif-Gi) cos Dh. (27) 

The ballistic quantities Tif and Hf are com 
puted as functions of advance position, rather 
than future position, by formulae which make 
no allowance for wind. In the absence of wind 
and SpotS, the advance and future positions coin 
cide 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 offset is so chosen that Tf and 
Hf, computed for the advance position in the 
absence of wind, have the appropriate values for 
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the future position in the presence of the actual 
range wind. 
The output voltage of the Qui amplifier is pro 

portional to QD-Qi, that is, to 
Tut(So cos Bgr-i-Sul cos Bug) -Qi 

The displacement Huy is the vertical wind time 
Tu multiplied by the range components, that is, 
Hu)=Tuju (So cos Bgr--Sud Bug). Assume that 
the output of the Quy amplifier is multiplied by a 
function 

Taty 
- S6 (E2) = Tip 

the output will then be 
Tuy) (So cos Bgr--Sud cos Bug) 

--S6(E2) Qi-Huy--S6 (E2) Qi 
The vertical effect Hi of the elevation spot Wi 

will, approximately, be a vertical displacement 
WiR2 cos E2=ViReS1(E2) COs E2. The hori 
zontal effect Qi of the elevation Spot Wi is 
ViReS1 (E2) sin E2. Then, 
Hi-S6 (E2) Qi-VijReSi (E2) (cos E2-S6 sin E2) 
As S1, S6, cos E2 and sin E2 are all functions of 
E2, let C5 (E2) =S1(E2) (cos E2-S6 sin E2), 
thus Hi-S6 (E2) Qi=ViReC5 (E2). 
Then 
Hup--Hi-Huy--S6(E2) Qi--Hi-S6(E2) Qi 

=Huy--S6 (E2) Qi-ViReC5(E2) (28) 
The output, voltage proportional to (Qu-Qi) 

out of the Qu) amplifier is fractionated propor 
tionally to -S6 (E2) and supplied to the input 
circuit of the kH amplifier. 
The manually adjusted fractionated voltage 

proportional to Wire is further fractionated pro 
portionally to C5 (E2) and also supplied to the 
input circuit of the kH amplifier. The output 
voltage of the kH amplifier will, in part, be pro 
portional to Huy--Hi. 

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 
Tif is supplied by the ballistic corrector 14, Fig. 2, 
to the fuse setting computer 2. The voltage pro 
portional to Tif is supplied to the input circuit 
of a motor amplifier having its output circuit Con- ; 
nected to a motor. A potentiometer 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 ampli 
fier. 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 
instant, 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 tar 
get 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 
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time is Tg. Let angle STP-y, and angle SPF-6. 
The distance SP is the advance range R2, and 
the distance ST is the generated range cr. For 
convenience, let c=R2-Rt, where Rt is the 
difference between CR, and R2. 
During the time of flight Tif, 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 Tf--Tg--Fg from the present instant to 
reach the target. During this time interval from 
the present time the target will travel a distance 
TF=St(Tf--Tg--Fg). Thus the distance 

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

oR2 
oTf 

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 velocity 
Sf. But, after the lapse of the dead time Tg, the 
time of fight of the shell has changed to 
(Tf--Fg) thus, the shell will take a time (Tf--Fg) 
to travel the distance SF. Assuming that the 
shell velocity Sf does not change appreciably in 
the distance af, the distance aP-SfFg. 

Extend Pa to b and draw bnormal to Pb. Let 
angle TSP-17, and angle PSF-p, then, 

Sf (E2 constant) 

Angles SPa and SaP=g- 

Angle bPF=0+-g 
2 2 

It do Angle baF=g- 
In triangle Pb, 

bF = St(Tg--Fg) sin (a +-g 
in triangle abF, 

-- in -.' bF= Sf Fa sing 2 
thus 

- StTg cos (o +) 
Fq = 74 

Sf cos + St cos (o +3) 2 

- St cos (e +) 
COS d 

=Ta- - 
St cos (e +) 

Sf +- -1. 
COS 2. 

In Fig. 7 bisect angle PSF by Sc and extend 
to e. Let cd=the target relative velocity St. 
Draw de normal to ce. 

dce=angle Pe S=180- (+) 
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Then 

ce = St cos (180-9-)= - St cos (+3) 

Draw cf parallel to R2, and extend de to i. 

Angle ecf= 

St cos (+) 
COS d 

2 

thus 

ce 

COS 2 

But, as St is the target relative velocity, cf is the 
component of rate of change of range mid-Way 
between R2 and R3, and may thus be designated 
R23. 

St cos (+) 
COS d 

2 

dR23= - 

= - St cos 0-- St tan sin 6 

The target relative velocity St may be resolved 
at the target T into the component in the line 
ST, -St cos y=dR, the present range rate; and 
at the point P into the component in the line SP, 
-St. CoS 9adR2, the advance range rate. AS 
9=y-ly, and the angle I is Small 

dR2-dR = St (cos y-cos 0) 
. . . yf 

s2St. sin 2. Sin (-) 
st St sin 0 

Also, as if is a Small angle 

dR23=dR2+ St sin 6 
thus 

dR23+dR2+(dR2-dR) 
From Fig. 7, approximately 

it. Tg--Fg 
J. " Tf 

dR284 dR2+fd(dR2-dR) 
and 

aR2+77; (dR2-dR) Fg Tg 

The above expression for Fg is based upon the 
assumptions that the shell speed has the average 
value Sf during the dead time, and that the shell 
speed is in the assumed direction. Neither of 
these assumptions is rigorously true. The errors 
may be reduced by first modifying the value of 
Fg to the following value. 

am Tg (dR2-dR) 
Sf-dR2+ f6(F2) 

AY 

.97 TodR2+ 
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in which fé (F2) is the function shown in Fig. 
10B. Fg is then further modified by a function 
f5(Fg) such that, for Fg less than zero, 
f5(Fg)=Fg, and for Fg larger than zero, f3(Fg) 
varies as shown in Fig. 10B. The expression then 
has the form: 

f5(Fg) orst-dR2-TEE 
dR2 6(F2 f6 (F2) (29) 

and 

m Tg(dR2-dR) 

dR28=dR2+2 sign, (30) 
In Fig. A the mean gun S, present target p0 

Sition T and advance position have been projected 
on the horizontal plane through the mean gun. 
Let Tca represent the horizontal range rate dRh, 
and CdCC the linear defection rate RhdB. As 
angles caTcb and cbcacc equal Dh, Tcb equals 
dRh cos Dh, and cbcc equals RhdB sin Dh. The 
advance horizontal range rate 

dRh2-Tcc=Tcb-i-cbcc 
thus 

dRh2=dRh cos Dh--RhdB sin Dh. 

In Fig. 7B, the mean gun G and advance po 
Sition cd are shown in the vertical plane through 
the axis of the gun. The advance horizontal 
range rate dRh2 is cdce, and the rate of climb 
dH is ce.cg. As angles cdce and cfcecg equal E2, 
Cdcf equals dRh2 cos E2 and cfcg equals dFI sin 
E2. The advance range rate 

dR2=cdcg=cdcf-cfcg 
thus 

dR2=d Rh2 cos E2--dH sin E2 
=dRh cos Dh cos E2--RhdB 
sin Dh cos E2--dH sin E2 

(31) 

As shown in Fig. 2, voltages proportional to dR, 
dRh and -RhdB are supplied by the rate gen 
erator ; a shaft movement proportional to 
dH is Supplied by the rate corrector 6; a voltage 
proportional to Sf and shaft movements propor 
tional to E2 and Dh are supplied by the ballistic 
Corrector 4. 
The voltage proportional to dRh is fraction 

ated proportionally to -cos Dh, then fraction 
ated proportionally to cos E2; the voltage pro 
portional to -RhdB is fractionated proportion 
ally to sin Dh then fractionated proportionally 
to coS E2; the shaft motion proportional to dH 
Selects a voltage proportional to -dEH which is 
fractionated proportionally to sin E2. The sum 
of the fractionated voltages will then be equal 
to-d.R2. 
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-d.R. 
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 

F6(2) (dR2-dR) 
( ) 
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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 

(dR2-dR) 

The Voltage proportional to 

(dR2-dR) 

the fractionated voltages proportional to -dR2, 
and the voltage proportional to Sf are supplied 
to the input circuit of a second amplifier. The 
output voltage of this second amplifier will be 
proportional to 

Tg 
Sf-dR2-gig (dr2-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 

- - 
.97Tg 

and Supplied to the input circuit of a motor am 
plifier, having its output circuit connected to a 
motor driving the brush of the f3(Fg) poten 
tionetter. The fractionated voltages proportion 
all to -dr2 and the output Voltage of the first 
amplifier are also supplied to the input circuit 
of this motor amplifier. The voltages Supplied 
to the input circuit of the motor amplifier are 
proportional to 

f5(f)or st- ar2+7 Eg 
Tg (dR2-dR) 

fé (F2) 
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 

dR2 

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 transmission System to the 
guns. 

COOrdinate rotator 

The coordinates WXY, produced by the pre 
dictor i, 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 coordi 
nates may be transformed into coordinates 
WXY with respect to the deck plane. This 
transformation may be made in tWO steps, first 
the framework of reference is rotated through 
the level L. about the X axis to produce coordi 
nates W.' 'X'Y', then this framework is rotated 
through the cross level Zd about the Y' axis to 
produce the coordinates WXY. 
In Fig. 8, with the origin of coordinates at G, 

the mean gun, the virtual position W has the 
rectangular coordinates YW with respect to the 
horizontal plane Gda. . Let the framework of 
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reference be rotated about the X axis through 
the level to Gdb. Draw Widc normal to Gdt: 
The rectangular coordinates of the point W. With 
respect to Gdb will be Y'-Gdc and W’’=Wolc. 
Draw deda, parallel to Gdb and dddb normal to 
Gdb. The angles deVdd and Gdade equal L. 
Then, Vide=W cos L; deda-W sin L. Gidb-Y 
coS L; dadb-cdedcry sin L. 
Y’’= Gdc-Gdb-dcdb-Gdb-diedo. Y COSL 
-W sin LE-Y vers L--Y-W sin I. Y 

W’’=dedic--Vde=Y sin L.--W cos L-Y sin 
L-W-W vers L (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 W has the rectangular 
coordinates X-Gdf, Fig. 8A, and W’’=Vdf. 
Draw Gdh normal to X and in the X, Y 
plane; Gdg and Vdi normal to the deck plane 
and extend Widi to di; and draw digdhdi parallel to 
the deck plane. Angles digGdh and Vidhdi equal 
Zd. Then 

Gdg=W' cos Zd. 
digdh-W' Sin Zd 
dhdi-X coS Zd 
Vdi-X. Sin Zd 

W-did-i-Vdi-cGdg-Vdi=W’’ cos Zd-X. Sin Zd. 
X-Ggi-dgdi=dgdh.--dhdi-W' sin Zd--X 

COS Zd Y=Y'-cy cos L-W sin L. 

Thus, 
W'-W'-W' vers Zd-X sin Zd (33) 
x'=W' sin Zd--X-X vers Zd (34) 
TY'=Y-Y vers L-W sin L (35) 

The predictor , Fig. 2, supplies voltages pro 
portional to WXY and the stable element 3 Sup 
plies shaft rotations proportional to Li, Zd, to the 
coordinate rotator 7. 
The Voltage proportional to Y is supplied to 

the input circuit of the Y' amplifier; the voltage 
proportional 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 
Supplied to the input circuit 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 I, 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 vol 
tage Supplied to the input circuit of the W’’ 
amplifier. 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 supplied to the in 
put circuit of the W' amplifier. Thus, by Equa 
tion 33, the output voltage of the W amplifier 
Will be proportional to W. 
The voltage proportional to W is fractionated 

proportionally to sin Zd and supplied to the input 
circuit of the X" amplifier. The voltage propor 
tional to X is Supplied directly to the input cir 
cuit of the X" amplifier and is also fractionated 
proportionally to -vers Zd and supplied to the 
input circuit of the X" amplifier. Thus, by Equa 
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tion 34, the Output voltage of the X' amplifier, 
Will be proportional to X'. 

Gan 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 virtual position W has 
the COOrdinate Ged=Y' and Wed=X'. Draw eaeb 
normal to GW. Angle WGed, is the deck deflection 
Dd, and equals angle Weaeb. 

Then, edeb-Y' Sin Dd=X' COS Dd 
X' COS Dd-Y' Sin Dd=0 (36) 

Rh2=GV=Geb-HebW-Y' cos Dd--X' sin Dd 
Rh2=Y' cos Dd-X' sin Dd (37) 

The voltage proportional to X' is fractionated 
proportionally to cos Dd; the voltage proportional 
to Y is fractionated proportionally to -Sin Dd 
and both fractionated voltages are supplied to the 
input circuit of the Dd motor amplifier. The out 
put circuit of the Dd motor amplifier is connected 
to the Dd motor Which adjusts the value of Dd 
to make the Sum of the voltages Supplied to the 
input circuit of the amplifier 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 bearing 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 COSDd; the voltage proportional 
to X is fractionated proportionally to sin Dd 
and both fractionated voltages are Supplied to 
the input circuit of an amplifier. The output 
voltage of this amplifier will then, by Equation 
37, be equal to Rh2, the component of virtual 
range in the deck plane. 

Fig. 9A shows the mean guin G. virtual posi 
tion W, deck plane Gec, and the coordinates 
Rh2-Gec, and 'FVec. Draw edec normal 
to GW. The angle WGec is the gun elevation 
order Eg and is equal to angle Weced. Then, 
eced=Rh2 sin Eg=W' cos E.g. Thus 

W' cos Eg-Rh2 sin Eg=0 (38) 

The voltage proportional to W' is fractionated 
proportionally to cos Eg; the voltage propor 
tional to Rh2 is fractionated proportionally to 
-Sin Eg and both fractionated voltages are 
Supplied to the input circuit of the Eg motor 
amplifier. The output circuit of the E'g am 
plifier is connected to the Eg motor, which 
adjusts the value of Eg to make the sum of the 
voltages Supplied to the input circuit of the am 
plifier equal Zero. Thus, by Equation 38 the 
motor shaft has rotated to the value of E'g, and 
this rotation is sent to the guns by synchronous 
transmission. 

In Fig. 9B, the fore and aft axis of the 
ship, the mean gun. Gi and the virtual posi 
tion W are projected 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 Ph. 
Draw Geg normal to Vef. Then Geg=Gef sin 
(180-B'gr-P’h) =100 sin (B'gr--P’h) =Rh2 
sin Ph, thus 

100 sin (B'gr+Ph)-Rh2 sin Ph=0 (39) 
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A voltage proportional to 100 yards is frac 

tioned proportionally to sin (B' gr--Ph.); the 
voltage proportional to -Rh2 is fractionated 
proportionally to sin P'h and both fractionated 
voltages are supplied to the input circuit of the 
P'h motor amplifier. The output circuit of the 
Ph amplifier is connected to the P'h notor. 
The shaft of the Ph motor directly controls the 
value of Ph, and is combined in a differential 
gear with the rotation proportional to B'gr to 
produce a rotation proportional to B'gr--Ph. 
The P'h motor adjusts the value of P'h 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 Ph. 
The rotation proportional to P'h 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 up 
on the distance of that gun from the mean gun. 

Sight orders 

At the guns, the gun-sights are continuously 
sighted on the target so that, if the transmission 
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 WS is the difference between 

the gun elevation order Eg and the director 
elevation Eb, thus 

WS=E'g-Eb (40) 

As shown in Fig. 2, a shaft motion proportional 
to Eg is transmitted by the gun order computer 
8 to the sight order computer 9 and is there 
Combined in a differential gear With a shaft ro 
tation proportional to Eb from the tilt corrector 
2 to give a shaft rotation proportional to Vs., 
which is transmitted by a synchronous transmis 
Sion 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 vertical plane 
through the axis of the gun. 

In Fig. 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 
perpendicular to the plane GVL. Thus, GVS and 
GLK are right angles, and SV=KL. Angle 
SGV=DS, angle SGK=E and angle EGL-Dh. 
Then, SV=GS sin Ds. Also, GK=GS cos E and 
KL=GK Sin Dh-GS cos Esin Dh. But, SV-KL, 
thus GS sin Dh 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 coSE; 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 IDs 
amplifier is connected to the Ds motor which 
adjusts the value of Ds until the sum of the volt 
ages Supplied to the input circuit of the ampli 
fler has been reduced to zero, when, by Equation 
41 the shaft of the motor has rotated to the value 
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of DS, which is transmitted by synchronous trans 
mission, 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 no 
tors, shafts, gearing and other mechanical equip 
inent, 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 ShoWin 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 knobs and levers 
are aligned With their corresponding shafts, but 
are freely rotatable thereon. So that an accidental 
movement of the knob or lever will not displace 
the shaft. The knobs and switch levers are 
equipped With push buttons or levers which, when 
operated, clutch the knob or lever firmly to the 
Corresponding shaft. 

Four types of knobs are used. 
Type A 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 cas 
ing and normally folded back into a recess in the 
Casing. When folded forward to the operating 
position, the lever depresses a spring restored 
plunger mounted in the lining. The movement 
of the plunger forces depressions, formed in a 
disc attached to the end of the plunger, into reg 
istry With projections formed on a 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 cnob 
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 a first disc attached to the 
plunger into registry with projections formed on 
a Second disc keyed to a spring-operated clutch 
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38 
keyed to the driven shaft. Rotation of the knob 
Will then, through the discs and 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 sections 

is diagrammatically shown in Figs. 14, 15, 16, 17, 
together with the associated knobs, levers and 
potentiometers. The apparatus has been func 
tionally 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 
Widually removed. 

Simplified diagrams of the mechanical 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 produce 
the desired functional variation in resistance of 
the winding. A single card, or a plurality of 
cards placed end to end, is Wrapped around a light 
drum of Suitable material. A continuous binding 
ring is placed around the card 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 to 
gether and mounted on the outer portion of a 
base. Slip rings are insulatingly mounted on the 
intermediate portion of the base and the poten 
tioneter 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 mounted on the 
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 revolu 

tion, and non-angular functions, the potentiom 
eter card may be spread out to cover a mechani 
cal travel larger or smaller or equal to the func 
tional range and the brush arm geared up in the 
ratio of the travel to the range. In the case of 
functions 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 draw 
ings the cards of potentiometers which are auto 
matically adjusted have been represented by 
circles Surrounded by lines indicating the approxr 
imate variations in the widths of the cards. 
Manually adjusted potentiometers are represent 
ed by straight cards but may be formed into 
circles if desired. In the circuit drawings each 
card and its associated brushes has been inde 
pendently shown. Each potentiometer has been 
given a PT number, e. g., PT28, and the cards 
numbered to correspond, e.g., 2805, 2806, 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, 
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Actual 
PT Function Functional Range Travel, Brush Factor Drums 

degrees 

iB'r 12- 312 
L-- 25.5° 163 
Zd- 25.5° 63 
Br. 360°----- a 360 
So---- 0-45 knots.-------- i50 108 per rew.--- 
Sh-l- 0-400 knots-------- 320 450 per rev---- 
A -- -360------------- 360 1-------------- 
E. -250 to 150 knots-- 320 450 per rev. 
cR- - 0-36,000 yards----- 58 25,000 per rev-. 
Ri- - 1,800 yards.----- 324 4,000 per rew--- 

i. a180 mills--------- 324 400 per rew.---- 
W 150 864 per rev---- 

360 i----- 1 a 
-360 
59 

3.24. 
360 
288 
336 
350 

Eg- -5° to 85 330 
dR- 450 knots 336 
dE- 20°isecon 336 
dB--------------- do------------- 336 -----do--------- 
E---- -2.5° to 90------- 333 3.6------------ 

- - - - do------------- 157 1.7------------ 

F2. 0-51 seconds. w 340, 54 per rew.----- 
Re--- 0-8,000 yards 324 20,000 per rew 
Dh. 90--------- 324 1.3------------ 
Dh---- E90-------------- 144 0.8------------ 
Fg---------- -6 to 12 seconds--- 324 20 per rew.----- 

Slip Cards Brushes Ring 

3 3 3 
6 6 6 
7 7 7 
6 8 8 
6 6 6 
5 5 5 
8 10 9 
4 4. 4. 
5 6 

1. 1. 
1. 

1. 
2 2 2 
2 2 2 

1. 7 17 
1. 1. 

2 

2 2 2 
12 6 9. 
2 2 2 
2 2 2 
2 2 2 
2 2 2 
6 6 6 
8 8 8 
6 3 2 
7 7 7 
7 7 7 
4. 4. 4. 

1 

HANDSET POTENTIOMETERS 

Handset Travel Fulc PT tion Range degrees Drums Cards Brushes 

oS----------------------- 270 2 2 2 
- - - - - - - - - - - - - - a sm 270 

0-450 knots 270 2 2 2 
2.5-6 seconds.---- 245 2 2 
2,450-2,600---- 2O 2 2 2 
0-60 knots------- 270 2 2 2 

Director tilt corrector 

The coarse and fine Synchronous transmitters 
controlled by the training gear of the director 
are respectively connected to the coarse SY3 and 
fine SYA synchronous receivers, Figs. 12, 17 
and 27. 
In Figs. 12 and 17, the coarse receiver SY3 is 

geared down by the worm gear 26 So that the 
shaft 22 makes one revolution for 2.5 degrees 
rotation. Of the Shaft of receiver SY3. The fine 
receiver SYA is geared down in the ratio four to 
one, so that the fine receiver SY4 nakes 36 revo 
lutions per revolution of the coarse receiver SY3. 
The power motor MO 9 is geared down by gear 
ing 723 in the ratio two to nine to shaft 22. 
Shaft 22 is connected through gearing 724, 
and the other gears shown, to shaft 725 which 
is connected through clutch 706 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. 
The rotors of the coarse receiver SY3 and the 

fine receiver SY4 are respectively connected 
through switches RC5 and RCA 6, Fig. 27, form 
ing two Sections of a four position rate control 
RC Switch, to the input circuit of the follow-up 
amplifier MA 9, of the type shown in Fig. 22. 
The rotor of the coarse receiver is grounded at 

terminal 2200 and is connected by terminal 220 
through resistors 2203 and 22.02 to ground, and 
through resistor 2203 to the input circuit of con 
ventional power stages 2204. The output of the 
power Stages is connected to one winding of the 
follow-up motor MO 9, Fig. 27. 
The rotor of the fine receiver is connected to 

terminals 2200 and 2205, Fig. 22. 
The voltage of the fine receiver goes through 
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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 2200 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 2230 is connected 

through resistors 220, 2208 and non-linear re 
sistor 2209 to ground. The non-linear resistor 
2209, which may be a pair of oppositely connected 
copper-copper Oxide couples limits the peak volt 
age Supplied to the remainder of the circuit. The 
junction of resistors 2208 and 2209 is coupled 
through capacitor 220 to the control grid of a 
vacuum tube 22. 
The resistors 228 and 2209 are shunted by the 

network formed by the series resistor 222, the 
shunt arm formed by resistor 2213 and capacitor 
224 in serial relationship, and the shunt arm 
formed by the Series resonant circuit including 
the inductor 225 and capacitor 226. This cir 
cuit may conveniently be resonated at three times 
the frequency of the source exciting the syn 
chronous transmitters, so as to reduce any third 
harmonic Voltages Supplied by the fine receiver. 
The rotor of the coarse receiver is connected 

by terminal 220 to the control grid of the left 
triode of a double Vacuum tube 22 7. The anode 
of this amplifying Section is coupled by capacitor 
228 to the anode and control grid of the right 
triode, which is connected as a diode, rectifying 
the applied voltage to produce a current flowing 
downward in resistor 229 and upward in resistor 
2220, to produce a negative bias which is supplied 
through the filter formed by resistors 222, 2222 
and capacitor 2223 to the control grid of vacuum 
tube 22. The control grid of vacuum tube 22 
is also biased negatively by the usual self-biasing 
resistors 2224 and 2225. The anodes and screen 
grid Of Vacuum tubes 22 and 227 are supplied 
With power from the source 2229 through the 
Sual coupling resistors and the heaters are Sup 
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plied with power from the usual transformer (not 
shown). The source 2229 is also coupled through 
resistor 2206 to the cathode of the diode Section 
of tube 22, to bias this cathode positively to a 
threshold value, so that, when the voltage froin 
the rotor of the coarse receiver falls below this 
value, the diode is blocked and no longer biases 
the grid of tube 22 . The constants of the cir 
cuit are proportioned so that the bias on the grid 
of tube 22 cuts off transmission through this 
tube until the fine receiver has been moved Within 
less than one cycle of the balance point. By 
this time, the voltage from the rotor of the coarse 
receiver has decreased below the threshold biaS 
on the diode section of tube 22, the bias due 
to the rectified current disappears, unblocking 
tube 22 and permitting the amplied voltage 
from the fine receiver to be transmitted through 
tube 22, capacitor 2226 and the power stages 
2204 to the motor. 
The inductor 222 and capacitor 2228 form a 

resonant circuit tuned to the Supply frequency 
and assist in Stabilizing the motion of the follow 
up motor. 
Thus, one winding of the following-up motor, 

MO 9, Fig. 7, is supplied with power from the 
follow-up amplifier MA 9, which, for large posi 
tional disagreement between the transmitters 
and receivers, is controlled by the coarse receiver 
SY3, and for small disagreements is conjointly 
controlled by the coarse and fine receivers. The 
other winding of motor MOf 9 is excited by one 
phase of the ship power supply, Fig. 20, through 
the fourth contact of switch MCl2, which is the 
twelfth Section of a four-position master control 
MIC Switch. 
The motor MOf 9 and shaft 22, Figs. 17 and 

27, are thus rotated proportionally to B'r, the 
angular position of the target as measured in the 
deck plane. 
The shaft 722, Fig. 17, is connected through 

gearing 724, differential gear DF35, shaft 708, 
gearing 709 to the differential gear DF2. The 
motor MO is geared to shaft 2 and, through 
gearing 73 and 7 to differential gear DF2. 
As will be later explained, the motor MO turns 
to the angle iB'r, and, as the shaft 708 turns in 
proportion to B'r, and these rotations are added 
in the differential gear DF2, the shaft 74 ro 
tates proportionally to Br. 
The shaft 4 through Suitable gearing ro 

tates the brushes of potentiometer PT4 of which 
cards 497 and 408 are shown in Fig. 31. 

In the present computer, alternating voltages 
and currents are used in the computing circuits. 
These currents may be obtained from any good 
oscillator having constant frequency and a clean 
wave, free of harmonics, and a low impedance 
output. The oscillator should supply two volt 
ages of equal amplitude, opposed in phase to a 
high degree of accuracy, one phase representing 
positive quantities and the opposed phase nega 
tive quantities. For convenience, the sources of 
the voltages of the two phases will be shown 
Separately, though both phases should be ob 
tained from a single oscillator. Although these 
Sources are independently shown on the various 
drawings, it is understood that they are all the 
'positive' and “negative’ phases from a single 
oscillator source. This provides greater ac 
curacy since the Source can vary in amplitude 
and not impair the accuracy of the Solutions ob 
tained by the servo balancing of the various mo 
tor amplifiers. To reduce interference from the 
ship power Sources, the frequency of the oscillator 
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is non-harmonic with the frequency of the Sup 
ply, for example, with a 60 cycles supply the 
oscillator may have a frequency of 210 cycles. 
The grounded source 930, Fig. 31, is connected 

to ground through the potential dividing resistors 
303 and 304. The junction of resistors 303 
and 394 is connected to ground through One Sec 
tion of the winding of card 408. The Source 
930 is also connected to ground through the po 

tential dividing resistors 306, 30 and the junc 
tion of these resistors is connected to ground 
through one section of the winding of card 407. 

Similarly, the grounded source 93f, of op 
posite phase, is connected to ground through re 
sistors 3 and 32, and the junction of these 
resistors is connected to ground through the 
other section of Winding of card 408. The Source 
93 is also connected to ground through re 

sistors 33 and 34 and the junction of these 
resistors connected to ground through the other 
section of the winding of card 407. Phase cor 
recting capacitors such as capacitor 399, may 
be connected across the resistors, to compensate 
for the distributed capacitance of the Windings 
of cards 408, 40 and the capacity to ground of 
all the shielded wiring between various points of 
the circuit. 
As indicated on the drawing, the widths of the 

potentiometer cards 408 and 407 vary with a 
modified cosinusoidal function so that the brushes 
35 and 36 select voltages with respect to 
ground respectively proportional to the positive 
sine and negative cosine of Br. 
The brush 35 is connected to ground through 

the potential dividing resistors 37, 38 and 
the junction of resistors 3 7, 38 is connected 
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through resistor 39 to the input circuit of the 
line amplifier LA37. Phase corrective capacitors 
may be connected to the brush 35 and across 
resistor 3. 
The line amplifiers used in this computer, Such 

as line amplifier LA37, are stable, high gain, 
three stage amplifiers of conventional design, 
which may include band-pass filters tuned to 210 
cycles to reduce currents of undesired frequencies. 
The output transformer 32, of amplifier 

LA37, 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 322, and the 
other winding is shunted by resistors 323 and 
324 in serial relationship. The junction of re 
sistors 323, 3f24 is connected through resistor 
325 to the input circuit of amplifier LA37, 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 LA37 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 32, 

having a voltage proportional to sin Br, is con 
nected to connections 326, 32, Figs. 31, 29, 27. 
Connection 326 is connected to ground 

through resistors 2705, 270, Fig. 27 and through 
resistors 2703, 2704. Connection 327 is con 
nected to ground through resistors 2706, 27 OT and 
through resistors 2708, 27 09. The junctions of 
resistors 2705, 270 and resistors 2706, 2707 are 
connected to the ends of card 406 of potention 
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eter PT4; the junctions of resistors 2703, 204 
and resistors 2708, 2709 are connected to the ends 
of card 405 of potentiometer PT4. Cards 405 
and 406 are on one drum of potentiometer PT4 
and have a variation of resistance such that the 
voltages on the brushes vary as cosine functions 
of their angular displacement. The Voltage. On 
leads 3f26 and 327 are proportional to --Sin Br 
and -sin Br, respectively. These voltages are 
applied to cards 406 and 405 as just described 
and then fractionated on these cards according 
to sin Br or icos Br by Suitably situating four 
brushes in 90 degree relationships with each 
other. This drum of PT4 has four brushes 270, 
277 , 2772, 2773, rotated proportionally to Br to 
select voltages proportional to sin Brand sin 
Br cos Br. 
The positive sine brush 270 is connected 

through resistor 273 to the input circuit of line 
amplifier LA3. The cosine brushes 23, 272 are 
respectively connected through resistors 275, 
276 and the sections of the winding of card Of 
of potentiometer PT to ground. The winding 
of card O varies in resistance in Such a way 
that the voltage between brush and ground aS 
applied to resistor 278 at the input of LA3 is a 
fraction of the voltage applied to the card and 
resistors 25 and 26 which fraction varies in 
accordance 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 73 So as to rotate through a physical 
angle equal to 13i B'r. 
One Section of the secondary winding of the 

Output transformer of amplifier LA3, Fig. 27, is 
bridged by resistor 29 and the other section is 
bridged by resistors 2720, 272 in serial relation 
ship. The junction of resistors 2720, 22 is con 
nected through resistor 222 to the input circuit 
of amplifier LA3, to Supply voltage of reversed 
phase to the input circuit. The junction of the 
tWO Sections of the Secondary winding is ground 
ed. 

