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1

This invention relates to. the control of ob-
serving instruments, and particularly to. instru-
ments controlling -a naval gunfire computer.

The object of the invention is to derive from a

motlon proportional: to a bearing measured in
the deck plane, and mbotions proportmnal to the
angles in the plane of the line of sight and nor-
mal thereto between the deck plané and a hori-
zontal plane, a motion proport10na1 to the eorre-
spondmg bearlng measured 1n the horlzontal
plane.
" A feature of the invention is means for deriving
a motmn proportlonal to the difference between
the correspondmv ‘Bearings' in the horizontal
plane-and the deck plane, and for combining this
motion with {the” Mmotion proportlonal to the
measured Pearitig Y the ‘deck ‘planeé to produce
a motion proportmnal to the bearmg in the h0r1—
zontal plane. -

The present invention is embodled in a com-
puter designed to operate in conJunctlon with
known' types of naval d1rector ancl stable element
and the tsual ship compass and automatm log
The Scope of the mventlon is not thereby llmlted
to the present embod1ment as the computer may
be adapted to operate with other types o s
tors and stable elements, and the mventlon may
be used in other types of computers e

The director

The foundation of the director may be mounted
on any promlnent part of the ship, such as a fire
control tower, pxlot house, ‘ete., and’~ supports 4
base ring and g cir cular training rack. 'The car-
riage 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 o the deck plane of the ship
by & training motor mountéed.on the carriage and
geared to the fraining rack. ‘'The drive ffom the
training motor to the training rack is trans-
mitted through a differential gear, or an electri-
cal equivalent thereof. A handwhee]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 rotation. Synchro-
nous transmitters of known type :rotated by the
carriage transmit to the. computer voltages defin-
ing the position of the carriage. A slewihg.switch
is provided whereby the training motor may be
locally controlled Wy the trainer at the director,

(CL. 235—61.5)
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or it may be controlled as a follow-up motor by
synchrohous. receivers of known type excited by
control voltages transmited from the computer.

‘The optical instruments for tracking the target
in elevation and train are mounted with the open
sights, indicators ‘and control devices on a shelf
supportéd by the carriage. Usually three in-
struments are. provided, one each forthe poinfer,
the trainer and the control officer. Rach instru=
meént 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 felescope for
rotation about an axis paralle] to the deck plane,
and elevation and cross-level shafts driven by ele-
vation and cross-level motors mounted on the
carriage.

A slewing switch is provided whereby the ele-
vation motor may be locally controlled by the
pomter, or ‘it may be controlled as’'a follow—up
motor by synchronous receivérs of known “type
exmted by control voltages transmltted from’ the
computer Snychronous transm1tters of ke Wn
t¥pe, drlven by the elevat10n motor, tran_s it
the computer voltages defining’ the elevafiol
the target. 'I'he cross-level motor is contr“

mltted n om. the stable element
The telescopes are of k own tyDe havmg a

mounted for rotation about an ax1s transverse
t0 the axis of the body, an 1nvert1,ng prism, an ob-
jective lens, an illuminated cross-line plate, Opti-
cal filters, and an eyepiece. The head prism in-
verts the image ‘from top to bottom, the 1nvert-
ing prism inverts the image from right to left,

then the objective lens. completely inverts the
image, focussing the ,ﬁeld of yiew as g real, erect
image upon the .cross-line plate, which appears
through fhe eyepiece as a virtual, enlarged, erect
image.

‘The cross-level shaft in the optical hox is
geared o 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 tele-
scope body also produces .an inclination of the
axis of the head prism, .and, 1o correct this in-
clination, the head prism must be rotated -hot
only in-elevation, but also in éioss level. In.the
present standard devices, this addéd corrective
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rotation is equal to one-thirtieth of the rotation
in cross level, The elevation motor is geared
through a differential gear, or an electrical
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 pro-
vided whereby the trainer may, through the dif-
ferential gear, add a rotation to the other rota-
tions of the head prism.

The range finder, of the usual Naval type, is
rotatably mounted in a range finder carriage
attached to a beam pivotally supported by a
standard 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 differ-
ential gear, synchronous transmitters which
transmit to the computer voltages proportional
to the position of the transmitter. A synchro-
nous 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 elevation plus one-thirtieth of cross
level the range finder in the carriage. Shaits,

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
operation in conjunction with other observing
instruments, such as the known radic location
devices, or a combination of optical and radio
instruments.

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
transmits the director train B’r of the target

10

4

at high speed about a verucal axis by a smali
motor. The gyroscope case is equipped with de-
wices to compensate for the effects upon the gyro-
scope 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 vertically 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

with respect to the axis of the ship from the com- .

puter to the stable element, and other shafts
transmit the level L, the angle in the vertical
plane containing 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 vertical plane containing the line of
sight, and L42Zd/30 to the computer. A syn-
chronous transmitter rotated by the stable ele-
ment 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
piteh 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 re-
spect to the horizontal plane transverse-to the
longitudinal axis, measured in a plane normal 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 of inclination of the deck plane transverse
to the plane 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.

The sensitive element includes a gyroscope
element mounted in g gyroscope case and rotated
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director train. Slip rings and brushes associated
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, mounied 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 crossed 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
relative linear rates, and corrections to these
rates;

Figs. 5, bA show in plan and elevation the rela-



5,658,875

tionships involveu in the ucéermination of the
rectangular coordinates;

Fig. 6 shows curves 1llustrat1ng the effect of

the use of ballistic range;

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

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

Figs. 8, 8A show in elevation thé relationships
involved in the rotatlon of the eoordinate sys-
tem into the deck plane;

Fig, 8B is a three-demensional diagram of the
relationships involved in the determination of
the sight deflection;

Figs. 9; 94, 9B show in ‘plan and elevation the
relationships involved in the determination of
the gun orders;

Figs. 10, 104, 10B, 10¢, 10D, 10E show curves
of eéertain functions used in the computation,

Figs. 11, 11A, 11B are front and side views of a
typical computer embodying the 1nventlon

Figs. 12, 13 schematically show the controls and
mechanism of the computer;

Figs. 14, 15, 16, 17 schematlcally show the
motors, potentiometers, shafting, gearing and
othér mechamcal 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;

Pig. 21 schematically shows a variable fre-
quency oscillator;

Fig. 22 schematically shows an amplifier for
a follow-up motor;

Fig. 23 shows a plan view of the ring matching
dials;

Fig. 24 diagrammatically shows the ring match-
ihg 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;

Pig. 40 schematically shows the elevation fol-
low-up system;

Fig. 41 schematically shows the deflection spot
follow-up- system;

Fig. 42 schematically shows the: ship speed fol-
low-up system; and

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

Before describing the operation of the com-
puter, the quantities involved in the computations
and the conventions assumed will be defined.

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

(@) Quantities are ordinarily defined in terms
of data received by the computer or derived from
rece1ved data in the process of computation.

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

(¢) *“The deck plane is the standard yeference
plane of the ship.

(@) Present position is the observed position of
the tar get at the instant cons1dered line of sight
is the line from the director to the present posi-
tion.

(e) Point of burst is the calculated position of
the target at the computed time-of burst (time:of

10

15

20

26

30

35

4

45

50

55

60

65

70

75

6
flight seeonds after the present), and may be re-
garded as the computed future pos1tlon of the
target. .
() Advance position is the position obtained:by
a.pplylng to the pomt of burst corrections: which
are équal and oppesite to the effects: of: drift:and:
wind, and a correction: equal to-the total applied
spot, all calculated for the point of burst.. TLine
of advance posxtmn is the line from. the mean
gun to the advance position,
(¢). Virtual position is the position vertically:

-above the advance position by g distance. equal

to superaltitude, If the farget 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 fufure po=:
sition; the line from. the mean gun:to the virtual
position is accordingly the ordered gun. axis for
the mean gun. Note thai 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 motlon of target with
respect to water and vert1cal plane thrqug :
of sight, measured in the -horizontal plan
clockwise. from d1rect10n of motlon

(A=180°4-B~-Ct)-

(A==0° for target maving toward ship in veg-

tical plane through line of sf hi

B True target bearmg Angle between north-
south vertlcal plane and vertwal plane through
line of sight, measured in the horlzontal plane
clockwise from north (B=Br+-Co).

AcB Increment of generated bearing.. (Bear-
ing correction.)’ ’I‘he angle representmg the
integral with respect to t1me of angular bear-
ing rate (AcB_ dedt)

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

3B Correctmn to angular bearlng rate. The
component of rate correetlon thch is propor-
tional to the difference between relatlve target
bearing and generated relatlve target hearmg \.

iB Imt1a1 settmg of, or correctxon to, generated
target bearing.

Bgr Advance relative target bearing, Angle be~
tween vertmal plane through fore and aff axis
of own ship and vertical plan through Tine
of advance position, measyred in the hori-
zontal plane clockwwe from the bow’

(Bgr__Br-i-Dh)

B’gr Gun train order. Angle between fore and
aft axis of own sh1p and plane through or-
dered gun axis perpendmular ‘to .deck plane,
measured in deck plane clockwise from ‘bow
(B'gr=B'r4-Dd).

Br Relative target bearing. Angle between ver-
tical plane through fore and aft axis of own
ship and vertlcal plane through line of sight
measured in the horizontal plane‘ clockwise
from bow (Br=B'r-4+jB'r).

cBr Generated 1elat1ve target bearing Rela-

der1ved from director tram (cBr—AcBr-}—gB)
AcBr Increment of generated. relative target
bearing. The angle which is -equal to the
‘difference between the increment of generated
bearing and ship’s course -(AcBr==aAcB—Co).
B’r Director train. Angle hetween fore and
aft axis of own ship and vertical plane through
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line of sight, measured in deck plané clock-
- wise from bow.

jB’r Director tilt correction. The correction
for the effect of deck tilt, used to derive rela-
tive target bearing from director train.

AcB'r Increment of generated director train
(train correction). The angle which is the
difference between increment of generated
relative target bearing and director tilt cor-
rection (AcB’r=AcBr—jB'r).

Bw Wind direction. Angle between north-
south vertical plane and direction from which
true wind is blowing, measured in the hori-
zontal plane clockwise from north.

(Bw=0° for wind blowing from north.)

Bwg Advance wind angle. Angle between di-
rection from which true wind is blowing and

- vertical plane through line of advance posi-
tion, measured in the horizontal plane clock-
wise from. direction from which wind is blow-
ing (Bwg=Bws4-Dh).

(Bwg=0° for wind blowing from advance
position.) :

Bws Wind angle. Angle between direction.

from which true wind is blowing and vertical
plane through line of sight, measured in the
“horizontal plane clockwise from direction from
which wind is blowing (Bws=B—Bw).
(Bws=0° for wind blowing from present
position.)

Co Ship course. Angle between north-south
vertical plane and vertical plane through fore
and aft axis of own ship, measured in the
horizontal 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 vertical 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
ballistic quantities.

s5Ct Correction to target course. The com-
ponent of rate correction which is applied to
target course.

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-
“cal plane through line of sight and vertical

plane through line of advance position, meas--

ured in the horizontal plane clockwise from
plane containing line of sight.

Dj Deflection spot. Angular deflection of point
of burst, measured as the angular deflection of

advance position in the slant plane contain-

ing the line of advance position and perpen-
dicular to the vertical plane containing that
line (“Right” or positive if the advance posi-
tion is moved to the right).

Ds Slight  deflection. Angle between the ver-
tical plane containing the line of sight and
the vertical plane containing the line of ad-
vance position, measured in the slant plane
which contains the line of sight and which is
perpendicular to the vertical plane contain-
ing the line of advance position, clockwise
from the line of sight (sin Ds=sih Dh cos E).

E 'Target elevation. Angle between the hori-

_zontal plane and the line of sight; measured
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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 fo
target elevation derived from direction ele-
vator (cE=AcE{jE).

AcE Increment of generated elevation. The
angle which represents the integral with re-
spect to time of angular elevation rate
(AcE=fdEdt).

dE Angular elevation rate.
change of target elevation.

3dE Correction to angular elevation rate. The
component of rate correction which is pro-
portional to the difference between target ele-
vation and generated target elevation.

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

kE Elevation prediction. The angular differ-
ence 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 eleva-
tion (elevation correction). The angle which
is equal to the sum of increment of generated
elevation, level, and 5o of cross level

(ACEb=ACE-+L-+2Zd/30)

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

m2  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 ad-
vance position (E2—=E-kE).

F . Fuze setting order. The sum of fuze time
and correction for dead time, measured in
seconds (F=F24-Fg).

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

2 TFuze 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.

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

f2(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 advance position (position for drift to
right).

GJj 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)
(Gj=Dj-R2).

Gw Cross wind distance.

The time rate of

The lateral dis-
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placement of the point of burst caused by rela-
tive wind, measured in yards as the horizéntal
displaceinent of the gddvarnce position at right
angles to the lihe of advance position (posi-
tive for wind blowing from left across the line
of advaneée position).