Let the voltages supplied to resistors 273, 
278 be e1 and e2; the resistances of resistors 4. 
23, 278 be r1 and r2 and the currents flowing 
in resistors 23, 278 be il and i2. Let the voltage 
acroSS the input circuit of amplifier LA3 be eg; 
the voltage across one section of the output trans 
former be -eo; and the voltage across resistor 
220 be -keo. Let the resistance of resistor 222 
be ro and the current flowing be -io. Let 

e= 
t 

Then Since no current flows in the connection 
from the junction of resistors 23, 222 and 
28 to the grid of LA3, 

io--il--i2=0 
-keo-e e-e 2-e i=-- 21r g is E 

20 72 

-keo-e e-e, e-e ---- É.-- as O 
70 r 

(rira) (-keo-E) -rer-ter- (r-r)|=0 

o o al (e. --e. r r 
e - . 1 (ro-L'o ) k (++1 
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The voltage amplification factor u of the three 
stage amplifier is about 15,000 times, thus 

t 

is very Small, hence, 
20 to e= e1--e. of 1 tear, 

The output voltage eo is thus proportional to 
the sum of the input voltages e1 and e2, and the 
Scale factor of the output voltage is determined 
by the relative values of ro, r1, r2 and k. If r1=r? 
and ro-crik, then eo-e1--e2. If ro=r1=re, then 

(42) 

If the resistors 2720, 22 are replaced by the 
winding of a potentiometer having a brush Con 
nected to resistor 222, the output Voltage will 
be proportional to the sum of the input Voltages 
divided by the potentiometer function. 
The output transformers of each of the line 

amplifiers have in addition to the resistors shown 
shunting the lower winding additional elementS 
2774, 27.75 such as are shown shunting resistors 
272 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 
frequencies at which us is greater than unity. 
In addition the ratio of the resistances shunting 
the lower winding of each transformer to that 
shunting the upper Winding is of Such value that 
for the various loads connected to the amplifier 
the Woltages acroSS the tWO Windings of the trans 
former are equal. This is necessary because 
these windings have resistance and the upper 
Secondary winding is not in the feedback loop. 
The output voltage of line amplifier LA3 is 

proportional to sin2 Br-sin Br cos Britan dB’r. 
The Output transformar of amplifier A3 is con 
nected to ground through resistors 223, 224 
and through resistors 2726, 2727. The junction 
of resistors 2723, 2724 is connected to ground 
through One Section of the Winding of card 30 
Of potentiometer PT3, and the junction of resis 
tors 2726, 227 is connected to ground through 
the other section of the winding of card 30. 
The potential-dividing resistors, such as resis 

tors 223, 2724 associated with the winding of a 
potentiometer are not absolutely essential to the 
Operation of the circuit, but are a convenient 
expedient for reducing the severity of the de 
mands upon the circuit design. By using poten 
tial-dividing resistors, the voltage from the 
Source may be higher, thus improving the ratio 
of this desired Voltage to any undesired voltages 
picked up on the wiring. By presenting a con 
Stant load to the Source, these resistors reduce 
the effect upon the source produced by the move 
ment of the potentiometer brushes. Further 
more, it makes possible the adapting of the 
potentiometer 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 series with the winding 
of one potentiometer, these resistors reduce any. 
interactions between the currents in this potenti 
Ometer and those in any other potentiometer 
connected to the same source. Also, capacitors 
may be shunted across these resistors to correct 
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the phase shifts due to the distributed capacity 
Of the potentiometer cards. To simplify and 
condense the description of the circuits, many of 
the resistors shown will not be specifically iden 
tified, as their function is obvious. 
The shaft 715, Fig. 17, is connected by the 

clutch 6 to the cross level Zd shaft of the 
stable element, and is geared through differen 
tial gear DF38 to shaft I, which is geared by 
gears 8 to drive the brushes of the Zd potenti 
ometer, PT3, and the dials 754, 755, Figs. 11 
and 17. 
The secondary winding of the output trans 

former of amplifier LA3, Fig. 27, is also connected 
through resistors 27, 272 to the two sections 
of card 306 of potentiometer PT3. 
The brushes associated with cards 306, 30, 

respectively, select voltages proportional to 
Sin Zd and are connected through resistors 

24, 271, to the ends of card 206 of potenti 
Oneter PT2. 
The shaft 79, Fig. 17, is connected by the 

clutch 20 to the level L shaft of the stable ele 
ment, and is connected by gearing 600, Fig. 16, 
to differential gear DF3. Gear DF3 is con 
nected by gearing 60 to the brushes of the L. 
potentiometer, PT2, and by gearing 63 to the 
inner coarse dial 65 and annular outer fine dial 
64, Figs. 11 and 16. 
The brush associated with card 206 selects a 

Voltage proportional to sin L, and is connected 
through resistor 229, Fig. 27, to the input circuit 
of motor amplifier MA. 
The voltage supplied to resistor 2729 is pro 

portional to 
sin Br(sin Br-cos Britan iB'r) (-Sin Zd) sin L. 
The positive sine brush 2.0 associated with 

cards 405, 406 of PT4 is connected through resis 
to 230 to One end of card O2 of PT while the 
negative sine brush 277 is connected through 
resistors 23, 232 to ground, the junction of 
resistors 23, 2732 being connected to the other 
end of card O2. The Winding of card O2 varies 
in resistance with a tangent function modified for 
the resistance load on the brush and is grounded 
at the center. The resistor 2732 equalizes the 
loads on the two sine brushes. 
The brush aSSociated with card O2 is con 

nected through resistor 2734 to the input circuit 
of line amplifier LA2, and through resistor 235 
to the input circuit of line amplifier L.A. 
The negative COsilne brush 2773 associated with 

cards 405, 406 of PT4 is connected through resis 
tor 275 and through resistor 2736 to the input 
circuit of line amplifier LA2 and through resistor 
273 to the input circuit of line amplifier L.A. 
The Secondary winding of output transformer 

238, associated with amplifier I A2, is grounded 
in the center and one section is shunted by resis 
tor 239. The free end of this section is con 
nected through resistor 2740 to the input circuit 
of amplifier LA2. 
The Output voltage of amplifier LA2 will be 

proportional to sin Br(-cos Br-sin Britan iB'r). 
The free end of the other section of the second 

alry winding of transformer 2738 is connected 
through resistor 274 to the ends of card 205 of 
PT2, the center of this card being grounded 
through resistor 243. The winding of card 205 
varies in resistance with a versine function modi 
fied for the resistance load on its brush. The 
brush associated with card 205 selects a voltage 
proportional to vers L and is connected through 
resistor 2744 to the input circuit of motor ampli 
fier M.A. 
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The Voltage Supplied to motor amplifier MA 

Will be proportional to 
Sin, Br(-cos Br-sin Britan iB'r) wers L 

The grounded source 930 is connected through 
resistors 2746, 2747 to ground, and the junction of 
resistors 2746, 2747 is connected to one end of 
card 03 of PT. The grounded source 93 is 
connected through resistors 2750, 275 to ground, 
and the junction of resistors 250, 275 is con 
nected to the other end of card 03. 
The Winding of card 03 varies in resistance in 

Such a Way that the voltage on the brush of this 
card Varies according to the tangent of its me 
chanical displacement divided by 13. 
The brush associated with card 03 selects a 

Voltage proportional to tan dB’r, is connected 
through resistor 2752 to the input circuit of 
motor amplifier MA, and is connected through 
resistors 2753, 2754 to ground. The junction of 
resistors 253, 254 is connected through resistor 
255 to the input circuit of line amplifier L.A. 
The Secondary Winding of output transformer 

2756, associated with amplifier LA, 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 resistor 
263 to the input circuit of amplifier LA and 
through resistor 2759 to the ends of card 305 of 
potentiometer PT3. The winding of card 305 
Varies in resistance with a versine function modi 
fied for resistance load on the brush and is 
grounded at the center through resistor 26. 
The brush associated with card 305 is connected 
through resistor 262 to the input circuit of no 
tor amplifier MA. 
The motor amplifiers used in the present com 

puter, Such as motor amplifier MA, have three 
stages of high gain voltage amplification with 
reverse feedback, and a power amplification 
stage. The reverse feedback loop is designed in 
accordance With the principles disclosed in United 
States Patent 2,123,178, July 12, 1938, H. W. Bode, 
So as to stabilize the operation of the motor. 
The output circuit of motor amplifier MA is 

Connected through the break springs of limit 
Switch LS to one phase winding of a two-phase 
motor MO. 

In Fig. 19, the sources 930, 1931 are connected 
to the power amplifier 1902. The output circuit 
of power amplifier 1902 is connected through 
Switch MC6 to the primary winding of trans 
former 904. The secondary winding of trans 
former 904 is in two sections connected to ter 
minals 905, 906, 907. 
Terminal 905, Fig. 27, is connected directly to 

One end of a winding of motor MO and to the 
output circuit of amplifier MA?. Terminal 906 
is connected to the lower, and terminal 907 to 
the upper make spring of limit switch LS. The 
output circuit of amplifier MA is normally con 
nected through the lower break spring and ar 
mature and the upper break spring and armature 
to the other end of the winding of motor MO. 
When motor MO is driven by the current from 
amplifier MA to the limit of its travel in either 
direction, one of the spring combinations of limit 
Switch LSf is operated, cutting off the current 
from amplifier MA and supplying current of op 
posite phase from terminal 906 or 907 to stop 
motor MO and drive motor MO, and the at 
tached shafting back from the limiting position. 
The sources 930, 93, Fig. 19, are also con 

nected through a conventional 90-degree phase 
shifting network 903, power amplifier 908, 
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Switch .909 in its lower position and Switch MC 
in its fourth position to the exciting winding of 
motor MO. 
The voltages supplied to the input circuit of 

motor amplifier MA are proportional to 

tan iB'r--?tan iB'r--sin Br(-cos Br-sin 
Br tan iB'r) (-vers Zd)--sin Br(-cos 
Br-sin Britan iB'r) (vers L)--sin Br(sin 

Br-COS Britan iB'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 MA to 
motor MO, exciting motor MOf to rotate the 
brushes of potentiometer PT, varying the value 
of tan iB'r until the voltages are reduced to Zero, 
and the brushes of potentiometer PT have ro 
tated proportionally to dB'r. If the values of 
B'r, Zd and L are continually changing, the motor 
MO is continually moving, rotating the brushes 
of potentiometer PT continually to the correct 
values of iB'r. 

Rate generator 

The Synchronous transmitters aSSociated with 
the ship's master compass control the coarse 
SY 2, and fine SYff, receivers, Figs. 15 and 29. 
The rotors of receivers SY and SY 2 are con 
nected to the input circuit of follow-up amplifier 
MA25, of the type shown in Fig. 21. The output 
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 MO25 is excited by power from one 
phase of the ship's three-phase Supply, through 
switch MCf5 in the fourth position, the local 
control Switch Co and transformer R. 

In Fig. 17, differential gear DF2 drives shaft 
f T2 proportionally to Br, and this shaft is geared 
to differential gear DF3, Fig. 15. Motor MO25, 
and receivers SY, SY 2 are geared by gearing 
50 to shaft 592. Shaft 502 is geared through 

differential OF5 to Shaft 503 and differential 
gear DF3, thus rotating shaft 54 and annular 
dial 533, proportionally to the bearing B. Shaft 
504 is geared to differential gear DF2. 
In Fig. 19 the output of amplifier 908 is con 

nected through Switches 909 and IMC to one 
phase winding of the two-phase motor MO6. The 
output of amplifier 1902 is connected through 
switch M6 and transformer 904 to terminals 
1905, 1906, 907. Terminal 907 is connected to 
one end of the second phase winding of motor 
MO6, Fig. 29. 
Terminal 906 is connected directly to the first 

contact of target angle Switch TA, and through 
resistor 290 to the second contact of Switch TA. 
Terminal 905 is connected through resistor 

2.902 to the fourth contact of switch TA and 
directly to the fifth contact of switch TA. The 
blade of Switch TA is connected through the 
break contacts of relays RY26 and RY27 to the 
other end of the second phase winding of motor 
MO6. The target angle TA Switch is operated by 
the type C knob 525, Figs. 11, 12. 
When the blade of switch TA, Fig. 29, is moved 

to the second contact, motor MO6 will rotate at 
slow speed in one direction, and when Switch TA 
is moved to the first contact, motor MO6 will 
rotate at full speed. When the blade of Switch 
TA is moved to the fourth contact, motor MO6 
will rotate at slow speed in the other direction, 
and when the blade is moved to the fifth contact, 
motor MO6 will rotate at full speed. 
The type C knob 525, Figs. 11, 12, 15 of the TA 

switch, is rotatably mounted on the COver and 
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has a spring-restored central button. When de 
pressed, the button connects the knob to the 
Switch shaft, so that rotation of the Knob Will ro 
tate 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. 
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 observed to change course. 
The target angle sleWing control includes a 

two-position, non-locking key 8, Fig. 18, con 
veniently located in the director. If the target 
changes course so as to decrease the target angle, 
key 8 is operated upward, completing a cir 
cuit from power supply through switches MC8, 
RCO, winding of relay RY27, upper springs of 
key 8, back to power supply, operating relay 
RY27. If the change in course increases the tar 
get angle, key 8 is operated down Ward Com 
pleting a circuit from power Supply through 
switches MC8, RCO, Winding of relay RY26, lower 
springs of key 8 , back to power supply, op 
erating relay RY26. 
The operation of relay RY26, Fig. 29, connects 

the winding of motor MOS through the break 
springs of relay RY27, and the make springs of 
relay RY26 to connection i905, causing motor 
MO6 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 RY26 to connection 
906, causing motor MO6 to decrease the target 
angle. 

In Fig. 15, the motor MO3 rotating propor 
tionally to the target course angle Ct is geared 
to differential gear DF2 which combines this 
rotation with the rotation of shaft, 594, propor 
tional to the true target bearing B, thus caus 
ing shaft 595 to rotate proportionally to the 
target angle A. Shaft 505 is geared to the Syn 
chronous transmitter SYS, to potentionetter 
PT3 and to the dial f 506, Figs. 11 and 15. Thus, 
by the operation of the target angle SWitch TA, 
the Operator can cause the shaft Of notor MOS 
to rotate to any desired value of the target course 
angle Ct, which is indicated as the target angle 
A as Al=180°--B-Ct. 
In Figs. 12, 16 and 40, the coarse SY and fine 

SY2 synchronous receivers are excited by the 
elevation transmitters On the director. The iro 
tors of the coarse SY 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 MA 8 is connected 
through the break springs of limit switches LS6 
and LS4 to one Winding of a two-phase follow 
up motor MO8. As shown in Fig. 20, one phase 
of the power supply is connected through master 
switch MC4, local Switch E, rate control switch 
RC and transformer TR2 to the other phase 
winding of motor MOf 8. 
In Fig. 16, the receivers SY and SY2, and 

the follow-up motor MO8 are geared to the 
shaft 622. The shaft 622 is geared to the dif 
ferential gear DF. The shaft 623 is driven by 
shaft 79 proportionally to the level L and is 
geared to the differential gear IDF. The shaft 
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f 624 will thus be rotated proportionally to the 
target elevation E. 
The shaft 624 is geared by gearing 40, Fig. 

14, to the Epotentiometer PT6 (; by gearing 404 
to the E potentiometer PT62; and is geared to 
the coarse 420 and fine 42 ring dials, Figs. 11 
and 14. 
The ship's power is connected through master 

switch MC6, Fig. 20, and transformer TRIO to 
terminals 2002, 2003, 2004. 
Terminal 2004 is connected to the upper make 

spring of limit Switch LS6, Fig. 40, terminal 2002 
is connected to One side of a winding of motor 
MOf 8, and terminal 2003 is connected to the 
lower make spring of limit switch LS6. Limit 
Switch LS6 is operated by a cam nut threaded 
On shaft f624, Fig. 16. When shaft 624 has 
rotated to near the limiting position in one di 
rection, the cam nut operates the upper springs 
of Switch LS6, opening the circuit from the out 
put circuit of amplifier MA 8 and connecting ter 
minal 2004 through the upper make springs of 
Switch LS6, and the break springs of switches 
IS6 and LSf 4 to the other end of the winding 
of motor MO 8, thus slowing down motor MO 8 
and, eventually, reversing its rotation. Similar 
ly, at the other limiting position, the lower springs 
of limit switch LS6 are operated, connecting ter 
minals 2002 and 2003 to the winding of motor 
MOf 8 and driving the motor in the opposite di 
rection. 
In Fig. 31, the grounded source 93 is con 

nected through the upper break springs of relay 
RY7 and resistors 334, 3 f35 to one end of cards 
305 and 306 of potentiometer PT 3, and the 
grounded source 1930 is connected through the 
lower break springs of relay RYT and resistors 
336, 337 to the other ends of cards 305 and 
306. The resistances of the windings of cards 
305 and 306 vary with a sinusoidal function, 
and the cards are grounded at the points where 
the function passes through zero. 
The brushes associated with cards 306, 

305, respectively, select voltages proportional to 
-COS A and -sin A and are connected through 
resistors 338, 3139 to the ends of cards TO, 702 
of potentiometer PTT. The cards TO, 702 pro 
vide a linear fractionation of voltages applied to 
resistors 338 and 339 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 70 selects a 

voltage proportional to -Sh cos A and is con 
nected through resistor 340 to the input cir 
cuit of line amplifier LA4. 
Brush 3 f6, of potentiometer PT4, selects a 

voltage proportional to -cos Brand is connected 
through the upper break springs of relay RY4 
and resistor 34 to card 60 of potentiom 
eter PT6. 
The Synchronous transmitter of the ship's au 

tomatic log is connected to the synchronous re 
ceiver SYO, Figs. 14 and 42. The rotor of the 
receiver SYO is connected, through the break 
Springs 4204 and 4205 of the ship's speed switch 
So to the input circuit of follow-up amplifier 
MA24, 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 
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switch MC5, Fig. 20, and transformer TR6 to 
the other Winding of motor MO24. 
The ship's power Supply is also connected 

through switch MC 6 to the transformer TR8. 
Resistors 2005, 2006, in serial relationship, are 
shunted across the secondary Winding of trans 
former TR8, and their junction is grounded. 
Terminals 2007, 2008 of transformer TR8 are 

connected to the contacts of Switch. 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 422, Figs. 11, 13, 14, 

42, is rotatably mounted on the cover. A lever 
knob is pivoted to the casing and is normally 
folded into a recess in the casing, so that Springs 
4204, 4205 are in contact, and motor MO24 is 
controlled by the receiver SY 0. When the lever 
knob is folded forward, spring 4205 is operated 
to break contact with spring 4204 and make 
contact with spring 4206, thus breaking the cir 
cuit from the receiver SYO 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 
2007 or 2008 and slewing motor MO24 in the de 
sired direction to set the brushes of potentiometer 
PT6, as indicated by dial 423, Figs. 11, 13, 14. 
The shaft operating blade 4208, Fig. 42, is fur 
nished with double restoring springs So that, 
when the pressure on the lever knob is released, 
blade 4208 is restored to engagement With Con 
tact 4207. 
The synchronous receiver SYO, follow-up 

motor MO24, potentiometer PT6 and dial 423, 
with the connecting gearing 424, 425 is shown 
in the centerpart of Fig. 14. 
The winding of card 60, PT6, Fig. 31, has a 

variation of resistance to provide a linear frac 
tionation of the voltage applied from brush 36. 
The brush associated with card 60 selects a 
Voltage proportional to - So cos Br and is con 
nected through resistor 342 to the input cir 
cuit of line amplifier LA4. The output trans 
former 343 has two grounded secondary wind 
ings; one shunted by resistor 344 and the other 
shunted by resistors 345, 346 in serial rela 
tionship. The junction of resistors 345, 346 is 
connected through resistor 347 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 an 
plifier LA4 is proportional to dRh, the horizon 
tal range rate. 
The secondary winding of transformer 343 

is connected through resistor 3f48 to One end 
of the grounded winding of card 60, potenti 
ometer PT6. The winding of card 60 f has a 
variation of resistance designed to fractionate 
the voltage applied from amplifier LA4 in a C 
cordance with the cosine of the angular travel 
of its brush. The brush associated With card 
6f of selects a voltage proportional to -dRh cos E 
and is connected through resistor 349 to the 
input circuit of motor amplifier MA26. 

75 

The sources 93, 930, Fig. 31, are respec 
tively connected via the break contacts of relay 
RY7 through resistors 330, 33 to the ends 
of the grounded winding of card 602, PT6 and 
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through resistors 3132, 333 to the ends of the 
grounded winding of card 603, PT16. 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 60, 602 are 
adjusted to select voltages proportional to dh, 
the rate of climb of the target. 
The brushes associated with cards 602, 603, 

PT6 are respectively connected through re 
sistors 3150, 315 to the ends of the grounded 
winding of card 6208, PT62. Card 6208 has a 
variation of resistance so designed to fraction 
ate the voltages from cards 602 and 603 in 
accordance with the sine of the angular travel 
of its brush. The brush associated with card 
6208 selects a voltage proportional to -dh sin E 
and is connected through resistor 352 to the 
input circuit of amplifierMA26. 
The sources 930, 1931 are respectively con 

nected through resistors 355, 356 to the ends 
of the grounded winding of card 5605, potenti 
ometer PT56. The winding of card 5605 has a 
variation of resistance to provide a linear vari 
ation of voltage on its brush in accordance With 
the angular position of its brush. The brush 
associated with card 5605 is connected through 
resistor 35 to the input circuit of amplifier 
MA26. The output circuit of amplifier MA26 
is connected to one winding of a two-phase no 
tor MO26. 
The amplifier 908, Fig. 19, is connected 

through switches (909 and MC to the other 
winding of motor MO26. 
As shown on the left side of Fig. 17, the shaft 

of motor MO2S is connected by gearing 16 to 
the brushes of potentiometer PT56. 
The voltages supplied to the input of amplifier 

MA26, 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 of 
amplifier MA26 to motor MO26, causing motor 
MO26 to move the brushes of potentiometer PT56 
until the voltage is reduced to Zero and the brushes 
of potentiometer PT56 have been moved propor 
tionally to the value of the range rate dR for the 
estimated values of Sh, and dH. 
The brush associated with card 702, of poten 

tiometer PTT selects a voltage proportional to 
Sh, sin A, and is connected through resistor 

358 to the input circuit of line amplifier LA39. 
Output transformer 3f2 is connected through 

the lower break springs of relay RY4 and resis 
tor 359 to one end of the grounded winding of 
card 602, potentiometer PT6. The Winding Of 
card 602 has a variation of resistance to provide 
a brush voltage which varies linearly with brush 
position. 
The brush associated with card 602 is connected 

through resistor 3 60 to the input circuit of an 
plifier LA39. 
The output transformer 316i of amplifier LA39 

has two grounded windings, one shunted by resis 
tor 362 and the other shunted by resistors 363, 
364 in serial relationship. The junction of re 
sistors 363, 3164 is connected through resistor 
365 to the input circuit of amplifier LA39. 
The voltages supplied to the input circuit of 

amplifier LA39 are proportional to -Sh Sin A and 
--So sin Br, thus, from Equation 3, the output 
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voltage of amplifier LA39 is proportional to 
-RhdB. 
The output transformer 3? 6 is connected 

through resistors 366, 367 to ground, and the 
junction of these resistors is connected through 
resistor 368 to the input circuit of motor ampli 
fier MA28. s 
The grounded source 930, Fig. 36, is connected 

to ground through resistors 3602, 3603 and the 
junction of these resistors is connected to One 
end of the grounded winding of card 703, po 
tentiometer PT, Whose variation in resistance 
provides a brush voltage linearly related with its 
brush position. As explained later, brush 3604 
Selects a voltage proportional to cFR, the generated 
range, and is connected through the break Springs 
of relay RY5 and resistor 3605 to the input cir 
cuit of line amplifier LA36. 
The output transformer 3606, of LA36, has two 

grounded secondary windings, one shunted by re 
sistor 360 and the other shunted by resistors 
3608, 3609 in serial relationship. The junction of 
resistors 3608, 3699 is connected through resistor 
360 to the input circuit of amplifier LA36. 
Connections 36:3, 364 are grounded through 

the break springs of relay RY29. 
The secondary winding of transformer 3606 is 

connected by connections 36 f, 362 respectively 
through resistors 369, 3 TO and 37, 372, Fig. 
3, to connections 363, 364. The junctions of 
resistors 369, 370 and of resistors 37 , 372 are 
Connected to the ends of the card 5805, potentiom 
eter PT58, whose resistance varies in such a way 
that the Voltage from amplifier LA36 is fraction 
ated in accordance with the linear relation to 
the brush position on card 5805. 
The brush associated with card 5805 is con 

nected to ground through the winding of card 
606, 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 6 06 to its inter 
mediate tap is So Selected as to value and tap po 
sition to compensate for unwanted quadrature 
CurrentS Set up due to card capacity to ground 
and capacity to ground of shielded leads between 
card brush and amplifier input resistors. It is 
necessary to run all wiring in coaxial 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 
card 606 selects a voltage proportional to 

-CRdB coS E 

and is connected through resistor 3 74 to the in 
put circuit of motor amplifier MA28. The out 
put circuit of amplifier MA28 is connected to one 
Winding of a two-phase motor MO28. Resistor 
373, connected from the free end of the winding . 
of card 6 O6 to the brush associated therewith re 
duces the effect upon the voltage selected by the 
brush associated with card 5805 of the impedance 
changes due to the movement of the brush asso 
ciated with card 606. 
The output circuit of amplifier 1908, Fig. 19, is 

Connected through Switches 909 and MCT to the 
other Winding of motor MO28. 
The notor MO28, Fig. 17, is connected by gear 

ing 728 to drive the brushes of potentiometer 
PT58. 
The voltages Supplied to the input circuit of 

motor amplifier MA28 are proportional to 
--RhdB-cRdB cos E 

O 
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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 card 603, PT6, is 

connected to ground through resistors 375, 376 
and the junction of these resistors is connected to 
ground through the winding of card 6207, poten 
tioneter PT62, which provides a cosinusoidal 
variation of brush voltage with angular brush po 
sition. 
The brush associated with card 6207, PT62, 

Selects a voltage proportional to di cos E and is 
Connected through resistor 37 to the input cir 
cuit of motor amplifier MA27. The output cir 
cuit of amplifier MA27 is connected to one wind 
ing of the two-phase motor MO27. 
The output circuit of amplifier 908, Fig. 19, is 

connected through Switches 909 and MCT to the 
other winding of motor MO27. 
The Secondary windings of transformer 343 

are respectively connected to ground through re 
sistors 378, 379 and through resistors 380, 
38. The junction of resistors 378, 379 and 
of resistors 380, 38 are connected to the ends 
of the grounded winding of card 602 of potenti 
ometer PT6, which provides a sinusoidal varia 
tion of its brush voltage for variation in brush 
position. The brush associated with card 602 
Selects a voltage proportional to -dRh. Sin E and 
is connected through resistor 382 to the input 
circuit of amplifier MA27. 

Connections 36 if and 362 are respectively 
connected by resistors 383, 384 and resistors 
385, 386 to connections 363 and 364. The 
junctions of resistors 383, 384 and of resistors 
385, 386 are connected to the ends of the 
grounded winding of card 5705 of potentiometer 
PT57 whose resistance variation provides a brush 
voltage which varies linearly with brush position. 
The brush associated With card 505 selects a 
voltage proportional to -cRdE and is connected 
through resistor 387 to the input circuit of 
amplifier MA2. 
Motor MO27, Fig. 16, is connected by gearing 

605 to drive the brushes of potentiometer, PT57. 
The voltages supplied to the input circuit of 

amplifier MA2 are proportional to 
--dH cos E-dRh sin E-cRdE 

and, from Equation 5, the sum of these 
voltages should be zero. If the sum of these 
voltages is not zero, current is supplied from 
the output circuit of amplifier MA27 to motor 
MO27, causing motor MO27 to move the 
brushes of potentiometer PT57 changing the 
value of dE until the Sun of these voltages is 
reduced to zero and the brushes of potentiometer 
PT57 have moved to the value of dE. 

Rate integrator 

The oscillator shown in Fig. 21 is of the type 
described in United States Patent 2,341,067, Feb 
ruary 8, 1944, R. O. Wise, assigned to the assignee 
of the present application, and includes a stable 
high gain amplifier 204, having an output coul 
pled by capacitor 205 to a first network com 
posed of the series capacitors 206, 2 EOT and the 
shunt amplitude control resistor 208 and to a 
second network composed of the series resistors 
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20, 2 ft and the shunt capacitor 209. Capac 
itor 206 and resistor 20 are connected to the 
input circuit of amplifier 204, and the input cir 
cuit and the junction of resistor 208 and capac 
itor 209 are grounded. 

In a copending application Serial No. 577,622, 
filed Feb. 13, 1945 by S. Darlington and assigned 
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 Sup 
plied to the first and Second networks. The cou 
pling capacitor 205 is connected through the 
Windings of potentiometers 22 and 5606 to 
ground. The brushes of potentiometers 22 and 
5606 are respectively connected to capacitor 207 
and resistor 2. The output load may be con 
nected across the potentiometer windings. 
With the wiper of potentiometer 5606 at mid 

point, the brush of potentiometer 2 2 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 5606 
can then vary the frequency of the oscillator 

is from 30 to 90 cycles. For a linear relationship 
between the movement of the brush of potenti 
ometer 5606 and the resulting frequency of the 
OScillator, the resistance of the winding of po 
tentiometer 5606 varies with the square of the 
movement of the brush. 

Oscillator 2825, 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 5606 is rotated by mo 
tor 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 2824, 
in which it is grounded through resistor 2826 and 
capacitor 2827 in serial relationship. The junc 
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 283 to the input circuit 
of motor amplifier MA3. 
The values of resistors 2826, 2830 and capac 

itors 2827, 2829 are so related that the voltages 
Supplied to amplifiers MA30 and MA3 are 90 
degrees out of phase. The output circuits of ami 
plifiers MA30 and MA3 are respectively con 
nected to the windings of a two-phase syn 
chronous motor MO30. Motor MO30 Will thus 
rotate at a speed exactly proportional to the fre 
quency of OScillator 2825, which is determined 
by the setting of the brush associated with 
card 5606. 

Oscillator 2832 is also of the type shown in Fig. 
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 2835, which 
is similar to network 2824 to the input circuits 
of motor amplifiers MA36 and MA37. The out 
put circuits of amplifiers MA36, MA37 are re 
Spectively connected to the windings of the two 
phase Synchronous motors MO3, MO33 and 
MO35. Motors MO3, MO33 and MO35 will thus 
rotate at speeds proportional to 60 cycles. 
The shafts of motors MO30 and MO3 are 

connected to differential gear DF28, Fig. 14, 
which drives shaft 437 at a speed proportional 
to dR. The total rotation of shaft 437 with 
time will be the integral of this rate, that is, pro 
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portional to AcR. Shaft 437 is geared through 
differential gear DF0 to the Synchronous trans 
mitter SY26, which transmits this value directly 
to the range determining equipment in the di 
rector. 

Oscillator 2836, Fig. 28, of the type shown in 
Fig. 21 is connected to card 506 of potentiometer 
PT57, and through the phase splitting network 
283, which is similar to network 2824, to the in 
put circuits of motor amplifiers MA32 and MA33. 
The brush associated with card 506 is rotated 
by motor MO28, Fig. 31. 
The output of amplifiers MA32 and MA33 are 

Connected to the Windings of the two-phase Syn 
chronous notor MO32. 
The shafts of motors MO32 and MO33, Fig. 16, 

are connected to differential gear DF29, thus 
driving shaft 666 proportionally to AcE. Shaft 
606 is geared to differential gear DF3. 
Shaft 729, Fig. 17, is connected by clutch 730 

to the Stable element and is rotated proportion 
ally to L--Zd/30, and is also geared to the dif 
ferential gear DF3, Fig. 16. Differential gear 
DF3 is geared to the fine SY27, and coarse SY28, 
Synchronous transmitters which are thus rotated 
proportionally to ACEb=ACE--L--Zd/30, and are 
connected to the Synchronous receivers on the 
director. 

Similarly, oscillator 2838, Fig. 28, of the type 
shown in Fig. 21, is connected to the card 5806 
and the brush aSSociated thereWith, of potenti 
Ometer PT58, and through the phase splitting 
network 2839, which is similar to network 2824, 
to the input circuits of motor amplifiers MA34 
and MA35. The output circuits of amplifiers. 
MA34 and MA35 are connected to the windings 
of the two-phase motor MO34. 

Motors MO34 and MO35 are geared to differen 
tial gear DF30, Fig. 15, to drive shaft 507 pro 
portionally to the generated bearing AcB. Shaft 
f507 is geared to differential gear DF5. Shaft 
592, rotating proportionally to the ship course 

Co, is also geared to differential gear DF5. Shaft 
508 is thus rotated proportionally to 

ACBr (ACBr-ACB-CO) 

Shaft 508 is geared to differential gear DF4, Fig. 
17. Motor MO t, rotating proportionally to iB'r 
is connected by shaft 72 and gearing 73 to 
differential gear DF4. 
tated proportionally to 

AcB'r(AcB'r=AcBr-iB'r) 
and drives the fine SY29 and coarse SY30, syn 
chronous transmitters, which are connected to 
the director. 
Assume the motors MO30, MO3, MO32, MO33, 

MO34 and MO35, Fig. 28, are two-phase, four 
pole synchronous motors, then, at 60 cycles, 
motors MO3, MO33 and MO35 will rotate at 
1800 revolutions per minute. The frequencies 
of oscillators 2825, 2836, 2838 may be varied from 
90 to 30 cycles, thus motors MO30, MO32, MO34 
will rotate at Speeds between 2700 and 900 revo 
lutions per minute. At 2700 revolutions per min 
ute the outputs of differential gears OF28, DF29, 
DF30 will be --900 revolutions per minute, pro 
portional 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 900 revolutions per minute, the out 
puts of differential gears DF28, DF29, DF30 will 
be -900 revolutions per minute, that is, will ro 
tate in the opposite direction, proportionally to 

Shaft 73 is thus ro- : 
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the maximum relative speed of the target in the 
other direction. The total number of revolu 
tions of the output shafts in any given time in 
terval will be the integrals of these speeds. 

Comparator 

The quantities Br, E and R, obtained from the 
observations, are compared with the correspond 
ing generated quantities cBr, cE and cFR, in 
matching ring dials, which may be of the type 
shown in Fig. 23. 
The continuous, concentric slip rings, 230, 

2302, 2303 are insulatingly mounted on a plate 
2304, Secured to the frame of the device 2305. 
A shaft 2306, journaled in the frame 2305, and 

rotated proportionally to one of the generated 
quantities, is attached to the central dial 2307, 
and to a disc 2308, insulatingly supporting the 
plain brush 2309 and the roller contactor 230. 
The shaft 23; , journaled in the frame 2305, is 

rotated proportionally to the corresponding 
quantity from the observations and is geared by 
gear 23 to gear 232, which is rotatably Sup 
ported by the Shaft 2306. 
The gear 232 Supports the annular external 

dial 233; the plate 234 insulatingly supporting 
the complete concentric slip ring 236, and the 
two concentric partial slip rings 23 5 and 235; 
and insulatingly supports the brushes 237, 238, 
239. The brushes 237, 2318, 239 are respec 
tively conductively connected to the slip ring 236 
and the partial slip rings 235 and 235'. 
The shaft 23 is geared to the shaft 2320, 

Which is geared through the worm gear 232 to 
the external shaft 2322, journaled in the frame 
2305. 
The shaft 2306 is geared to the shaft 2323, 

Which is geared through the worm gear 2324 to 
the internal shaft 2325 journaled in the shaft 
2322. 
The Worm gears 232 and 2324 have a gear ratio 

Such that the shafts 2306, 23 rotate propor 
tionally to the fine synchronous receivers, and 
the shafts 2322, 2325 rotate proportionally to the 
coarse receiver. Thus, if an observed quantity, 
Such as the range, is transmitted directly to the 
ring dials, the shaft of the fine receiver may be 
geared to the shaft 23, the shaft of the coarse 
receiver may be geared to the shaft 2322, and the 
shaft 2320 and gear 232 omitted. 
The plate 2326 is attached to the frame 2305 

and insulatingly supports the complete concen 
tric slip rings 2327, 2328, 2329. 
The shaft 2325 is attached to the inner dial 

2330, and drives the plate 233 f, insulatingly sup 
porting the two concentric partial slip rings 
2332, 2332', and the concentric complete slip 
rings 2333 and 2334. The slip rings 2332 and 
2334 are conductively connected by the connec 
tion 2335; and the slip rings 2332' and 2333 are 
conductively connected by the connection 2336. 
The shaft 2322 drives the plate 2337 supporting 

the annular external dial 2338. The plate 2337 
also carries the three sets of twin brushes, 2339, 
2339, 2340, 2340' and 234, 234 which are con 
nected in pairs. Each pair is insulated from the 
plate 233 and from the other pairs. 
As shown in Fig. 25, slip rings 230 and 232 

are respectively connected through resistors 
2348, 2349 to the grounded resistor 2350; slip 
rings 2302 and 2328 are respectively connected 
through resistors 2346, 2347 to the grounded neg 
ative Source 93; and slip rings 2303 and 2329 
are respectively connected through resistors 
2343, 2344 to the grounded positive source 930, 
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- The source 930 is connected through resistor 
2343, ring 2303, brush 239 to partial ring 235; 
and through resistor 2344, ring 2329, brushes 
234, 234, ring 2334, connection 2335 to partial 
ring 2332. The source 93 is connected through 
resistor 2346, ring 2302, brush. 238 to partial ring 
235; and through resistor 2347, ring 2328, 
brushes 2340, 2340, ring 2333, connection 2336 
to partial ring 2332. 
The ends of the partial slip rings 235, 235' 

are separated at the left side a distance slightly 
larger than the width of contact of the roller Con 
tactor 230, and the left side by a space equal to 
about 20 degrees. Contactor 230 is connected 
through brush 2309, ring 236, brush 23i T, ring 
230 to resistors 2348, 2350. Brush 2309, and con 
tactor 230 are driven by shaft 2306, rings 23f 5, 
23.5' by shaft 23. If the shafts 2306 and 23 
are in positional and rotational agreement, the 
brush 230 will be mid-way between the ends of 
the rings 235, 235' and no voltage will be ap 
plied to resistors 2348, 2350. If the shafts 2306 
and 23 have a positional disagreement, the 
contactor 230 will either be on the partial ring 
235 or the partial ring 235'. If the contactor 
230 is on ring 235, the source 93 is connected 
to resistors 2348, 2350. Resistor 234.8 may be 
connected, as by dotted resistors 235, 235' to 
a correction circuit. 
The ends of the partial slip rings 2332, 2332 

are separated at the point of agreement by a dis 
tance enough larger than the width of the brush 
2339 that this brush may move through the angle 
equivalent to one-half revolution of the contactor 
230 without touching ring 2332 or 2332', and at 
the diametrically opposite point, are overlapped 
without touching. Brush 2339 is connected by 
brush 2339 and ring 2327 through resistors 2349, 
2350 to ground. If the shafts 2322 and 2325 are 
in positional and rotational agreement, the brush 
2339 will be mid-way between the ends of the 
partial rings 2332, 2332 and no voltage Will be 
applied to resistors 2349, 2350. If these shafts 
have a positional disagreement, larger than the 
angle equivalent to a half-revolution of contactor 
230, the brush 2339' will be either on the partial 
ring 2332 or the partial ring 2332. If brush 
2339 is on ring 2332, the source 93 will be 
connected through resistors 2349, 2350 to ground 
and if the brush 2339 is on ring 2332, the Source 
93 will be connected through resistors 2349, 

2350 to ground. A control voltage may thus be 
obtained from the voltage drop in resistors 2349, 
2350, as by the potentiometer PTT. 

In 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 to the motor WaS 
of low impedance. The partial rings 2332, 2332' 
were separated at diametrically opposite points 
by spaces longer than the width of brush 2339", 
so that brush 2339 never bridged the gaps be 
tween rings 2332, 2332, as such bridging Would 
short-circuit the power supplies. Thus, the Sys 
tem could be in a stable condition when the brush 
2339 was in the proper space between rings 2332, 
2332', and also when the brush 2339 was in the 
other space, thus producing a positional error of 
180 degrees. 
In the present system, the brush of potention 

eter PTT is connected to the input circuit of a 
motor amplifier which supplies power to the cor 
rective motor. The System is thus Substantially 
voltage-operated, and only very Small currents 
need be drawn through the brushes and slip rings. 
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The resistors in the circuit may then have fairly 
high values of resistance, and the rings 2332, 
2332' may overlap at the false balance point, so 
that, at this point, the brush 2339 Will bridge 
the rings 2332, 2332'. 
The resistors 2344 and 234 are not of equal 

resistance, so that, when the brush 2339 bridges 
the rings 2332, 2332', a small current will flow 
from One of the Sources through potentiometer 
PT, driving the corrective motor away from the 
false balance point, through 180° degrees to the 
Correct point of balance. 
The Shaft 2, Fig. 17, rotating proportion 

ally to the observed relative bearing Br, is con 
nected through the gearing 509, Fig. 15, to the 
Outer annular dials 526, 527, Figs, 11 and 15 
Of the ring dials 530, of the type shown in 
Fig. 23. 
The shaft 507, Fig. 15, is rotated by differential 

gear DF30 proportionally to the increments of 
generated absolute bearing ACB, and is connected 
to differential gear DF5. The shaft 502 is ro 
tated by motor MO25 proportionally to the ship 
Course Co and is also connected to differential 
gear DF5. The shaft 50 will thus be rotated 
by differential gear DF5 proportionally to the in 
Crements of generated relative bearing 

AcBr(AcBr=AcB-Co) 

and is connected through differential gear DF8 
at which point iB from motor MO2 over shaft 
52 is added to set up generated relative target 
bearing (CBr=iB--AcBr) on shaft 5 which is 
connected to the inner dials f 528, 529, Figs. 11 
and 15 of the ring dials 530. 
Shaft 431, Fig. 14, is rotated proportionally 

to ACR and is connected through differential 
gear DF0 to shaft 405 which is connected to 
the outer annular dials 426, 427 of the ring 
dials 430, 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, 430, and to the inner 
dials 428, 429, Figs. 11 and 14. 
Shaft f624, Fig. 14, rotating proportionally to 

the observed value E of target elevation is geared 
by gearing 40, 404, to the outer annular dials 
420, 42, Figs. 11 and 14 of the ring dials 403, 

of the type shown in Fig. 23. Shaft f606 is 
geared to differential gear DF6, Shaft 402 is 
driven by differential gear DF6 proportionally to 
the generated value cE of target elevation and 
is geared to the inner dials 431, 432, Figs. 11 
and 14 of the ring dials 403. At this differen 
tial gear DF6, iB. from MO4 is added to incre 
ments of generated elevation AcE on shaft 606 
to make generated elevation cE(cE-ACE--iE) 
On Shaft 402. The increments of generated ele 
vation (ACE) are non-zeroed quantities 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 ac 
complished by the addition of the quantity iF. 
In addition dE automatically makes up the differ 
ence in rates between observed elevation E and 
generated increments AcE. 
The circuits of the bearing ring dials 530, 

Fig. 30, are similar to the circuits shown in Fig. 
23 except that the sources 930, 93 are con 
nected through switches RCf2 and RC3 of the 
rate control Switch; and the coarse control cir 
cuit is connected to ground through switch RC4 
of the rate control switch, the winding of card 
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72 of the sensitivity control potentiometer PT 
and resistor 3040. 
The brush of potentiometer PTT is manually 

adjusted by the type D knob 02, and dial 03, 
Figs. 11, 12, to the desired sensitivity aS and 
is connected to ground through resistors 3000, 
300, 3003, Fig. 30. The junction of resistors 
3000 and 300 is connected to the input circuit 
of motor amplifier MA2. 
The network formed by the shunt arms made 

up of resistor 3006 and capacitor 300, capacitor 
3008, and resistor 3009 simulates the impedance 
of one Winding of motor MO2, when the motor 
is at rest. This network, the winding of motor 
MO2 and the resistors 3005, 300 form a Max 
well bridge 3004. The output circuit of ampli 
fier MA2 is connected to the vertices of the bridge 
at the junction of resistor 3005 and the winding 
of motor MO2, and the junction of resistor 300 
and the network. One end of resistor 300 is 
grounded and One end of resistOr 3005 is con 
nected through resistor 3002 to the junction of 
resistors 300 and 3002. The conjugate vertices 
of the bridge are thus connected across the input 
circuit of the amplifier MA2. The output volt 
age of amplifier MA2 is thus applied to the wind 
ing of motor MO2 but is not fed back to the 
input of the amplifier. The motion of motor 
MO2 generates a back electromotive 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 3002 to the input 
circuit of amplifier MA2, thus making the speed 
of motor MO2 closely proportional to the ampli 
tude of the applied current. 
Power from the sources 930, 93, Fig. 19, is 

supplied through network 903, amplifier 9f 0, 
switch 9, Switch MC3 and the make con 
tacts of relay RY30 to the other winding of motor 
MO2. 
The shaft of motor MO2 is connected by gear 

ing 52, Fig. 15, to differential gear DF8. 
Thus, when there is a positional disagreement 

between shafts 5 and 72, motor MO2 is 
started and adds a motion fB to shaft 5 thus 
making the motion cBr of shaft 5 equal the 
motion AcBr of shaft 50 plus the motion iB 
of motor MO2. (cBr=AcBr-iB.) 
The shaft of motor MO2 is also geared to a 

solution indicator 53, Figs. 11 and 15, a SSOCi- : 
ated with the ring dials 530. The motion of this 
indicator shows that a disagreement exists be 
tween the motions of shafts flo (AcBr) and 
72 (Br), the speed of the motion of the in 

dicator shows how rapidly the system is ap 
proaching a solution, that is, how soon AcBr 
approaches Br as to rate of rotation, and when 
the indicator is at rest it shows that shafts 5 
and 72 are in positional and velocity agree 
ment. 
The coarse dial circuit of the ring dial fl03, 

Fig. 30, is connected to ground through card 73 
of potentiometer PTT, and resistor 3O4. 
The brushes associated with cards 72 and 73 

of PTT could be separately adjusted to give 
different sensitivities for the iB and is correc 
tions but, as these are both angular corrections, 
the same sensitivity may be used, thus these 
brushes are ganged together and controlled bv 
the type D knob 02 and dial 03, Figs. 11, 12. 
The brush associated with card T3 is con 

nected through resistor 30, Fig. 30, to the in 
put circuit of motor amplifier MA4, and through 
resistors 302. 3014, to ground. The output cir 
cuit of amplifier MA4 is gonnected to one Wind 
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ing of the two phase motor MO4 through a net 
work similar to network 3004. The feedback 
from this network is connected through resistor 
303 to the junction of resistors 302, 304. 
The coarse dial circuit of ring dials 430, Fig. 

30, is connected to ground through card 2 of 
potentiometer PTT2, and resistor. 3042. The 
brush associated with card T2 is manually ad 
justed by the type D knob 04 and dial 05, 
Figs. 11, 12, to the desired sensitivity rS for the 
range correction and is connected through re 
sistor 305, Fig. 30, to the input circuit of motor 
amplifier MA3, and through resistors 306, 308, 
to ground. The output circuit of amplifier MA3 
is connected to one winding of the two-phase 
motor MO3 through a network similar to net 
work 3004. The feedback from this network is 
connected through resistor 30 to the junction 
of resistors 306, 308. 
Amplifier 90, Fig. 19, is connected through 

Switches 9 and MC3 and the make Springs of 
relay RY3 to the other winding of motor MO4 
and through the make Springs of relay RY25 to 
the other winding of motor MO3. 

Motor MO4, Fig. 30, thus rotates proportionally 
to iE, and notor MO3 rotates proportionally to 
iR. The shaft of notor MO3 is geared to dif 
ferential gear DFO. 
The shaft of motor MO4, Fig. 14, is connected 

by gearing 433 to the solution indicator f434, 
Figs. 11 and 14, and to differential gear DF6, Fig. 
14. Thus when there is a positional disagree 
ment between shafts 624 and 606, motor MO4 
is started and adds a motion iE through differ 
ential gear DF6 to the motion of shaft 606 thus 
making the motion of shaft 402 equal to 

cE(cE-AcE--iÉ) 
Similarly, the shaft of motor MO3, Fig. 14, is 

connected by gearing 435 to the Solution indi 
cator 436, Figs. 11 and 14, and to differential 
gear DF0, Fig. 14. When there is a positional 
disagreement between the notion of shaft 45 
and the motions of the receivers SY5, SY6, motor 
MO3 is started and adds a motion iR through 
differential gear DFO to the motion AcR, of shaft 
43 thus making the motion of shaft 405 equal 

to cFR(cR=AcR--iR). 
Rotte COrrector 

The slip ring associated with the fine cor 
rection brush of the bearing ring dial 530, Fig. 
30, generates corrections proportional to momen 
tary velocity differences between relative bearing 
(Br) and generated bearing (cBr) and is desig 
nated as 6dB and is connected through resistor 
235, make spring of relay RY, and resistors 
399 and 3020 to ground. The junction of re 
sistors 309, 3020 is connected to ground through 
the Winding of card 70, potentiometer PTT. 
The brush associated with card TO is rotated 
proportionally to cFR to select a voltage propor 
tional to CR6dB and is connected through the 
upper break Spring of relay RY6 and resistor 
2903, Fig. 29, to the input circuit of line ampli 
fier LA 5. The Secondary winding of the out 
put transformer 2904 of amplifier LA 5 has two 
grounded sections, one shunted by resistors 2905, 
and the other shunted by resistors 2906, 2907, in 
Serial relationship. The junction of resistors 
2906, 2907 is connected through resistor 2908 to 
the input circuit of amplifier LA 5. 
The Slip ring aSSociated with the fine correc 

tion brush of the elevation ring dial 1403, Fig. 
30, is connected S" the make Spring of 
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relay RY2, resistors 302, 3022, to ground. The 
junction of resistors 302 (, 3022, is connected 
through the winding of card 702, potentiometer 
PT 7. The brush associated with card 762 Se 
lects a voltage proportional to cFR3dE and is con 
nected through the break springs of relay RY6 
and resistor 3923 to the input circuit of line 
amplifier LAi 6. The output transformer 3024 
of line amplifier LA 6 has two grounded Sec 
ondary windings one shunted by resistor 3025 and 
the other shunted by resistors 3026, 3027 in Se 
rial relationship. The junction of resistors 3026, 
3027, is connected through resistor 3028 to the 
input circuit of amplifier LA 6. 
The cam nut 406, Fig. 14, on the cR shaft 

405, operates the limit switch LS 2 at a range 
of about 22,500 yards. The operation of limit 
switch LS 2, Fig. 18, completes a circuit from 
the power supply through switch MC8, winding 
of relay RY6, limit switch LS 2, and Switch 
MC9 to the power supply, operating relay RY6. 
The operation of relay RY6, Fig. 30, disconnects 
the brush associated with card 79, PT fron, 
and connects the junction of resistors 309, 3020 
to, resistor 2905, Fig. 29; and disconnects the 
brush associated with card 702, Fig. 30, from, 
and connects the junction of resistors 302, 3022 
to resistor 3023. Thus, for ranges greater than 
22,500 yards, the voltages supplied to amplifiers 
LA 5, Fig. 29 and LA16, Fig. 30 are respectively 
proportional to 8dB and ÖdE multiplied by the 
value for a range of 22,500 yards. 
The end of one winding of transformer 3024 

is connected to ground through resistors 3029, 
3030. The junction of resistors 3029, 3030, is 
connected through the winding of card 6203, 
PT62, to ground. The winding of card 6203 has 
a variation of resistance to provide a brush volt 
age proportional to the sine of the angular brush 
position. The brush associated with card 6203 
selects a voltage proportional to cFödE sin E 
and is connected through resistor 2908, Fig. 29, 
to the input circuit of line amplifier IAT. 
The output transformer 290 of line amplifier 

LA, has two grounded secondary WindingS. 
One winding is shunted by resistor 29, and 
the other winding is shunted by resistors 292, 
293, in serial relationship. The junction of re 
sistors 292, 293, is connected through resistor 
294 to the input circuit of line amplifier LA 7. 
The Slip ring associated With the fine Correc 

tion brush of the range ring dial 430, Fig. 30, is 
connected through the make springs of relay 
RY3, resistors 303, 3032, to ground. The junc 
tion of resistors 303, 3032, is connected to ground 
through the winding of card 620, potentiometer 
PT62. The winding of card 620 has a variation 
of resistance to provide a brush voltage propor 
tional to the cosine of the angular brush posi 
tion. The brush associated with card 620 Se 
lects a voltage proportional to 6d R cos E, and is 
connected through resistor 2909, Fig. 29, to the 
input circuit of line amplifier LA 7. 
The voltages supplied to the input circuit of 

line amplifier LA, thus are respectively propor 
tional to 6dR cos E-cRödE sin E, and from 
Equation 10 the output voltage of line amplifier 
LAT is thus proportional to 6drh. 
The slip ring of the range ring dial 430, Fig. 

30, is also connected through the make. Springs 
of relay RY3 and resistors 3633, 3034, to ground. 
The junction of resistors 3033, 3034, is connected 
to ground through the winding of card 6202, po 
tentiometer PT62. The winding of card 6202 has 
a variation of resistance re brush volt- 7 
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age proportional to the Sine of the angular brush 
position. The brush associated with card 6202 
Selects a voltage proportional to 6d R sin E, and is 
connected through resistor 297, Fig. 29, to the 
input circuit of motor amplifier MA8. 
One winding of output transformer 3024, Fig. 

30, is connected through resistors 3035, 3036, to 
ground. The junction of resistors 3035, 3036, is 
connected to ground through the Winding of card 
6204, potentiometer PT62. The Winding of card 
6204 has a variation of resistance to provide a 
brush voltage proportional to the cosine of the 
angular brush position. The brush associated 
with card 6204 selects a voltage proportional to 
CRödE COS E and is connected through resistor 
296, Fig. 29, to the input circuit of amplifier 
MA8. The output circuit of amplifier MA8 is 
connected to one winding of the two-phase motor 
MO8 through a network similar to the network 
3004, Fig. 30. The feedback from the network is 
connected through resistor 295, Fig. 29, to the 
input circuit of amplifier MA8. 
The output circuit of amplifier is fo, Fig. 19, 

is connected through switch 9, switch MC f3, 
to the other Winding of the notor MC3. 
Thus from Equation 11 the shaft of motor MO8 

Will be rotated proportionally to the required cor 
rection 8dh, 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 
PT 6, and to the dH dial 39, Figs. 11 and 14. 
The source of power 93, Fig. 29, is connected 

directly to the first contact of the dh Switch and 
through resistor 2920 to the Second contact of 
this switch. Similarly, the source 930 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 di SWitch is 
connected through resistor 298 to the input cir 
cuit of motor amplifier MA8. The sources 93 
and 930 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 voltage to the input 
circuit of motor amplifier MA8. To obtain an 
initial setting of the shaft of motor MO8, the 
blade of the dh switch is moved by the type C 
knob, if 06, Figs. 11, 12, to the second, or fourth, 
contact thus supplying a reduced voltage from the 
source f 93, Fig. 29, or the source 1939 to the in 
put circuit of amplifier MA8, thus rotating the 
motor MO8 at slow speed. If the dh Switch is 
moved to the first, or fifth, contact the motor 
MO8 Will be rotated in one direction or the other 
at full speed. 
One Winding of output transformer 290, Fig. 

29, is connected to ground through resistors 293, 
2932 and through resistors 2933, 2934. The other. 
Winding of transformer 290 is connected to 
ground through resistors 2935, 2935, and through 
resistors 2937, 2938. The junctions of resistors 
2933, 2934, and of resistors 2935, 2936 are respec 
tively connected to the ends of the windings of 
card 30, potentiometer PT f3. Similarly the 
junctions of resistors 293f, 2932, and of re 
sistors 293, 2938, are connected to the ends 
of the winding of card 302. The windings 
of cards f30? and 302 have a variation of 
resistance so designed to provide a sinusoidal 
variation of brush voltage with its brush position 
and are grounded at the points where the func 
tion passes through zero. The brush 2947 se 
lects a voltage proportional to -8dRh cos A and 
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is connected through resistor 294 to the input 
circuit of a motor amplifier MA. 
One winding of output transformer 2904 is 

connected to ground through resistors 2923, 2924, 
and through resistors 2925, 2926. The other 
winding of transformer 2904 is similarly Con 
nected to ground through resistors 2927, 2928, 
and through resistors 2929, 2930. The junctions 
of resistors 2925, 2926, and of resistors 2927, 2928, 
are connected to the ends of the windings of card 
f303, potentiometer PTE 3. The junctions of re 
sistors 2923, 2924, and of resistors 2929, 2939, are 
similarly connected to the ends of card 304. The 
windings of cards 303 and 304 have a variation 
of resistance so designed to provide a brush Voit 
age proportional to the sine of angular brush 
position and are grounded at the points where 
the function is Zero. The brush 2949 selects a 
voltage proportional to sin A, and is connected 
through resistor 295, and the Winding of card 
62O6, potentiometer PT62, to ground. The wind 
ing of card 6206 has a variation of resistance SO 
designed to provide a brush voltage proportional 
to the cosine of brush position. The brush aS 
sociated With card 6206 selects a Voltage propor 
tional to cR8dB sin. A cos E and is connected 
through resistor 2942 to the input circuit of no 
tor amplifier MAT. 
The output circuit of motor amplifier MA is 

connected through a network Similar to the net 
work 3004, Fig. 30, to one winding of the two 
phase motor MOT, Fig. 29, the feedback connec 
tion from the network being connected through 
resistor 2939 to the input circuit of amplifier MA. 
The output circuit of amplifier 9, Fig. 19, is 

connected through switch 9ff, switch MC3 to 
the other winding of motor MO. 
Thus, in accordance with Equation 12, the 

winding of motor MOT has been supplied with 
voltages proportional to the correction ÖSh, 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 MOT, Fig. 15, is connected by 
gearing 532 to the brushes of potentiometer PTT, 
and to the counter indicator 533, Figs. 11, 13 
and 15. 

Brush 2950 of potentiometer PT3, Fig. 29, is 
connected through resistor 2952 to the Winding of 
card 6205, potentiometer PT62. The winding of 
card 62O5 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 6205 selects a voltage propor 
tional to -cR8dB cos A cos E and is connected 
through resistor 2954 to the input circuit of line 
amplifier LA 8. 
The source 93 is connected directly to the 

first contact of the Sh switch and through resis 
tor 2944 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 Sh switch is connected through resistor 
2940 to the input circuit of motor amplifier MA. 
The Sh, switch is controlled by knob of, Figs. 
11 and 12, to operate similarly to the dFI SWitch 
and is initially used to rotate the shaft of the 
motor MOT to the estimated value of the Speed 
Sh, of the target. 
The output transformer 2957, Fig. 29, of the 

line amplifier LA 8, has two grounded Secondary 
windings respectively, shunted by resistors 2958 
and 2959. 
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Brush 2948 of potentiometer PT3 selects a 

voltage proportional to -6d Rh sin A and is con 
nected through resistor 2955 to the input circuit 
of amplifier LA 8. Thus, by Equation 13 the 
voltages supplied to the input circuit of ampli 
fier LA 8 are proportional to Sh3Ct. One oute 
put winding of transformer 2957 is connected to 
ground through resistor 2960, the winding of 
card T 03, of potentiometer PTT and resistor 296. 
The brush associated with card 703 selects a volts 
age proportional to the target Speed. Sh, and is 
connected through resistor 2956 to the input cir 
cuit of amplifier LA8. The output voltage of 
amplifier LA 8 is thus divided proportionally to 
Sh, and thus becomes proportional to the correc 
tion to target course angle 8Ct. 
The other winding of transformer 2957 is con 

nected to ground through resistors 2962 and 2963. 
The junction of resistors 2962, 2963, is connected 
through resistor 2965 to the input circuit of the 
motor amplifier MA6. 
The output circuit of motor amplifier MA6 is 

connected through a network similar to the net 
work 3004, 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 MO6. The shaft 
of motor MO6 will thus be rotated through the 
required correction 8Ct in the target course angle 
Ct. The shaft of motor MO6, Fig. 15, is con 
nected by gearing 534 to differential gear DF2. 
The resistances of resistors 3040, 304, 3042, 

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 PTT, PTT2. 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 mo 
tions to the motions of the train, elevation and 
range-finder 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, MO4 
to follow up, at full Speed, on the motions of the 
hand wheels. When the coarse dials are in 
agreement but the fine dials are in positional dis 
agreement the resistances of the circuit are so 
proportioned that motors MO2, MO3, MO4 follow 
up the motions of the hand wheels at Speeds de 
termined by the settings of the brushes of poten 
tiometers PTT , PTT2. When the brushes of po 
tentiometers PTT, PTT2, are at the top, the 
motors run at full speed and for other settings 
at reduced Speeds diminishing to One-twentieth 
Of full Speed. When the brushes are at the bot 
tom of the potentiometers. Thus even without 
any adjustment of the rates the motors MO2, 
MO3, MO4 follow up on the adjustments made 
by the hand wheels. 

If One of the director Operators finds that fre 
quent operation of the hand wheel is required 
to follow the target this is an indication that 
the rates should be adjusted. The trainer is 
furnished with a bearing rate BR, key &06, Fig. 
18, and the pointer is furnished with an eleva 
tion rate ER, key f807. The present computer 
is designed to work with either a radar or an 
optical range finder, thus the ranger is furnished 
with a double-pole double-throw range selector 
RS, Switch 805, which is operated to select 
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either the optical range mark key 808 or the 
radar range rate key 809. 
When operating without rate correction, the 

bearing rate correction circuit is grounded 
through resistor 309, Fig. 30, and the break 
Springs of relay RY; the elevation rate COr 
rection circuit is grounded through resistor 302 
and the break springs of relay RY2; and the 
range rate correction circuit is grounded through 
resistors 303f, 3033, and the break springs of 
relay RY3. 

For full automatic operation against aircraft, 
with radar ranging and optical training and ele 
vation the main control switch MC, Fig. 18, is 
on the fourth contact, the rate control switch RC 
is on the first contact, the radar optical Switch 
RO is on the second contact, the aircraft surface 
switch AS is on the first contact, and the range 
Selector Switch 85 is in the lower position. 
When the bearing rate key 806 is operated, 

a circuit is completed from the ship's power sup 
ply through director slew key 80, bearing rate 
key f806, rate control switch RC6, winding of 
relay RY, Switches RCO, MC8, to power sup 
ply, operating relay RY. 
When the elevation rate key 387 is operated, 

a circuit is completed from the power supply, 
key 80, key 807, switch RC5, winding of relay 
RY2, switch AS6, elevation key 1817, switches 
RCO, MC8, to power supply, operating relay RY2. 
When the radar range rate key 809 is oper 

ated, a circuit is completed from power supply, 
switches 8C5, 809, winding of relay RY2, 
switches RC 9, MC8, to power supply, operating 
relay RY2. 
The operation of relay RY2 completes a cir 

cuit from the power supply, switch MC9, upper 
make springs of relay RY2, switches RO2, RC2, 
lower break springs relay RY28, winding of re 
lay RY3, limit switch LSf f3, range key 822, 
Switches RCfO, MC8, to power supply operating 
relay RY3. 
The Operation of relay RY completes a circuit 

from power supply, switches MC9, RC3, lower 
make Springs of relay RY, signal lamp 825 
and resistor 826 in parallel, resistor 827, 
SWitches RCIO, MC8, to power supply, lighting 
the signal lamp f 825, Figs. 11 and 18, to notify 
the computer and plotting personnel that correc 
tions are being made in the bearing rate. 
The operation of relay RY2 completes a circuit 

from power supply, switches MC9, RCA, lower 
make springs of relay RY2, signal lamp 830 
and resistor 83 in parallel, resistor 832, 
Switches RCG, MC8, to power supply, lighting 
the elevation rate correction signal lamp 1830, 
Figs. 11 and 18. 
A circuit is completed from power supply, 

switch MC9, signal lamp f 835, resistor 836, 
SWitches RCO, MC8, to power Supply. The signal 
lamp 835 is shunted by the upper break springs 
of relay RY2 . The operation of relay RY2 
Opens this shunt path, lighting the range rate 
correction signal lamp 835, Figs. 11 and 18. The 
shafts of motors MO6, MOT, MO8, Fig. 29, have 
initial displacements, Ctl, Sh1, dH, either due 
to some previous use of the computer or by use 
of the Ct, Sh, and dh Switches to set in the esti 
mated values of Ct, Sh, dH. By appropriate co 
ordinate transformations these initial displace 
ments of the shafts of motors MO6, MOT, MO8, 
produce corresponding displacements dR1, dE1, 
dB1, of the shafts of motors MO26, MO27, MO28, 
Fig. 31, and of the brushes of potentiometers 
PT56, PT57, PT58, Fig. 28, The positions of the 
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brushes of these potentiometers cause the speeds 
of motors MO30, MO32, MO34, and shafts 437, 
606, 50, to be proportional to dR1, dE1, dB1. 