H Height. Vertical distance of target above the
horizohtal plane through thé direétor sights
(H=CcR sin E).

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

3dH Correction to rate of climb. The com-
ponent of rate eorrection. which is applied to
rate of climb.

Hf Superaltitude. Vertical distance 1n yards
from the advance position to the virtual po-
sition, corrected for loss of initial velocity; ap-
plied as the correction to compensate for cur-
vatute of frajectory in the vertical pilane

) (Hj——Hfo+Hm)

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

H7 Helght spot. - See Xj.

Hp Helght correction for parallax. The cor-
rection for parallax due to vertical base to re~
fer the point of computatlon for prediction to
the mean gun position (Positive when the point
of observation is above the mean gun position).

Hm Superaltitude correction for loss of initial
velocity.

Ht I—Ielght prediction. See Xt.

Hw Height correction for wind. See Xw.

H2 Advance height. Vertical coordinate of
advance posmlon in the XYH coordinate sys-

tem, measured in yards as the vertical dis- -

tance to the advance pesition from. the hori-
zontal plane through the mean gun

(H2=H--EH)

1. V. Initial velocity. The velocity of the shell
4% it leaves the muzzle of the gun (assunied to
‘be corrected for temperature and gun).’

L Tevel. Angle between fhe deck plane and the
horizontal plane, measured in the vertical

plane through the line of sight (positivé when -

deck toward targét is tilted down).

P'h  Unit train parzllax. The angle §ubténdsd
by a baseé linie in the deck plahe and extending
100 yards forward from the meéan gun, at the
projeétion of the virtual position én the deck
planié, measured 'in the deck plahe clockwise
from the lineof virtual deck range (R'R2).

Qj Longitudinal spot. Theé horizontal com-
ponent of the displacemeiit of the point of
burst caused by an elevation spot, measured
in yards. as the horizontal displacement of the
advahce position in the vertical plane contain-
ing the line advanee position (positive when
the point of burst is displaced outward on the
introduction of a “Down” elevation spot).

Qw Tail wind distance. The longitudinal dis-
‘placement of the peint of burst caused by rela=
tive wind; measured in yards as the horizontal
displacement of the advance position in the
vertical plane centaining the line of advance
position (positive for a wind blowing toward
the advance position):

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

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

AcR  Increment of generated range (range cor-
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10
réction). The quantity which represents the
integral with respect to time of range rate
(AcR=(dRdD).

cRAE Lineay 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 Rangé rate. The time rate of change of
range (positive for relative motion of target
away from own ship).

SdR Correction to rarge rate. The componeént
of rate correction which is proportional to the
difference between range and generated fange.

jR Initial setting of, or correction to generated
range.

kR Range predidtion. The differénce in yards
between advance range ahd generated rangeé
(positive when advance range is greater than
generated rahge).

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 (Rh=cR ¢os E).

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

8dRh  Correction to horizontal raiige rate. The
component of rate corfection whieh is parallel
to horizontal range. .

tRh - Horizontal range -prediction. The  dif-
ferenice in yards Between advince horizental
range and horizontal range (positive when
RR2 is greater than Rh).

BhdE Linear bearing rtate. Thé horizéntal
component of relative velocity of shib and tar-
get which is at right angles to thé vertical
plane containing the line of sight (positive to
the right) .

RAsdB -Corfection to linéar bearing rate. The
horizontal component of rate correéftion at
right angles to horizontal range.

Rh2 Advance horizontal range. The horizontal
projection of advance range (RAZ= Rh+th)
dRR2 Advance horizontal range rate. The time
rate of change of advance horizontal range
(used only in compiutation for correction for

dead time).

R'A2 Virtual deék range. The distance from
the mean gun to the projection oh the deck
plane of the viftual 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
(R2=cR--kR).

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

Rj Range spot. The linea? 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 in-
troduction of an “Out” range spot) .

3f Shell veloc1ty The average velocity of the
shell in the neighborhood of the point 6f burst
(used only in computation for correction for
dead time).

Sh Target speed horizorital. The horizontal
conmiponent of target speed with trespect to
water.

oSk Correction to target speed horizontal. The
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component of rate correction which is applied
to target speed horizontal.

ShsCt 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 cwn ship rela-
tive to water.

Ss Diving speed. The velocity of target moving
along the line of sight towards own ship
(Ss=—dR; used only in dive attack).

St Target speed. The velocity of targetl relative
to water (nect used explicitly in the computa-
tions).

Sw Wind speed. The velocity, assumed to be
horizontal, of true wind relative to water.

aS 'Train and elevation sensitivity.

rS Range sensitivity.

S1(E2) ... ST(E2) Empirical functions of ad-
vance elevation used in calculation of ballistic
quantities.

T/ Time of flight. Time of flight of shell irom
mean gun to the point of burst, corrected for
loss of initial velocity (Tf=Tjo-4Tm).

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

(I.V.=2600F. S.)

Tg Dead time. Time in seconds hetween set-
ting fuse and firing shell.

Tm Time of flight correction for loss of initial
velocity.

Twe Cross wind time. The apparent time in
which the cross component of relative wind
acts to displace the point of burst if the lateral

motion caused by wind is considered to be at

the cross wind velocity (derived from the
ballistic data).

Twt 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

(TWT=Twec-C6(E2))

(Does not - exist separately in the mecha-
nism.)

Twy Vertical 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

(Two=Twt-S6(E2))

(Does not exist separately in the mecha-
nism.)

Vi 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

(Vs=E'g—EDb)

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 kY, W=H--Hf+%H)

kX, kY, kH Components of prediction. The
total components of corrections in the XYW
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coordinate system to compensate for the effects
of relative motion of ship and target, drift,
relative wind, and deflection and elevation
spots. 'The height correction for parallax is
also included. The corrections are positive in
the positive directions of X, Y and W

kX=Xt Xf+Xw+Xj, kY=Yt+Yi+Yw+
Y}, kH=Ht+Hw--Hj--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. Directions
are positive in the same senses as in the XYW
system.

X', Y, W’ Coordinates of the virtual position
referred to rectangular axes with the origin
at the mean gun, obtained from the XYW sys-~
tem by a rotation about the X axis by an angle
equal to level (I). 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 ver-
tical component at the advance position; Hf is
applied to obtain the virtual position.

X4, Y4, Hi Spot corrections. Components of
the displacement of the point of burst caused
by deflection spot (Dj) and elevation spot
(V§), measured in yards as the displacement
of the advance position in the XYW coordinate
system. ' )

Xt, Yt, Ht 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.

Xw, Yw, Hw Corrections for wind. Components
of the corrections to compensate for the dis-
placement of the point of burst caused by rela-
tive wind, measured in yards as the displace-
ment of the advance position in the XYW co-
ordinate system. Relative wind includes true
wind and own ship’s wind.

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

Zd Cross level. Angle of tilt of deck about a
line which is the intersection of the deck 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 con-
tinuous 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 aireraft, surface targets, etc.;
special 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
easily appreciated by consideration of Figs,
1, 1A and 1B, which show in plan and ele-
vations the relationships involved in firing from
a ship at an aerial target. The ship S (Fig. 1)
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is-moving-at a.speed-So- along - course.-a—b, hav-
ing.a beamner Co W1th respect to north The
-projection of the target T is - meving at a speed
Sh along a course ¢—, havmg a bearmg Ct wrth
respect to north,

The line of sight:ST from -the director on the
shlp S-t0 the present po ition of the target T has
& true target bearing B, wrth respect to-north,-and
& bear g -Br relatlve to the axis of -the shlp,
measured inthe horlzontal ‘plane.

The vertmal plane through the target course
isat a target angle A, measured in the h 1_zonta1
plane, -to the- vert1ca1 plane through the line of
sight.

A Wmd ‘having -a true wind speed Sw, is blow-
ing from e-to.f, at.a true Wmd dlrectron Bw-with
respect o nofth. The wingd: angle Bws is meas-
_ured in the horizontal plane from the wind di-
rection to the vertical plane through the line of
sight.

As -shown in Fig. 1A, the line.of- sight:8Tfrom
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 respect
to the horizontal plane.
range R from the director and a height H above
the ‘horizontal plane through -the director; and
the proJectmn of the target on the honzontal
plane is at a hor1zonta1 range Rh from the d1-
rector.
~ 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 Dk -measured in the
horizontal plane relative to the .vertical plane
through the line of -sight. The vertical plane
threugh. the axis of-the gun:is at an advance wind
angle Bwg, measured-in the horizontal plane-from
the direction from which fthe wind is blowing.
A shell fired along the axis of-the.gun in the di-
rection 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. posi-
tion.

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 honzop,tal
plane, and the prOJectlon of the advance posl-
tlon i i

the adva' ce Position has anwadvance target eles
vatlon E2 with respect to the- horrzontal plane
As the attractlon of grav1ty, and other. ball'

of the axis of the gun, the axis of the gun i
aimed at the virtual position, having the Super-

a,1t1tude Hy vertlcally aboyve the advance pos' .
The axis of the gun is thus elevated to ‘the. gun
elevation order E’g, measured with respect to the
deck plane,

The broad prineiples of the theory of the com-
putations will ‘be explamed wrth the aid of ‘the
block schematlc shown in Fig. 2, in whlch the
apparatus in the computer has been grouped on
a functlonal ba51s w1thout regard to its a tual
location in the. computer In this schematlc, the
prmmpal quantltles mvo],ved in th,e computatmns
are represented by the symhols in the gloss_a,ry,‘
mechanical shaft. movements are shown by dotted
lines, -and voltages by sohd lines. Later, a, de-
tailed description of the complete computer will
be. given. :

The target T is at-a

tic 4
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Director tilt corrector

The director elevation Eb, and director train
B'r of . the target are measured by the dlrector
w1th respect to the plane of the. deck Whlch is
constantly changmg its position due.to the roll-
ing -and prtchmg of the ship. For convemence
in making the subsequent computations, -th
angles are corrected to refer to the stable
zontal plane malntamed by ‘the. stable element.
‘Thus, in Fig. 2, by means of the synchronous
transmlssxon systems, the director I supphes to
the director tilt corrector 2 shaft movements pro-
portlonal to Eb and Br.

The stable element 3 supplies to the. corrector
22 shaft movement proportional to the level L
and this movement is combined in a differentia
gear. with the movement proportmnal to bo! to
produce a shaft -movement proportlonal to the
target elevation E.

Fhe problems mvolved in. norrectmg the direc-

rector at the center of the sphere ‘The ver a_]
plane through the line of sight, the vertical p}ane
through the fore and aft axis of -the shlp, and
the deck plane are projeected from the ship- to
the surface of the sphere to form the spheri al
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

v
;érL.

andthe included angle
m
5=24

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== =
cos Zgd

'This equation is not suitable for solutlon by
the methods used in the present computer, since
cot Br and cot B T both approach mﬁmty as Br
The dlﬁerence,
jB'r=Br—B’'r, never exceeds a comparatwely
stmall value. The value Br—jB'r is substituted for
B’r and the equatmn is thus transformed to the
form:

tan 7B ”
+(—sin Br cos B1'~s1n2 Br tan jB'r-+tan jB’r)
(—vers Zd) '

+(=sin Br cos Br—sin® Br tan jB'r).(vers L) .
-+ (sin? Br—sin Br cos Br tan jB'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 /B’r. The shaft move-
ment proportional to 7B'r is combined in g dif-
ferential gear with the shaft movement propor-
tional to B’r to produce a shaft movement pro=-
portlonal to jB'r+B'r=Br, and a voltage propor=
tional to sin Br. The shaft movement propor=-
tional to B’r is also supplied to the stable ele-

5 ment 3.



2,658,675

15

Rate comparator

The shaft movements proportional to Br and
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 the ship, a shaft movement propor-
tiona} to R is supplied by a synchronous trans-
mission system directly from the director { to the
rate comparison 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 Sk, dH and Cf 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 AcR,
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 shaff move-
ments and voltages dependent on other quantities
derived from these generated quantities are sup-
plied 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.

Tn 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 direc-
tor. The distance ST from own ship S to the
projection of the target T is the horizontal
range RHA.

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 indi-
cating that this component decreases the hori-
zontal range).

The target angle A is evidently B4-»—Ct. The
component of target speed transverse to the range
Rh is Sh sin (180—A4) =Sh sin 4, and the com-
ponent along the range Rh is

Sh cos (180—A)=—Sh cos A

Voltages proportional to —So cos Br and
—Sh cos A are added to produce a voltage pro-
portional to dRE, the rate of change of hori-
zontal range.

dRh=-—S80 cos Br—Sh cos 4

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

RhdB=So sin Br{Sh sin A

©}]

(3)
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In Fig. 44, the horizontal speed dRh and rate
of climb dH 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,
and has a length equal to the range ¢cR. 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 eventu~
ally becomes equal to. R and are continuous,
are used.