Shafts f437, 606, 5 (0 produce displacements 
of the rings of the coarse ring dials 430, 403, 
530, Fig. 30, proportional to the increments of 
displacement AcR, AcE, AcB. The receiver SY5 
and shafts 604, 72, produce displacements of 
the brushes of the Coarse ring dials proportional 
to R, E, B. If there is a positional disagreement 
between the rings and brush of a dial, due to 
inequality between the generated and observed 
displacements, the appropriate motor MO3, MO4 
or MO2 rotates adding a displacement jR, iF or 
iB to the increments of generated displacement 
ACR, ACE Or ACB. 
When the generated displacements cF, cE, CB 

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 between the 
partial rings, and the motors MO3, MO4, MO2 
are no longer under the control of the coarse 
dials. 

Even though the generated displacements cFR, 
cE, cB are substantially equal to the observed 
displacements, the rates dR, dE, dB based on 
the existing or estimated values of Ct, Sh, dH. 
may not be equal to the rates R., E, B, from the 
observations and this inequality will produce a 
positional disagreement between the roller con 
tactor and rings of One or more of the fine ring 
dials. The currents 6dr, 3dE, 6dB from the ring 
dials, after appropriate coordinate transforma 
tions, are supplied to the motors MO6, MOT, 
MO8, Fig. 29, to change the initial displacements 
of the shafts of these motors, thus changing the 
displacements of the shafts of motors MO26, 
MO2, MO28, Fig. 31, and the values of dR, 
dE, dB. 
In order to simplify the explanation of the 

type of regenerative tracking embodied in the 
present computer, assume that the target is 
moving with unaccelerated speed along the line 
of sight, so that the angular rates dE, dB are zero, 
and the range rate dR is constant. The coor 
dinate transformations from Ct, Sh, dH to dR 
also may be ignored by considering dR to be con 
trolled by the ring dials. 
The transmitter SY26, Fig. 28, rotates one 

gear of the differential gear in the range-finder 
drive at the rate dR. The other gear of the 
differential gear adjusts the range finder at the 
rate R, which, when dR is correct, will equal St, 
the target velocity in the line of sight. If dR 
is not correct in order to keep the range finder On 
target, the hand wheel is operated, producing 
through the differential gear, a displacement 
8R of the range finder which is transmitted to 
the ring dial by the receiver SY6, Fig. 30. This 
change in displacement causes a corrective cur 
rent to produce a change 6dR, in the rate dR and 
a change. 6cR in the displacement cR to match 
the change 6R. 
An approximate or estimated rate dR1 is 

initially set in the computer and as the solution 
proceeds the rate correction 6dR 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 to 

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 
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of the range finder is required in the rate cir 
cuit. 
In aided tracking the rate correction should 

be proportional to the change in displacement, 
that is 

SdRackSCR (4:3) 

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 (44) 

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 dif 
ference of the velocities of the shafts. 

t . 8 acR= (R-CR)dt (45) 
Thus, 

t. 
dRs dR -- J. (R-CR)d (46) 

Differentiating, 

di-k(i-cR) (47) 
But for continuous tracking the director Oper 
ator manipulates his hand wheel to make 

R=St and cr=dR 
thus 

iR-ic(st-dr) (48) 
Solving, 

dR-d.R.1-- (St-d.R1) (1-e-ki) (49) 
where e-2.71828 . . . . 
The generated rate dR is equal to the initial 

rate dR1 at time t-O, and ultimately becomes 
equal to the target rate St. The approach to 
the correct solution is exponential and the time 
required to reach a solution depends upon the 
constant k and the difference between the ini 
tial rate dR1 and the target speed St. 

Let 

T= 
then Equation 47 may be written 

T.dr.--d-st (50) 
By analogy to an electric circuit consisting of 

a resistor and inductor in Series, and the Opera 
tional solution for Such a circuit, Equation 49 
may be written 

aR(t)= e TS:(t-t') dr (51) 
In Equation 51 the Weighting function is 

16 

thus the data are weighted exponentially, the 
greatest weight being given to present data, and 
progreSSively leSS weight to past data. 

Since St(t) may be any function of time, it 
may be considered as made up of three compo 
nents, the initial Setting dr1; a correction 
(St-d.R1) applied at time t-0; and a variation 
A sin wt commencing at t=0 corresponding to a 
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68 
sinusoidal error in tracking, of amplitude A and 
angular velocity 20t. 

-1. aRo-dri-cis-dri(- f). 
A sin wit AwTe 
V1-2T2 1+w?T 

At the start of the tracking, the tracking error 

(52) 

0 in displacement is usually small compared with 
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the error in the rate dR. It is therefore de 
sirable to have the time constant T as Small as 
practicable to give rapid convergence to the true 
rate. When sufficient time has elapsed SO that 
the exponential terms in Equation 52 are negli 
gible, then 

A sin wi 
V1--up.T2 

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 track 
ing errors as expressed by the term 

A sin wt. 
V1-2T2 

In a typical embodiment of Fig. 25, resistors 
2343, 2346 were about 2500 ohms, resistor 2344 
about 30,000 ohms, resistor 234 about 27,000 
Ohms, resistor 23.48 about 60,000 ohms, resistor 
2349 about 350,000 ohms, resistor 2350 about 
10,000 ohms and resistor 235 about 10,000 ohms. 
When the coarse dials are out of balance, full 

Operating voltages are developed across resistors 
3040, 304, 3042, Fig. 30 and the iR, E, iB mo 
tors MO3, MO4, MO2, turn at full speeds. As the 
brushes of the fine dials make several rotations 
for partial rotations of the coarse dials, any ad 
justments of the rate circuits in this interval are 
ineffective. 
When a coarse dial is in balance but a fine 

dial is out of balance, a fairly large voltage will 
be Supplied to the rate correction circuit through 
resistor 235, Fig. 25. The sensitivity of the rate 
correction circuits, that is, the speed of the Ct, 
Sh, dH motors, will depend upon the attenuation 
in the circuit, such as provided by resistor 235 
and any Subsequent amplification. 
When the coarse dial is in balance but the fine 

dial is out of balance, voltage is applied through 
the networks formed by resistors 2348, 2349, 2350, 
to the Windings of potentiometers PTT or PTT2. 
Owing to the large attenuations in these net 
Works, the iR, E, dB motors will rotate at slow 
Speeds. The Speeds of these motors are further 
controlled by the settings of the brushes of the 
potentiometers. The sensitivities of these mo 
tors, that is, the Speed for a given applied voltage 
depends upon the attenuations in the networks, 
the Settings of the potentiometer brushes, and 
any other attenuations or amplifications in the 
circuits. 
The rate correction circuits are adjusted only 

during the period that the fine dials are out of 
balance. The motors iR, iE, iB eventually re 
store the fine dials to balance, thus, the lengths 
of time during which the rate correction circuits 
are being adjusted and the extents of such ad 
justments depend upon the speeds of the iR, iF, 
B notorS. 
Let the motors MO6, MO, MO8, Fig. 29, have 

initial Settings Ct1, Sh1, dH1, which, during the 
period of adjustment, take intermediate values 
Ci, Sh, dH, and eventually reach the correct 

dE(t) = St.-- (53) 



2,658,680 
69 

Values Ct, Sh, dH. During the adjustment period, 
the outputs of differentials DF28, DF29, DF30, 
Fig. 28, will have intermediate values of rates of 
rotation of dR, dE, dB, which eventually reach 
the correct values dR, dE, dB. 
The displacements of motors MO3, MO4, MO2, 

Fig. 30, Will then be 
t a jR= (dR-dR)dt, jE= (dE-dE)dt 
O O O 

tha jB= (dB-dB)dt 
Differentiating with respect to time iR-dR-dR, 
iE=dE-dE, iB=dB-dB. From Equations 2, 3, 
4, 5, 6, 

dR = dRh cos EdH sin E 

dE= (dH cos E-dRh sin E 20 

dB = Sh sin A- So sin Br 
2 

dRh = - Sh cos A- So cos Br 5 

A = Br--Co-1-180-Ct 

dRdRh cos E--dHsin E 30 
- 1 a res . 
dE= (d cos E-dRh sin E 

dB = Sh sin A+ So sin Br) 35 
dRh=-Sh cos A-Socos Br 

A=Br--Co-1-180-Ct 
Thus, 40 

jR= (dPh-dRh) cos E+ (dH-dH) sin E (54) 
jE=(dh-dH) cos E- (dRh-dRh) sin E 

(55) 
45 

jB-, Rh sin Al-Sh sin A (56) 
Let the corrections made to Ct1, Sh1, dH1 be 

ict, iSh, idH, so that Ci = Ct1 + iCt; 
Sh=Sh1--iSh, dH-dH1--idH. 
Differentiating, 

. 55 
ct=ict (57) 
Si=ish (58) 
dhi-idih (59) 

From Equations 2 to 9 it may be shown that 60 

jCl=(-(rjR cos E 
Sh, h DO 

ejEcR sin E) sin A-biBcR cos 4 cos Ec 
(60) 65 

jSh=(-(rjR cos E 
eiEcR sin E) cos A+ biB sin AcR cos Els (61) 

idH =rj R sin E--eiEclicos Eh (62) 70 
where 
r=Sensitivity of iR integrator 
e-Sensitivity of iE integrator 
b=Sensitivity of iB integrator 5 

70 
c=sensitivity of iCt integrator 
sesensitivity of jSh integrator 
h=sensitivity of idE integrator 

Let r=e=back and Substituting 

id=ko. sin (A-A) (63) 

iSh=ks(Sh cos (A-A) - Si (64) 
idH=ich (dH-dhi) (65) 

Substituting Equations 57, 58, 59 into Equations 
63, 64, 65 and simplifying, 

?i+kes sin (C-C)=0 (66) 
Sh 

Si+ksSi-kosh cos (C-C) =0 (67) 
dil--thdH-khdH=0 (68) 

From Equations 66, 67, 68, letting ks=kc=d, 

co-w sin (Ct it. (69) COS (Col-C)+SIIS, 

Sh Sil sin (Ctl-Ct) sin (C-C)e-at 
Sh, Sh 

COS (C1-Co-1-. COS (C1-Co 
(70) 

2E=1- 19H1 era t (71) 
d dH 

The time constant 

l 

is controlled by the settings of the brushes of the 
aS potentiometer PTT, Fig. 30, and the rS. po 
tentiometer PT 2. Potentiometer PT may be 
adjusted by knob O2, Figs. 11, 12, 14, and the 
setting is indicated on dial 03; Figs. 11 and 14. 
Potentiometer PT2 may be adjusted by knob 
f04, Figs. 11, 12, 15, and the setting is indicated 
On dial O5, FigS. 11, 15. 
The computer will automatically solve for the 

correct target rates for any target angle which is 
within c180 degrees of the correct value. 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 ap 
proximately true value of the target angle. 

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

If the target course angle Ct is initially incor 
rect, it will affect the speed of solution for target 
speed Sh, even when Sh is initially set at the true 
value. If Ct is initially set at the correct value, 
the values of Sh approach the value Sh expo 
nentially. 
The Values of dEI approach the value dH ex 

ponentially and independently of the values of 
Ct and Sh. 
The Solution times might be excessive except 

for the controls of the time constants supplied 
by the sensitivity potentiometers PTT, PTT2, 

..Fig. 30. These controls may be manipulated to 
reduce the time. Constants during the initial 
stages of the Solutions So as to reduce the solution 
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time, then to increase the time constants during 
the later stages of the solution to increase the 
Snoothing of the Solution in the increased Sup 
pression of unwanted perturbations that may be 
Superposed on the wanted observed data. 
When a Solution has been reached the motors 

MO30, MO3, Fig. 14, rotate shaft 437 at the 
speed dR to produce the increment of displace 
ment AcR, which is transmitted by transmitter 
SY26 to drive the range finder; the motor MO3 
produces a displacement iR, which is added in 
differential gear DF0 to the displacement of Shaft 
437 to produce a displacement cF, of shaft 405 
which is geared to the brushes of the cFR, poten 
tionetter PT. 
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 729 to 
produce a displacement AcEb which is transmitted 
by the transmitters SY2T, SY28 to the director; 
the receivers SY, SY2 are controlled by the di 
rector to produce a displacement from motor 
MO8 proportional to Eb which is combined in 
differential gear DF with the displacement L of 
shaft 623 to produce a displacement E of shaft 
624 and, through gears 40, 404, Fig. 14, cor 

responding displacements of the brushes of po 
tentiometer PT6, PT62. 
The motors MO34, MO35, Fig. 15, rotate shaft 
50 at a Speed dB to produce a displacement 

ACB, which is combined in differential gear DF5 
with the displacement Co of shaft 502 to produce 
a displacement AcBr of shaft 508, which is, in 
turn, combined in differential gear DF4, Fig. 17, 
with the displacement iB'r of shaft 2 to pro 
duce a displacement AcB'r of shaft T3 Which is 
transmitted by transmitters SY29, SY30 to the 
director. The receivers SY3, SY4 are controlled 
by the director to produce a displacement B'r 
of Shaft 708, which is combined in differential 
gear DF2 with the displacement B'r of shaft 

2 to produce a displacement of shaft 74, and 
the brushes of potentiometer PT4, proportional 
to Br. 

Predictor 

The secondary winding of transformer 3606, 
Fig. 36, is connected by connection 36 through 
resistor 365, and card 604 to ground; the junc 
tion of resistor 36 f5 and card 604, PT6 , is con 
nected through resistor 366 by connection 363 
through the upper springs of relay RY29 to 
ground or source f930. The winding of card 604 
produces a cosinusoidal variation of the applied 
voltage at the associated brush which is con 
nected to ground through resistors 36f 7, 36f 8. 
The brush associated with card 604 is thus at a 
voltage proportional to cF cos E, that is, to the 
horizontal range, Rh. The junction of resistors 
367, 368 is connected through resistor 3622 to 
the input circuit of line amplifier LA 9. 
AS explained below in connection with the basic 

ballistic circuit, the connections 330i, 3302 have 
Voltages proportional to Tf, the time of flight, 
and are respectively connected through break 
Springs of RY9, resistors 3633, 3634 and resistors 
3635, 3636, and through resistors 3630, 3629 and 
resistors 363, 3632 to ground. The junctions of 
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resistors 3629, 3630 and of resistors 3635, 3636 are 70 
connected to the ends of the windings of card 403, 
potentiometer PT4. The junctions of resistors 
363d, 3632, and of resistors 3633, 3634 are con 
nected to the ends of the windings of card 404, 
PT4. The windings of cards 403, 404 produce s 

72 
sinusoidal variations in brush voltage, and are 
grounded at the points where the function paSSeS 
through Zero. The brush 3638, of potentiometer 
PT4 is thus at a voltage proportional to 
-Tif cos Br and is connected to ground through 
resistor 3639 and the winding of card 603, poten 
tionetter PT6. 
The winding of card 603 produces a linear Wari 

ation of the applied Voltage at its aSSOciated brush 
which is connected through resistor 3624 to the 
input circuit of amplifier LA 9.. 
The connections 330, 3302 are respectively 

Connected through the break Springs of relay 
RY9, resistors 3642, 3643 and resistors 3640, 364t 
to the ends of the windings of cards 306, 307 
of potentiometer PT3. The windings of cards 
30, 308 produce sinusoidal variations of brush 

voltage, and are grounded at the points. Where 
the functions pass through Zero. The brush 36.45 
is thus at a voltage proportional to -Tif coS A 
and is connected to ground through resistor 364, 
and the winding of card 705, potentiometer PT. 
The winding of card 705 produces a linear varia 
tion of voltage at the brush which is connected 
through resistor 3623 to the input circuit of am 
plifier LA 9. 
AS will be explained later in connection with 

Fig. 32, the connections 320, 3203 together have 
voltages proportional to Yf--Yu-Yi and are re 
Spectively connected through resistors 3620, 362 
to the input circuit of amplifier LA 9. The out 
put transformer of amplifier LA 9 has two 
grounded secondary windings one winding being 
shunted by resistor 3626, and the other winding 
being shunted by resistors 3627, 3628 in serial 
relationship. The junction of resistors 3627, 3628 
is connected through resistor 369 to the input 
circuit of amplifier LA 9. Thus in accordance 
with Equation 14 the output voltage of amplifier 
LA 9 will be proportional to the Y coordinate of 
the virtual position. 

Brush 3637, of potentiometer PT4, is at a volt 
age proportional to Tf sin Br and is connected 
to ground through resistor 3648 and the winding 
of card 604, potentiometer PT6. The winding of 
card 604 produces a linear variation of the ap 
plied Voltage at its associated brush which is con 
nected through resistor 3653 to the input circuit 
of line amplifier LA20. 

Brush. 3644, of potentiometer PT3 is at a volt 
age proportional to Tf sin A and is connected 
to ground through resistor 3646 and the winding 
of card 704, potentiometer PTT. The winding of 
card 704 produces a linear variation in its brush 
Voltage proportional to Sh, and the brush is con 
nected through resistor 3652 to the input circuit 
of amplifier LA20. 
AS Will be explained later in connection. With 

Fig. 32 the connections 3202, 3204 together have 
voltages proportional to Xf--Xu)--Xi and are re 
spectively connected through resistors 3650, 365 
to the input circuit of amplifier LA20. 
The output transformer 3654 of amplifier LA2O 

has two grounded Secondary windings. One 
Winding is shunted by resistor 3655 and the other 
winding is shunted by resistors 3656, 3657. The 
junction of resistors 3656, 3657 is connected 
through resistor 3649 to the input circuit of am 
plifier LA20. Thus in accordance with Equation 
15 the voltage of transformer 3654 will be pro 
portional to the X coordinate of the virtual 
position. 

Connections 330f, 3302 are respectively con 
nected through the break springs of relay RY9 
and resistors 3658, 3659 through the sections of 
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the windings of card 604, potentiometer PT6 
to ground. The winding of card 604 produces 
a linear variation of voltage at its associated 
brush proportional to TfdH which is connected 
through resistor 3664 to the input circuit of am 
plifier LA32. 
The source 930 is connected through the first 

or second contact of the aircraft surface Switch 
AS4, and resistors 3669, 3672 to ground. The 
junction of resistors 3669, 3672 is connected 
through resistor 367 and the first or Second Con 
tact of switch AS, to ground and through re 
sistor 3662 to the input circuit of amplifier LA32. 
The resistances of resistors 3669, 367, 3672 are 
selected so that the voltage Supplied to the input 
circuit of amplifier LA32 for switch AS in the 
first or Second positions is proportional to Hip, 
the vertical height of the director above the mean 
gun plane, to correct the vertical components of 
advance and virtual positions for the effect of 
the vertical parallax when elevations are meas 
ured at the director as is the case for example in 
fire at aircraft targets. 
As will be explained later in connection. With 

Fig. 32, the connections 3205, 3206 together have 
voltages proportional to Hu)--Hi and are respec 
tively connected through resistors 366 , 3663 to 
the input circuit of amplifier LA32. 
The output transformer 3665 of amplifier LA32 

has two grounded secondary windings and One 
winding is shunted by resistors 3666, 366 in serial 
relationship. The junction of resistors 3666, 
3567 is connected through resistor 3660 to the 
input circuit of amplifier LA32. Thus, in ac 
cordance with Equation 16 the voltage of trans 
former 3565 Will be proportional to kH. 
The secondary winding of transformer 3665 is 

connected through resistor 363 to the input cir 
cuit of the meter amplifier LA36, and through 
resistor 3685 to the input circuit of line amplifier 
LA2i. 
The secondary winding of transformer 3696 is 

connected by connection 352 through resistor 
365, and card 605, PTS to ground; the junction 
of resistor 3676 and card 65 is connected 
through resistor 365 by connection 364 and the 
lower springs of relay RY29 to ground or source 
93, and connection 36 is connected through 

resistor 3678, and card 605 to ground; the junc 
tion of resistor 3678 and card 605 is connected 
through resistor 367 by connection 363 and 
the upper springs of relay RY29 to ground or 
source 930. The winding of card 6 95 pro 
duces from the applied voltage a sinusoidal vari 
ation of this voltage at its brush and is grounded 
at the point where the function passes through 
Zero. The brush aSSociated with card 605 is 
thus at a voltage proportional to CR sin E, that 
is, to H, and is connected through resistor 364 
to the input circuit of meter amplifier LA36, and 
also through resistor 3686 to the input circuit 
of line amplifier LA2. The output circuit of 
meter amplifier LA36 is connected to a meter 

37. Preferably, the output stage of meter am 
plifier LA36 is in push-pull, and the meter has 
a center Zero, SO as to indicate positive and nega 
tive values. Thus, in accordance with Equation 
18, the meter 07, Figs. 11, 12, 36, will indicate 
the future height, H2. 
As explained later in connection with Fig. 33, 

the connection 3303 has a voltage proportional 
to Him, the connections 3304, 3305, 3306, 330 to 
gether have a voltage proportional to Hfo, and 
these connections are respectively connected 
through resistors 3684, 3683, 3682, 368, 3680 to 
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74. 
the input circuit of line amplifier LA2. The 
output transformer 3687 of amplifier LA2 has 
two grounded secondary windings, One Winding 
being shunted by resistor 3688 and the other 
winding being shunted by resistors 3689, 3699, in 
Serial relationship. The junction of resistOrS 
3689, 3690 is connected through resistor 3679 to 
the input circuit of amplifier LA2. Thus, in 
accordance with Equation 17, the voltage of 
transformer 368 will be proportional to W, the 
Vertical coordinate of the Virtual position. 
The Windings of transformer 3625 are respec 

tively connected through resistors 370, 3702, 
Fig. 37, to the ends of the windings of card 6602, 
potentiometer PT66. The winding of card 6602 
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 6602 is connected 
through resistor 37 to the input circuit of motor 
amplifier MA 3. 
One winding of transformer 3654, Fig. 36, is 

connected through resistor 3706, Fig. 37, to the 
mid-point of the Winding of card 660 f, poten 
tioneter PT66. The winding of card 660 modi 
fies the applied voltage to produce a cosinusoidal 
Variation of brush voltage, and the ends of the 
Winding are grounded. The brush associated 
With card 660 is connected through resistor 372 
to the input circuit of motor amplifier MA 3. 
The output circuit of motor amplifier MA3 is 
connected to one winding of the two-phase motor 
MO3. 
The Sources 900, 9) are connected through 

the phase shifting network 903 to the input cir 
cuit of the power amplifier 92, Fig. 19. The 
output circuit of amplifier 9 2 is connected 
through SWitch 1913, in its lower position, the 
main control switch MC3, in its fourth position, 
to the other winding of motor MO3. 
From Equation 19 the voltages supplied to the 

input circuit of amplifier MA i3, Fig. 37, should 
equal Zero. If the sum of these voltages is not 
equal to Zero, motor MO3 will move the brushes 
aSSociated with cards 666 , 6602 until the sum 
of these voltages has been reduced to zero, at 
Which point the brushes have been displaced to 
a position proportionate to Dh, the horizontal 
deflection. 

Motor MO3, Fig. 15, is connected by gearing 
54 to the brushes of potentiometers PT65 and 
PT6 and is connected by shaft 5.5 to the dif 
ferential gear DF:8. Shaft 72i, having a posi 
tion proportional to Br, is connected by Shafts 
509 and 516 to another gear of the differential 

gear DF8. The third gear of differential gear. 
DF8 is geared to the brushes of potentiometer 
FT26, which will thus be displaced to a position 
proportional to the advance relative target bear 
ing Bgr (Bgr=Br--Dh). 
One Winding of transformer 3625, Fig. 36, is 

connected through resistor 3703, Fig. 37, to the 
mid-point of the winding of card 6505, poten 
tiometer PT65. Card 6505 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 6505 is thus at a voltage proportional to 
Ycos Dh. Which is connected through the resistor 
3708 to the input circuit of line amplifier LA24. 
The windings of transformer 3654, Fig. 36, are 

respectively connected through resistors 3704, 
3705, Fig. 37, to the ends of the Winding of card 
6506, potentiometer PT65. The Winding of card. 
6506 modifies the applied voltage to produce a, 
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Siriusoidal variation of brush voltage and is 
grounded at the point where the function is Zero. 
The brush associated with card 6506 is thus at 
a voltage proportional to X sin Dh which is con 
aected through resistor 3709 to the input circuit 
of line amplifier LA24. Thus in accordance with 
Equation 20, the voltages supplied to the input 
circuit of line amplifier LA24 are proportional 
to Rh2, the advance horizontal range. 
The brush associated with card 604, Fig. 36, 

is at a voltage proportional to cFR cos E, that is to 
Rh, and is connected by connection 37 3 through 
resistor 370, Fig. 37, to the input circuit of line 
amplifier LA24. The voltages supplied to ampli 
fier LA24 will thus be proportional to (Rh2-Rh). 
The output transformer 374 of amplifier LA24 
has two grounded secondary windings, one 
shunted by resistor 375, and the other shunted 
by resistors 376, 377 connected in serial rela 
tionship. The junction of resistors 376, 377 
is connected through resistor 37 OT to the input 
circuit of amplifier LA24. Connection 36 is 
Connected through resistors 372, 3720 to connec 
tion 363 and connection 362 is connected 
through resistors 379, 378 to connection 364. 
The junctions of resistors 378, 379 and of re 
sistors 3720, 372 are respectively connected to 
the ends Of the winding of card 5205, potentiom 
eter PT52. The winding of card 5205 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 5205 is thus at a Woltage proportional 
to -cR sinkE, and is connected through resistor 
3729 to the input circuit of motor amplifier MA6. 
One Winding of transformer 34 is connected 

through resistors 3725, 3726 to ground. The junc 
tion of resistors 3725, 326 is connected through 
the winding of card 280, PT28 to ground. The 
winding of card 280 modifies the applied voltage 
to produce a sinusoidal variation of brush volt 
age. The brush associated with card 28 O is 
thus at a voltage proportional to - (Rh2-Rh) 
sin E2, which is connected through resistor 373 
to the input circuit of amplifier MA6. 
One winding of output transformer 3665, Fig. 

36, is connected by connection 3732 through re 
sistor 3724, the winding of card 284, Fig. 37, and 
resistor 3723 to ground. The brush aSSOciated 
With card 284 is at a voltage proportional to kH 
cos E2, which is connected through resistor 330 
to the input circuit of amplifier MA6. The out 
put circuit of amplifier MA 6 is connected to one 
winding of the two-phase motor MO6. 
The output circuit of amplifier 92, Fig. 19, 

is connected through the lower contacts of SWitch 
93, the fourth contact of switch MC3 to the 
other winding of motor MO6. 
The voltages supplied to the input circuit of 

amplifier MA 6, Fig. 37, are proportional to 
-cR sin cF- (Rh2-Rh) sin E2--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 MA6 
will cause motor MO6 to move the brushes of 
potentiometers PT28 and PT52 until the sum of 
the voltages has been reduced to Zero, at which 
point the brushes of potentiometer PT52 have 
been displaced to the value of kE. 
Motor MOf 6, Fig. 16, is connected by gearing 

62 to shaft 628, and through gearing 629 to 
the brushes of potentiometer PT52. Shaft 628 
is geared to one gear of differential gear DF32, 
and shaft 624 at a position proportional to E is 
also geared to one gear of differential gear DF32. 
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Shaft 625 is connected to the third gear of dif 
ferential gear. DF32 and is geared to the brushes 
of potentiometer PT28, rotating these brushes 
to a position proportional to E2=E--kE. 

Basic ballistics 

The cFR line amplifiers in the present computer 
have a maximum linear variation of output volt 
age proportional to about 14,000 yards, while 
the weapons controlled by the computer have a 
maximum range of 18,000 yards. Thus, the cir 
Cuit must be Switched, as explained below, to 
accurately compute for ranges between 14,000 
and 18,000 yards. 

Equations 5 to 13 are rigorously correct up to 
a maximum range of some 22,500 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 cir, terms. The re 
Sulting equations, while not linear, will produce 
accurate adjustments of the rates up to 36,000 
yards, though the time constant will vary with 
range. 
The shaft 405, Fig. i4, rotating proportionally 

to cF, is threaded and engages a cam nut 406, 
displacing the nut proportionally to cFR. The nut 
has a lever which, at about 13,500 yards, operates 
a Small Single-pole Snap SWitch, limit Switch 
LS f, then at about 22,500 yards operates a sec 
ond single-pole snap Switch, limit switch LS2, 
and at about 36,000 yards operates a third single 
pole Snap Switch LS 3. 
The cFR potentiometer PTT has a scale factor 

of 25,000 yards per revolution. Card 703, Fig. 
36, is shaped to extend over about 23,000 yards, 
the space between the ends of the card being 
filled by an insulating spacer. The winding of 
card 703 is tapped at 14,000 yards, which, for 
the Scale factor used, is equivalent to an output 
voltage of the cFR amplifier LA36, of 25 volts. Two 
brushes, 36O4, 369, are associated with card 703; 
brush 369, being displaced an angular distance 
equivalent to about 13,000 yards ahead of brush 
3604. 