The rate of change of horizontal range, dRh,
has a component hj=dRh cos E along the range,
and a component ji=--dRh sin E transverse to
the range (the negative sign indicating that this
component decreases the elevation E).

The rate of climb dH has a component
ik=dH sin E along the range and a compo-
nent kl=dH cos E transverse to the range.

The rate of change of the range hT=dR is
the sum of the components hi=dRh cos E and
jT=ik=dH sin E. Voltages 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 dR 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.

_d_RedRh cos E—dH sin E=0 (4)

The linear elevation rate, IT=cRdE, is the
difference of the components Ik=dH cos E and
Tk—ji=dRh sin. E. Voltages 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 cR is supplied
by the predictor {1, and this voltage is varied by
the motor connected to the amplifier proportion-
ally to dE and balanced against the other volt-
ages .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.

—cRAE+dH cos E—dRh sin E=0 5

In Fig. 4A, ¢cR cos E=Rh thus in PFig. 4,
cR cos EdB=RhdB. A voltage proportional to
RAdB, Equation 3, is supplied to the input cir-
cuit of a motor amplifier. A voltage propor-
tional to cR, supplied by the predictor, is modi-
fied proportionally to cos E and the modified
voltage is varied by a motor connected to the
amplifier proportionally to dB and balanced
against the other voltage in the input of the
amplifier, When the output voltage of the am-
plifier is reduced to zero, the shaft of the motor
has rotated to the value of dB.

—cR cos EdB-4+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 Cf.. A voltage propor-
tional to sin Br is supplied by the director tilt
corrector 2. The ship log 8 supplies a shaft ro-
tation 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 T continuously solves Equa-
tions 2, 3, 4, 5, 6 and supplies to the rate integra-
tor 19, shaft movements proportional to dR, dB,
dE, and also supplies to the dead time correction
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computer veltages proportional to 4R, dH, dRh
aid —RAdB.
Rate integrdtor

In the rate’integrator 19, the rates'dR; B, dE

are integrated, -giving
JARAt=AcR,fdBdt=45cB and [fdEdt=AcE

The-displacement A¢B is combined in 4 differen-
tidl gear with the bearing Co, transmitted from
the ship’ecompass’§ through the rdte ¢orrector 8,
to ‘produce ‘a shaft ifotation prdépertional ‘to
AcBr=AcB—Co; and the shaft rotation -progor-
tional to AcBr is commbined. in a second differential

gear with a shaft rotation preportionsl-to jB'r i,

from: the director tilt-corregtor -2 -to produce a
shaft rotation proportional-to AeB'r=AcBr—jiB'r.
The shaft -rotation proportional o AciE is'eom-
bited in a differential gedr with a-shaft-rotation
proportional to L-4-24/38 from the stable element
3 to produce a shaft rotation proportional to
AeEb=AcE+L+-29/30.  The shsft rotations pro-
portional ‘to AcR, AeB’r and AcEb are transmit-
ted by -synchronous transmission systems to the
director, to drive the observing instruments.
Compurdtor

Shaift rotations proportional to AcR, AcBr and
AcE are supplied by the integrator 19 to the com-
parator 4. -A shaft rotation proportional to R is
supplied by the directer i, through -a synchro-
nous transmission -system to the comparator 4
and- shaft rotations-proportional to Br and E are
supplied by the divector #ilt corrector 2. .

The rotation proportienal to -AcR is supplied
through a -differential gear to-one ring of a rmg
dial, and the rotation proportlonal to R is sup-
plied to the other ring of the ring. dial. If dR.
has- the correct magnitude, ‘the two rings will
rotate in synchromsm It dR isnot of the correct
magnitude, the two rings will'be out of synchro-
nism, and are arranged to close the circuits of
a motor Wthh through the d1fferent1al gear,
supplies an addltlonal rotatmn iR, vVthh is
algebraically added to ACR until the rifigs ‘are in
synchronism,

Slmllarly, ‘the shaft rotations proportzonal to
AcBr and Br are supphed to a.second ting dial
controlhng a second motor; ‘ard the shaft rota-
tions proportional to ‘the difference between AcHE
and E are supplied to a third ring dial control-
ling a third motor.

Thus,
cR_AcR—i-yR._ ()
c¢Br=AcBr+jB=8r '(8)
CE=ACE+jE=E 9)

The operator at the computer may adjust the

handset valtues of Sh, dH and €t until the jR, /B
and jE motors arebrought to rest. The values of

8h, dH and Ct are then.correct, and the derived

values supplied to the predictor and fuse com-
puter are also correct.
The values of Sk, dH and Cf may also be auto-

matically corrected by the rate:corrector 6. The:
corrective voltages, from the ring dials tothe 1R,

7B and jE motors, are-due to the deviationsfrom
the ccorrect rates of change of the quantities and
may be-designated sdR, 5dB and sdE.

As shown in Fig. -2, the voltages sdR, 5dB and
odE, with shaft rotations proportionsl to ¢R, Br
and E are supplied by the comparator 4 to the
corrector 6.

Rate corrector

Fig. 4A sHows, in the plane thrcugh: the Titie

of ‘sight from own ship S ‘to target T, the eleva-

[}

20

30

40

50

50

60

85

18

tion'E, gerievated rarge ¢R, height HEeR @n'E
and horizontal range RE+=¢R" Cos'E. Tlie vector
RT'is the dte of chahge ‘or range dR; ie‘is the
rate of climb, o raté of ehiange of helcht dH; Ki
is'the rate of* change of honzontal Tarige’ dRN.

‘Liét theére be an’ eiror ‘§dR in range ratfe, tepre-
sentedin’ the figufe by fomi.  (The scdle is exag-
gerated to'miake the’ dfa,wmg ‘¢ledrer:y This er-
ror may be 1esolve‘d into'the vertical’ component

y Bn=ssdR sin ‘B and -the horizontal cémpotient

Hn=8dR cos'E. Also, Tet there be an‘error’ SAE
in-tate ‘of ‘elange of afgular elevation. di; ‘at
rahge ¢R'this will cause an erior ¢RSIE in: lmem
elevation rate, répreseiited in the figuie by ‘eo.

5 This’ magmuude may be’resolved into a vertical

compoiiert Ho=¢RIIE ‘c6s ‘E snd a -horizontal
componieht ‘epi=""¢RJIE sin'E, the negstive sign
being -Necéssary sinde-a posmve ertor: sdE tends
to- déciédase the horizorital range rate dR7.

The ' coinbined effect of the eirors sdR and-sdE
is'to-cliange the valiie of R from hi to

me=mn-+hi=rqg
and the value of dH from ie to
qo=qs+sp+po=gs-ie--po
Thus the change in dR” is mn-—rg,-and on sub-
stituting the values‘of these magnitudes it ap-
pears-that
SARI=5dR cOs E-=cRsAE $inE @)
The change in dH is ¢s+-po=Fn-t-po, whose value
is-given by
$OH=80R sin E+¢RSE cos E (1D

In Fig. 4, the ‘error' 3dRA in horizontal range
rate dRE is shown by the vector wr in line with
ST. This vector-may be résolved into a compo-
nent parallel to

'SPiby=5dRK cos (180°—Ay=—5dRMH ¢6s 4
ahd a conmiponent transverse ‘to :

Shiyz=3dRk sih (180°—A) =—5IRh sin" A
Thie ‘Beégative - sighs indlcate ‘that ‘thiese - conipo-
rietlts decrease’ Sk aitd Ct, Tespedtively. Lietthere
bealso gh’errorsdB-ih- rite of chghge of}_angular‘
bearmg, at hor1zontal ‘range ‘Ri ‘this ‘will ‘cauide
an’error RASIB in Hhéar: détledtion rite, ‘Tepre-
serited in ‘the ﬁgule by 'the Vector tv. This niay
be resolved into & 'componett ‘paraliel to

Sh:tu—RhsdB c0s (4-:90°) —=RKsdB sin A
dnd a componernt transverse to
Shiuv=RhsdB sin (4—90°) =—RisdB cos 4
‘The combined ‘efféct ‘of ‘these ‘errors on the
value of Sk will ‘be ‘the Sium of the components

wy and i, replacmg ‘Rh by ‘its value cR cos B,
this riay ‘be weitten:

QSh:—adRh, cos A+ cRsdB cos E'sth 4 '(12)
Likewise, the effect on the lateral méssure: ‘SHEE

will Ye the sum ‘6f the tlansverse COmpoents Yz
and wv:

Sh,9Ct=—3dRh sin A—cRsdB cos E cos A

(i3)
Tii Equations 10 to 13, nicluswe ‘the quiantitids
cR and 'Eare aécurately détérimined’ by ‘contitiit=

ous observation ‘of p1esent talget posrtion thej

- angle A, howeéver, ‘depends’on the" estintated valie

of ‘Ct, and fs ‘thus ‘usublly ‘sontewhat ih ‘efror, ‘4t
leaSt ‘whien rate ‘correction s started, whitle tHe
voltages adR adE and SdB obtamed from the
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are merely signals indicating whether positive
corrections, no corrections, or negative cor-
rections are required in the corresponding rates.
These voltages are switched at the ring dial con-
tacts so that they may be present or absent, and
if present may be of either sign; but if present
they are necessarily of constant amplitude.

Since, however, the circuits of the jR, jE, and
4B 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 78), the
fraction of time during which one of these ring
dial contact voltages is present will be propor-
tional to the average speed with which the asso-
ciated motor is turning to mateh its ring dial.
Thus though the actual amplitude of any ring
dial voltage can be either zero or a fixed magni-
tude, though of either sign, its average amplitude
represents approximately the speed of the motor;
accordingly, the algebraic sum of the areas under
a curve of ring dial voltage against time, for
g 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
sdR whoseé average amplitude represents the
speed of the jR motor, and hence the rate at
which range is being corrected, is modified pro-
portionally to cos E; the voltage 8dE is modified
proportionally to c¢R, and further modified pro-
portionally to —sin E. The two voltages thus
modified are added in an amplifier according to
Equation 10; the average amplitude of the out-
put voltage of this amplifier, 8dR:A, thus repre-
sents the rate at which corrections are being ap-
plied to the horizontal range.

Likewise, the voltage sdR is modified propor-
tionally to sin E, and the voltage 8dE is modified
proportionally to cR, and further modified pro-
portionally to cos E. The two voltages thus
modified are added in the input circuit of a motor
amplifier in accordance with Equation 11; the
average amplitude of the output of this amplifier
then represents odH, the rate at whieh cor-
rections are to be applied to rate of climb, dil.
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 correction rates of practical interest. Ac-
cordingly, during a given time interval, the aver-
age speed of the dH motor is proportional to the
requisite rate at which corrections are to be ap-
plied to this quantity, and the total motion of the
dH shaft during this interval represents the total
correction applicable to this quantity in the
given interval. This motion of the shaft reposi~
tions the original hand setting of dH to a cor-
rected value.

The voltage 5dRh obtained from the amplifier
performing the addition required in Equation 10
is modified proportionately to —cos A; the volt-
age 3dB is successively modified proportionally
to cR, to sin 4, and to cos E. The two voltages
thus modified are added in the input circuit of a
motor amplifier in accordance with Equation 12;
the average amplitude of the output of this am-
plifier then represents 5Sh, the rate at which
corrections are to be applied to Sh, the horizontal
component of target speed. The circuit of this
amplifier and its associated motor operate, as in
the case of the dH motor, so that the motion of
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the Sh shaft, representing the total correction
applicable to Sh, repositions the original hand
setting of this quantity to a corrected value.

The voltage 3dR7 is also modified proportional-
ly to —sin 4, and the voltage 3dB is successively
modified proportionally to ¢R, to —cos 4, 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 feedback
path through a potentiometer varying with Sh;
the effect of this is to multiply the sum of the in-
put voltages by 1/Sh. Thus the output of this
amplifier is g voltage whose average amplitude
represents 5Ct, the rate at which corrections are

5 to be applied to target course Cf. This voltage is

applied to an amplifier and associated motor
which operate, as in the case of the dH 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 cor-
rected value.

By a continuation of this process the original
settings of the target rate quantities will be
brought to their correct values. Rate correction
thereupon ceases, since the generated quantities
¢R, CE, and c¢Br will then agree with the corre-
sponding observed quantities R, E, and Br, with-
out operation of the jR, /E, and 7B motors. As
the ring dial contacts will then be continually
open, the input voltages to the rate corrector
(5dR, 5dE,-5dB) 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 correct
values.