In Fig. 18 the two sides of the ship's power 
Supply are connected to the blades of Switches 
MC8, MC9, two sections of the main control MC 
Switch. The third and fourth contacts of Switch 
MC8 are connected through the windings of 
relaySRY 5, RY29 and switch LS to the Sec 
Ond, third and fourth contacts of switch MC9; 
and through the winding of relay RY6 and 
Switch LS 2 to the same contacts. When the 
computer is on, the main control MC switch is 
On the fourth contact, thus, the operation of 
Switch LS will operate relays RYS, RY29, and 
the operation of Switch LS 2 will operate relay 
RY6. 
The ship's power is also connected through the 

lever and contacts of Switch MC8, the lever and 
contacts RCO of the rate control RC Switch, 
contacts of Switch 822 controlled by range knob 
R, switch LSI 13, winding of relay RY25, contact 
and ever of rate control Switch RC, lever and 
contact of radar-Optical switch RO3, and con 
tacts and lever of switch MC9 to the ship's power. 
For automatic operation switches RC and RCO 
are on the first contact. For radar ranging, 
Switch RO3 is on the first Or second contact. 
Thus, relay RY25 is held operated by switch 
Sf 3. 
For ranges up to about 13,500 yards, brush 

3604, Fig. 36, is connected through the break 
springs of relay RY5 and resistor 3605 to the 
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input circuit of amplifier LA36, and the output 
voltage of the amplifier rises from zero to about 
24 volts. When brush 3604 reaches 13,000 yards, 
brush 369 will pass the grounded zero. At about 
13,500 yards the limit switch operates relay RY5, 
disconnecting brush 3604, and connecting brush 
369, through the make springs of relay RY5 
and resistor 3605 to the input circuit of amplifier 
LA36. The output voltage of amplifier LA36 
drops nearly to zero, then rises with the motion 
of brush 369 for about 14,000 yards or 25 volts, 
when brush 369 passes the tap in the winding of 
card 703, and the voltage remains steady at this 
value for about 9,000 yards. 
The connections 36, 362, from the output 

transformer 3606, of amplifier LA36, are con 
nected to the various loads, such as card 605, of 
PT6, through resistors, such as resistors 3678, 
3676. The connections 363, 3614, from the 
springs of relay RY29 are also connected to the 
various loads, as by resistors 3677, 3675. Relays 
RY 5 and RY29 are operated together, at about 
13,500 yards, by the limit switch. The operation 
of relay RY29 connects connection 363 to the 
Source 930 and connection 364 to a source 93. 
of equal voltage and opposite polarity. The re 
Sistances of the various resistors and loads are so 
proportioned that the sources 930, 93 supply 
constant voltages, to the proper Scale factors, 
equal to the voltages which, just prior to the : 
switching, were supplied by connections 36, 
362, and to these constant voltages, Will be 
added any increases in the voltages from connec 
tions 36, 362. 
Thus, for ranges up to about 13,500 yards, 

brush 36.04 supplies to amplifier LA36 a voltage 
proportional to cFR; after the operation of relay 
RY 5, for ranges from 13,500 to 27,000 yards, 
brush 369 Supplies to amplifier LA36 a voltage 
proportional to cFR-13,000, while the simultane 
ous operation of relay RY29 supplies directly to 
the loads a voltage proportional to --13,000 
yards; for ranges from 27,000 to 36,000 yards, 
brush 369 is on the short circuited portion of the 
winding of card 703 and the voltages supplied 
to the loads are constant at the value propor 
tional to 27,000 yards. 
One Winding of output transformer 3606 is 

connected by connection 3737 through resistor 
3750, Fig. 37, to the input circuit of motor ampli 
fier MAO. 
When relay RY29, Fig. 36, is operated, the 

source 930 is connected by connection 363 and 
resistors 3738, 3.39, Fig. 37, to ground. The junc 
tion of resistors 3738, 37.39 is connected through 
resistor 346 to the input circuit of amplifier 
MA. O. Connection 362 is connected to ground 
through resistors 3740, 3742 and connection 364 
is connected through resistor 374 to the junction 
of resistors 3740, 3742 to maintain constant the 
loads on the Secondary windings of transformer 
3606, Fig. 36, when relay RY29 operates. 
When the range potentiometer PTT is driven 

to a range of 36,000 yards, the cam nut operates 
limit Switch LS3, Fig. 18, thus releasing relay 
RY25. As shown in Fig. 19, the release of relay 
RY25 disconnects the exciting winding of motor 
MO3 and substitutes resistor 1920 as a dummy 
load for amplifier 90. The cam nut 406 blocks 
the shaft 405, Fig. 14, thus preventing the 
brushes of potentiometer PTT from moving. 
The motion of shaft 437 is then transmitted 
through differential gear DFO and gearing 435 
and rotates the rotor of motor MO3. 
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The voltages supplied to resistors 3746, 3750, 

Fig. 37, will together be proportional to cFR. 
The winding of transformer 37 4 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 variation 
of resistance Such that the voltage appearing at 
the brush is the applied Voltage modified accord 
ing to a cosinusoidal function. The brush aSSO- . 
ciated with card 2809 Selects a voltage propor 
tional to (Rh2-Rh) cos E2, and is connected 
through the break springs of relay RY and 
resistor 3749 to the input circuit of amplifier 
MA. O. 
Connections 362, 364 are respectively con 

nected through resistors 375, 3752 to both ends 
of the winding of card 5207 of potentiometer 
PT52. The winding of card 5207 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 asso 
ciated with card 5297 Selects a voltage propor 
tional to -cR vers kE and is connected through 
the break Springs of relay RYO and resistor 3747 
to the input circuit of amplifier MAO. 
Connection 3732 is connected to ground 

through resistor 3722 and the winding of card 
28f3, potentiometer PT28. The winding of card 
283 has a variation of resistance which produces 
On its brush a sinusoidal modification of the ap 
plied voltage. The brush associated with card 
28f3 selects a voltage proportional to kH sin E2 
and is connected through the break springs of 
relay RYO and resistor 3748 to the input circuit 
Of amplifier MA 0. 
Thus, by Equation 22 the voltages supplied to 

resistors 3141, 3748, 3749 are together propor 
tional to cr. 
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 SYT. The control winding of the receiver 
SY is connected through the right-hand break 
Springs of the ballistic correction, BC, switch 
3753 to the input of the follow-up amplifier 
MA2F, of the type shown in Fig. 22. The output 
circuit of amplifier MA2 f is connected to one 
Winding of the two-phase follow-up motor MO2. 

Power is Supplied from the ship's power 
through Switch MC14, Fig. 20, contacts associated 
With the range spot knob Ri and transformer 
TR3 to the other winding of motor MO2. 

Receiver SYT, Fig. 14, drives the range spot 
Rd dial 409, Figs. 11, 13, 14, is geared by gearing 
439 to motor MO2, and by gearing 440 to the 
brushes of the range spot potentiometer PT 9. 
The Source 930, Fig. 37, is connected to 

ground through resistors 3732, 3733. The source 
93 is connected to ground through resistors 

3734, 335 and through resistor 3T36 and the 
left break Springs of the BC switch 3753. The 
junctions of resistors 3732, 3733 and of resistors 
3734, 335 are connected to the ends of the wind 
ing of card 90 t, PT 9. The winding of card 
90 has a linear variation of resistance and is 
grounded at midpoint. The brush associated 
With card 90 selects a voltage proportional to 
Ri, the range Spot and is connected through re 
Sistor 3745 to the input circuit of amplifier 
MA. O. 
Thus, the voltages supplied to resistors 3745 
3. are proportional to cR-(-kR--Ri, that is, 

Ot2. 

From Equation 23 R2=Res1(E2). As shown 
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in Fig. 10, si (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-sRe(.66948--S1(E2) -.66948 
and to shape the potentiometer card to the func 
tion (si (E2) -.66948, adding the constant term 
by separate connections. 
This permits the use of a lower maximum 

voltage for a given voltage scale factor and 
simpler shaping in tandem card connections. 
The source 93, Fig. 35, is connected to ground 

through resistor 3502 and the winding of card 
6407, potentiometer PT64. The winding of card 
6407 produces on its brush a linear variation 
of the applied Voltage. The brush aSSociated 
with card 6407 is connected to ground through 
resistor 3503, the winding of card 289, potenti 
ometer PT28, and resistor 3504; and by connec 
tion 3506, through resistor 3322, Fig. 33. The 
brush associated with card 289 is connected by 
connection 3507 through resistor 343, Fig. 37, 
to the input of amplifier MA 0; and through re 
sistors 3323, 3322, Fig. 33, to ground. Resistor 
3324 is connected in Series with resistor 3323 and 
the combination is shunted by resistors 33, 
338, 3.39 in series. The junction of resistors 
338, 339 is grounded through resistors 3320, 
332 in series. The junction of resistors 337, 
338 is connected by connection 3325 through re 
sistor 3744, Fig. 37, to the input circuit of am 
plifier MAO. 
OWing to the interconnection of connections 

3506, 3507 in the network formed by resistors 
337 to 3324, Fig. 33, a small part of the voltage 
from connection 3507 is impressed on connec 
tion 3325. The winding of card 289, Fig. 35, pro 
duces a variation in its brush voltage propor 
tional to IS1(E2) -.66948. The small resistor 
3504 compensates for the leak voltage in the net 
Work. In Some cases, the winding of card 289 
may also be slightly modified to more exactly 
compensate for the leak voltage. 
Thus, the Voltages supplied to resistors 3743, 

3.44, Fig. 37, are approximately proportional to 
-I.66948Re-Res (E2) -.66948 Rei. The output 
circuit of amplifier MAO is connected to one 
Winding of the two-phase motor MOO. 
The Sources 900, 90, Fig. 19, are connected 

through the network 903, amplifier 94, switch 
95, switch MC2 to the other winding of motor 
MOO. 
Motor MOf 0, Fig. 14, is connected by gearing 

40, to the brushes of potentiometer PT64, and 
by gearing 57, Fig. 15, to the ballistic range 
counter 58, Figs. 11, 13, 15. 
The voltages supplied to the input circuit of 

amplifier MAC are proportional to 
R2-.66948Re-Resil (E2) --.66948) 

and the Sum of these voltages should be zero. 
If the sum of these voltages is not zero, motor 
MOO is started, rotating the brushes of po 
tentiometer PT64 until the sum of the voltages 
is Zero at which point the brushes of potenti 
Ometer PT64 have been rotated proportionally 
to Re, which is indicated on the ballistic range 
Counter. 
In the present computer, the various ballistic 

quantities, as tabulated in the firing tables, are 
matched, by conventional mathematical pro 
cedure, by three functions of the ballistic range 
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Re, and seven functions of advance target eleva 
tion E2. The three functions, f2(Re), f3(Re) 
and f4 (Re), of ballistic range are shown in Fig. 
10E, and the seven functions, s1(E2), s2(E2), 
s6(E2), s3(E2), S4 (E2), c4 (E2), c6 (E2), are 
shown in Figs. 10, 10A, 10C, 10D. In addition, 
three other functions S5, s, c5, of advance tar 
get elevation E2 are used. These functions are 
combinations of the other functions, thus 

s5(E2)=EE (sin E2) 
c5 (E2) - S1 (E2) ICOS E2-S6 (E2) (Sin E2) 

and very nearly s (E2) =S1 (E2). 
Source 930 is grounded through resistor 3523 

and the winding of card 6406, potentiometer 
PT64, Fig. 35. Card 6406 has a winding which 
varies in resistance to produce a Woltage pro 
portional to the function f2 (Re), Fig. 10E at its 
brush when the brush associated with card 6406 
(Fig. 35) is rotated in accordance with the bal 
listic range Re and is connected to connection 
3505. 
The function f4 (Re), Fig. i0E, has a 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 func 
tions in place of the single function. From an 
inspection of the curve as plotted in Fig. 10E, 
the function resembles an exponential function, 
thus, it may be divided into a single exponential 
function, and a Second function which together 
With the exponential function Will give the de 
Sired function. Or, two functions each equal to 
Vf4 (Re) may be used. Card 6408, of potentiom 
eter PT 64, Fig. 35, has a winding varying in re 
Sistance with an exponential function. The 
Source f 93 is connected to ground through re 
sistor 353, the winding of card 6408 and resistor 
354. The brush associated with card 6403 is 
grounded through the Winding of card 649. The 
Winding of card 6409 has a variation in resistance 
Such that the voltage selected by the brush asso 
ciated With card 6409 varies in accordance with 
the function fA(Re). The brush associated with 
Card 6409 is connected to connection 3509. 
The Source 93, Fig. 35, is connected to ground 

through resistor 352 and the winding of card 
6405. The brush associated with card 6405, Fig. 
35, connects a voltage proportional to f3(Re), Fig. 
10E, to connection 35 by virtue of the resistance 
Variation of the Winding of card 6405. 
Connection 3509 is grounded through resistor 

355 and the winding of card 28, potentiometer 
PT28, Fig. 35. The Winding of card 28 varies 
the applied voltage to produce a voltage at its 
brush in accordance with function s4 (E2), Fig. 
10A, multiplied by the applied voltage and a volt 
age Scale factor. The brush associated with card 
28, Fig. 35, is rotated proportionally to E2 con 
necting in combination with cards 648 and 6409 
a voltage proportional to S4 (E2) f4 (Re) to con 
nection 3508. 
Connection 3509 is also grounded through re 

sistor 356, the winding of card 282, potentiom 
eter PT28 and resistor 357. The winding of 
Card 282 Varies in resistance to produce a modi 
fication of the applied f4 (Re) voltage in accord 
ance With function cd (E2), Fig. 10C. The brush 
asSociated with card 28 f2, Fig. 35, is rotated pro 
portionally to E2 to select a voltage proportional 
to c4 (E2) f4 (Re) and is connected to connec 
tion 330. 
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Connection 35 is grounded through resistor 
358, the winding of card 285, potentiometer 
PT28, and resistor 359. The winding of card 
285 varies in resistance to produce a modifi 
cation of the applied f3(Re) voltage in accord 
ance with function s3(E2), Fig. 10A. The brush 
associated with card 2815, Fig. 35, is rotated pro 
portionally to E2 to select a voltage proportional 
to s3(E2) f3(Re) and is connected to connec 
tion 350. 

Thus, the potential with respect to ground of 
Connection 3307 is -cA. (E2) fa(Re); of connec 
tion 3505 is f2(Re); of connection 3506 is -Re; 
of connection 3507 is -s1(Re); of connection 
3508 is -s4(E2) fa(Re); of connection 3509 is 
-f4 (Re); of connection 350 is -s3(E2) f3(Re); 
and of connection 35 ft is -f3(Re), each to a 
suitable voltage scalefactor. 
The total time of flight of the shell, Tf, is equal 

to the basic time of flight for standard condi 
tions, Tfo, plus the added time of flight, Tm, 
due to any difference between the standard initial 
velocity of the shell and the actual initial velocity 
as affected by wear of the gun, temperature, etc. 
In the present computer 
Tifo = -23.266 f2(Re)--s3(E2) f3(Re) -- 

5.143f4 (Re) seconds 
T'm = -.666 f2(Re) --.042s3(E2) f3(Re) -- 

.005s4(E2) f4 (Re) -- 1.023s2(E2) (- f2(Re) -- 

.803f4(Re))) standaritual I.W. (73) 
Connection 3505 is further connected to ground 

through four parallel paths, resistors 3329, 3328, 
3327, 3326, 3325, Fig. 33, in serial relationship; 
resistor 3333; resistors 3330, 333, 3335 in serial 
relationship; and, from the junction of resistors 
3330, 333 through resistors 3334, 3337 in serial 
relationship. 
The junction of resistors 3328, 3329 has a po 

tential proportional to -23.266f2(Re) and is 
connected through resistor 3339 to the input cir 
cuit of line amplifier LA25. 
Connection 35 0 is connected to ground through 

five paths, resistors 3367, 3366, 3365, 3364 in se 
rial relationship; from the junction of resistors 
3367, 3366 through resistor 3368; resistors 3370, 
3369; resistors 333, 3372, 337, 3369; and from 
the junction of resistors 3372, 337 through re 
Sistor 334. 
The junction of resistors 3366, 3367 has a po 

tential proportional to -s3(E2) f3(Re) and is 
connected through resistor 334 to the input cir 
cuit of line amplifier LA25. 
Connection 3509 is connected to ground through 

two parallel paths, resistors 3347, 3346, 3345, 
3344; and resistors 3348, 3349. A source of volt 
age 930, of opposite phase to the source 93, 
Fig. 35, is connected from ground through re 
sistor 3343, Fig. 33, to the junction of resistors 
3347, 3348. 
The junction of resistors 3345, 3346 has a po 

tential proportional to -5.143f4 (Re) and is con 
nected through resistor 3340 to the input circuit 
of line amplifier LA25. 

Thus, in accordance with Equation 72, the 
voltages Supplied to resistors 3339, 3340, 334 are 
together equal to -Tfo. 
The junction of resistors 333, 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 applying a 
voltage proportional to 666f2(Re) to the wind 
ing of card 753. 

(72) 
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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 volt 
age proportional to .042s3(E2) f3(Re) to the 
Winding of card 753. 
Connection 3508 is connected to ground through 

two parallel paths, resistors 3355, 3354 in serial 
relationship, and resistor 3356. 
The junction of resistors 3355, 3356 is connected 

to ground through resistor 3357 in series with the 
parallel combination of resistor 3376 and card 
53, thus applying a further additional voltage 

proportional to .005S4(E2) fa. CRe) to the winding 
of card 753. 
Connection 3305 is further grounded through 

resistors 335, 3352, 3353 in series. Connection 
3509 is grounded through resistor 3353. The junc 
tion of resistors 335i, 3352 has a potential pro 
portional to -Lif2(Re) --.803f4(Re) l, and is con 
nected to the brush associated with card 287 
Of potentiometer PT28. 
A portion of the Winding of card 287 is 

shunted by resistor 3379, and the whole winding 
is shunted by resistor 3378. The unshunted end 
of card 281 is connected to ground and the other 
end of the card is connected to ground through 
resistor 337 in Series with the parallel combi 
nation of resistor 3376 and card 753. The wind 
ing of card 2817 has a variation in resistance 
Such that, in combination with the resistances of 
resistors 3377, 3378, 3379, it produces an addition 
all voltage across the winding of card 753 which 
varies the voltage applied to the brush of card 
287 in accordance with the function 1.023s2(E2). 
The voltage across the winding of card 287 

is proportional to 

Thus, from Equation 73 the voltage across 
card 753 is proportional to the maximum value 
of Tm. The brush associated with card 753 is 
adjusted by the type D knob 1761, Figs. 11, 13, 17, 
to the actual value of the initial velocity as indi 
cated by the dial 762, Figs. 11, 17, and is con 
nected through resistor 3342, Fig. 33, to the input 
circuit of amplifier LA25. 
The output transformer 3380, of amplifier LA25, 

has two grounded secondary windings, one shunt 
ed by resistor 338, and the other shunted by 
resistors 3382, 3383 in serial relationship. The 
junction of resistors 3382, 3383 is connected 
through resistor 3338 to the input circuit of am 
plifier LA25. 
The potentials of the connections 330, 3302 are 

thus proportional to Tfo--Tm, that is, to Tf. As 
previously explained, connections 330, 3302 con 
nect transformer 3380 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) + 
c4(E2)f4(Re) + 14.65784(E2).f4(Re) yards (74) 

2.279284 (E2).f4(Re) standal-IV. 
The junction of resistors 3326,3327, Fig. 33, has 

a potential proportional to 883.73f2 (Re) and is 
connected by connection 3304 through resistor 

yards (75) 
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3683, Fig. 36, to the input circuit of line amplifier 
LA2. 
The junction of resistors 3364, 3365, Fig. 33, has 

a potential proportional to 260.04f3(Re) and is 
connected by connection 3306, through resistor 
368, Fig. 36, to the input circuit of amplifier 
LA2. 
Connection 3307, Figs. 33 and 35, has a po 

tential proportional to c4 (E2) f4 (Re) and is con 
nected through resistor 3680, Fig. 36, to the input 
circuit of amplifier LA2. 
The junction of resistors 3354, 3355, Fig. 33, has 

a potential proportional to 14.657s4 (E2) f4 (Re) 
and is connected by connection 3305, through re 
sistor 3682, Fig. 36, to the input circuit of ampli 
fier LA2. 

Thus, to resistors 3680, 368 f, 3682, 3683, are 
supplied voltages which together are proportional 
to Hfo. 
The junction of resistors 3334, 3337, Fig. 33, is 

connected to ground through resistor 3336, in 
series with the parallel combination of resistor 
3384 and the Winding of card 752, potentiometer 
PT75, 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 3350 in Series 
with the parallel combination of resistor 3384 
and card 752, applying an additional Voltage pro 
portional to 230.75.f4(Re) to card 752. 
Connection 330 is connected to ground through 

two parallel paths, resistor 3362, and resistors 
3359, 3360, 336 ? in serial relationship. The junc 
tion of resistors 336, 3362 is connected to ground 
through resistor 3363 in series with the parallel 
combination of resistor 3384 and card 752, apply 
ing a further additional voltage proportional 
to .0874.c4 (E2) f4(Re) to card 52. 
The junction of resistors 3355, 3356 is connect 

ed to ground through resistor 3358 in Series with 
the parallel combination of resistor 3384 and 
card 752, applying a further voltage proportional 
to 2.2792S4(E2) fa(Re) to card 752. 
The brushes of potentiometer PTT 5 are man 

ually adjusted by knob 761, Figs. 11, 13, 17, to the 
actual value of the initial velocity, as shown by 
dial 762, Figs. 11 and 17, thus, by Equation 75, 
the brush associated with card 752, Fig. 33, Selects 
a voltage proportional to Him, and is connected 
by connection 3303 through resistor 3684, Fig. 36, 
to the input circuit of amplifier LA2. Thus, am 
plifier A2 is Supplied with voltages Which to 
gether are proportional to Hf. 
In the present computer, 

Twc=(6.1497Tf-4.433Tm)-.0073s1(Re) -- 

.000003Re-25.004.f4(Re) 16, (76) 

One winding of transformer 3380, Fig. 33, is 
connected to ground through resistors 3309, 33.08. 
The junction of resistors 3309, 3308 has a poten 
tial proportional to 6.1497Tf and is connected 
through resistor 3386 to the input circuit of line 
amplifier LA38. 
The brush associated with Card 53 is also 

connected through resistor 3389 to the input cir 
cuit of amplifier LA38 and supplies a voltage pro 
portional to -4.433Tm. 
Connection 3506 is grounded through resistor 

3322; connection 3507 is grounded through re 
sistors 3323, 3322, and resistors 337, 338,339, 
3324 are connected in serial relationship acroSS 
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resistor 3323, thus the junction of resistors 339, 
3.324 has a potential proportional to 

-0073S1 (Re) --.000003Re 

and is connected through resistor 338 to the in 
put circuit of amplifier LA38. 
The junction of resistors 3344, 3345 has a po 

tential proportional to -25.004.f4 (Re) and is 
connected through resistor 3388 to the input cir 
cuit of amplifier LA38. 
Thus, by Equation 76, the output voltage of 

amplifier LA38 will be proportional to TDC. 
The output transformer 3390, of amplifier 

LA38, has two grounded secondary windings, 
one shunted by resistor 339 and the other 
shunted by resistors 3392, 3393 in serial rela 
tionship. The junction of resistors 3392, 3393 is 
connected through resistor 3385 to the input cir 
cuit of amplifier LA38. 
The secondary windings of transformer 3390 

are connected to connections 3234, 3235. 
Connection 3234 is connected to ground 

through resistors 32fO, 32, Fig. 32, and through 
resistors 322, 323. Connection 3235 is con 
nected to ground through resistors 324, 325 
and through resistors 32 6, 327. The junctions 
of resistors 320, 32 and 326, 327 are con 
nected to the ends of the winding of card 260, 
potentiometer PT26. The junctions of resistors 
322, 32f 3 and 324, 325 are connected to the 
ends of the winding of card 2602. The Windings 
of cards 260 , 2602 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 32 8, 32 9 and through resis 
tors 3220, 3221. Connection 3235 is connected 
to ground through resistors 3222, 3223 and 
through resistors 3224, 3225. The junctions of 
resistors 328, 329 and 3224, 3225 are connected 
to the ends of the winding of card 20, poten 
tiometer PT2:... The junctions of resistors 3220, 
322 and 3222, 3223 are connected to the ends 
of card 27 O2. The windings of cards 20, 202 
have variations of resistance which produce 
sinusoidal variations of the applied Voltage at 
their brushes and are grounded at the points 
Where the functions are zero. 
In Fig. 15, shaft 55, rotating proportionally 

to Dh, is geared to differential gears DF8 and 
DF9, shaft 56 rotating proportionally to Br 
is geared to differential gear DFf8, thus the 
brushes of potentiometer PT26, which are driven 
by differential gear DF8, will rotate propor 
tionally to Bgr(Bgri-Br--Dh). 

Shaft 504, rotating proportionally to B, is 
geared to differential gear DF4. By means of 
the Bu) knob 535, Figs. 11, 12, 15, shaft 59 
is rotated proportionally to the bearing of the 
Wind BU, and this Shaft is geared also to differ 
ential gear DFA. Shaft 520, which is driven 
by differential gear DF4, Will thus be rotated 
proportionally to Buys, (Bus-B-Bu)). 
Shaft 505 rotates the dial. 506 proportionally 

to the target angle A, and shaft 72 rotates the 
dial 534 proportionally to the relative target 
bearing Br. Shaft 504 rotates the inner annu 
lar dial 533 proportionally to the true target 
bearing B, and shaft 520 rotates the outer an 
nular dial 532 proportionally to the wind angle 
Bus. The dials (508, 532, 533, 534, Fig. 11, 
have a common Zero index on the line joining the 
centers of the dials. The Zero index represents 
the trace of the vertical plane containing the 
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line of sight on the horizontal plane. The tar 
get angle A is roughly the angle between the 
head-to-tail axis of the target and the plane of 
the line of sight, thus, if a representation of the 
target be painted on dial 506, with the head-to 
tail axis aligned with the zero of the dial, the 
representation will be rotated to about the same 
aspect as the real target as seen from the ship. 
Similarly, if a representation of the ship be 
painted on dial 534, with the fore and aft axis 
aligned with the zero of the dial, the representa 
tion will be rotated to the aspect of the ship with 
respect to the line of flight. The edges of dials 
i506, 534 are angularly graduated, thus, the 
angle A may be read on dial 506, and the bear 
ing Bron dial 534, at the zero index. 
The inner annular dial 533 is also angularly 

graduated, with the Zero graduation marked 
North, thus the angle B may be read at the Zero 
index, and the angle Co may be read on dial 
533 at the zero of dial 534. 
The outer annular dial 532 has a Zero line 

which is set by the type A knob 535, FigS. 11, 12, 
15, to the angle B20 on the dial 533, and is thus 
set at the angle Bus with respect to the Zero axis. 
The rotation of shaft 520 is combined with 

the rotation of shaft 5 5 in differential gear 
DF 9 to drive gearing 52 f and the brushes of 
potentiometer PT2 proportionally to 

Bug (Bug-Bus--Dh) 
Brush 323, Fig. 32 is Connected to ground 

through resistor 3237 and the winding of card 
606, potentiometer PT6. The brush of card 606 
selects linear variation of the Voltage applied 
to the card. The brushes of potentiometer PT6 
are manually adjusted by knob 422 Fig. 42, con 
trolling switches 4205, 4208, causing motor MO24 
to rotate to the actual value of ship's own speed, 
So, as shown by dial 423, Fig. 11. The brush 
associated with card 606, Fig. 32, provides a volt 
age proportional to -T0c sin. BgrSo, and is 
connected through resistor 3266 to the input cir 
cuit of line amplifier LA22. 
Brush 3233 provides a voltage proportional 

to TUC sin BWG and is connected to ground 
through resistor 3239 and the Winding of card 
6 of potentiometer PT6. The brush associ 

ated with card 76 is manually adjusted by knob 
44 ?, Figs. 11, 13, 14, to the value as shown on 

dial 442, Figs. 11, 14, of Suv, the horizontal 
velocity of the Wind With respect to the Water, 
to select a Voltage proportional to 

-TUC Sin BUgSD 

and is connected through resistor 3267, Fig. 32, 
the input circuit of amplifier LA22. 
Thus, in accordance With Equation 24, the 

voltages supplied to resistors 3266, 3267 are to 
gether proportional to -G20. 
In the present computer 

Gf=-39.35f2(Re) -- 
.0394.c4 (E2) f4(Re) yards (77) 

The junction of resistors 3325, 3326, Fig. 33, 
is connected by connection 3394 through resistor 
3264, Fig. 32, to the input circuit of amplifier 
LA22, and supplies a voltage proportional to 
39.35f2(Re) to the input circuit of amplifier 
LA22. 

he junction of resistors 3359, 3360, Fig. 33 is 
connected by connection 3395 through resistor 
3263, Fig. 32, to the input circuit of amplifier 
LA22, and supplies a voltage proportional to 
-,0394.c4 (E2) f4 (Re) to the input circuit of am 
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plifier LA22. Thus in accordance with Equation 
77, the voltages together proportional to the 
drift -Gif, have been supplied through the re 
sistors 3263, 3264 to the input of IA22. 
The fire control officer at the director is fur 

nished with a deflection spot knob controlling 
a synchronous transmitter connected to the 
synchronous receiver SY8, Figs. 14 and 41. The 
control winding of the synchronous receiver SY8 
is connected to the input circuit of a motor am 
plifier MA22, which may be of the type shown 
in Fig. 22. The output circuit of motor ampli 
fier MA22 is connected to one winding of a two 
phase motor MO22. 
The power from the ship Supply is connected 

through switch MC4, Fig. 20, the make springs 
of switch Di, and the primary Winding of trans 
former TR4. The Secondary Winding of trans 
former TR4 is connected to the other Winding 
of the two-phase motor MO22. 
Motor MO22, Fig. 14 is connected by gearing 
44 to the Synchronous receiver SY8 and the 

dial 26, and by the gearing 43 to the brushes 
of potentiometer PT20. Motor MO22 will run 
until it has positioned the control Winding of 
SY8 to the Zero output voltage point at which 
position the brushes of PT20 and dial 26 will 
correspond to the position of the deflection Spot 
knob in the director. 
The sources of voltages 930, 1931, Fig. 32 are 

respectively connected through resistors 3207, 
3209, to the ends of the winding of card 200, 
of potentiometer PT20, which is grounded at a 
mid-point. The brush associated with card 200 
is connected to ground through resistor 3236 and 
the Winding of card 6402, potentiometer PT64. 
The Winding of cards 200 and 6402 have Such 
a variation of resistance that the brush associ 
ated with card 6402 provides a voltage propor 
tional to DiRe and is connected to ground 
through resistor 3253, the winding of card 2806, 
potentiometer PT28 and resistor 3252. The 
Winding 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 Winding varies in accordance with the 
function S1 (E2). The brush associated with 
Card 2806 Will thus provide a voltage propor 
tional to Gd, and is connected through resistor 
3265 to the input circuit of line amplifier LA22. 
The output transformer 3273, of amplifier LA22, 
has two secondary windings, one winding being 
shunted by resistors 3274, 3275 in serial rela 
tionship. The junction of resistors 324, 3275 
is connected through resistor 3262 to the input 
circuit of amplifier LA22. 
The voltages of the Windings of transformer 

3273 are thus proportional to -Guy=Gf--Gi. 
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 a variation of resistance that the 
brush aSSociated with card 605 provides a volt 
age proportional to - Tuc cos BgrSo and is con 
nected through resistor 3270 to the input circuit 
of line amplifier LA23. Brush 3232, PT27 se 
lects a voltage proportional to cos Bug of the 
applied -TDC voltage and is connected to ground 
through resistor 3240 and the winding of card 
762, potentiometer PT6. The winding of card 
762 has a linear variation of the applied volt 
age. The brush a SSociated with card 7.62 man 
ually adjusted to a position corresponding to 
the wind speed, SD, provides a voltage 

-Tupc coS BulgSup 
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and is connected through resistor 327 to the 
input circuit of line amplifier LA23. 
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 
control winding of the synchronous receiver SY9 
is Connected to the input circuit of the motor 
amplifier MA23, which may be of the type shown 
in Fig. 22. The output circuit of motor ampli 
fler 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 MC5, Fig. 
20, the contacts of SWitch Wii, and the primary 
winding of transformer TR5. The secondary 
Winding of transformer R5 is connected to the 
other winding of motor MO23. Motor MO23, 
Fig. 14, is connected by gearing 407 to the dial 
24 and the receiver SY9, and by gearing 408 

to the brush of potentiometer PT2 . MO23 will 
run to position the control winding of SYS to 
the Zero output Voltage point at Which position 
the brushes of PT2 and dial f 24 Will corre 
Spond to the position of the elevation spot knob 
in the director. 
The sources 930, 93, Fig. 32, are respectively 

Connected to ground through resistors 3227, 3229, 
and the tWO halves of the Windings of card 20i, 
potentiometer PT2. The winding of card 20 
has a linear Variation of Woltage. The brush 
aSSOciated With card 20 is connected to ground 
through resistOr 324 and the Winding of card 
640, potentiometer PT6A. The winding of card 
640 has a linear variation of voltage proportional 
to Re times the voltage from resistor 324. 
The brush associated With Card 640 is con 

nected to ground through resistor 3254, and the 
winding of card 2802, potentiometer PT28. The 
potential of the Winding of card 2802 varies the 
applied Voltage in accordance With the function 
S5 (E2) which is proportional to the sin E2 multi 
pied by the ratio of function Si, Fig. 10, to func 
tion c6, Fig. 10D. The brush associated with card 
282 is connected through resistor 322 to the 
input circuit of amplifier LA23. The output 
transformer 3276 associated With amplifier LA23, 
has two grounded Secondary windings, one wind 
ing being shunted by resistor 327, and the other 
Winding being shunted by resistors 3278, 3279 in 
Serial relationship. The junction of resistOS 
328, 329 is connected through resistor 3268 to 
the input circuit of amplifier LA23. One Wind 
ing of transformer 3276 is connected to ground 
through resistor 3288, the winding of card 2808, 
potentiometer PT28, and resistor 3289. The 
winding of card 288 has a variation in resistance 
such that, in combination with the resistance of 
resistor 3289, the voltage of the brush varies in 
accordance With function C6, Fig. OD. The 
brush associated With Card 2808, Fig. 32, is con 
nected through resistOr 3269 to the input circuit 
of amplifier LA23. 
Thus, in accordance with Equation 25, the out 

put voltage of transformer 3276 will be propor 
tional to Qu-Qi. 
The output windings of transformer 323 are 

respectively connected to ground through re 
sistors 3280, 3286 and through resistors 328, 
3287. The junctions of resistors 3280, 3286 and of 
resistors 328i, 3287 are connected to the ends of 
the windings of card 6502, potentiometer PT65. 
The winding of card 6502 has a sinusoidal varia 
tion of voltage and is grounded at the point where 
the function is Zero, 
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The winding of transformer 3276 is connected 

to ground through resistor 3283, and the halves 
of the winding of card 6603, potentiometer PT66. 
The potential of the winding of card 6603 Sup 
plies to its brush a cosinusoidal variation of the 
applied Woltage and is grounded at both ends. 
The brushes associated with cards 6502, 6603 are 
respectively connected by connections 320, 3203 
to the input circuit of line amplifier LA 9, Fig. 36, 
and, in accordance With Equation 26, together 
Supply Voltages proportional to YU-Yf--Yi. 
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 650 Supplies to its brush a 
Cosinusoidal variation of the applied Voltage and 
is grounded at the two ends. 
The windings of transformer 3276, Fig. 32, are 

respectively Connected to ground through re 
sistors 328i, 3285 and the two halves of the Wind 
ings of card 6604, potentiometer PT65. The 
brushes associated with cards 650, 6604 are ro 
tated proportionally to the horizontal defection, 
Dh, and are connected by connections 3202, 3204 
to the input circuit of amplifier LA20, Fig. 36. 
Thus, in accordance With Equation 27, as pre 
viously described, these Connections Supply Wolt 
ages which together are proportional to 

Xu --Xf--Xi 
The winding of transformer 3276, Fig. 32, is 

connected to ground through resistor 329 and 
the parallel paths formed by one Section of the 
Winding of card 2807, potentiometer PT28, and 
resistor 3290, and by the other section of the 
Winding of card 2807 and resistor 3293. A portion 
of the winding of card 280 is shunted by resistor 
3292. The winding of card 280T has a variation 
in resistance Such that, in combination. With the 
resistances of resistors 3290, 3292, 3293, the po 
tential of the brush Will Vary in accordance With 
the function sé(E2), Fig. 10. 
The brush associated with card 640, poten 

tionetter PT64, is connected to ground through 
resistor 3255, the Winding of card 280, poten 
tiometer PT28, and resistor 3256. 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 combi 
nation in accordance with the function c5 (E2). 
The brushes associated with cards 280, 280, 

are respectively connected by Connections 3206, 
3205, to the input circuit of amplifier LA32, Fig. 
36, and, as previously explained, in accordance 
with equation 28, the connections together supply 
voltages proportional to HU--Hi. 

Futae setting Order 
One winding of transformer 343, Fig. 31, hav 

ing a potential proportional to dRh. is connected 
to ground by connection 392 and resistors 3242, 
3243, Fig. 32. The junction of resistors 3242, 
3243 is connected to a center tap in the winding 
of card 6503, potentiometer PT65. The Winding 
of card 6503 has a variation of resistance Such 
that it modifies the applied dRh voltage cosinu 
soidally with Dh, and is grounded at both ends. 
The brush associated with card 6503 is connected 
to ground through resistor 3258, the winding of 
card 2803, potentiometer PT28, and resistor 3257. 
The winding of card 2803 has a variation of re 
sistance Such that it modifies the applied voltage 
dRh. COS Dh. CoSinusoidally With E2. The brush, 
associated with card 2803, provides a voltage pro 
portional to -dRh cos Dh cos E2, and is con 
nected through the lower break Springs of relay 
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RY5 and resistors 3294, 3295 to ground. The 
junction of resistors 3294, 3295, is connected 
through resistor 3455 to the input circuit of line 
amplifier LA40. 
The Windings of transformer 36, Fig. 31, 

having potentials proportional to RhdB are re 
Spectively connected to ground by connections 
3f 90, 39 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 654, potenti 
Ometer PT65. The winding of card 6504 has 
a variation of resistance such that it modifies 
the applied voltage sinusoidally. The brush as 
Sociated with card 6504 is connected to ground 
through resistor 3260, the winding of card 2804, 
potentionetter PT28 and resistor 3259. 
The Winding of card 2804 has a variation of 

resistance such that it provides at its brush the 
applied voltage modified sinusoidally. The brush 
asSociated with card 2804 provides a voltage 
proportional to -RhdB sin Dh cos E2, and is 
Connected through the upper break springs of 
relay RY6 to ground through resistors 3296, 
3297. The junction of resistors 3296, 3297 is 
connected through resistor 3454 to the input 
circuit of amplifier A40. 
The sources 930, 93, Fig. 31, are respectively 

Connected to ground by connection 388, 3 89 
resistors 3250, 325, Fig. 32, and resistors 3248, 
3249. The junctions of resistors 3248, 3249, and 
the resistors 3259, 325, are respectively connect 
ed to the ends of the winding of card 60, po 
tentiometer PT6. The Winding of card 60 
provides at its brush a linear variation of the 
applied voltage and is connected to ground at 
an intermediate tap. The brush associated. With 
card 60 is connected to ground through re 
Sistor 325 and the winding of card 2805, po 
tentionetter PT28. The winding of card 2805 
provides at its brush a sinusoidal variation of 
the applied Voltage. The brush associated with 
card 2805 is connected to ground through the 
lower break Springs of relay RYS and resistors 
3298, 32.99. The junction of resistors 3298, 3299 
is connected through resistor 3453 to the input 
circuit of amplifier LA40, and supplies a voltage 
proportional to disin E2. 
Thus in accordance with Equation 31, the volt 

ages Supplied to resistors 3453, 3454, 3455 are 
together proportional to - d.R.2. 
The brush associated with card 5605, potenti 

Ometer PT56, Fig. 31, is connected to ground 
through resistors 393, 394. The junction of 
resistors 393, 394 has a potential proportional 
to dR and is connected by connection 3482 
through the upper break springs of relay RY5, 
Fig. 32, through resistor 345 to the input circuit 
of amplifier LA4). 
The Output transformer 345 of amplifier LA40 

has two grounded secondary windings one shunt 
ed by resistor 3458 and the other shunted by re 
sistors 3459, 3469 in serial relationship. 
The junction of resistors 3459, 346) is con 

nected through resistor 3450 to the input circuit 
of amplifier LA40. The Winding of transformer 
338, 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, 3A38, Fig. 34, to the input circuit of 
notor amplifier MA9. The source 93 is con 
nected to ground through resistors 349, 3620. 
The junction of resistors 349, 32 is connect 
ed through the Winding of card 6302, potention 
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eter PT63. The winding of card 6302 provides at 
its brush a linear variation of voltage. The 
brush associated with card 6302, is connected 
through resistor 342 to ground, and through 
resistOr 343 to the input circuit of amplifier 
MA9. The output circuit of amplifier MA9 is 
Connected to one Winding of the two-phase motor 
MO9. 
The output circuit of amplifier 92, Fig. 19, is 

connected through the lower contacts and blades 
of Switch 93, and the fourth contact and blade 
of SWitch MC3 to the other Winding of motor 
MO9. 
Motor MO9, Fig. 15, is connected by gearing 

522, and gearing 523 to the brushes of potenti 
Ometer PT63. If the output voltage of amplifier 
MA9 is not equal to Zero, motor MO9 will rotate 
the brush aSSociated. With card 632 until the 
Output Voltage has been reduced to Zero and the 
motor MO9 has rotated to a position proportional 
to F2, the basic fuse time. 
One Winding of transformer 345, Fig. 32, is 

connected to ground by connection 3405, through 
three parallel paths, resistor 3425, Fig. 34, and 
the Winding of card 6306, potentiometer PT63; 
and through resistor 3422, the winding of card 
63.05 and resistor 3423; and through resistor 
3424, the Winding of card 630 and resistor 3426. 
In Fig. 10B, the function f6 (F2) is plotted against 
F2 in Seconds. From this curve it is evident 
that the function f6 (F2) has a rather wide range 
of variation, and a rather rapid rate of change. 
Thus Some difficulty would be experienced in 
Shaping a single potentiometer card to all the 
values of this function. However, if the potenti 
Ometer card is divided into three sections, and 
the Voltages applied to each Section are appropri 
ately chosen, and the ends of the sections are 
Suitably overlapped, it Will be found that the 
function may be derived from three potentiometer 
Cards of convenient size. The variations in re 
Sistance of the cards 6305, 6306, 6307 are so 
related to the resistances of the resistors 3422, 
3423, 3424, 3425, 3426 that the potential applied 
to brush connection 3406 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 LA40. The output 
voltage of transformer 345 will thus be propor 
tional to 

One Winding of transformer 345 is connected 
to ground by connection 3404, resistor 340, Fig. 
34, the winding of card 742, potentiometer PTT4, 
and resistor 34 f. The brush associated with 
card 42 is manually adjusted by the type D 
knob 763, FigS. 11, 13, 17, to the value of the 
dead time Tg, as shown by dial 764, Figs. 11, 
17, is connected through resistor 3435, Fig. 34 
to the input circuit of motor amplifier MA?, and 
through resistors 343, 342 to ground. 

the potentiometer PTA is designed to handle 
Walues of the dead time Tg from 2.5 to 6.0 sec 
Onds. The resistances of the resistor 34 and 
the Winding of card 42 are So proportioned that 
their junction has a brush voltage proportional 
to 2.5 Seconds; the resistances of resistor 34), 
the Winding of card 742 and resistors 34 and 
342 are so proportional that the junction of 
resistor 340 and card 42 has a brush voltage 
proportional to 6.0 seconds. 
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The junction of resistors 342, 343 has a po 
tential proportional to 

Tg (dF2-dR) 
f6 (F2) 

and is connected by connection 340 through re 
sistor 3462, Fig. 32, to the input circuit of line 
amplifier LA3. The junctions of resistors 3294, 
3295 of resistors 3296, and 3297 and of resistors 
3298, 3.299 are respectively connected through 
resistors 3466, 3465 and 3464 to the input cir 
cuit of line amplifier LA3 and together supply 
a voltage proportional to dR2. Thus, in ac 
cordance with Equation 30 the voltages Supplied 
to the resistors 3462, 3464, 3465, 34.66 are together 
equal to dR23. 

In the present computer 

Sf---12.401Tupc-32.213Tf--861.92-.02288Re 
-.02798s1(E2) Re--297.6f2 (Re) 

-.03.16c4 (E2) f1. (Re) yards per second 
The Secondary Winding of transformer 3390, 

Fig. 33, has a potential proportional to Tuc and 
is connected to ground through resistors 330, 
33, 333, 334. The Secondary winding of 
transformer 3380 has a potential proportional 
to Tf and is connected to ground by connection 
339 through resistor 332 to the iunction of re 
sistors 33, 333. The source 930 is connected 
through resistor 335 to the junction of resistors 
333, 334. The junction of resistors 330, 33 
will have a potential proportional to 

--12.401 Twe-32.213Tf--861.92 
and is connected by connection 348 through re 
sistor 3470, Fig. 32, to the input circuit of am 
plifier LA3. 
The junction of resistors 3320, 332, Fig. 33, 40 

has a potential proportional to 

-02288 Re-027.98S (E2) Re 

and is connected by connection 3477 through 
resistor 3469, Fig. 32, to the input circuit of am 
plifier LA3f. 
The junction of resistors 3327, 3328, Fig. 33, 

has a potential proportional to 297.6f2(Re) and 
is connected by connection 3476 through resistor 
3468, Fig. 32, to the input circuit of amplifier 
A3. 
The junction of resistors 3360, 336, Fig. 32, has 

a potential proportional to -.03.16c4(E2) fa. (Re) 
and is connected by connection 3475 through 
resistor 3467, Fig. 32, to the input circuit of am 
plifier LA3. The output voltage of amplifier 
LA3 will thus be proportional to Sf-d.R23. 
The output transformer 347 of amplifier LA3 

has two grounded Secondary windings, one shunt 
ed by resistor 3472 and the other shunted by re 
sistor 3473, 3474. The junction of resistors 34.73, 
34.74 is connected through resistor 346, to the 
input circuit of amplifier LA3. 
The secondary windings of transformer 347 

are respectively connected by connections 3408, 
3409 through resistors 346, 34f7, Fig. 34, 
through the sections of the winding of card 6 Cf, 
potentiometer PT67. The winding of card 670 
varies its brush voltage in accordance with the 
function f3(Fg) and is grounded at the point 
where the function passes through zero. The 
brush associated with card 670 is connected to 
ground through resistor 34 f5, the winding of card 
T43, potentiometer PTT4 and resistor 344, The 

O 

5 

20 

25 

30 

35 

45 

50 

60 

65 

70 

75 

92 
winding of card 743 varies its brush voltage in 
accordance With 

l 
Tg 

The brush associated with card 743 is manually 
adjusted by the type D knob, 763, Figs. 11, 13, 
17 to Select a voltage proportional to 

l 
Tg 

and is connected through resistor 3436 to the 
input circuit of motor amplifier M.A. 
The output circuit of motor amplifier MA is 

Connected to one winding of the two-phase mo 
tor MOf. The output circuit of amplifier 92, 
Fig. 19, is connected through the lower blades and 
contacts of switch 93, the fourth contact and 
blade of Switch MC3 and the break springs of 
Switch 96 to the other winding of motor MO. 
Motor MOff, Fig. 15, is connected by gearing 

524, to the brush of potentiometer PT67. 
The Voltage Supplied to resistor 3436, Fig. 34, 

is proportional to 

The voltages, supplied by connections 3400, 
340, 3402 to resistors 3432, 3433, 3434 are to 
gether proportional to dER2. The voltage Sup 
plied to resistor 3435 is proportional to 

thus, in accordance With Equation 29, the output 
Voltage of amplifier MAff should be zero. If 
this output Voltage is not equal to zero, motor 
MO rotates the brush of potentiometer PT67 
until the output voltage has been reduced to zero 
and the brush of potentiometer PT67 has been 
rotated to the value of Fg. 

Motor MO9 is connected by gearing 522 to 
the differential gear DF36. Motor MO i is also 
connected by gearing 524 to differential gear 
DF36. Differential gear DE 36 adds the rota 
tions of motors MO9 and MO to produce a ro 
tation proportional to the fuze setting order F, 
which is transmitted by the Synchronous trans 
mitters, SY2f and SY22 to the various guns, and 
is indicated on the fuze counter 18, Figs, 11, 
13, 15. 

(Sf-dR23) 

Coordinate rotator 
The output windings of transformer 3625, Fig. 

36, having a potential proportional to Y, are 
respectively connected by connections 3694, 3695, 
to ground through resistors 3803, 3804, Fig. 38, 
and resistors 3805, 3806. The junctions of re 
sistors 3803, 3804, and 3805, 3806 are respectively 
connected to the ends of the winding of card 
203, potentiometer PT2. The winding of card 
203 produces a sinusoidal variation of its brush 
Voltage, and is grounded at the point where the 
function passes through Zero. The brush asso 
ciated with card 203, is connected through re 
sistor 386 to the input circuit of line amplifier 
LA28. 
One winding of transformer 3687, Fig. 36, is 

connected by connection 3693 to ground through 
resistors 383, 384, Fig. 38. The junction of re 
sistors 383, 384, is connected through resistor 
387 to the input circuit of amplifier LA28. The 
other winding of transformer 3687, Fig. 36, is 
connected by connection 3692 to ground through 
resistor 38, Fig. 38, the sections of the winding 
of card 202, potentiometer PT2 and resistor 382. 
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The winding of card 202 produces a brush volt 
age varying in accordance with a versine func 
tion. The brush associated with card 202 is 
connected through resistor 388 to the input cir 
cuit of amplifier LA28. The output transformer 
389 of amplifier LA28, has two grounded Sec 
ondary windings, one shunted by resistor 3820 
and the other shunted by resistors 382, 3822, in 
serial relationship. The junction of resistors 
382, 3822 is connected through resistor 385 to 
the input circuit of amplifier LA28. Thus, in 
accordance with Equation 32, the output voltage 
of transformer 389 will be proportional to W'. 
One winding of transformer 3819 is connected 

to ground through resistors 3829, 3830. The junc- l; 
tion of resistors 3829, 3830 is connected through 
resistor 3845 to the input circuit of line amplifier 
LA29. The windings of transformer 389 are 
respectively connected to ground through re 
sistors 3825, 3826, and resistors 3827, 3828. The 
junctions of resistors 3825, 3826 and of resistors 
3827, 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 con 
nected through the resistor 3848 to the input 
circuit of line amplifier LA27. 
The other winding of transformer 389 is con- ; 

nected to ground through resistor 3824, the Sec 
tions of the windings of card 39, potentiometer 
PT3, and resistor 3823. The winding of card 30 
varies its brush voltage with a versine function. 
The brush associated with card 30 is connected 3 
through resistor 3844 to the input circuit of line 
amplifier LA29. 
The windings of transformer 3654, Fig. 36, hav 

ing a potential proportional to X, are respectively 
connected by connections 3696, 3597 to ground 
through resistors 3836, 3835 and resistors 3833, 
3834. The junctions of resistors 3833, 3834 and of 
resistors 3835, 3836 are respectively connected to 
the ends of the winding of card 394, potention 
eter PT3. 
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 3846 to the in 
put circuit of line amplifier LA29. 
The output transformer 3855, associated with 

amplifier LA29, has two secondary Windings, one 
winding being shunted by resistors 3856, 385 
in serial relation. The junction of resistors 3856, 
385 is connected through resistor 3843 to the 
input circuit of amplifier LA29. Thus, in accord 
ance with Equation 33, the output voltage of 
transformer 3855 will be proprotional to W. 
Connection 3696, having a potential propor 

tional to X is connected to ground through re 
sistors 3837, 3838. The junction of resistors 383, 
3838 is connected through resistor 3850 to the in 
put circuit of amplifier LA27. Connection 3697 
having a potential proportional to -X, is con 
nected to ground through resistor 3832, the Sec 
tions of the winding of card 303, potentiometer 
PT3, and resistor 383. The winding of card 303 
varies its brush voltage with a versine function. 
The brush associated with card 303 is connected 
through the resistor 3849 to the input circuit 
of amplifier LA27. The output transformer 3858, 
associated with amplifier LA27, has two Second 
alry windings one shunted by resistor 3859, and 
the other shunted by resistors 3860, 386, in serial 
relation. The junction of resistors 3860, 386 is 
connected through "5 384 to the input cir 
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cuit of amplifier LA27. Thus, in accordance with 
Equation 34, the output voltage of transformer 
3858 will be proportional to X. Connection 3694 
having a potential proportional to Y is connected 
to ground through resistors 380, 3802. The junc 
tion of resistors 380, 3802 is connected through 
resistor 384 to the input circuit of line amplifier 
LA26. Connection 3695 having a potential pro 
portional to -Y is connected to ground through 
resistor 3800 and the sections of the Winding of 
card 20, potentiometer PT2. The winding of card 
20 varies its brush voltage with the versine 
function and is grounded at the point where the 
function passes through Zero. The brush a SSo 
ciated with card 20 is connected through the 
resistor 3840 to the input circuit of amplifier 
LA26. Connections 3692, 3693 having potentials 
proportional to W are respectively connected to 
ground through resistors 3899, 380 and re 
sistors 3807, 3808. The junctions of resistors 3807, 
3808 and resistors 3809, 380 are respectively con 
nected to the ends of the windings of card 204, 
potentiometer PT2. The winding of card 204 pro 
duces a sinusoidal variation of its brush voltage 
and is connected to ground at the point where 
the function passes through Zero. The brush as 
sociated with card 204 is connected through re 
sistor. 3842 to the input circuit of amplifier LA26. 
The output transformer 385 associated with 
amplifier LA26 has two grounded secondary wind 
ings, one shunted by resistor 3852 and the other 
shunted by resistors 3853, 3854, in serial rela 
tionship. The junction of resistors 3853, 3854, 
is connected through resistor 3839 to the input 
circuit of amplifier LA26. Thus in accordance 
with Equation 35, the output voltage of trans 
former 385 will be proportional to Y'. 
One Winding of transformer 3853 is connected 

through resistors 3880, 388 to one end of the 
winding of card 533, potentiometer PT53; and 
through resistors 3880, 3878 to one end of the 
Winding of card 534. The other winding of 
transformer 3858 is connected through resistor 
3879 to the other ends of the windings of cards 
533, 534. The windings of cards 533, 534 
produce cosinusoidal variations of brush voltage 
and are grounded at the point where the func 
tion passes through zero. The brush associated 
with cards 534, 5313, selects a voltage approxi 
mately proportional to X' coS Dd and is con 
nected through resistor 39, Fig. 39 to the in 
put circuit of motor amplifier MA29. 
One winding of transformer 385, Fig. 38, 

is connected through resistor 3864 to the junc 
tion of cards 530, 53, potentiometer PT53; 
and the other Winding of transformer 385 is 
connected through resistor 3862 to the junction 
of cards 53, 532. The ends of cards 53), 
532 are respectively connected to ground 
through resistors 3865, 3863. The windings of 
cards 530, 53, 532 produce sinusoidal varia 
tions of brush voltage and the winding of card 
53 it is grounded at the point where the func 
tion passes through zero. The brush associated 
With these cards selects a voltage approximately 
proportional to -Y' sin Dd and is connected by 
connection 3928 through resistor 396, Fig. 39, 
to the input circuit of motor amplifier MA29. 
The output circuit of amplifier MA29 is con 
nected through the lower break springs and the 
upper break Springs of limit switch LST to one 
winding of a two-phase motor MO29. 
The output circuit of amplifier 94, Fig. 19, 

is connected through the lower contacts and 
blades of Switch. 95, the fourth contact and 
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blade of switch MC2 to the other winding of the 
notor MO29. 
In accordance with Equation 36, the voltages 

Supplied to the input circuit of amplifier MA29, 
Fig. 39, should equal zero. If the output voltage 
of this amplifier is not equal to zero, motor MO29 
Will rotate the brushes of potentiometer PT53, 
Fig. 38, until the sum of these voltages has been 
reduced to zero and the motor has rotated the 
brushes to a position proportional to Dd, the 
deck defection. 
Motor MO29, Fig. 17, is connected by gearing 
32, 733 to the brushes of potentiometer PT53. 

Motor MO29 is also connected by gearing 732 
to shaft 734. Shaft 734 is threaded and car 
ries a can nut 707, having a lever which at one 
end of the travel of the nut operates the upper 
Springs of limit switch LST, and at the other 
end of the travel of the nut operates the lower 
Springs of limit switch LST. 
The ends of the secondary windings of trans 

former 904, Fig. 19, are effectively connected 
by connections f 905, 907, to the make springs 
of limit switch LST, Fig. 39, and the common 
path is connected by connection 906 to one side 
Of the Winding of motor MO29. When the limit 
SWitch LST is operated at either end of the 
travel of the can nut, the voltage from the 
Output of amplifier MA29 is cut off from the 
winding of motor MO29 and a voltage of oppo 
site polarity is Supplied by the connection 905 
or 907 to slow down motor MO29 and rotate it 
back from the spring position. 
Motor MO29, Fig. 17, is connected by gearing 

732, 737 to the inner fine dial 738, and the 
outer concentric coarse dial T39, Figs. 11, 17. 
Motor MO29 is connected by gearing 732 and 

shaft 35 to the differential gear DF34. Shaft 
708, rotating proportionally to B'r, is connected 

by gearing 709 to differential gears DF34. Dif 
ferential gear DF34 combines the rotation of 
shafts 708 and 1735 to produce a rotation of 
shaft 736 proportional to B'gr(B'gr=Dd--B'r). 
Shaft T36 is geared to the coarse transmitter 
SY5 and the fine transmitter SY16, which are 
Connected to corresponding receivers at the gun. 
The rotations of the coarse and fine receivers 
are indicated on the dials 4, 742, Figs. 11, 
17. The shaft 736 also drives the duplicate 
coarse transmitter SY3 and the duplicate fine 
transmitter SY 4. 
The windings of transformer 385, Fig. 38, 

are respectively connected to ground through 
resistors 3867, 3868 and resistors 3869, 380. The 
junction of resistors 3867, 38.68 is connected to a 
tap in the middle of the winding of card 535, 
potentiometer PT53. The junction of resistors 
3869, 3870 is connected through resistors 3866, 
387 to the ends of the winding of card 535. 
The Winding of card 535 produces a cosinusoidal 
Variation of brush Voltage, and is grounded at 
the points where the function passes through 
Zero. The brush associated with the card 535 
selects a voltage proportional to Y' cos Dd, and 
is connected through resistor 3883 to the input 
circuit of line amplifier LA30. 
The windings of transformer 3858 are respec 

tively connected to ground through resistors 
3872, 3873 and resistors 3875, 3876. The junc 
tion of resistors 3875, 3876 is connected to the 
ends of the windings of cards 5306, 5307, po 
tentiometer PT53. The junction of resistors 
3872, 3873 is connected to the ends of the wind 
ings of cards 5307, 53O8. The winding of card 
53OT produces a sinusoidal variation of brush 
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Woltage, extending Over 180 degrees, and is 
grounded at the point where the function passes 
through zero. The windings of cards 5306, 5308 
produce sinusoidal variations of brush voltage 
respectively extending over 50 degrees. The 
windings of cards 5306, 5308 are respectively 
connected to ground through resistors 387, 3874, 
producing brush voltages equivalent to 40 de 
grees. The brush associated with cards 5306, 
530, 5308 selects a voltage proportional to 
X' sin Dd, and is connected through resistor 
3884 to the input circuit of line amplifier LA30. 
The output transformer 3885 associated with 
amplifier LA30 has two grounded secondary 
windings, one shunted by resistor 3886, the other 
shunted by resistors 3887, 3888, connected in 
serial relationship. The junction of resistors 
3887, 3888 is connected through resistor 3882 to 
the input circuit of amplifier LA30. Thus in 
accordance with Equation 37 the output voltage 
of transformer 3885 will be proportional to Rh2. 
One winding of transformer 3855 is connected 

by connection 3929 through resistor 390, Fig. 39 
to a tap in the winding of card 5502, potentiome 
ter PT55. The right-hand section of the winding 
of card 5502 produces a cosinusoidal variation of 
brush Voltage extending over 15 degrees, and is 
grounded through resistor 3905. The brush Volt 
age produced at resistor 3905 is equivalent to 75 
degrees. The other Section of the Winding of card 
5502 produces a cosinusoidal variation of brush 
Voltage extending over 85 degrees and is grounded 
through resistor 3904. The brush voltage pro 
duced at resistor 3904 is equivalent to 5 degrees. 
The brush associated with card 5502, selects a 
voltage approximately proportional to W' cos Eg 
and is connected through resistor 398 to the in 
put circuit of motor amplifier MA 2. 
The windings of transformer 3885, Fig. 38, are 

respectively connected by connections 3930, 393 
through resistors 3902, 3903, Fig. 39, to the ends 
of the winding of card 550, potentiometer PT55. 
The Winding of card 550 is grounded at the point 
Where the function passes through Zero, the right 
hand section of the Winding producing a sinus 
Oidal variation of brush Voltage extending over 
15 degrees, and the left-hand Section of the Wind 
ing producing a sinuSoidal variation of brush volt 
age extending over 85 degrees. The brush asso 
ciated with card 550, selects a voltage approxi 
mately proportional to RH2 sin Eg and is con 
nected through resistor 399 to the input circuit 
of amplifier MAl2. The output circuit of ampli 
fier MA2 is connected through the break springs 
of the limit SWitch LS25 to one winding of the 
two-phase motor MO2. 
The output circuit of amplifier 94, Fig. 19, is 

Connected through the lower contacts and blades 
of Switch. 95, the fourth contact and blade of 
SWitch MC2, and the break springs of switch 97 
to the other Winding of motor MO2. Motor 
MO2, Fig. 16, is connected by gearing 607, 608 
to the brushes of potentiometer PT55. 

In accordance with Equation 38 the sum of the 
voltages, supplied to amplifier MA2 should be 
equal to Zero. If the sum of these voltages is not 
equal to Zero, motor MO 2, Fig. 39, will rotate the 
brushes of potentiometer PT55 until the sum of 
the voltages has been reduced to zero, and the 
brushes of potentiometer PT55 have been rotated 
to a position proportional to Eg, the gun eleva 
tion order. 
Motor MO2, Fig. 16, is connected by gearing 
60 to shaft 609, which is geared to shaft 60. 

Shaft 60 is geared to the coarse transmitter 
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SY 9, and the fine transmitter SY2C, which are 
respectively connected to corresponding receivers 
in the gun turrets. The settings of these receiv 
ers are respectively indicated by the dials 6, 
62, Figs. 11, 16. The shaft 60 also drives the 

duplicate transmitters SYT, SY8. 
The shaft 69 is threaded to drive a cam nut 

626, having a lever which operates the limit 
SWitch LS25, at the limits of the travel of the 
Can nut. 
The make springs of the limit switch LS25, 

Fig. 39, are respectively connected to the connec 
tions 95, 907; and one side of the winding of 
motor MO2 is connected to connection 906. 
Connections 95, 96, 9 are connected to the 
Secondary Winding of transformer 904, Fig. 19. 
When the can nut reaches a limit of its travel, 
the lever will operate one, or the other, of the 
Spring combinations of limit Switch LS25, Fig. 39, 
thus disconnecting the output of amplifier MAl2 
from the Winding of motor MO 2, and substitut 
ing a Voltage of opposite polarity, so as to slow 
motor MO2 to rest, and back off the motor from 
the limiting position. 
The shaft 509, rotating to a position propor 

tional to E'g, Fig. 16, is geared to differential gear 
DF33. Shaft S22, rotating to a position propor 
tional to Et, is also geared to differential gear 
DF33. The shaft f63 is driven by differential 
gear DF33, and, in accordance with Equation 40, 
Will rotate to a position proportional to WS, the 
Sight angle. Shaft 63 drives the Synchronous 
transmitter SY24, which is connected to a cor 
responding receiver at the guns. Shaft 6 f3 is 
geared to shaft 63 and drives the counter, 45, 
FigS. 11 and i4, to indicate the sight angle. 
The sources 930, 93, Fig. 39 are respectively 

connected to ground through resistors 3909, 390 
and resistors 392, 393. The junctions of re 
sistors 399, 390 and resistors 392, 393 are re 
spectively connected to the ends of the windings 
of cards 800, 402, potentiometer PT40. The 
windings of cards 40, 4092 produce a sinusoidal 
Variation of brush Woltage and are grounded at 
the points where the function passes through 
zero. The resistances of resistors 3909, 39 0, 392, 
393 are so selected that the Voltage Selected by 
the brush associated with cards 400, 4002, is ap 
proximately proportional to 100 sin (B'gr--Ph.) 
and is connected through resistor 392 to the in 
put circuit of motor amplifier MAT. 
The Windings of transformer 3885, Fig. 38, are 

respectively connected by connections 3930, 393 
through resistors 3906, 3907, Fig. 39, to the ends 
of the Winding of card 40, potentiometer PT4. 
The winding of card. A to produces a sinusoidal 
variation of brush voltage, and is grounded at the 
point, where the function passes through Zero. 
The brush, associated with card 40, selects a 
voltage approximately proportional to 

-Rh2 Sin P', 

and is connected through resistor 3920 to the 
input circuit of amplifier MAT. The output cir 
cuit of amplifier MAll is connected to One Wind 
ing of the motor MO. 
The output circuit of amplifier 92, Fig. 19, is 

connected through the lower contacts and blades 
of switch 93, the fourth contact and blade of 
switch MC3 to the other winding of motor MOT. 