The speed with which solution is approached
may be controlled by use of the sensitivity con-
trols ¢S and 7S to vary the speed of the jR, jE,
and jB motors. For given offsets of the ring
dials, a reduction in the speed of these motors
will require that these motors operate during a
large fraction of the time to keep the dials in
match, and thus increases the average amplitudes
of the voltages driving the dH, Sh, and Ct shafts.
As the speed voltage characteristics of 'these
motors are not affected by the sensitivity con-
trols, they will then effect larger corrections to
the target rates, and thus cause the settings of
these shafts to approach the true positions more
rapidly. This type of control is provided so that
the operators can when necessary prevent erratic
motion of the position input shafts, due for in-
starnice 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 (8dR,
5dE, and adB) 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
useful 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 T/, the
target moving with the velocity Sk, as shown on
Fig. 5, will travel the distance Tab=ShTf, from



2/658;875"

thewpresent 'té!‘theffﬁtuﬁze‘losiﬁfoml - THisrdiStanoee
mayiberesolved intorthe: Y component
T.aa=SHT} cos. (180—A4) ==—SKTF.cos A°
and the:X.component ;
20.ab=ShTf sin (180—A)=8ShTf sin"4*

the motion of the ship during the time of fiight
Tf“will'be-Sad=SoT/,; and this" distance may be.
resolved ifto a~Y 'contponent ‘Siae==—S06T7 cos:Bi
and an X compotietit SO T/ sin ‘Bi

THus; in~ thie "absenee of~ all* otHer-effects; , the:
Ycomponent*of ‘the-atdvance position will be"

Yit=Rh~80Tf, cos~Br—Sh COS: A:.
and the X‘comiponent ' will ‘he+
Xt=80Tf sin.Br-SKTF sin.A-.

In: addition: to: thier efféct upot ther sHell! of?
the: reldtivesveloeity-of fthes gufy and tHe target;
thies: shiell: i8¢ also: affected: by the: drift: of f-thies
shell due:t0. the spin timparted” by: the rifling; .
by theowindiand by spotting correcticns: THese:
efféetss iy respectively: be expressed: as:comss
ponehtsc Y. Yavr ands VY,  of ' thie Y7 coordinate,
aniXy; Xwy Xj of fthe X-coordinate:

Thus, the Y coordinate: ofthe: projéction -of’
thet advence:andivirtual - positions: on the: hori-
zontal planesthrough the: mean:gun:will be:

Y=Rh-—SoTf cosBr—ShTf.
. cos- A (Yf+-Yw--Y5)- (14)
Similarly; the” X' coordimate of “the projection
of the advance and virtual positions will be

X==S0Tf sin Br+ShTfsih A+ (Xf+Xw+X5) (15)

InsFig: 1A-the-vertical.ori W coordinate: of: the-
present. position: of. the: target! with: respect: to:
the: horizontal - plane: through: the: director. 8: is-
Hxwhichiisequal.to-cR sin:E:. The:director: and:
mean gun-usually are not.in-the same:horizontal
plane.. Thus; asishown.in Pig: 1B; usually-there:
willi be: a: vertical: patrallax: Ho:between: the di--
rector S and the mean gun G. During the time.-
offlight.of: the:shell 'Tf:the:altitude:of :the target
willichange. by the factor Ht=dHTY; where: di:
iss thesrate:of climb.. The:axis:of the:gun:zGiiy:
directed.to:the: virtual.position;. havitig;a sapers-
altitude: Hf  above: the advance: position;. and:.
this:superaltitude : Hf may: be:considered as:the:
algebraic: sumz: ofi the- basic: superaltitudé Hfo:
forr a gun: with: normal: initial: velocity; . and: a:
correction, Hin,.for-loss:of initial:velocity. There
will:alsobe:factors:Hw for theeffectiof the:wind,
and:i:Hj for the: effécti of spots; Thus:the W
coordinate: of the . virtual. position. with.respect:
toithe:horizontal plane:through-the mean gun is.

W=HYHf - Ht+Hp-+Hiv+Hj'

The: factors: Hi;. Hp,. Hw, Hj. for- convenience-
may: be.combinedinto:a-single-factor: kH..

kH=dHTf4+Hp--Hw+Hj 18
Thus,
W=cF sin- E}-(HfoHm) +kH amn
and.
H2=H|kH (18

T Fig. 2°voltages proportional to: Tf; Hfo  and
Hin, as will be described 'later,. are generated in
the~ ballistic computer 18~ and" supplied: to the
predictorI'l. Voltages proportional to.

Yi4-Yw-Yj:
Xf4Xw- X4

1¢
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and’Hw--Hj ‘are, as'deseribedalater, generateddin
the:corrector: {4 andisupplied:to the predictorsli;.
‘Shafiumevements: proportional: toz A, Br,.cR.
dH; E and Sh:are:supplied:by: the:ratezcorrectors

. § - and a1 shiaft> movement: proportional to: Soo

isssupplied:by: thecship:logi8y :

Asvoltage proportional -toucR:is! generatedsbys
the shaft: movement: proportional: tos cR}. amd:
fraetionated sproportionally: to: cosiE: to:produces
a voltage proportional to..cRicos:E==RF:

The wvoltage:proportional:to: Tfris:fraetionated
proportionately: to:—cos:Br andithe resultiagain:
fractionated: proportionately:--to:So:ter producesas:.
voltége:proportional $o. —SoTf:cosrBr..

THe voltage proportional to: T is:also. fracs-
tionated:proportionately tor —cosz4; and:thesres:
suly: again: fraetionated : proportionately to: Sk
toproduce:a:voltage: proportional.to.:

—ShTfcos A"

‘The:veltagesrproportional to Rk, — SeTy;cos:Br;,
—ShTf cos-dy, YfLYw--Y7-ares supplied:to. the:
input circuit of am amplifier;. which-. adds: the
voltages-»to produce;, according- to- Equation. 14,
an-outputivoltage proportional to. Y

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

The voltage" proportional to TV is also frac-
tionated proportionally. te-siity A-and. the result
fractionated proportionally. to. Sh. to produce a
voliage proportionalto SAETY sin A.

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

The voltage proportional to Tf is fractionated
proportionally to dH and supplied with the volt-
ages proportional to{Hw+-Hj): and a voltage pro-
portional to Hp to.the.input.circuit. of an.am-
plifier whichH adds the voltages according- to
Equation 16 to produce an output voltage pros.

- portional-to. —KH. by selecting the.amplifier out-

put.lead whiel providés a reversal in-pliase of
the ihput voltage.

The voltage proportional: to: cR. is: fraction-
ated proportionally to —sin-E to produce a volt-
age proportional to —cR sih E=—H_

The voltages proportional to —kH and .—H:
are:supplied to.the. input .circuit. of: an.,amplis-
fier which adds the voltages according to Equa-—
tion” 18 and reverses the voltage phase to pro-
duce:amoutput voliage:proportional to:H2, whi¢h
is+ supplied: to: a: meter: to: indieate: the: future:
height:of the:shell burst;.so that firing may-be:
stopped: before: friendly: vessels: are endangered;:

The. voltagessproportional:to: —eRisin: B, —kH:
and—(Hfos:Hm) are supplied to.the:input cir~-
cuib:off an: amplifier: which: adds :these: voltages-
according: to’ Equation: 17: to: produce ‘an: output:
veltage: proportional: to: W: on- ther output: lead:
carryingithe reversed:phase..

In Fig. 5, the Y coordinate of the advance-or"
virtual’ position:is Sap=Rk2{ and!the- X coordi-
nate~is’ geap: Draw:aeaf perpendicular-to-Sap:
The: Horizontal deflection- DA i§ the: anglé:
aeSap; Then:aeaf=Y sin: DH=X cos:DHK. Thus:

Y'Sin“Dﬁ}—X;cos.DIit:O, (19).
- THe-advance horizontal ‘range-Rh2=Sdp-
Sef+t-afep=Y cos.Dh-+-X. sin: Dh.
Rh2=Y: cos:Dh::X.sin: DR, 20):
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The voltage proportional to Y is fractionated
proportionally to sin Dh; the voltage propor-
tional to —X is fractionated proportionally to
cos Dh; and the fractionated voltages are sup-
plied to the input circuit of an amplifier having
its output circuit connected to a motor. The
motor adjusts the value of Dh until the differ-
ence of the voltages supplied to the amplifier is
reduced to zero and the shaft of the motor has
rotated to the value of Dh.

In Fig. 5A, the advance position has been pro-
jected to the vertical plane through the line of
sight.. The present position of the target T is at
a horizontal range Seg—Rh and a generated
range ST=cR from the director S and at a
height Tag=H, above the horizontal plane. The
advance position ap is at an advance horizontal
range Sah=Rh2 from the director S, and a fu-
ture height ahap=H2=H-kH, above the hori-

zontal plane through the director. The advance :

tarset elevation E2 is the sum of the target ele-
vation E and the elevation prediction KE.

Thus, agah=Rh2—Rh=KkRH.

Draw Tai parallel to Sah, then eaiap=EKkH.

Draw Taj parallel to Sap, then angle ajTai=E2. £

Draw Tek and amai perpendicular to Sap, then
angle amaiap=E2. Let Sal=ST=cR.
Thus,

Taj=akam=(Rh2—Rh) cos E2
ajai=(Rh2—Rh) sin E2
Tak=amaj=cR sin kKE

akal=cR vers kE
amai=kH cos E2
and
amap=kH sin E2
As _
amai=amaj--ajai
kH cos E2=cR sin kE-}- (Rhe—Rh) sin E2
thus
—cR sin E— (Rh2—Rh) sin E2-+-kH cos E2=0

(21)
The range prediction
kR=alap=akam-—akaellamap
Thus,
_@;(RhZ-—Rh) cos E2—cR vers kE+4-kH sin E2
22)

The voltage proportional to —WY is fraction-
ated proportionally to cos Dh; the voltage pro-
portional to —X is fractionated proportionally
to sin Dh and both the fractionated voltages sup-
plied to the input circuit of an amplifier. Then,
from Equation 20 the output voltage of the am-
plifier would be proportional to —Rh2. But to
the input cireuit of this amplifier a voltage pro-
portional to RA is also supplied. Thus the out-
put voltage is proportional to —(Rh2—RHR), that
isto —kRHAh.

_The voltage proportional to ¥H, Equation 16,
is fractionated proportionally to cos E2; the volt-
age proportional to —(Rh2—Rh) is fractionated
proportionally to sin E2; the voltage proportion-
al to —cR is fractionated proportionally to sin
kE and the fractionated voltages supplied to the
input circuit of an amplifier connected to a motor.
The shaft of the motor is connected to one gear
of a differential gear, another gear being rotated
proportionally to the rotation E, to produce a ro-
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tation proportional to E4-kE—E2. The motor ad-
justs the values of kE and E2 until the output
voltage of the amplifier is reduced to zero, the
motor shaft has rotated to the angle ¥E and the
motion from the differential gear has rotated to
the angle E2.
Ballistic computer

As shown in Figs. 1 and 1B, the shell is fired in
the direction of the virtual position, but due to
the ballistic effects, the trajectory of the shell
is curved, both vertically and horizontally so that
the shell actually bursts at the future 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 rifie 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 ad-
vance target elevation of zero, or horizontal 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 example,
in Fig. 6, the basic time of flight, Tfo has been
plotted against advance range R2 for three values
of target elevation E2, and these curves are sub-
stantially 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 advance posi-
tion; 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 rec-
tangular coordinates X, Y, and W—H/, it is nec-~
essary also to solve for the horizontal 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 cur-
rent fowing through the brush of an adjustable
resistor or other convenient device. In such de-
vices, the radius of the cam surface or the width
of the card supporting the winding of the poten-
tiometer or resistor, varies with the ballistic
gquantity. 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. Similarly, if the
rate. of change of the width of the card is too
great, the resistance wire wound on the card will
slip and become loose. Thus, the device must be
so constructed that this limitation upon the rate
of change of the ballistic quantity is not exceeded.

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 function 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. Assuming
a reasonable maximum slope to be used in the
device, the maximum ranges would be, for E2=0,
16,000 yards; for £2-=40, 12,500 yards; and for
E2=80, 11,250 yards; and to attain these maxi-
mum ranges, a separate device must be used for
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seach:;value of F2,; animpracticable:arrangemetit.
If only one devicei be.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 controlling antiaireraft fire, in
~svhichthe termdinal-velotity 6f-the shell must be
~considerably greaber -than the target:velogity, a
“limitation in range ofi this: character: is: not- par-
*ticulatly-serious. ‘But, in computers, such-as the
present computer, for controlling,:not enly anti-
~airerdftfive; but also fireat extreme range against
‘surface targets;a limitationin range6f this char-
*aeter-would:seriously limit the use-of the'weapon.
“In:accordance with theinvention; the scale fae-
~tor-used-in representing: the rangéis appropriate-
i1y ¢hanged for eath:value of the target elevation.
‘For-example, in-Fig. 6,~the curves ‘A,°B:C are
+plotted with sa scale:factor..of 1:000° yards~per
~division. ?Lét the-curve iBberreplotted ~with g
zseale’ factor: 6f dbout' *yards per-division,-as
- Shown! by curve: D;aiid - the ourve C be replotted
withra:seale factor-6f:about670 yards-peridivision,
as showni by curve'E, "‘The rates-of-&hange of the
curves D and E are.thus:reduced to less than the
limitation imposed by:the physical construetion
of the computing device. Thus, the present com-
~puater,.constructed in accordance with the inven-
stiongand using.the.same-elements to compute the
ballistic quantities:for:all: target elevations, can

control the fire of .theweapons to a maximum-

range of 16,000cyards. for. surface targets, dimin-
ishing to a maximum range of some 11,000 yards
-forelevated targets.
~Arxvoltage proportional to kR, Equation 22, and
ra-voltage proportional to:cRaare supplied to the
vinputocircuit- 6f anzamplifier,rwhich ‘adds. these
wvoltages: torproduce:a;voltage proportional to the
advance range-R2. Theoutput:circuit of the am-
rDlifier-is:connectéd to:&motor, rotating the brush

Jof:atlinear: potentiometer. “The: voltage selected -

thy vthe “brush :6f this spotentiometer :will :thus
tbe:propertionalito.the rotation-of the shaft of the
smotor. ‘The:voltage:selected: by the.brush of the
s potentiometer: is:supplied:tosa fractionating net-

«workand is:also: fractionated proportionally to:a :

s function S1-of the!target elevation:E2 .and:sup-
rplied sto ~the: fractionating: metwork. The .out-
;putsvoltage 6f the network, proportionalto ReSl
- €B2) -ds:supplied. ot the: input circuit: ofi the am-

-plifier. The1aotor rotates:until: the output-volt- 5

sgge ofitheramplifiendsrreduced! torzero. Lietithe

~rotation -of ‘the smoter #§haft, ‘and - the -voltage

.selected by'the brush ofthepotentiometer-beides-~
ignated Re, the ballistic range. Then,

L ReS1tE2)—R2=0

"For a target elevation E2==0, S1=1; Re=R2.and
and the shaft 6f the motor rotates proportionally
to'R2, as required by curve A, Fig. 6. For a tar-

-get-elevation :E2=40, S1=.72742,-Re=1.3747 R2,
~and.the:shaft: of the motor -rotatest toza-value
Jlarger-than:R2,.as required-by curve D, ‘Fig.:6.
“The-voltage-selected:-by the wiper-of the poten-
-tiometer s : similarly: fractionated for :all -other
:values of the target:elevation:E2.

~A rvoltage: proportional ‘to-the:range spot:Rj
“may--alsotbe -supplied: to-the: input ;circuit. of: the
metor:amplifier to::supply -a: range: spot control.

The : functions -representing :the rvarious bal-

-listic:quantities .are-analyzed-mathematically.and

matched by functions:of:Re:and E2. :The.shaft
.of-the Re motor:controls: the production: of voli~
ages proportional to.thesrequired functions.6f Re,
and these voltages are then fractionated propor-
tionally’ to* the required funetions of 2 and com-~

(23)
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~bined:in fractionating networks: to:produce: volt-
~ages :proportional :to :the :shell - velocity:Sf, : the

«drift: Gf, the cross-wind -time Twe;: the ‘hasic:su-

- peraltitude:Hfo, the basic:time:of:flight. Tfo-and
the. maximum values-of:the: corrections: for:loss
-of initiak velocity Hm:and Tm. " The:voltages pro-
iportional to themaximum values ofy Tm and'ITm
wareithen: fractionated in:hanidset- potentiometers

proportionally to the actual value -of :inmitial

~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

~axXis.of the ship, and the.projection. of.the line
:fo.the advance .position’ has.a.relative, bearing
-Bgr=Br--Dh. .The shaft.movement. propoitional
"to Brfrom the rate. corrector.,. Fig. 2,.is.com-

bined in a differential gear with the shaft move-
ment proportional to. Dh, Equation 19, from the

- predictor -t 1.1o, produce-.a..shaft. movement:pro-
-portional.to-Bgr.

.The -wind is-.assumed .10 :be .blowing -in the
direction from W.to T, Eig..5, at.a bearing.Bw.
The angle STW=Bws=(B+180) —Bw. A shaft
movement: proportional'to'B “is‘ supplied by the

~rate -corrector ‘6, 'Fig,. 2,:'and .is -combined: inia
- differential-gear- with:a handset:shaft:mevement
wproportional to-Bw to; produce-a:;shaft movement
:proportional: to- Bws. ‘The shaft-moevement-pro-
. portional:to Bws:is.then -combined. in-a: second
~differential+gear.with'the shaft:movement:pro-

portional to Dk to-produce-a-shaft:movement
proportional to Bwg, which is evidently equal to
Bws--Dh.

““The-shell,: ontleaving -the :muzzle-of :thevgun,

~will-be-controlled, not: only by: the:shell: velocity,
zbut also: by:the:air.velocity idue.to the movement
- of . the ship,and:the wind:velocity.

"“The: ship speed~So,>Fig."5, has-a..component,

-Sba==So0 cos:Bgr:in‘the direction:to'the-advarnce

position, and a component babb=So -sin ‘Bgr
transverse to this.direction. Similarly, the wind
velocity Sw has a-component Wbe=Sw cos Bwg
in the direction to the advance position and a
component bebd-==Sw sin Bwg transverse torthis
direction. The sum .of the components in the
direction to the advance.position will be

So cos Bgr{-Sw cos Bwg

and the sum of the transverse components will
be So:sin Bgr-£Sw sin Bwyg.

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

1
10 nautical miles per hour
___:yards
110-nautical miles X one hour
it- has. the. dimension -of -time .and.will.be desig-

nated Twe, the cross wind time.
‘The . horizontal .displacement . Gw, . transverse

-to the .vertical: plane . through .the:-director.and

advance. position will-be
"Gw=TwcSo-sin: Bgr-+F TweSw-sin‘Bwg 24)
The voltage proportional to Twe is fractionated

proportionally to —sin'Bgr.and then fractionated
proportionally to So-and the fractionated voltage
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- is supplied to the input circuit of an amplifier.

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

The deflection spot D7 is an angular deflection
of the computed point of burst of the shell which
may be arbitrarily introduced by the firing
officer. The linear lateral deflection Gj corre-
sponding to an angular deflection Dj will be ap-
proximately equal to

DjR2=DjReS1(E2) =DjReST(E2)

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

~Gw—Gf+Gj

The range component of the velocities of ship
and wind is (So cos Bgr+-Sw cos Bwg). If Twt
be the tail wind time, the linear displacement
due to this component is Twt

(So cos Bgr--Sw cos Bwg)

To derive this quantity directly by the method
used in the derivation of the cross wind displace-
ment would entail the generation of a voltage
proportional voltage proportional to Twt. This
dificulty may be avoided by using the available
voltage proportional to Twe and fractionating
this voltage proportionately to

— (S0 cos Bgr+4-Sw cos Bwg)

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 func-
tion. of advance elevation E2, is substantially
independent of range, and will be designated

C6(E2). Thus
Twt
C6(E2)=7r
and
Twt
Twe=tg(m2)
Thus
Qw=—Twt (So cos Bgr+Sw cos Bwg)
and
—QL—=-—Twc(So cos Bgr+Sw cos Bug)
C6(E2)

' (25)

The voltage proportional to Twe is fractionated
proportionally to So, then fractionated propor-
tionally to —cos Bgr and the fractionated voltage
is supplied to the input circuit of an amplifier.
The voltage proportional to Twc is also frac-
tionated proportionally to Sw, then fractionated
proportionally to —cos Bwg and supplied to the
input circuit of the amplifier. The output volt-
age of this amplifier would normally he propor-
tional to

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

1
C6(E2)

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

The elevation spot V4 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 corre-
sponding to this angular change is approximate-
ly equal to VjR2. The horizontal component of
this linear displacement is —V4jR2 sin E2, which
may be replaced by —VjReS1 (E2) sin E2. But
the voltage representing this quantity is to be
supplied to the above~described amplifier which,
in effect, mutliples the input voltages by C6(E2).
Thus to insure accuracy the present voltage must
be divided by C6(E2), and will become

S1(E2)
C6(E2)
The factors S1(E2), sin E2( C6 (E2) are all func-~
tions of advance elevation E2, and thus may be
combined in g single function
5 Eoy—SL(E2)
S5(E2) =(6(H2)

A manually adjusted voltage proportional to Vj
is fracticnated proportionally to Re and again
fractionated. propertionally to S5(E2) and
supplied to the input circuit of the Qw amplifier
as —@Qj/C6(E2). The output voltage of the Quw
amplifier will then be proportional to Qu—e@j.

The sum of the deflection effects Guw-+-Gf—Gj
is represented by the displacement apdbf, Fig. 5.
The angle bfapbe equals Dh, This displacement
may then be resolved into a Y component
(Gw-+Gf—G4) sin Dk and an X component
—(Gw+Gf—@G9) cos Dh. Similarly, the sum of
the range effects Qw—Qj is represented by the
displacement apbg. The angle bgapbh also equals
Dh, thus this displacement may be resolved into
a Y component —(Qw—Qj) cos Dh and an X
component — (Qw—Qj) sin Dh. Thus, the com-
ponents of the displacement from the future po-
sition ab to the advance position ap are
+(Gw4Gf—GY) sin Dh —(Qw—Q4) cos Dh and
— (Guw+Gf—Gj) cos Dh—(Quw—Qj) sin Dh,
hence

(Yw++Yf+¥9) =— (Qw—Qj) cos Dh-}-
(Gw+Gf—G4) sin Dh (26)

(Xw-+Xf+-Xi) =— (Qw—Qj) sin Dh—
(Gw+Gf—G4) cos Dh (21

The ballistic quantities Tf 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 coincide
so far as R2 and E2 are concerned. Correction
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, com-
puted for the advance position in the absence of
wind, have the appropriate values for the future
position in the presence of the actual range wind.

The output voltage of the Qw amplifier is pro-
portional to Qw—Q7, that is, to

—ViRe sin B2

sin B2

~—Twt (So cos Bgr--Sw cos Bwg) —Q7.
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‘The displacement Hw is the vertical wind time

Twv multiplied by the range components, that. is,
Hw=Twyv (So cos Bgr+SwBwg) .

Assume- that the output of the Qw amplifier is
multiplied by a. function
Twy

-S6(E2)=—m

the output will then be

Twv (So cos Bgr+Sw cos Bwg) -
S6 (E2) Qj=Hw--56 (E2) @j

The vertical effect Hj of the elevation spot Vj

‘will, approximately, be a vertical displacement

ViR2 cos E2=VjReS1 (E2) cos E2. 'The hori-
zontal effect @Qj of the elevation spot Vi is
ViReS1(E2) sin E2. Then,

Hij—S86 (B2) Qj=ViReS1 (E2)
(cos E2—S6sin E2)

As 81, 86, cos E2 and sin E2 are all functions of
E2, let C5 (E2)=S1 (E2) (cos E2—S6 sin E2),
thus Hj—86 (E2) Qj=VjReC5 (E2).

Hw--Hj=Hw-+S6 (E2) Qj--Hi—S6 (E2) Qj
=Hw+}-86 (E2) Qj-+VjReC5 (E2)
(28)

The output voltage proportional to (Quw—Q7)

out of the Qw amplifier is fractionated propor- 4

tionally to —S6 (®2) and supplied to the input
circuit of the tH amplifier.

The manually adjusted fractionated voltage
proportienal to ViRe is further fractionated pro-
portionally to C5(E2) and also supplied to the
input circuit of the kH amplifier. The output
voltage of the ¥H amplifier will, in part, be pro-
portional to Hw-}Hj.

Fuse setting order

In the present computer the basic fuse time
F2 is numerically equal to-the computed time of
flight Tf of the shell. A voltage proportional to
Tf is supplied by the ballistic corrector (4, Fig.
2, to the fuse setting computer 12. The voltage
proportional to Tf is supplied to the input circuit
of a motor amplifier having its output circuit
cannected 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 am-
plifier. The motor will rotate the brush until
the sum of the voltages supplied to the input
circuit of the amplifier is reduced to zero and the
motor has rotated to the value of F2.