Motor MO, Fig. 17, is connected by gearing 
76, 762 to the brush of potentiometer PT4. 
Motor MO is connected by gearing 76 to shaft 

63 which is connected by gearing 764 to drive 
the synchronous transmitter SY23, which is con 
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nected to a corresponding receiver at the guns, 
and the dial 743, Figs. 11, 17, which indicates 
Ph, the parallax in train due to a 100-yard base 
in deck plane. 
The shaft 63, rotating to a position propor 

tional to P'h is connected to differential gear 
DF26. Shaft 36, rotating to a position propor 
tional to B'gr, is also connected to differential 
gear DF26. The shaft 746, which is driven by 
differential gear DF26, Will thus be rotated to a 
position proportional to B'gr--P'h and is con 
nected by gearing 45 to drive the brushes of 
potentiometer PA. 
From Equation 39 the Sum of the Voltages Sup 

plied to the input circuit of amplifier MA, Fig. 
39, should equal zero. If the sum of these volt 
ages is not equal to Zero, notor MO Will rotate 
the brushes of potentiometers PT40, PT4, until 
the Sun of these Voltages has been reduced to 
Zero, and the brush of potentiometer PT4) has 
been rotated to a position proportional to 
B'gr--Ph, and the brush of potentiometer PT4 
has been rotated to a position proportional to 
Ph. 
The sources 939, 93, Fig. 38, are respectively 

connected to ground through resistors 389, 389 
and resistors 3893, 389. The junctions of re 
sistors 389, 389, and Of resistors 3893, 3894 are 
respectively connected to the ends of the Windings 
of card 657, potentiometer PT65. The Winding 
of card 650 produces a sinusoidal Variation of 
brush voltage, and is grounded at the point. Where 
the function passes through Zero. The brush a S 
sociated with card S5 is connected to ground 
by connection 3925, resistor 399, Fig. 39, and the 
winding of card 693, potentiometer PT6. The 
brush associated with card 603 selects a Voltage 
proportional to sin Dh. CoS E and is connected 
through resistor 394 to the input circuit of notor 
amplifier MA 4. 
The sources 93, 930, Fig. 38, are respectively 

connected to ground through resistors 3896, 389. 
and resistors 3899, 3333. The junctions of re 
sistors 3896, 3897, and of resistors 3899, 3933, 
are respectively connected to the ends of the 
Winding of card 290, potentiometer PT29. The 
winding of card 29 produces a sinusoidal Wari 
ation of brush voltage and is grounded at the 
point where the function paSSes through Zero. 
The brush associated with card 299 SelectS a 
voltage approximately proportional to -Sin D3 
and is connected by connection 352 through re 
sistor 395, Fig. 39, to the input circuit of ampli 
fier MA 4. The output circuit of ampli 
fier MAA is connected to One Winding of the 
two-phase motor MOA . The output of annplifier 
94, Fig. 19, is connected through the lower con 

tacts and blades of Switch 5:5, the fourth Con 
tact and blade of Switch MC2 and the break Con 
tacts of switch 98 to the other winding of motor 
MO 4. 
Motor MO, Fig. 14, is connected by gearing 
46, 47 to the Synchronous transmitter SY25, 

which is connected to a corresponding receiver 
at the guns and transmits DS, the sight deflection, 
The motor MOA is also connected by gearing 
46, 47 to the counter 442, Figs. 11, 14, and 
by gearing 46, 88 to the brush of potenti 
Ometer P29. 
In accordance With Equation 41 the Sum of the 

Woltages Supplied to the input circuit of amplifier 
MA4, Fig. 39, should equal zero. If the sum of 
these voltages is not equal to Zero, motor MO 4 
will rotate the brush of potentiometer PT29, Fig. 
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38, until the sum of the voltages has been reduced 
to zero, and the brush of potentiometer PT29 has 
been rotated to the value of DS, the sight deflec 
tion. 

Sensitiity control 
Equation 38 is 

W' cos Eg-Rh2 sin Eg=0 
Consider the conditions approaching the correct 
value of Eg, when the angular error is 6, and 
the angle is Eg--8, producing an error voltage ) 
millivolts, and let the scale factor be ic millivolts 
per yard, then 

AcIW cos (Eg--5) -Rh2 sin (Eg--8) = 
IcIW' (cos Eg cos 8-Sin Eg Sin 8) - 

Rh2 (sin Eg cos 8--cos Eg sin 5) l=) 
as 6 is a small angle cos 8-1 and sin 6–6, thus 
lcIW COSE'g-Rh2 sin Eg-8 

(W sin Eg--Rh2 cos Eg)l = 
but, 

W" cos Eg-Rh2 sin Eg=0 
thus 

-ica (W' sin Eg--Rh2 cos Eg) = 
aS 

W=CR sin Eg and Rh2=CR COSE'g 
-ka (cR sin2 E'g--cR cos? Eg) = 

O 

AccRa-2 

That is, the Voltage 2) Supplied to the restoring 
motor for the same angular error 8, varies With 
the generated range cFR. 
A similar analysis may be made of Equation 36. 
This change in sensitivity may be counteracted 

by producing a compensating change in the mag 
nitude of the error voltage. A controllable loSSer 
pad may be inserted at some convenient place in 
the transmission path of the error Voltage, or the 
amplification of some amplifier tube in the trans 
mission path may be controlled. 
In the present computer, this change in Sensi 

tivity is found to be negligible for ranges of leSS 
than 10,000 yards. m 
A grounded source of direct voltage 3934, Fig. 

36, is connected to ground through two parallel 
paths: resistor 3937 and the winding of card 
705, potentiometer PTT, and the winding of 

card 704 and resistor 3935. The brush aSSOci 
ated with card 705 is aligned with brush 3604, 
is connected to ground through the load resistor 
3938, and is connected to the lower break Spring 
of relay RY 5. The brush aSSociated with card 

O4 is aligned with brush 369, is connected to 
ground through the load resistor 3936 and is con 
nected to the lower make Spring of relay RY5. 
The Winding of card 705 is grounded at the 
points corresponding to 0 and i0,000 yards, SO 
that no voltage is delivered in this region. The 
winding of card 705 extends over about 0 to 
13,500 yards, the remainder of the card being 
blank. Thus, between 10,000 yards and 13,500 
yards, the brush associated with card 105 de 
livers a voltage through the Springs of relay 
RY 5 to connection 3925. The Winding of card 

O4 extends over the region from 13,000 to 36,000 
yards, but is connected to the source 3934 at the 
points corresponding to 23,000 and 36,000 yards, 
so that a constant voltage is delivered in this 
region. Relay RY 5 operates at about 13,500 
yards, thus the brush associated with card 704 
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delivers to connection 3925 a voltage which rises 
between 13,500 yards and 23,000 yards and is con 
stant between 23,000 yards and 36,000 yards. 

Connection 3925 is connected to the gain con 
trols of the motor amplifiers MA29, MA 2, Fig. 39. 
The fully automatic operation of the computer, 

With radar ranging and optical pointing and 
training has been given above. The various con 
trols, Switches, relays, etc. for placing the com 
puter in operation, and the modifications of the 
circuits and apparatus for other types of fire will 
InOW be described. 
The various controls are used for the following 

purpoSeS: 
(1) To arrange the circuits as required 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 corrections 
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 synchronism 
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 simple 

handles, mounted in recesses in the covers, which 
actuate simple locking type switches bearing on 
the Switch levers. 
The handles of the ST, IM, BM, EM, RM 

Switches are similar to the handles of the BC and 
SFSWitches, but the switches controlled are non 
locking. 

Main control, MC switch, 4 position rotary 
Controlled by knob 00, 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 
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 limit of the computer. 
In Fig. 18, the power Supply is connected 

through switch MCO, second position through 
the plate Supply contactor in the power unit, the 
Safety Switches 837 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 rectifiers 
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in the power unit to the plates of the amplifiers 
and OScillators in the computers. The SWitches 
83 prevent the application of plate Voltage to 

the amplifiers when the doors supporting the 
amplifiers have been opened to examine or repair 
an amplifier, thus protecting the personnel. 
In Fig. 20, the power Supply is connected 

through Switch MC2, Second, third and fourth 
positions, to the exciting winding of the B'r 
motor MO9. The motor MO 9, Fig. 27, is thus 
rotated in Synchronism with the receivers SY3 
and SY. The motor MO9, Fig. 17, rotates 
Shaft 25, driving the stable element in train. 
The shaft 29, Figs. 17, 16, drives the transmit 
ters SY2, SY28, to cause a rotation proportional 
to L--Zd/30 at the director. Switch MC4, Fig. 
20, in position 2 short-circuits the primary Wind 
ing of transformer TR2, the energizing circuit of 
which is open at Switch MC4, to the Eb motor 
MO8 to retard any movement of this motor. 
A circuit is completed from the power supply, 

Fig. 18, through Switch MC, second position, 
relay RY, Switch MC9, second position, to 
power Supply, operating relay RY7. A circuit 
is completed from power Supply through switch 
MC), second position, relay RY 8, break con 
tacts of stop time ST switch 838, Switch MC5, 
Second position, Switch MC9, second position to 
power Supply operating relay RY8. 
The operations of relays.RY 7, RY 8, Fig. 28, 

disconnects the leads from the brushes asso 
ciated with cards 5606, 57.06, 586 and connects 
tapS in the Windings of these cards to the Oscil 
lators 2825, 2836, 2838, so that these oscillators 
generate Voltages having a frequency of sixty 
cycles, the same as oscillator 2832. Motors 
MO30 to MO35, inclusive, are thus all driven at 
the same Speed, and the shafts 404, 606, 507 
are not rotated. The motion of shaft 29 is 
thus transmitted by differential gear DF3 un 
changed to transmitters SY27, SY28. 

Normally, the level L dials 6f 4, 65, Fig. 16, 
and the level L potentiometer PT2 are driven by 
the shaft 79 from the stable element, through 
gearing 600, 62, 630 and differential gear 
DF37. The planet gears of differential gear 
DF37 are geared to shaft 66, and this shaft is 
normally held motionless by the latch 6 con 
trolled by the latch lever 68, Figs. 11 and 16. 
In the Stabilize position, the latch lever is turned 
to “Out' releasing the latch 67 and permit 
ting Shaft 66 to rotate. The friction load of 
potentiometer PT2, dials 64, 65 and the ap 
paratus driven by shaft 603 is much larger than 
the load of Shaft 66, thus, When the atch 6 
is “Out,' the motion of shaft 9 will be trans 
mitted by differential gear DF3 to Shaft, 66 
and dial 69 and shaft 603 and the brushes 
of potentiometer PT2 will be at rest, reducing the 
Wear on the potentionetters. The dial 69 will 
register What rotation of Shaft 9 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 f69, 
SO that dial 69 always registers the difference 
between the rotations of shaft 9 and the 
brushes of potentiometer PT2. To resynchronize 
the System the lever of the type A knob 620, 
Figs. 11 and 16, is folded forward, clutching the 
knob 620 to shaft 66. The knob 62O is ro 
tated, adding a motion to the motion of shaft 
79 which is transmitted by differential gear 
DF37 to potentiometer PT2, shaft 623 and dials 
64, 65 until dial 69 is rotated back to Zero, 
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indicating that synchronism has been attained. 
The lever knob 68 is turned to “In’ engaging 
the latch 66, and the lever of knob 62O is 
folded back. 

Similarly, the lever 748, Fig. 17, when turned 
to “Out,' Opens the latch 75, releasing the 
Shaft 47 So that the train Br shaft 725 rotates 
the dial 749 and the brushes of potentiometer 
PT4 are at rest. The system is resynchronized 
by the type A knob 750. Lever knob f48, dial 
f749 and knob 750 are also shown on Fig. 11. 
In the same way, the lever knob 758, dial T59, 

and type A knob 60 control the synchronizing 
of the Zd potentiometer PT3 and the dials 754, 
T55, with the shaft 75. Dias 754, 755, knob 
f758, dial 759 and knob 760 are shown in Fig. 
11. 

In the present computer, the gearing of the 
stable element is so chosen that full revolutions 
of the shafts 75, 7 9, 725 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, 69, 49 are geared so that 
complete revolutions of the dials represent 108 
degrees of Zd and L, and 360 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 57, 66, 747, 
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 760, 
620, 750 through a number of revolutions be 

fore the corresponding dials 759, 6 9, 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 Ct motor MO6, the iB'r 
motor MO, the dR motor MO26 and the dB 
motor MO28. 
Power is supplied through switch MC3, Fig. 19, 

in positions 3 and 4 to the exciting windings of 
the dH motor MO8 and the Sh motor MO, and 
depending upon the conditions of relays RY25, 
RY3, RY30 to the exciting windings of the iR, 
motor MO3, the iF motor MO4 and the iB motor 
MO2, or to the dummy loads formed by the 
resistors 920, 92, 1922. 

Power is supplied through switch MC 4, Fig. 20. 
in positions 3 and 4 if the Ri and Di switches 
are not operated to the exciting windings of the 
Ri and Di motors and if the E switch is not op 
erated and the Switch RC is in positions 1, 2 or 
3 to the exciting Winding of TR2. 
Power is supplied through switch MC5, Fig. 20, 

in positions 3 and 4 to transformer TR6, supply 
ing the exciting winding of the So motor MO24; 
and, if the Wii and Co Switches are not operated, 
to transformers TR5, TRT supplying the excit 
ing Windings of the Wii motor MO23 and the Co 
motor MO25. 
Power is supplied through switch MC6, Fig.20, 

in positions 3 and 4 to transformers TR8, TR9 
and TRO. 
When the main control MC Switch is in the 

Second, or stabilize position, the lever knobs 
68, 748, 758, Fig. 11 should be in “Out' po 

sition to reduce wear on the L, B'r and Zd poten 
tionetters. 

Before the MC switch is moved to the third 
position, the knobs 620, 750, 760 must be ma 
nipulated to bring the dials 69, 749, 759 into 
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synchronism, and the latch knobs 68, 48, 
758 turned to 'n.' 

POSITION 3.-RATE CONTROL 

In this position of the MC switch, only the 
mechanism for director tilt correction, and for 
operation of the rate system is energized. This 
permits a target beyond the range of the con 
puter to be tracked with rate control and cor 
rection, without causing any wear on the po 
tentiometers used only in the computation of 
prediction, ballistics, gun orders, etc. 
The circuit to the plate supply contactor, 

through switches MCO, MC9, Fig. 18, is main 
tained in the third and fourth positions of the 
main control MIC switch. 
The excitation circuit for the B'r motor, MO 9, 

Fig. 20, through switch MC2 is maintained in 
the third and fourth positions of the main con 
trol MC switch, the bridging contacts of the 
switch lever insuring that the circuit is not 
opened during the Switching. 
Power is supplied through switch MC6, Fig. 

19, to the limit switches of theiB' motor MO, 
Fig. 27, the Eg motor MOf 2 and the Dd motor 
MO29, Fig. 39, and the target angle A switch, 
Fig. 29, for slewing the Ct motor MO6. 
The circuit of relay RY7, Fig. 18, is opened by 

switch MC and the circuit of relay RY 8 is 
opened by switch MC5, releasing relays RYT and 
RY 8, connecting the brushes of potentiometers 
PT56, PT57, PT58, Fig. 28, to the oscillators 2825, 
2836, 2838 and causing motors MO30, MO32, 
MO34 to commence generating the motions 
AcR, AcE, ACB. 
A circuit is prepared through switches MC8 

and MC9 for the operation of relays RYi5, RY6, 
RY25 and RY29 by the range limit Switches 
LS ( , LS 2, LS 3, controlled by the cam nut 
on the generated range shaft. 
A circuit is prepared through switches MC8, 

RC(O, and the target angle A switch 8, in the 
director, for the operation of relays RY26, RY27. 
Circuits are also prepared through switches MC8, 
RCO for respectively operating relays R.Y., RY2, 
RY2, RY3 and lighting signal lamps 825, 1830, 
835 When the keys 806, 80, 808 at the di 

rector, or the keys 84, 1842, 843 at the con 
puter are operated; for operating relays RY22, 
RY23, RY24 and lighting lamp 845 when the 
initial match key 844 is operated; for the Op 
eration of relay RY30 through switch RCT; and 
for the operation of relay RY3t through key 
87 and switches AS6, RC8 and MC9. 

POSITION 4--ON 

In this position the entire computer is opera 
tive. The various circuits closed by the opera 
tion of the MC switch to the fourth position have 
previously been described in connection with the 
detailed circuit descriptionS. 

Rate control, RC, suitch 
A four-position rotary switch, operated by knob 
08, Figs. ii 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 
circuits 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 con 
nections: 

(a) Switch RC, Fig. 20, prepares a circuit to 
transformer TR2 for the excitation of the Eb 
motor MO 8; this circuit is completed when the 
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E switch 200 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 foll 
low-up amplifier MA 9, putting the B'r follow 
up motor MO 9 under the control of the receivers. 

(c) The circuit is completed from the sources 
1939, 93f, Fig. 30, to the ring dials 53), putting 
the iB motor MO2 under the control of the ring 
dials 530; provided that switch MC3, Fig. 19 
is in the third or fourth position, and relay RY3 
is operated, so as to connect the exciting Wind 
ing of motor MO2 to the sources 930, 93. The 
operating circuit of relay RY30, Fig. 18 is from 
the power supply, Switch MC8, third or fourth 
positions, switch RC ( first, second, third posi 
tions, winding of relay RY30, switch RCT, first 
position, or switch 84 and switch RCT, second 
and third positions, switch MC9, Second, third 
and fourth positions to power supply. 

POSITION I-AUTOMATIC 

In this position, as described in detail herein 
before, the rate correction circuits are controlled 
by the range selector switch 805, Fig. 18, the 
director slew key 8, the range rate keys 808, 
809, the elevation rate key 807 and the bear 

ing rate key 86, all under the control of the 
director operators. 

POSITION 2.--SEMIAUTOMAIC 

In this position the matching and rate correc 
tion circuits are under the control of the com 
puter personnel. 
The bearing match switch 84 , elevation 

match Switch 842, and range match switch 843, 
Figs. 12 and 18 are three-position, non-locking 
Switches, respectively controlled by the lever 
knobs 33, 3f, 32, Figs.11, 12. 
The circuit from switch 806 to relay RY is 

Opened by switch RC6, and the circuit to relay 
RY30 is opened by switch RCT, thus preventing 
operation of these relays by the director per 
SOne. 

Circuits are prepared from power supply 
through switches MC8, RC 0, thence through the 
Winding of relay RYi, the upper make springs 
of Switch 84 and switches RC3, MC9 to power 
Supply; and through the winding of relay RY30, 
the center make springs of switch 84, and 
Switches RC7, MC9 to power supply. The op 
eration of Switch 84 to the upper, or match 
and rate position, Will operate relays RY and 
RY30; the operation of switch 84t 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 Sh, dH, Ct, and the rates dR, dE, dB. 
The operation of relay RY30, Fig. 19, supplies 

excitation to the iB motor, MO2, Fig. 30, so that, 
under the control of the ring dials 536, this mo 
SA Will produce a rotation dB to match the ring 
ials. 
Whenever the trainer at the director is trained 

On the target, he operates switch 806, complet 
ing a circuit from power supply through switches 
MC8, RCO, resistor 827, bearing signal lamp 
825 in parallel with resistor 826, switches RC6, 
806 to power Supply, lighting signal lamp 825 

to notify the computer personnel thus providing 
a guide to the operation of switch 84 f. 
The circuit from switch 807 to relay RY2 is 

opened by switch RC5 and the circuit to relay 

O 
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RY3 is opened by switch RC8, to prevent Opera 
tion by the director personnel. 

Circuits are prepared from power Supply 
through switches MC8, RCIO, f87, AS6, thence 
through the winding of relay RY2, the upper make 
springs of switch 1842, switches RC4, MC9 to 
power supply; and through the winding of relay 
RY3, the center make springs of Switch 842, 
switches RC3, MC9 to power supply. The Opera 
tion of switch 842 to the upper, or match and 
rate position, will operate relays RY2 and RY3; 
the operation of switch 1842 to the lower, or 
match position, will operate only relay RY3. 
The operation of relay RY2, Fig. 30, connects 

the elevation ring dials iA03 to the rate correc 
tion circuits. 
The operation of relay RY3, Fig. 19, Supplies 

excitation to the iE motor, MO4, Fig. 30, So that, 
under the control of the ring dials 403, this no 
tor will produce a rotation iF to match the ring 
dials. 
The operating circuit of relays RY2, RY3, is 

prepared by the elevation switch 87 and the 
aircraft surface SWitch AS6. If either of these 
switches is operated, as for example in fire at a 
surface target, match and rate corrections in 
elevation are prevented. 

POSITION 3-MANUAL 

In this position, the circuit of rate correction 
relay RY, Fig. 18, is opened by switches RC6, 
RC3; the circuit of relay RY2 is opened by 
switches RC4, RC5; and the circuit of relay RY3 
is opened at switch RC2, thus disabling the rate 
correction system, 

Circuits are prepared from power supply, Fig. 
18, switches MC8, RC 0, winding of relay RY30, 
switches 84, RC, MC9 to power supply; from 
power supply, switches MC3, RC 9, key 87, 
switch AS6, winding of relay RC3, switch 842, 
switches RC8, MC9 to power supply; from power 
supply, switches MC8, RCIO, key 822, limit 
switch LS3, Winding of relay RY25, Switch 843, 
switches RC9, MC9 to power supply. The opera 
tion of the bearing match BMI switch 86 oper 
ates relay RY39; the operation of the elevation 
match EM switch f 842 operates relay RY3 f; and 
match and rate corrections in elevation and in 
bearing are prevented. 
The operation of the range control circuit with 

the radar range finder in semiautomatic opera 
tion will be described at this time, and the opera 
tion with the optical range finder Will be de 
scribed below. The radar-optical RO switch will 
be in the first or second position for radar range 
USe. 
A circuit is prepared from ship's power through 

Switches MC8 in positions 3 or 4, RCO in posi 
tions 1, 2 or 3, range knob Switch 822, LS3; 
thence by two parallel paths, one through the 
winding of relay RY3, lower break springs relay 
RY28, switch RC2 in position 2, upper make 
Springs of range match Switch 343, Switches RO 
in positions 1 or 2, MC9 to power supply; and the 
other through winding of relay RY25, center 
make springs of switch 843, switches RC9, MC9 
to power Supply. The operation of Switch 843 to 
the upper, or match and rate position, will oper 
ate relays RY3 and RY25; the operation of switch 
1843 to the lower, or match position, will operate 
only relay RY25. 
The Operation of relay RY3, Fig. 30, connects 

the range ring dials iA30 to the rate correction 
circuits. 
The operation of relay RY25, Fig. 19, supplies 
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excitation to the iR, motor MO3, Fig. 30, which, 
under the control of the ring dials 430 produces 
a rotation jR to match the ring dials. 

If the ranger at the director sets Switch 805, 
Fig. 18, to the type of range finder in use, and 
operates the corresponding switch 808, or 809, a 
circuit is completed from power Supply through 
switches MC3, RC 0, winding of relay RY2, 
switches (865, 808, 809 to power Supply, Oper 
ating relay RY2. The operation of relay RY2 
removes a shunt from the range signal lamp 835, 
lighting the signal lamp 835 to notify the Com 
puter personnel that the range finder at the di 
rector is set to target range, thus providing neces 
sary information for the operation of switch f343. 
The operation of relay RY30, Fig. 19, connects 

the power supply to the exciting winding of the 
iB motor MO2; the operation of relay RY3 con 
nects the power Supply to the exciting Winding of 
the jF motor MO4; and the operation of relay 
RY25 connects the power supply to the exciting 
winding of the iR motor MO3. 
With the motors MO2, MO4, MO3, Fig. 30, ex 

cited, the ring dials 530, 403, 430 will control 
these motors to match the rotations of shafts 
15, 402, 405 to the rotations of shafts 72, 
604 and receivers SY5, SY6. 
When the dials are matched, the matches may 

be maintained by manipulation of the Sh, dH and 
Ct switches, Fig. 29, controlling the Sh motor 
MOT, the dhimotor MO8 and the Ct motor MO6. 

POSITION 4 LOCA, 

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 06, 

Fig. 11, may be turned, operating the dH switch, 
Fig. 29, to slew the di motor MO8 to Zero, as 
shown by the dial 39, Figs. 11 and 14. 
The type A elevation E knob, ff09, Figs. 11, 12, 

14, 18, 20 first operates switches 87, Fig. 18, 
and 200, Fig. 20. The operation of switch 8 ft, 
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 403, Fig. 30; and preventing the ap 
plication of power to the exciting winding of 
the iF matching motor MO4, Figs. 19 and 30. 
The operation of Switch 200, Fig. 20 prevents 
the application of power to the exciting winding 
of the Eb follow-up motor MO 8. 
The operation of knob G9, Fig. 14, con 

nects the knob to the driven shaft, and applies 
a friction brake to the shaft, thus braking shaft 
624. For fire against Surface targets, the knob 

is turned until the dials 420, 42 read zero. 
For fire against aircraft targets, the dF. Switch, 
Fig. 29, may be operated to slew the dEI motor 
MO8 to a desired value of dH, thus causing the 
shaft 606, Fig. 14, to rotate proportionally to 
the generated elevation AcE and the knob 09 
may be continually manipulated to keep the dial 
420 matched with the dial f 43. 
With shaft 624, Fig. 16, braked, the motion 

of Shaft f623, proportional to the level L. can 
back up through the differential gear DF into 
the motor MOf 8, rotating shaft 622 proportion 
ally to Eb=E--L. The shaft 609 is rotated by 
motor MO2 proportionally to E'g, and this 
motion is combined in differential gear DF33 
With the motion of " 622, thus, shafts 63, 
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63 and the synchronous transmitter SY24 are 
rotated proportionally to Vs=E'g-Eb. 
The type A range R. knob if 0, Figs. 11, 12, 

14, 18, first operates switch 822, Fig. 18, open 
ing the operating circuit of relays RYS and RY25, 
preventing the transmission, to the rate cor 
rection circuits, of voltage from the ring dial 
430, Fig. 30; and preventing the application of 
power to the exciting winding of the iR match 
ing motor MO3, Figs. 19 and 30. 
The operation of knob O, Fig. 14, connects 

the knob to the driven shaft 4, and applies 
a friction brake to this shaft. The shaft 43 
is rotated by motors MO30, MO3 proportionally 
to AcR, and is geared to differential gear DF0. 
The shaft 4 is also geared to differential gear 
DFO, thus, by manipulation of knob if f 0, shaft 
405 may be rotated to any desired value of cF, 
as shown by dials 426, 436. 
The ship's power supply is connected through 

switch MC6, Fig. 20, to the primary winding 
of transformer TR-9. The secondary winding of 
transformer TR-9 is grounded through resistors 
2015, 2016 and is connected by connections 208, 
207, to the fourth contacts of switches RC2, 
RC3, Fig. 30. 
The operation of switches RC2, RC 3 to the 

fourth position disconnects the ring dials 530 
from the sources 930, 93 and connects them 
to the connections 208, 20. 
The operation of switch RC 4 disconnects the 

ring dials 530 from the winding of card 72, 
potentiometer PTT, thus preventing operation 
of the dB matching motor MO2. 
The operation of switches RC5, RC6, Fig. 

27 to the fourth position disconnects the follow 
up amplifier MA 9 from the synchronous re 
ceivers SY3, SY4 and connects it by connection 
3044, and resistor 3043, Fig. 30, to the fine dial 
of the ring dials 530, so that motor MO 9, Figs. 
17 and 27, will drive to keep the ring dials 
matched since Br is introduced manually onto 
the iB shaft. 
The operation of the type A relative bearing 

Br, knob , Figs. 11, 12 and 15, connects the 
knob to the shaft f 536, which is connected by 
gearing 52 to differential gear DF8. Shaft 
507 is rotated by motors MO34, MO35 propor 

tionally to AcB, and this rotation is combined 
in differential gear DF5 with a rotation of shaft 
502 proportional to Co, to produce a rotation 
of shaft 50 proportional to AcBr. The knob 

If f is manipulated to produce a rotation of 
shaft 536 proportional to iB and this rotation 
is combined in differential gear DF8 with the 
rotation of shaft 50 to produce a rotation of 
shaft 5f proportional to cBr=AcBr--iR. The 
ring dials 530 drive motor MO 9, Fig. 17, to 
keep the dials matched, so that the rotation of 
shaft 72, proportional to Br, is equal to cBr. 
The rotation of shaft 2 is combined in dif 
ferential gear DF2 with the rotation propor 
tional to iB'r of shaft 72, thus the rotation 
of shaft 708, and motor MO 9, is proportional 
to B'r=AcBr--iR-iB'r and this rotation drives 
the stable element in train. 

Switches RC5, RC6, RCT, RC8, RC9, RCIO, 
Fig. 18, prevent the operation of signal lamps 
830, 825, relays RY30, RY31, RY25, signal 
lamp 835 and relays RY26, RY27, RY, RY2, 
RY3. 
The radar-optical RO switch is a three-posi 

tion rotary switch, operated by knob fl2, Figs. 
11, and 12, and having four sections ROA, RO2, 
RO3, RO4, Fig. 18. 

5 

10 

15 

20 

25 

30 

35 

40 

5 5 

60 

108 
In general, the changes in radar range data, 

are supplied continuously to the computer; 
Whereas the optical range finder is only adjust 
ed. When the ranger detects an error in coinci 
dence, thus, the changes in optical range data, 
are discontinuous. When the range is satisfied 
With the adjustment of the optical range finder, 
he Operates key 808 to notify the computer per 
Sonnel. The radar optical switch modifies the 
circuits of the computer to handle the data most 
advantageously. 
POSITION 1-RADAR RANGE, RADAR TRAIN AND 

ELEWATION 

In this position, switches RO, RO2 place re 
lay RY3, and switch RO3 places relay RY25, 
under the control of the range rate key 1809, in 
the director, or the range match key | 843 in the 
computer, in a manner similar to the control of 
relays RY and RY30 by keys 806 and 84 
and the control of relays RY2 and RY3 by keys 
1807 and 842. Switch RO4 maintains the cir 
cuit to the dive attack clutch 847 which will 
be described later. 

POSITION 2.-RADARRANGE, OPTICAL TRAIN AND ELEWATION 

The circuits in this position are the same as 
in position 1. 

POSITION 3.-OPTICAL RANGE, OPTICAL T AND ELEWATION RAIN 

After Selection of a target, the director and 
ange 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 805, Fig. 18, is operated to the SWitch 
809. In order to prevent matching in elevation 
and bearing during a slew, the director slew key 
810 may also be operated. 
By means of knob f 3, Figs. 11, 12, the initial 

match, M, switch 844, Fig. 18, is operated by 
the computer operator. With the Md SWitch in 
fourth position, and the RC switch in first, sec 
9nd or third position, that is, any position but the 
fourth "local' position, a circuit is Completed 
from the power supply through switches MC8, 
RC 0, 822, LSI 13, RO4, the Windings of relays 
RY23, RY24 in parallel, switches 844, MC9, op 
erating relays RY23, RY24. Relay RY23 locks 
up through the break springs of relay RY22 and 
the make springs of relay RY23; relay RY24 
locks up through the break Springs of relay RY22 
and the make Springs of relay RY24. A circuit 
is also completed from power Supply through 
Switches MC8, RCI 0, 822, LS3, RO4, resistor 
846, signal lamp 845 in parallel with the break 

Springs of relay RY24, switch MC9 to power Sup 
ply. The operation of relay RY24 removes the 
short circuit and lights signal lamp f 845, Figs. 
11 and 18. 
Relay RY3 has an operating circuit from relay 

RY3, break contacts of relay RY28, SWitches 
RC2, RO2, break contact of relay RY23, SWitches 
RC, 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 406, Fig. 30, to the rate correction circuit. 
When the rate control RC switch is in the sec 
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Ond, 'semiautomatic' or third, "manual' posi 
tion, the operation of relay RY23 completes a 
circuit from power supply through switches MC8, 
RCO, 822, LS3, relay RY25, lower make 
Springs relay RY23, switch RC9, switch MC9 to 
power Supply, operating relay RL25, to supply 
power to the exciting winding of the iR motor 
MO3, Fig. 19. 
When the rate control RC switch is in the 

first, “automatic' position, the operation of relay 
RY24, Fig. 18, completes the above circuit 
through switches RCf, RO3, make contact of 
relay RY24. Thus, for all positions of the RC 
Switch, except the fourth, "local' position relay 
RY25 is operated, supplying excitation to the iR 
motor MO3 to produce continuous matching of 
the ring dials, while holding relay RY3 unoper 
ated 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 mark 
key 888, Fig. 18, completing a circuit from the 
power supply through key 808, Switch 805, re 
lay RY2, switches RCO, MC8 to power supply, 
operating relay RY2f. 
The operation of the break springs of relay 

RY2 removes the short circuit from the range 
signal lamp 835, Figs. 11 and 18, lighting this 
lamp to signal that the optical range key 808 
is operated. The operation of the lower make 
springs of relay RY2 completes a circuit in par 
allel with the lower break springs of relay RY22 
to keep relays RY23, RY24 locked up. The op 
eration of the upper make springs of relay RY2 
completes a circuit from the power supply 
through switches MC8, RC 0, 822, LS 3, 
RO4, relay RY22, upper make springs of relay 
RY2, switch MC9 to power supply operating 
relay RY22, which locks up through the upper 
make contact of relay RY22 and the upper make 
contact of relay RY24, and at the lower break 
springs opens the circuit through which relays 
RY23, RY24 were operated. 
When the mark key 808 in the director is re 

leased, relay RY2 is released, the upper make - 
springs placing a short circuit across the signal 
lamp 835, and the lower break springs opening 
the locking circuit of relays RY23, RY24, releas 
ing 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 MO3, Fig. 19, stopping the ring dial 
matching. The upper break SpringS prepare a 
path for the subsequent operation of relay RY3, ..., 
so that subsequently corrections from the range 
ring dials may be connected to the rate correc 
tion circuit. 
The release of the upper make springs of relay 

RY24 opens the locking circuit of relay RY22, 
releasing RY22. The release of the lower break 
springs of relay RY24 short-circuits the signal 
lamp 845, extinguishing the signal lamp to in 
dicate that the initial matching condition has 
ended. 

Each subsequent operation of the mark key 
808 Will operate relay RY2, lighting the signal 
lamp 835, and incidentally operating relay 
RY22. The operation of relay RY22 is now with 
out 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 MC9, upper make springs relay RY2, 
upper break springs relay RY24, Switches RO3, 
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RC, relay RY25, and through upper break 
Springs relay RY23, switches RO2, RC2, upper 
break springs relay RY28, relay RY3, thence 
through switches LS 3, 1822, RCIO, MC8 to 
power Supply operating relays RYS, RY25. The 
operation of relay RY3, Fig. 30, connects the ring 
dial 430 to the rate correction circuit; and the 
operation of relay RY25, Fig. 19, supplies excita 
tion to the iR matching motor MO3, thus match 
ing the ring dials, and correcting the rates as 
long as the mark key 808, Fig. 18 is closed. 
With the rate control RC switch in the second 

"semiautomatic' or third “manual' positions, if 
the mark key 808 is closed operating relay RY2, 
the only useful effect will be to light the range 
Signal lamp 835. 

If the initial match key 844 is inadvertently 
Operated after the closure of key 808 has op 
erated relays RY21, RY22, relays RY23, RY24 
Will operate, but will not lock up, since their 
locking path is Cpened at the lower break springs 
of relay RY22, thus the signal lamp 845 will 
fail to light. As the circuit of relay RY3 is 
then opened at the upper break springs of relay 
RY23, rate correction will be prevented while 
key 844 is manually held operated. 

Aircraft-Surface AS Suitch 
The aircraft surface switch is a three-posi 

tion rotary Switch, controlled by knob 4, Figs. 
11, 12, and having sections AS5, AS6, Fig. 18, 
Sections AS2, AS3, Fig. 34, and sections AS, AS4, 
Fig. 36. This switch is used (a) to control 
the fuze setting order to permit the use of com 
bined time and contact fuze action against air 
Craft targets, and of contact fuze action only 
against Surface targets; (b) to control the cor 
rection for vertical parallax to modify the po 
Sition of the reference point for certain types 
of Selected level operation; and (c) to disable 
the elevation rate correction circuits and ele 
Vation ring dial matching when fire is directed 
at Surface targets. 

POSITION I.-AIRCRAFT 

In this position, the operation of the fuze 
Setting circuit is as previously described. The 
Fg motor MO, Fig. 34, positions its shaft pro 
portionally to the dead time correction; time 
of flight, Tf voltage is supplied by connection 
3439 to the input circuit of motor amplifier MA9, 
causing the F2 motor MO9 to position its shaft 
proportionally to F2=Tf, thus setting the syn 
chronous transmitters SY2f, SY22 to the proper 
fuze order F=F2--Fg for time fuzes. A posi 
tive voltage, Hp, of magnitude proportional to 
the height of the director above the mean gun 
plane, is supplied by the source 93), Fig. 36, to 
the input circuit of the line amplifier LA36, to 
Correct the W components of the advance and 
virtual positions for the effect of virtual paral 
lax when the target elevation is computed with 
respect to the director, as is the case in fire at 
aircraft targets. The circuit to the relays RY2, 
RY3, Fig. 18 is prepared at switches AS5, ASS, 
permitting their operation as required to give 
rate correction and dial matching in elevation. 

POSITION 2.-SURFACE DIRECTOR 

In this position, the computer is adapted for 
fire With contact fuzes against surface targets 
and the gun order's are based upon target ele 
Vation as measured at the director. 
A circuit is completed from the power supply 

through switch MC, Fig. 18, windings of re 
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lays RY5, RY6, in parallel, Switch AS5, Switch 
MC9 back to power supply, operating relaySRY5, 
RY6. 
The operation of relays RY5, RY6, Fig. 32, 

breaks the connections to the brushes of the po 
tentiometer PT28, and grounds the connections 
to line amplifiers LA3, LA40, and to motor am 
plifier MA, Fig. 34, thus, in effect making the 
range rate dR and the advance range rate dR2, 
Zero So far as MA is concerned and causing 
motor MO to rotate to the position Fg=0. 
The operation of Switches AS2, AS3, Fig. 34, 

grounds the connection 3439 through resistor 
3428, and grounds the source 93 through re 
sistors 3430, 3427. The junction of resistors 3430, 
342 is connected through resistor 3438 to the 
input circuit of motor amplifier MA9, and ap 
plies a voltage proportional to the longest time 
of the fuze, in the present case, to 50 seconds, 
thus causing motor MO9 to rotate the trans 
mitters SY2, SY22 to the position representing 
50 Seconds. The fuze order thus transmitted 
to the fuze setter receivers, causes the receivers 
to set the fuzes in the “safe' position, thus dis 
abling the time fuze, and leaving the burst of 
the shell under the control of the contact fuze. 
The vertical parallax Hip voltage is un 

changed, So that the gun orders will be based 
on elevation measured at the director. 
The operating circuit of relays RY2, RY3, 

Fig. 18, is opened by Switch AS6, to prevent any 
inadvertent rate correction or dial matching 
based on the elevation component of target po 
sition. 

POSITION 3.-SURFACE STABLE ELEMENT 
The fuze setter is driven to the “safe' po 

sition by the operation of switch AS5, Fig. 18, 
and Switches AS2, AS3, Fig. 34; and the op 
erating circuit of relays RY2, RY3 is held open 
by switch AS6, 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 ele 
ment 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 cross 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 
AS, AS4, Fig. 36, ground the source of nega 
tive voltage 93 through resistor 367 and re 
Sistors 3669, 3672. The junction of resistors 
3669, 367 is connected to the input circuit of 
the line amplifier LA32, and supplies a negative 
voltage, Hip, proportional to the vertical paral 
laX 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 certain 

values when the computer is standing by, or to 
introduce certain quantities when the computer 
is controlled locally by the computer personnel, 
due to disablement of the associated devices or 
the Synchronous transmission systems. 

Bearing Br knob 
As previously described, knob f, Figs. 11, 

12, is used to set in a desired value of bearing 
When transmission from the director is inopera 
tive. With the rate control, RC, switch in 
fourth, "Local,' position, " , when 
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engaged drives the iB shaft, 536, to control, 
through the ring dials 530, the B'r follow-up 
motor MO9. 

Elepation E knob 

As previously described, knob 09, Figs. 11 and 
12, is used to set in a desired value of elevation 
in controlling fire against Surface targets, or 
when transmission from the director is inopera 
tive. The knob, when engaged, opens the operat 
ing circuit of relays RY2, RY3, Fig. 18, to pre 
vent rate correction and matching; opens the 
exciting circuit of the Eb follow-up motor MO 8, 
Fig. 20; and drives the jF: shaft 624 Fig. 12, to 
set the elevation to zero on the ring dials 403. 

Range R. knob 
As previously described, knob flio, Figs. 11 and 

12 may be used to set in a desired value of range 
When transmission from the director is inopera 
tive. The knob 0, when engaged, opens the 
operating circuit of relays RYS, RY22, RY23, 
RY24, RY25 and clutch 1847, Fig. 18, and drives 
the iR, shaft 4, Fig. 14, to Set in a desired 
value of range on the ring dials. 
The limit switch LS 3, Fig. 18, 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 trans 
mitted to the synchronous receiver SY32, Figs. 
12 and 14 and is indicated on the dial 5, Figs. 
11, 12 and 14. When this dial again indicates a 
range less than 35,000 yards, or transmission is 
switched to the optical range finder, knob if 0, 
Figs. 12 and 14, is engaged and turned until the 
ring dials i430 read below 35,000 yards, thus re 
leasing the limit switch LS 3, preparing the cir 
cuit for relays RYS, RY25. 

Ship speed. So knob 

The ship speed knob So, 422, Figs. 11, 13, 14, 
42, as previously described, may be used to set 
in ship speed when normal transmission is inop 
erative. 

Ship course Co knob 

The type A ship course knob 6, Figs. 11, 12, 
i5, 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 circuit of the follow-up motor MO25, 
Figs. 15, 20, 29; and engages shaft 537, permit 
ting a desired value of ship course Co to be set 
in on shaft 537, as indicated on the ship dial 
534, Figs. 11, 15. 

Flae F knob 

The type A fuze knob if f 7, Figs. 11B, 13, 15, 19, 
is used to Set in a fuze order for transmission to 
the guns if the computer fails, and operates switch 
96, Figs. 13, 15, 19, to cut off the excitation 
from the F2 motor MO9 and the Fg motor MO , 
Figs. 19 and 34, and substitute the dummy load 
formed by resistor 923; and engages shaft 538, 
permitting a desired value of the fuze F to be set 
in on the counter it f8, Figs. 11B, 13, 15 and the 
transmitters SY2, SY22 and setting the brushes 
of potentiometers PT63, PT67. 

Sight deflection. Ds knob 

The type A sight deflection knob, 9, Figs. 
11A, 13, 14, 19, is used to set in a desired value of 
Sight deflection for transmission to the guns if 
the computer fails. 9 operates switch 
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98, Figs. 13, 14, 19, opening the exciting circuit 
of the Ds motor MO 4 and substituting the 
dummy load formed by resistor 924; and en 
gages shaft 443, Figs. 13, 14, permitting a desired 
value of sight deflection to be set in the com 
puter, as indicated by the counter f442, Figs. 11A, 
14, and to be sent to the guns by the transmitter 
SY25, Figs. 13, 14. 

Sight angle Vs knob 
The type A sight angle knob 20, Figs. 11A, 13, 

14, is used to set in a desired value of the sight 
angle Wis for transmission to the guns if the com 
putation of Eg fails. The knob operates switch 
917, Figs. 13, 14, 19, cutting off the excitation 
from the E'g motor MO2, short-circuiting the 
exciting winding to produce dynamic braking of 
motor MOf 2, and substituting the dummy load 
formed by resistor 925. Knob 20, Figs. 13, 14, 
engages shaft 63, permitting a desired value of 
sight angle to be set in on the counter 45, Figs. 
11A, 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 locally 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 and deflection 
spot controls, in conjunction with the ballistic 
correction 3C switch 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 Ri knob 
The type A range spot knob 22, Figs. 11A, 13, 

14, 20, 37, operates switch 20, opening the ex 
citing circuit of the Ri follow-up motor MO2, 
Figs. 20, 37, to prevent the operation of this motor 
by the receiver SYT, 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 409, Figs. 
11A, 13, 14. 

Ballistic correction. BC switch 
The ballistic correction switch 37.53, Figs. 13, 

37, is a two-position locking switch controlled by 
the switch knob 2, Fig.11A. 

POSITION - MAJOR CALIBER 
In position 1, switch 3753 is operated to the 

upper contacts. The left-hand springs connect 
the source 93 to ground, through resistors 3734, 
37.36 in parallel and resistor 3735, thus changing 
the voltage scale so that the lower Section of the 
winding of card 90 has a voltage drop propor 
tional to 12,000 yards, and the right-hand springs 
open the circuit from the receiver SYT to follow 
up amplifier MA2 and short-circuit the input to 
follow-up amplifier MA2, thus disabling the 
control of motor MO2 by receiver SYT to pre 
went the introduction of erroneous values of Ri 
from the director. 

POSITION 2-NORMAL 

In position 2, as shown in Fig. 37, the source 
93 is connected to ground through resistor 3734 
and resistors 3735, 3136 "" In this posi 
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tion, both sections of the winding of card 90 
have voltage drops proportional to 1,800 yards. 
The receiver SY is connected to the input circuit 
of the follow-up amplifier MA2, so that motor 
MO2 may be controlled from the director. 
In a typical computer, the two sections of the 

Winding of card 90 had resistances of about 
5,680 ohms, resistors 3732, 3734 had resistances 
of about 29,250 ohms, and resistors 3733, 3735, 
3736, respectively, had resistances of about 3,150, 
8,070 and 5,160 ohms. 
The dial f409, Fig. 11A, is graduated +1,800 

yards in black for the normal position of the BC 
switch, and --1,800 -12,000 yards in red for use 
when the BC switch is in position 1. 

Elevation spot Vi knob 
The type A elevation spot knob 23, Figs. 11A, 

13, 14, 20, operates switch 20 f3, opening the ex 
citing circuit of the Wii follow-up motor MO23, 
to prevent the operation of this motor by the 
receiver SY9, Figs. 13, 14, 43, and engages shaft 
445, FigS. 13, 14, so that a desired value of ele 

Vation Spot may be set in, as indicated by dial 
24, Figs. 11A, 13, 14. 

deflection spot Di knob 
The type A deflection spot knob 25, Figs. 11A, 

13, 14, 20, 41 operates switch 2012, opening the ex 
citing circuit of the Di follow-up motor MO22, 
to prevent operation of this motor by the receiver 
SY8, Figs. 13, 14, 41, and engages shaft 446, Figs. 
13, 14, so that a desired value of deflection spot 
may be set in, as indicated by dial 26, Figs. 
11A, 13, 14. 

Stop time ST Spitch 
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, operated by 
SWitch lever f27, Figs. 11A, 12. In the normal 
position, the stop time switch 838, Fig. 18, pre 
pares a circuit for the operation of relay RY 8, 
When SWitches MC5, MCO are in the second, 
'stabilize' position, but, normally, for the third, 
"Rate control' and fourth “On' positions of 
Switches MC8, MC9, MC, G, holds open the oper 
atting circuit of relays RY, RY 8. With switches 
MC8, MC9, MCO in the third or fourth position, 
and SWitch RCO in the first, second or third po 
Sition, the operation of switch 838 completes a 
circuit from power supply, switches MC8, RCO, 
upper make Springs of switch 1838, winding of 
relay RYT, Switch MC9 to power supply, oper 
ating relay RY; and from power supply, switch 
MC0, Winding of relay RY28, lower make springs 
of Switch 838, switch MC9 to power supply, op 
erating relay RY8. The operating of relays 
RY, RY8, Fig. 28, as previously described, sets 
the frequency of the oscillators 2825, 2836,2838 
at 60 cycles and stops the rotations of the AcR. 
Fo 437, the AcE shaft 606 and the AcB shaft 

7. 
Selected fuee Operation 

When controlling the fire of major caliber 
Weapons, or when the fuzes of the shells for the 
regular weapon are not continuously set by the 
automatic fuze setter, the fuzes may be preset 
to Some convenient fuze numbers, the Weapon 
loaded and, when the computed time of fight be 
comes 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 "g" the stable element. 
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When firing with selected fuzes, the dead time 
Tg should be zero. 
The dead time dial T64, Fig. 11, has a Zero 

mark, but is only graduated from 2.5 to 6 seconds. 
The Zero dead time cannot conveniently be ob 
tained by setting the brushes of potentiometer 
PTT4 to zero, because the winding of card 743 
varies with 

l 
Tg 

and unduly wide cards would be required. Thus, 
when the dead time Tg dial 764 is turned to 
zero, a cam on the driven shaft operates switch 
86, Fig. 18, completing a circuit from power 
supply through switch MC, windings of relays 
RY5, RY6 in parallel, switches 86, MC9, back 
to the power supply, operating relays RY5, RY6. 
The operation of relays RY5, RY6, Fig. 32, cuts 
off the voltages normally supplied to the input 
circuit of line amplifier LA49, reducing the sig 
nal voltages supplied to the input circuit of motor 
amplifier MA i, Fig. 34, to zero, driving the Fg 
motor MO to zero position. The F2 motor 
MO9 is controlled to rotate to a position propor 
tional to the time of flight Tif, thus the fuze order 
F=Tf. The computer operator Watches the fuze 
number counter 8, Fig. 11, and, when the 
selected fuze number is showing, presses the fir 
ing 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 Sud 
den change of course and Speed changes all the 
components of target Velocity and correspond 
ingly changes the data, to be used in prediction. 
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 ut 
most speed; a dive attack Switch is therefore pro 
Wided in the director and the computing circuits 
are SO arranged that when this SWitch is Oper 
ated, all the rates in the computer 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 during the dive. 
The fuzes of the shells may be continuously 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 82, 

Fig. 18, completes a circuit from power supply 
through SWitch MC, fourth position, through the 
windings of relays RY7, RY4, RY28, RY9, RYO, 
RY , Switch 812 to power supply, operating 
these relayS. A circuit is also completed through 
Switch MC, winding of relay RY 8, switches 
838, MC5, 82 to power supply, operating relay 
RY 8. Another circuit is completed from power 
supply through switch MC, resistor 82, signal 
lamp 820 and the break springs of relay RY28 in 
parallel, switch MC9 to 5 supply. The shunt 
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On Signal lamp 820 is removed by the opening of 
the break springs of relay RY28. 

Potentiometer PT3, Figs. 12, 14, 31, 36 may be 
manually preset by the type D knob 28, Figs. 
11, 12, 14, to the estimated value of the diving 
Speed SS of the target, as indicated on dial 29, 
FigS. 1, 14. 
The operation of relay RYT, Fig. 31, discon 

nects the sources 93, 1930 from the di potenti 
ometer PT6 and from the Sh. potentiometer PTT, 
grounds the source 93 through resistor 396, 
and grounds the Source 930 through resistor 
397, and through resistor 399 and the winding 
of card 32, potentiometer PTT3. The Winding 
of card 32 provides a linear variation of Voltage 
at the brush associated therewith which is coin 
nected through resistor 3480 to the input circuit 
of the motor amplifier MA26, controlling the dR, 
motor MO26. 
The operation of relay RYA disconnects the 

normal power Supplies from the So potentiometer 
PT6, and grounds the Winding of card 69 and 
connection 327 through resistor 398. 
The operation of relayS RY, RY4, has thus 

replaced by the diving speed Ss, the rates dEI, Sh, 
So normally used in controlling the dR motor 
MO26. The Operation of these relays has also 
cut off the inputs to the motor amplifiers MA2, 
MA28, controlling the dE and dB motors, MO27, 
MO28. 
The operation of these relays also cuts off the 

power normally supplied by connections 388, 
389, 3 90, 39, 3 92 to the input circuit of line 
amplifiers IA3, LA40, Fig. 32. The brush aSSO 
ciated with card 32, Fig. 31, is connected to 
ground by connection 348, switch 88, and re 
sistol's 3483, 3434, 3485. The junction of resistors 
324, 3485 is connected through resistor 3452 to 
the input circuit of amplifier LA4), and through 
resistor 3463 to the input circuit of amplifier 
LA31. The junction of resistors 393, 396, Fig. 
31, is connected by connection 3482 through the 
upper break springs of relay RY5, Fig. 32, and 
resistor 345 to the input circuit of amplifier 

, LA49. The junction of resistors 3683, 3484 is con 
nected by connection 3403 through resistor 343, 
Fig. 34, to the input circuit of motor amplifier 
MA. 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 Correc 
tion, Fg, is properly Computed for fire With Con 
tinuous 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 88, Fig. 32, is 
operated by the switch lever 30, Figs. 11, 13. 
The operation of Switch 88, Fig. 32, cuts off 
connection 348, and grounds resistor 3483, thus 
relioving the voltage proportional to SS formerly 
supplied to amplifierS LA3, LA40, and motor 
amplifier MA, Fig. 34. 
The operation of Switch 88, Fig. 18, completes 

a circuit from power supply through switch MC, 
windings of relays RY5, RY6 in parallel, lower 
make contacts of Switch 88, make contacts of 
relay RY28, switch MC9 to power supply, operat 
ing relay RY5, RY6. The operation of relays 
RY5, RY6, and switch 818, Fig. 32, cut off the 
voltages proportional to dR, dR2 and Ss from 
amplifiers LA40, LA3 and from motor amplifier 
MA, Fig. 34, so that motor MO is driven to 
make Fg=0, and notor MO9 is driven to make 
F-Tf, i.he computer operator may thus Watch 
the fuze number " 8, Fig. 11, and, when 
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the proper time of flight for the preset fuze of the 
shell in the gun is displayed, fire the gun by op 
erating the firing key on the stable element. 
The output transformer 3380, Fig. 33, of the Tf 

amplifier LA25, is normally connected by Con 
nections 330, 3302 to the dipotentiometer PT 6, 
Fig. 36, the A potentiometer PT f3, and the Br 
potentiometer PT4. The operation of relay RY9 
cuts off the voltage from these potentiometers; 
grounds connection 3302 through resistor 3487; 
and grounds connection 330 through resistor 
3488, and through resistors 3698, 3699 in Serial 
relationship. The junction of resistors 3698, 3699 
is grounded through the winding of card 73, 
potentiometer PTT3. The winding of card 73 
produces a linear variation of voltage at the 
brush associated therewith proportional to TSSS 
which is connected through resistor 3486 to the 
input circuit of line amplifier LA36. The output 
voltage of amplifier LA36, which is normally 
proportional to generated range CR, is thus made 
proportional to advance range R2=CR-HTfSs. 
The terms depending upon the rates dh, Sh, So 
are also cut off from the rectangular coordinate 
amplifiers LA 9, LA20, LA2?. 

Because of the change made in the method of 
prediction by the operation of relay RY9, the op 
eration of relays RYi O, RY, Fig. 37, cut off from 
the motor amplifier MAO the quantities based on 
di, Sh, So, which together make up the range 
prediction Rt, and ground these inputs to motor 
amplifier MA 0. 
As previously described, the operation of relay 

8, Fig. 28, sets the frequency of oscillators 2836, 
2838 at 60 cycles, so that the shafts 606, i501 are 
motionless and the generation of AcE and AcB is 
stopped so as to prevent driving the director 
sights off the line of sight. The motion, pro 
portional to L--Zd/30, of shaft 129 is still trans 
mitted through the differential gear DF3; the 
motion, proportional to Co, of shaft 502 is still 
transmitted through differential gear DF5 and 
the motion, proportional to iB'r, of shaft T is 
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 820, 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 circuit, previously described, for the opera 
tion of relays RY5, RY6, when switch 88 is 
operated to the “Selected fuze' position. The 
operation of the upper break Springs of relay 
RY28 opens the circuit of relay RY3, to prevent 
range rate correction by normal means; and the 
operation of the upper make springs of relay 
RY28 prepares a circuit from power supply 
through switches MC8, RC 0, 822, LS3, RO4, 
winding of magnetic clutch 84, upper make 
springs relay 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' po 
sitions; the rate control RC Switch in the first, 
'Automatic' position; the radar-Optical RO 
switch in the first or second "Radar range' posi 
tions; and the limit switch LSI 3 released, the 
operation of relay RY2 by the radar range rate 
switch 809 in the director will energize the 
magnetic clutch 841. 
The operation of clutch 847, Figs. 12, 14, con 

nects the jR, motor MO3, through gearing 435 
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with the shaft 450, geared to the brushes of 
the SS potentiometer PT3. Thus, if there is a 
positional disagreement in the range ring dials 
439, the iR motor MO3 will be started to match 

the dials, and to correct the dive speed SS Setting 
of the brushes of potentiometer PT3. 
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. Lund 
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 ballistic com 
puter is claimed in United States application, 
Serial No. 577,621, filed February 13, 1945, by 
S. Darlington; the fuse number computer is 
claimed in United States application, Serial No. 
577,625, filed February 13, 1945, by A. A. Lund 
strom; the control system is claimed in United 
States application, Serial No. 577,629, filed Feb 
ruary 13, 1945, by B. D. Holbrook and A. A. 
Lundstrom; the gun order computer is claimed 
in United States application, Serial No. 577,623, 
filed February 13, 1945, by S. Darlington and 
A. A. Lundstron; 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 frequency 
oscillator is claimed in United States applica 
tion, 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 ap 
plication, Serial No. 577,631, filed February 13, 
1945, by E. D. Mead and F. M. Thomas, now 
Patent 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 controlled by observations of 

the position and movement of a target relative to 
a ship to direct a shell from a gun to said target 
including ballistic computing elements forming 
the sources of a first voltage proportional to the 
Cross Wind time and a second voltage proportional 
to the drift, first means connected to the source 
of Said first voltage and controlled by said com 
puter to fractionate said voltage proportionally 
to the component of the velocity of the wind 
relative to the ship normal to the vertical plane 
through the axis of the gun, a source of a third 
constant voltage, second means connected to the 
Source of Said third voltage and adjusted to frac 
tionate Said voltage proportionally to a desired 
angular deflection spot, third means connected 
to Said Second means and controlled by said com 
puter to further fractionate said third voltage 
proportionally to the advance range to said tar 
get, and an amplifier having an input circuit 
connected to the source of said second voltage 
and to said first and third means and an output 
circuit, whereby the voltage of said output circuit 
is made proportional to the horizontal effects 
normal to the vertical plane through the axis 
of the gun of the drift, wind, and deflection spot. 

2. In a computer controlled by observations of 
the position and movement of a target relative 
to a ship to direct a shell from a gun to said 
target including a source of voltage and ballistic 
computing elements connected to said source and 
controlled by said computer to fractionate said 
Voltage proportionally to the cross wind time, 
first means connected to said ballistic means 
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and controlled by said computer to further frac 
tionate the voltage from said source proportion 
ally to the component of the velocity of the wind 
relative to the ship in the vertical plane through 
the axis of the gun, second means connected to 
said source of voltage and adjusted to fractionate 
said voltage proportionally to a desired angular 
elevation spot, third means connected to said 
second means and controlled by Said computer 
to further fractionate the voltage from Said 
source proportionally to the horizontal compo 
nent of the lateral deflection of advance range, 
an amplifier having an input circuit connected to 
said first and third means and an output circuit, 
and a potentiometer having a Winding connected 
across said output circuit and a brush connected 
to said input circuit and controlled by said Com 
puter to select a voltage proportional to the ratio 
of cross wind time to tail wind time, whereby the 
voltage of said output circuit is made propor 
tional to the horizontal effects in the Vertical 
plane through the axis of the gun of thr wind 
and elevation Spot. 

3. In a computer controlled by observations 
of the position and movement of a target rela 
tive to a ship to direct a shell from a gun to Said 
target including a source of voltage and first, 
second and third ballistic computing elements 
connected to said source and controlled by Said 
computer to respectively fractionate Said volt 
age proportionally to the cross wind time, the 
time of flight and the superaltitude, first means 
connected to Said first ballistic element and COIn 
trolled by said computer to further fractionate 
said voltage proportionally to the component of 
the velocity of the Wind relative to the ship in 
the Vertical plane through the axis of the gun, 
Second means connected to Said Source of Voltage 
and adjusted to fractionate Said Voltage propor 
tionally to a desired angular elevation spot, third 
means connected to said second means and Con 
trolled by said computer to further fractionate 
the voltage from said source proportionally to 
the horizontal component of the lateral deflec 
tion of advance range, a first amplifier having an 
input circuit connected to said first and third 
means and an output circuit, a potentiometer 
having a winding connected acroSS said output 
circuit and a brush connected to said input cir 
cuit and controlled by said computer to select a 
Voltage proportional to the ratio of croSS Wind 
time to tail wind time, fourth means connected 
to Said Second means and controlled by Said con 
puter to further fractionate said voltage propor 
tionally to the vertical component of the lateral 
deflection of advance range, fifth means con 
nected to the output circuit of Said second ampli 
fier and controlled by said computer to frac 
tionate the output Voltage of said amplifier pro 
portionally to the ratio of Vertical wind time to 
tail Wind time, sixth means connected to said sec 
ond ballistic element and adjusted to further 
fractionate the Voltage from Said Source propor 
tionally to the vertical Speed of said target, sev 
enth means connected to said source and adjust 
ed to fractionate the Voltage from Said source 
proportionally to the Wertical parallax of Said gun 
With respect to the point of observation, eighth 
means connected to Said Source and controlled by 
Said Computer to fractionate the voltage from 
Said Source proportionally to the present height 
of Said target above said gun, and a second ampli 
fier having an input circuit connected to said 
third ballistic element and said fourth, fifth, 
sixth, seventh and eighth means and an output 
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circuit whereby the voltage of the output cir 
cuit of said second amplifier is made proportional 
to the vertical coordinate with respect to Said gun 
Of the Virtual position. 

4. In a computer controlled by observations of 
the position and movement of a ship to direct 
a. Shell from a gun to said target including a 
Source of voltage and first, Second and third 
ballistic computing elements connected to said 
Source and controlled by said computer to respec 
tively fractionate the Voltage from Said source 
proportionally to the cross wind time, the drift 
and the time of flight of said shell, first means 
connected to said first ballistic element and con 
trolled by Said computer to further fractionate 
Said Voltage proportionally to the component of 
the velocity of the wind relative to the ship nor 
mal to the Wertical plane through the axis of 
the gun, Second means connected to said source 
and adjusted to fractionate the voltage from said 
Source proportionally to a desired angular de 
flection Spot, third means connected to said sec 
Ond means and adjusted by said computer to 
further fractionate Said voltage proportionally to 
the advance range, a first amplifier having an 
input circuit connected to said second ballistic 
element and said first and third means and an 
Output circuit, fourth means connected to said 
first ballistic element and controlled by said com 
puter to further fractionate the voltage from said 
Source proportionally to the component of the 
velocity of the wind relative to the ship in the 
Vertical plane through the axis of the gun, fifth 
means COnnected to Said Source and adjusted to 
fractionate the Voltage from said source propor 
tionally to a desired angular elevation spot, sixth 
means Connected to Said fifth means and con 
trolled by said computer to further fractionate 
the voltage from Said source proportionally to 
the horizontal component of the lateral deflec 
tion of advance range, a second amplifier having 
an input circuit connected to said fourth and 
Sixth means and an output circuit, a potentiome 
ter having a Winding connected across said out 
put circuit and a brush controlled by said com 
puter to fractionate the voltage of said output 
circuit proportionally to the ratio of cross wind 
time to tail Wind time, seventh and eighth means 
Connected to Said third ballistic element and con 
trolled to said computer to respectively further 
fractionate the voltage from said source propor 
tionally to the velocities of said target with re 
Spect to Said ship in line with and normal to the 
Vertical plane through the line of sight, ninth 
and tenth means connected to the output circuit 
of Said first amplifier and controlled by said com 
puter to respectively fractionate the output volt 
age of Said amplifier proportionally to the nega 
tive sine and cosine of the horizontal angle be 
tween the vertical planes through the axis of the 
gun and the line of sight, eleventh and twelfth 
means Connected to the output circuit of said 
Second amplifier and controlled by said computer 
to respectively fractionate the voltage of said 
Output circuit proportionally to the negative co 
Sine and negative sine of the horizontal angle 
between the vertical planes through the axis of 
the gun and the line of sight, thirteenth means 
connected to said source and controlled by said 
Computer to fractionate the voltage from said 
Source proportionally to the horizontal range of 
the projection of the present position of said tar 
get, a third amplifier having an input circuit con 
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nected to said seventh, ninth, eleventh and thir- e. R3 - - A . . . . . . . 
teenth means and an Output circuit, a fourth References Cited in the file of this patent 
amplifier having an input circuit connected to UNITED STATES PATENTS 
said eighth, tenth and twelfth means and an out 
put circuit, and computing means connected to 5 Sas Dosifal Mai's46 
EAE circuits of Said third and fourth 2,434,274 Lakatos - as a a Jan. 13, 1948 
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