If the weapon could be fired at the present in-

stant, the fuse would be correctly set at the

basic fuse time F2. But after the fuse is cut the
shell is loaded in the weapon and the weapon
is fired after the lapse of the dead time Tg. If
the target is receding from the weapon the time
of flight is continuously increasing and if the
target is approaching the weapon the time of
flisht 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 P when the
dead time is Tg. Let angle STP=v, and angle
SPF=¢. The distance SP is the advance range
R2, and the distance ST ig the generated range
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cR. TFor convenience, let cR=R2—Rf, where Rt
is the difference between cR and R2. )

During the time of flight TY, the target, mov-
ing at a speed St relative to the weapon will
travel the distance TP=StT7. During the dead
time Tg the time of flicht 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 in-
terval from the present time the target will travel
:‘ distance TF=St(Tf}Tg+Fg). Thus the dis-
tance

PF=St(Tg+Fg)

Let Sf=the component of shell velo.city' at
advance position along line of advance position.
As

S f_—,g‘—%% (B2 cozlsta?.t)

it may be derived from the firing tables for the
wea,pon.
If the shell were fired at the present instant

o 1t 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 ¢ and will have at this point
a velocity Sf. But, after the lapse of the dead
time Tg, the time of flight of the shell has
ehanged to (Tf+Fg) thus, the shell will take
a time (Tf+Fg) to travel the distance SF. As-
suming that the shell velocity Sf does not change
appreciably in the distance «F, the distance
aF=SfFg.

Extend Pa to b and draw bF normal to Pb.
Let angle TSP=¥, and angle PSF=@, then,
@ .

Angles SPq and SaP—_—%"__E

P
AvglebPP=0+3~F
T @
Angle baF——z—-——z—

In triangle PbF,
bF =S(Tg+Fg) sin (a +:§_g)

in triangle abP, -

= nT_ 2
bF=8fFg sin5—3

thus

—8tTg cos (0‘—{-;
Fg=

81 eos g—F St cos (6 "'; ]

’i — 8¢ eos <0+§—) .-‘

cos 2
2

il
~3

2
2 CcOos 2' B

In Fig. 7 biseet angle PSF by Sc and extend
to. e. et cd=the target relative velocity St
Draw de normal to ee. Angle

dece=angle PcS:ls_O—(o.{.;), :
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‘Then
& )
ce=St cos (180*19——5)——- — St cos (0—|—§>
Draw cf parallel to R2, and extend de to f.

Angle ecf=i§

St cos (0—{—;)
cos —_ cos 2
2 2

But, as St is the target relative velocity, cf is
the component of rate of change of range mid-
way between R? and R3, and may thus be des~

ignated dR23.
St cos (0—[—;)

cos 2
2

thus

ce

cf=

dR23=—

= — St cos -+ St tan % sin @

The target relative velocity St may be resolved
at the target T into the component in the line
ST, —S8t cos y=dR, the present range rate;
and at the point P into the component in the

line SP, —St cos 0=dR2, the advance range rate. 5

As =¥}, and the angle ¥ is small
dR2—dR==5! (cos y—cos )

. ¥ . L4
=28t sin 3 sin (6—5

=St sin 6
Also, as & is a small angle

dR23=dR2+i§iSt sin 6

dR23¢dRz+%(dRz—dR)

From Fig. 7, approximately

®.Tg+Fg
T T
thus
- Tg+Fg _
AR2:ARI+ (qu dR)
and '
[dR2+T"2;fg(dR2—dR)]
Fg;TySf—[dR2+Tg_Fg(dR2—dR)
o7y (2

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.

2_
. 97 Tg[dR2+W
9= Tg(dR2—dR)
S.f—[dRz+—————~—f6(F2)

in which 6(F2) is the function shown in Fig.
10B. Fyg is then further modified by a function
75 (Fg) such that, for Fg less than zero,

5 (Fg)=Fg
and for Fg larger than zero, f5(Fg) varies as
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shown in Fig. 10B. The expression then has
the form:

f5(Fg)_—gﬁlT—g[Sf—[dR2+Z’£%__2”)‘?@]]_

Tg(dR2—dR)
dR2—-———————f6(F2) =0
(29)
and
_ Tg(dR2—dR)
dR23—dR2+—-—————f6(F2) (30)

In Fig. 7A the mean gun S, present target po-
sition T and advance position have been pro-
jected on the horizontal plane through the
mean gun. Let Tea represent the horizontal
range rate dRh, and cacc the linear deflection
rate RhdB. As angles CaTcb and cbeace equal
Dh, Teb equals dRR cos Dh and cbee equals
RhdB sin Dh. The advance horizontal range
rate dRh2=Tcc=Tcb-4-cbee, thus

dRh2=dRHh 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 cdee, and the rate of climb
di is cecg. As angles cfedce and cfcecg equal
E2, cdcf equals dRR2 cos E2 and cfcg equals dH
sin E2. The advance range rate

dR2=cdcg=cdcf-+cfcg

thus
dR2=dRh2 cos E2+dH sin E2
=dRh cos Dh cos E2+RhdB
sin Dh cos E24-dH sin E2 31

As shown in Fig. 2, voltages proportional to
dr, dRh and —RhdB are supplied by the rate
generator 1; a shaft movement proportional to
dH is supplied by the rate corrector 6; a voltage
proportional to Sf and shaft movements pro-
portional to E2 and DA are supplied by the bal~
listic corrector 14.

The voltage proportional to dRAR is frac-

5 tionated proportionally to —cos Dh, then frac-

tionated proportionally to cos E2; the voltage
proportional to —RhdB is fractionated propor-
tionally to sin DA then fractionated proportional-
ly to cos E2; the shaft motion proportional to
dH selects a voltage proportional to —dH which
is . fractionated proportionally to sin E2. The
sum of the fractionated voltages will then be
equal to —dR2.

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

1
F6(F2) (dR2—dR)
The output voltage of this first amplifier is then
fractionated proportionally to the hand set value
of the dead time Tg to produce a voltage pro-
portional to
Tyg
F6(F2)

The voltage proportional to
~_Tg
f6(F2)

(dR2—dR)

(dR2—dR)
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the fractionated voltages proportional to ~-dR2,
and the voltage proportional to Sf-are supplied to
the input-circuit of & second amplifier. The out-
but voltage of this second amplifier will be pro-
portional to

Sf—dR2— ) ~HdR2=—dR)

f6(F2
The output voltage of the second araplifier is
supblied to the winding of & potertiometel, hav-
ing a ‘varigtion in resistanice such that the volt-
age selected by the brush varies with #5@F¢).

The Voltage selected by this biush is then frac-
tionated ‘proportionately to a handset valtue of
L

977g

and. supplied to the input -circuit of @ motor am=

plifier, having its output circuit connected to a
motor driving the brush of the /5(F¢) potenti-
ometer. The fractionated voltages proportional
to —dR2 and the output voltage of the first am-
plifier are also supphed to the input circuit of
this motor amplifier. The voltages supplied to
the input eir cuit of the motor amphﬁer are pro-
portional to

F5(Fg)-z 91T [Sf—-[dRz—}-Tg(dRz dR)]]_

T6(F2)
Tg(dR2—dR)
J6(F2)

and if the output voltage of the amblifier is hot
zero, the motor rotates the brush of the f5(Fg)
potentiometer until the output voitage is zero
and the motor has rotated to the value of Fg.
"The shafts of the ¥2 motor atd the Fg motor
ar'e édnﬁected to a ‘dlf“ere'ntlal 'geaz whmh 'add“s

dR2=="5Y

the fuse setting order F ‘whiich is tranismitted by
a synchronous trahsmission system to the guns.
Coordinate rotator

The coordinates WXY, produced by the pre-
dictor 14, Fig. 2, are the rectangular coordinates
of the virtual position With the -origin 'at the
mean gun, the XY plane horizotital and the YW
plane vertical thiough the Tine of sight. For
egse in obtaining the gun orders, these coordi=
nates may be transformed 1nto coordinates
W'X'Y’ with respect to the deck plane. This
transformiation rhay be made in tWo steps, first
the framework 'of reference is rotated through

the level I, about the X axis to produce coorch—'

nates W''X’'Y”, then this framework is row
tated throush the cross level Zd about the ¥
axis to produce the coordinatey WX’ Y. )

In Pig. 8, with the origin of coordinates at &,
the medn gun, the virtual position V has the
rectanguldil coordinates YW with respect to the
horizontal plane Gda. Let the framework of
reference be rotated about the X axis through
the level I to Gdb. Draw Vdc normal to Gdb.
The fectangulds coordinates of the point V with
respect to Gdb Wwill be Y"'=@de dhd W'’ =Vdec.
Draw dede parallel to ¢db and dadb normal to
Gdb. The angles deVide and Gdade equal 1.
Then, Vde=W cos L; dede=W sin L; Gdb=7
cos L; dadb——dedc_Y sin L.

=Gdc=Gdb—dcdb=Gdb~—deda=Y cos L—
W sin L==Y vers L+-Y—W sin L
W' =dedc4-Vde=Y sinh L4-W cos
L=Y in LLW=W vers L (32)
and

X=X
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In the plane transverse to the plane thiough
the line of sight and containing the X'’ and W*’
axes with the origin of .coordinates at the mean
gun G, the virtual position ¥V hag the rectangular
coordinates X=Gdy, Flg 8A, and W’'=Vdf.
Draw Gdh hormal to X’ and in the X7, ¥’/
plane; Gdg and Vdj normal to the deck plane
and ‘extend Vdj to di; end draw dydkdi parallel
to the detk plans. Angles 'dgGdhk ‘and Vdhdi
equal -Zd. Then

Gag=W" eos Zd:
dgdh=W’" sin Zd
hdi=X cos Zd
Vdi=X sin Zd
Wr=didj -Vdi=CGdg=Vdiz=W"" cos Zd=X sin Zd
X' =Gdj=dgdiz=dgdh-+dhdi
=W" sin Zd+-X cos Z&
Y'=¥'"=Y tos L=W sin L

Thus,
=W'""—W"" vers Zd—X.sinh Zd  (33)
=W"*" sin Zd+4X-=X vers Zd ¢34)
Y’ =YY vers =W sin L (35)

_;-

The predictor 11, Fig. 2, supplies voltages pro=
portlonal to WXY and the stable element 3 Sup-
plies shaft rotations ploportlonal to 1., Zd, to the
coordinate rotator 7.

The voltage propOItlonal to ¥ is supphed ]
the ‘input citcit of the ¥’ atiplifier; the voltage
proportional to ¥ is fractionated propmwonally
t0 =vers Zd and sunphed to ‘the input eircuit of
the ¥’ amplifier; ‘arid the voltage proportional
to W is fractionated proportlonally fo —gin L
supplied to the input circult-of the ¥’ aiplifier.
Thus, by Eguation 35 the outbut voltage of thé
Y’ amplifier will be proportional to Y’.

The voltage proportional to Y is fractionated
proportionally to sin L and supplied to the input
clrcuit of the W’/ amplifier; the voltage propor-
tional to W is supplied directly to the input eir-
cuit of the W'’ amplifier, and is fractionated pro-
portionally to —vers-L gnd the fractionated voli-
age supplied to the input cireuit of the W’ ain-
plifier. Thus, by Equation 32, the outbut voltage
of the W’ amplifier will be preportional to W'".

The voltage vroportional to W'’ is supplied Qi-
rectly to the input circuit of the W’ amplifier anid
is fractionated proportionally to —vers Zd shd
supplied to the input civeuit of the W’ amplifiar.
The voltage proportienal to ¥ is fractionated
proportionally to —siii Zd and supplisd to tha
input ecircuit of the W’ amplifier. Thus, hy
Equation 33, the cutput voltage of the W’ ampli-
fier will be proportionat to W’.

The voltage proportional to W is fimctionated
proportionally tosin Zd and subplied to the inpis
circuit of the X’ amplifier. Theé voltage Droper-
tional to X ig supplied directly to the input cii-
cuit of the X’ amplifier and is alss Fractionatsd
proportionally to —vers Zd and supplied o the
input eircuit of the X’ amplifier. Thus, by Equa-
tion 3¢, the cutput voltaze of the X’ amplificr,

will ‘be propertional to-X’.
Gun orders

In Fig. 9, the rean guh G, line of 51ght gun
axis and virtual position 'V have been projected
on: thie deck plane. The virtusl position V has
the coordinates Gea=Y’ and Véa=X". Drasy
eaeb notal to GV. Angle VG is the desk Go-
flection Dd, and equals angle Veweb,
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Then,
eteb=Y’ sin Dd=X' cos Dd
X' cos DAY’ sin Dd=0 (36)

R'h2=GV=Geb-+ebV=Y" cos Dd+X’ sin Dd
R'h2=Y" cos Dd-+X’ sin Dd 37

The voltage proportional to X’ is fractionated
proportionally to cos Dd; the voltage propor-
tional to Y’ is fractionated proportionally to
—sin Dd and both fractionated voltages are sup-
plied to the input circuit of the Dd motor ampli-
fier. The output circuit of the Dd motor ampli-
fier 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 pro-
duce 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 syn-
chronous transmission to the guns.

The voltage proportional to ¥’ is fractionated
proportionally to cos Dd; the voltage proportional
to X’ is fractionated proportionally te sin Dd
and both fractionated voltages are supplied to
the input circuit of an amplifier. The output
voltage of this amplifier will then, by Eguation
37, be equal to R’h2, the component of virtual
range in the deck plane.

Fig. 8A shows the mean gun G, virtual posi~
tion V, deck plane Gec, and the cooerdinates
R’'h2=Gec, and W’'=Vec. Draw edec normal to
GV. The angle VGec is the gun elevation order
E’¢g and is equal to angle Veced. Then,

eced=R'h2 sin E'g=W' cos E'g

Thus

W’ cos E_’E—R’hz sin E'g=0 (38)

The voltage proportional to W’ is fractionated
proportionally to cos E’'g; the voltage propor-
tional to R’'h2 is fractionated proportionally fo
—sin E’g and both fractionated voltages are sup-
plied to the input circuit of the E'g motor ampli-
fler. 'The output circuit of the E’'g amplifier is
connected to the E’g motor, which adjusts the
value of E’'g to make the sum of the voltages sup-
plied to the input eircuit of the amplifier egual
zero. Thus, by Equation 38 the motor shaft has
rotated to the value of B’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 G and the virtual positicn V 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 an-
gle of parallax in train P’h. Draw Geg normal
to Vef. Then

Geg=Gef sin (180—B’gr—P’h)
=100 sin (B’gr-P’'h)=R’h2 sin P'h
thus
100 sin (B’gr4-P’'h)—R’h2 sin P'h=0 (3%
A voltage proportional to 100 yards is frac~
tionated proportionally to sin (B’gr4-P’R); the

voltage proportional to —R’h2 is fractionated
proportionally to sin P’k and both fracticnated
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voltages are supplied to the input circuit of the
P’h motor amplifier. ‘The output circuit of the
P’h amplifier is connected to the P'h motor. The
shaft of the P’k motor directly controls the value
of P’'h, and is combined in a differential gear
with the rotation proportional to B’gr to produce
a rotation proportional to B’gr-+P’h. The P’k
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 Edquation 39
the shaft of the motor will have rotated to the
value of P’h.

The rotation proportional to P’'h is sent by
synchronous transmission to all the guns. Af
each gun the train order B’gr is combined with
an appropriate fraction of the proper sign of
the angle of parallax in train P'h, depending
upon the distance of that gun from the mean
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 Vs is the difference between
the gun elevation order E’9 and the director
elevation Eb, thus

Vs—=E'g—Eb (40)

As shown in Fig. 2, a shaft motion proportional
to E'g is transmitted by the gun order computer
18 to the sight order computer 19 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 trans-
mission 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 SGE—=E and angle KGL=Dh.
Then, SV=GS sin Ds. Also, GK—=GS cos E and
RL=GK sin Dh=GS cos E sin Dh. Bui,
SV=FKL, thus GS sin Dh cos E=GS sin Ds, thus

sin Dh cos E—sin Ds=0 41)

A constant voltage is fractionated propor-
tionally to sin Dh, then fractionated propor-
tionally to cos E; the constant voltage is also
fractionated proportionally to —sin Ds and both
fractionated voltages are supplied to the input
circuit of the Ds motor amplifier. The output
circuit of the Ds amplifier is connected to the
Ds motor which adjusts the value of Ds until
the sum of the voltages supplied to the input cir-
cuit of the amplifier has been reduced to zero,
when, by Equation 41 the shaft of the motor has
rotated to the value of Ds, which is transmitted,
by synchronous transmission, to the guns.
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The computer

In a commercial embodiment of the inven-
tion, the computer was made in four similar sec~
tions which may be individually transported to
the fire control room and there assembled into a
unit. Fach section inciudes a substantially cu-
bical casing having a top, a bottom and two sides,
and a vertical partition spaced from the face.
The motors, shafts, gearing and other mechani~
cal equipment, and the majority of the indicators
are mounted on the front of the partition and
supported by suitable bosses. The potentiom-
eters are mounted on the rear of the partition,
the potentiometer shafts being journaled in the
partition. A shelf is hinged to the rear edge of
the outer side of each section and supports the
amplifiers, networks, cabling and other electrical
equipment.

As shown in Figs. 11, 114, 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 alighed with their corresponding
shafts, but are freely rotatable thereon so that
an accidental movement of a 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.

PFour 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
casing and normally folded back into a recess in
the casing. When folded forward to the operat-
ing position, the lever depresses a spring re-
stored plunger mounted in the lining. The
movement of the plunger forces depressions,
formed in a disc attached to the end of the
plunger, into registry with projections formed
on a similar disc mounted on the shaft to be
operated. Rotation of the knob will then ro-
tate 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 supported cy-
lindrical 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 -operates
the switch.

Type B knob

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

Type C knob

The type C knob has an outer.casing rotatably
mounted upon an inner lining atiached fo the
cover of the computer. A central button, con-
troiling 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 keyed -to
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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
exeept that fhe spring-operated -eluteh is ve-
moved.

The mechanieal equipment of ‘the four sections
is diagrammatically shown in Figs. 14, 15, 16,717,
together with :the -associated knobs, levers -and
potentiometers. The apparatus has been fune-
tionally segregated in the various seetions .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 individ-
ually remoyved.

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-hared
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 suit-
able material. A continuous ‘binding ring is

Dblaced around the card.or cards and wedges in-

serted between the ring and the card to press the

card firmly to the drum. A plurality of drums
of different diameters are nested together and

mounted on ‘the outer portien of a base. Slip
rings are insulatingly mounted on the interme-
diate portion of the base.and the potentiometer
shaft is journaled in a boss in the center of the
Brush arms, carrying brushes in contact
with the straight -edges :of the cards and -con-
nected to other brushes in contact with the cor-
responding slip rings, are mounted on the poten-
tiometer shaft and may bhe driven directly by
the shaft or by suitable gearing supported by the

‘hase and connecting gears mounted on the shaft

and brush arms.

With -angular functions of less than a revolu-
tion, and non-angwlar functions, the potentiom-
eber card may be spread out to cover g mechan-
ical travel larger or smaller or equal to the fune-
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
drawings the cards of potentiometers which are
automatically adjusted have been represented by
circles surrounded by lines indicating the approx-
imate variations in ‘the -widths of the cards.
Manually adjusted potentiometers are repre-
sented by straight cards but may be formed into
circles if desired. In the circuit drawings each
card angd its associated brushes has bheen 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 {rigonometric funetions 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 potentiome-
ters-used -in :the computer are tabulated below.

.
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+{ Actual
PT | Function | Functional Range (’il‘ravel, Brush Factor | Drums
egrees

Cards |Brushes ls%]iixll)g

320 | 450 perrev.._.
518 | 25,000 per rev..
324 | 4,000 perrev...
3 400 perrev....
150 | 864 perrev..._
1. -

0-18,000 yards._.
+90°

bt 1D =T =T 00 1 95 DD DO B hD Ha DO o b4 = 65 b=t 2 b e 1t G s B T 645 €0 1 00 80

_| =6to12seconds. .-

—

[y
)—‘p&\‘l\lwm@t\'}lQNJN@&HHH:NNHH)—‘@»&O:}I@@\]@W

Hb&’q\INw@NNNNQNHHH:NNHD—‘H:DP“COU!O)W\X@GJ

—
Pt B w1 O3 €O S B B D B DO 1 b= b 1= ~I D B bt 4 = DT 00 T B OD =1 O3 O3

HANDSET POTENTIOMETERS

Fune- Handset Travel, .
PT | Yion Range degrees Drums | Cards {Brushes gq
b R N 1 SO VNN 270 2 2 2
b1 2 U 5 R (SRR 270 1 1 1
73] S 0-450 knots...... 270 2 2 2
74.._.| Tg..._| 2.6-6 seconds.._. 248 2 2 2
75| I.V.._.| 2,450-2,600_ ... 270 2 2 2 35
76....| Sw....| 0-60 knots__..... 270 2 2 2

Director tilt corrector

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

In Figs. 12 and 17, the coarse receiver SY3 is
geared down by the worm gear §726 so that the 45
shaft 122 makes cne revolution for 2.5 degrees
yotation of the shaft of receiver SY3. The fine
receiver SY4 is geared down in the ratio four
to one, so that the fine receiver SY4 makes 36
revolutions per revolution of the coarse receiver
8¥3. The power moior MO1I9 is geared down
by gearing {723 in the ratio two to nine to shaft
{725. Shafs {722 is connected through gearing
1724, and the cther gears shown, to shaft $7125
which is connected through clutch {728 to the 55
stable element to orient the stable element in
train. The other coarse and fine receivers and
follow-up motors used in the computer are simi-
larly geared to each other.

The rotors of the coarse receiver S¥3 and the 60
fne recelver SY4 are respectively connected
through switches RC15 and RC{S§, Fig. 27, form-
ing two sections of a four position rate control
RC switeh, to the input circuit of the follow-up
amplifier MA1S, of the type shown in Fig, 22. G5

The rotor of the coarse receiver is grounded
at terminal 2285 and is connected by terminal
298¢ through resistors 2263 and 2282 to ground,
and through resistor 2283 to the input circuit of
conventional power stages 2284. The output of 70
the power stages is connected to one winding of
the follow-up motor MOIS, Fig. 27.

The rotor of the fine receiver is connected to
terminals 2286 and 2205, Fig. 22.

The voltage of the fine receiver goes through 75

40

50

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 oi
the fine veceiver from affecting the motor during
all the cycles preceding the cycle ending with
the correct setting. During this last cycle the
voltage of the coarse receiver falls to a small
value, approaching zero at the correct setting.

Terminals 2289 and 2205 are connected through
the winding of potentiometer 222§ 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 22306 is connected
through resistors 2207, 2208 and non-linear re-
sistor 2208 to ground. The non-linear resistor
2209, which may be a pair of oppositely connected
copper-copper oxide couples limits the peak
voltage supplied to the remainder of the circuit.
The junction of resistors 2208 and 2263 is coupled
through capacitor 2218 to the control grid of a
vacuum tube 2211.

The resistors 2208 and 2209 are shunted by the
network formed by the series resistor 2212, the
shunt arm formed by resistor 22{3 and capacitor
2214 in serial relationship, and the shunt arm
formed by the series resonant circuit including
the inductor 2215 and capacitor 2216. This cir-
cuit may conveniently be rescnated at three
times the frequency of the source exciting the
synchronous transmitters, so as to reduce any
third harmonic voltages supplied by the fine re-
ceiver.

The rotor of the coarse receiver is connected
by terminal 228i to the conftrol grid of the left
triode of a double vacuum tube 22i7. 'The ancde
of this amplifying section is coupled by capacitor
2218 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 2219 and upward in resis-
tor 2220, to produce a negative bias which is sup-
plied through the filter formed by resistors 2221,
2222 and capacitor 2223 to the control grid of
vacuum tube 221f. The control grid of vacuum
tube 22ii is also biased negatively by the usual
self-biasing resistors 2224 and 2225. The anodes
and screen grid of vacuum tubes 2211 and 2217
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are supplied with power from the source 2228
through the wusual coupling resistors and the
heaters are supplied with power from the usual
transformer (not shown). The source 2229 is
also coupled through resistor 2288 to the cathods
of the diode section of tube 2217, to bias this
cathode positively to a threshold value, so that,
when the voltage from the rotor of the coarse
receiver falls below this value, the diode is
blocked and no longer biases the grid of tuhe
2211. The constants of the circuit are propor-
tioned so that the bias on the grid of tube 2241
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 22i7, the bias due to the
rectified current disappears, unblocking tube
2211 and permitting the amplified voltage from
the fine receiver to be transmitted through #ube
2211, capacitor 2226 and the power stages 2284
to the motor. :

The inductor 2227 and capacitor 2228 form g
resonant circuit tuned to the supply frequency
and assist in stabilizing the motion of the follow-
up motor.

Thus, one winding of the follow-up motor,
MOI19, Fig. 27, 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 MOI9 is excited by one
phase of the ship power supply, Fig. 20, through
the fourth contact of switeh MCi2, which is the
twelith section of a four-position masier control
MC switch.

The motor MO#9 and shaft {722, 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 1722, Fig. 17, is connected through
gearing {124, differential gear DF35, shaft {108,
gearing 1708 to the differential gear DF2. The
motor MC! is geared to shaft {1{2 and, through
gearing {743 and {7{{ to differential gear DF2.
As will be later explained, the motor MO{ turns

to the angle §B'r, and, as the shaft 1788 turns :

in proportion to B’r, and these rotations are
added in the differential gear DF?2, the shaft 1714
rotates proportionally to Br.

The shaft {714 through suitable gearing ro-

tates the brushes of potenticmeter PT4 of which ;

cards 487 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 freguency and a clean
wave, free of harmonics, and a low impedance
output. The oscillator should supply two voli-
ages of egqual 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 he 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 s singie
oscillator source. This provides greater aceuracy
since the source can vary in amplitude and not
impair the aceuracy of the solutions obtained by
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the servo balancing of the various motor ampli-
fiers. To reduce interference from the ship
power sources, the frequency of the oscillator is
non-harmonic with the frequency of the supply,
for example, with a 60 cycles supply the oscilla-
tor may have a frequency of 210 cycles.

The grounded source 1238, Fig. 31, is connected
to ground through the potential dividing resis-
tors 3163 and 3i64. The junction of resistors
81823 and 3164 is connected to ground through
one section of the winding of card 488. The
source {938 is also connected to ground through
the potential dividing resistors 3106, 3{07 and
the junction of these resistors is connected to
ground through one section of the winding of
card 407.

-Similarly, the grounded source 1931, of op-
posite phase, is connected to ground through
resistors 3111 and 3i12, and the junction of
these resistors is connected to ground through -
the other section of winding of card 408. The
scurce [931 is also connected to ground through
resistors 3113 and 3114 and the junction of these
resistors connected o ground through the other
section of the winding of card 407. Phase cor-
recting capacitors such as capacitor 3109, may
be connected across the resistors, to compensate
for the distributed capacitance of the windings
of cards 408, 487 and the capacity to ground of
all the shielded wiring between various points
of the ecircuit.

As indicated on the drawing, the widths of
the potentiometer cards 468 and 497 vary with
a modified cosinusoidal function so that the
brushes 3118 and 3118 select voltages with re-
spect to ground respectively proportional to the
positive sine and negative cosine of Br.

The brush 3115 is connected to ground through
the potential dividing resistors 3117, 3118 and
the junction of resistors 3117, 3118 is connected
through resistor 3119 to the input circuit of the
line amplifier LA37. Phase corrective capacitors
may be connected to the brush 3115 and across
resistor 3117.

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 3121, of amplifier
LA81, 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 3122, and the
other winding is shunted by resistors 3123 and
3124 in serial relationship. The junction of re-

5 sistors 8128, 8124 is connected through resistor

3125 to the input circuit of amplifier LA31T, 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 funetion represented by the output voltage.

The secondary winding of transformer 3121,
having a voltage proportional to sin Br, is con-
nected to connections 312§, 8127, Figs. 31, 29, 27.

Connection 3126 is connected to ground through
resistors 2705, 2710, Fig. 27 and through re-
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sistors 2703, 2704, Connection 3127 is connected
to ground through resistors 2706, 2707 and
through resistors 2708, 2709. The junction of
resistors 2705, 2710 and resistors 2706, 2707 are
connected to the ends of card 406 of potentiom-
eter PT4: the junctions of resistors 2703, 27104
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 func-
tions of their angular disvlacement. The volt-
age on leads 3126 and 3127 are proportional to
Lsin Br and —sin Br. respectivelyv. These
voltages are applied to cards 406 and 405 as
just described and then fractionated on these
cards according to == sin Br or = cos Br by
suitably situating four brushes in 90 degree re-
lationships with each other. This drum of PTA
has four brushes 2710, 2771, 2772, 2773, rotated
proportionally to Br to select voltages propor-
tional to =+ sin? Br and - sin Br cos Br.

The positive sine brush 2770 is connected
throush resistor 2713 to the input circuit of line
amplifier LA, The cosine brushes 27713, 2712
are respectively connected through resistors 2715,
2716 and the sections of the winding of card
{01 of potentiometer PTI{ to ground. The wind-
ing of card i8{ varies in resistance in such &
way that the voltage between brush and ground
as applied to resistor 2718 at the input of LA2
is a fraction of the voltace avplied to the card
and resistors 2715 and 2716 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 1713 so as to rotate through a vhysical
angle equal to 13/B'r.

One section of the secondary winding of the
output transformer of amplifier LAS, Fig. 27,
is bridged by resistor 2719 and the other section
is bridged by resistors 2720, 2721 in serial rela-
tionship. The junction of resistors 2728, 2712t
is connected through resistor 2722 to the input

cireuit of amplifier LA3, to supply voltage of re- i

versed phase to the input circuit. The junction
of the two sections of the secondary winding is
grounded.

T.et the voltages supplied to resistors 2713, 2718
be e1 and es: the resistances of resistors 2713,
2718 be 71 and r2 and the currents flowing in re-
sistors 2T13. 2118 be 41 and 2. Let the voltage
across the input circuit of amvlifier LA2 be es:
the voltage across one section of the output trans-
former he —eo; and the voltage across resistor
2790 be —Eeo. Let the resistance of resistor 2722
be 70 and the current flowing be —do. TLet

-
gg==—r
23

Then since no current flows in the connection
from the junction of resistors 2743, 2722 and
2718 to the grid of LA3,

fo-+i1t-i2==0
i _ —kes—e, e1—ey e—eg
= —_— =
To 1 T2
—keo—e, , e1—€g , €2 Cx
! + 0
To 71 T

(ryrs) (—“keo'l-%’) +To[617'2+027’1+% (T1+7‘2)]=0
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o L (BHE) =L [ (al2enlt) =0

—<91E+62r‘0>
e LY [
0 1 To , 7o
—p iy gy 1)
4 T3

71
_% e 8ty 10
o= 1 T2
11/ nyn
1+u k (1 +r1+7':

The voltage amplification factor 1 of the three-
stage amplifier is about 15,000 times, thus

1

,,l.
is very small, hence,
1 70 T
60-_—‘% [61'7_—14'62;.—2 (42)
The output voltage eo is thus proportional to
the sum of the input voltages e1 and ez, and the
scale factor of the output voltage is determined

by the relative values of 7o, 71, 72 and k. If ri=r2
and re=rik, then es=er}e2 If ro=ri=rz, then

60=]]c.(61+62)

If the resistors 2728, 272( are replaced by the
winding of a potentiometer having a brush con-
nected to resistor 2722, the output voltage will be
proportional to the sum of the input voltages di-
vided 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
2718, 2778 such as are shown shunting resistors
2521 and 2726 in the case of L.A3, Fig. 27. These
elements are necessary to provide phase and
amplitude margin in the amplifier for all the
frequencies at which w8 is greater than unity. In
addition the ratio of the resistances shunting the
lower winding of each transformer to that shunt-
ing the upper winding is of such value that for
the various loads connected to the amplifier the
voltages across the two windings of the trans-
former are equal. This is necessary because these
windings have resistance and the upper sec-
ondary winding is not in the feedback loop.

The output voltage of line amplifier LA3 is
proportional to sin? Br—sin Br cos Br tan jB'r.
The output transformer of amplifier I.A2 is con-
nected to ground through resistors 2723, 2724 and
through resistors 2725, 2727. The junction of
resistors 2723, 2124 is connected to ground through
one section of the winding of card 207 of poten-
tiometer PT3, and the junction of resistors 2728,
2727 is connected to ground through the other
section of the winding of card 307.

The potential-dividing resistors, such as re-
sistors 2723, 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 constant load
to the source, these resistors reduce the effect
upon the source produced by the movement of
the potentiometer brushes. Furthermore, it
makes possible the adapting of the potentiometer
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loads to the load capabilities of the line ampli-

fiers so that they can be made of uniform design
throughout the computer. By forming an im-
pedance in series with the winding of one poten-
tiometer, these resistors reduce any interactions
between the currents in this potentiometer and
those in any other potentiomseter connected to
the same source. Also, capaeitors may he shunted
across these resistors to correet. the phase shifts
due to the distributed capacity of the poten-
tiometer cards. To simplify and condense the
description of the circuits;, many of the resistors
shown will not be specifically identisied, as their
function is obvious,

The shaft 1713, Fig, 17, is connected hy the
clutch 1718 to the cross level Zd shaft of the

stable element, and is geared throush differential

gear DF38 to shaft {747, which is geared by gears
§718 to drive the brushes of the Zd potentiom-
eter, PT3, and the dials {754, {755, Figs. 11 and
17.

The secondary winding of the output trans-
former of amplifier LAZ, Fig. 27, is also-connected
through resistors 2744, 2742 to the two sections
of card 286 of potentiocmeter PT2.

The brushes associated with eards 3086, 387,
respectively, select voltages proportional to
= sin Z4 and are connscted through resistors
2714, 2741, 1o the ends of card 268 of potentiom-
eter PT2.

The shaft 1719, Fig. 17, is connected by the
clutch 1728 to the level L shaft of the stable
element, and is connected by gearing {688, Fig.
16, to differential gear DF37. Gear DF37 is con-
nected by gearing 188! to the brushes of the L
potentiometer, PT2, and by gearing 1683 to the
inner coarse dial {845 and annular outer fine
dial {844, Figs. 11 and 16.

The brush associated with card 288 selects a
voltage proportional to sin L, and is cennected
through resistor 2729, Fig. 27, to the input cir-
cuif of motor amplifier MAI.

The voliage supplied to resistor 2729 is nro-
portionsal to

sin Br(sin Br—cos Br tan ijB'r) (—sin 2d) sin L «

The positive sine brush 2778 associated with
cards 485, 498 of PT4 is connected through re-
sistor 2738 to one end of card 182 of PTi while
the negative sine brush 2774 is ccnnected through
resistors 2731, 2732 to ground, the junction of
resistors 2734, 2732 being connected to the other
end of card 182. The winding of card 182 varies
in resistance with a tangent funection modified
for the resistance lsad on the brush and is
grounded at the center. The resistor 2732 equal-
izes the loads on the two sine brushes.

The brush associated with card 182 is con-
nected through resistor 2734 to the input circuit
of line amplifier LA2, and through resistor 2735
te the input circuit of line amplifier LAY

The negative cosine brush 2773 associated with
cards 405, 486 of PT4 is connected through re-
sistor 8715 and through resistor 2738 to the input
circuit of line amplifier 1.A2 and through resistor
2737 to the input circuit of line amplifier LAY

The secondary winding of output transformers
2788, associated with araplifier LA2, is grounded
in the center and one section is shunted by re-
sistor 2788. The fres end of this section is con-
nected through resistor 2748 to the input circuit
of amplifier LA2.

The output voltage of amplifier LA2 will be
proportional to sin Br(—cos Br—sin Br tan §B’r).

The free end of the other section of the sec-
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ondary winding of transformer 2738 is connected
through resistor 274! to the ends of card 235 of
PT2, the center of this card being grounded
through resistor 2743. The winding of card 208
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 cireuit of motor am-
plifier MAf{.

The voltage supplied to motor amplifier MA¢
will be preportional to
 sin Br(—cos Br—sin Br tan jB'r) vers L

The grounded source 1939 is connected through
resistors 2748, 2T47 to ground, and the junction
of resistors 2748, 2747 is connected to one end
of card (83 of PT{. 'The grounded source 1931
is connected thiough resistors 27158, 2151 to
ground, and the junction of resistors 2759, 2151
is ‘connected to the other end of card 183.

The winding of card 183 varies in resistance in
such a way that the voltage on the brush of
this card varies according to the tangent of its
mechanical displacement divided by 13.

The brush associated with card i83 selects a
voltage proportional to tan §B’s, is connected
through resistor 2752 to the input circuit of mo-
tor amplifier MA{, and is connected through
resistors 2753, 2784 to ground. The junction of
resistors 27563, 2754 is connected through resistor
2755 to the input circuit of line amplifier LAL.

The secondary winding of output transformer
2738, associated with amplifier LA, is grounded
at a center tap, and the sections of the winding
are shunted by resistors 2157, 27158. 'The free
end of the lower section is connected through
registor 2783 to the inpub circuit of amplifier
LAl and fthrough resistor 2789 to the ends of
card 395 of potentiometsr PT3. The winding of
card 385 varies in resistance with a versine fune-
tion modified for resistance load on the brush
and Is grounded at the center through resistor
2181, The brush associated with card 565 is con-
nected through resistor 2762 to the input circuit
of motor amplifier MAI.

The motor amplifiers used in the present com-
buter, 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 oufput circuit of motor amplifier MA{ is
connected fthrough the break springs of limi
switeh LS to one pnase winding of a two-phase
motor MOI.

In Fig.'19, the sources 938, 193!, are connected
to the power amplifier 892. The output circuit
of power amplifier 1882 is connected through
switch MC6 to the primary winding of trans-
former {384. The secondary winding of trans-
former 1984 is in two sections connecied to ter-
minzals {865, 1988, {837.

Terminal {888, Fig. 27, is connected directly to
one end of a winding of motor MO! and to the
output circuit of amplifier MA{l. Terminal {568
is connected to the lower, and terminal {997 to
the upper make spring of limit switch LSI. 'The
cutput circuit of amplifier MA{ is normally con-~
nected through the lower break spring and arma-
ture and the upper break suring and armature
to the other end of the winding of motor MO{..
When motor MO/ is driven by the current from’
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amplifier MAl to the limit of its travel in either
direction, one of the spring combinations of
limit switch LS! is operated, cutting off the
current from amplifier MA¢ and supplying cur-
rent of opposite phase from terminal £28§ or
1807 to stop motor MOI and drive motor MOI,
and the attached shafting back from the limit-
ing position.

The sources 1938, 1921, Fig. 19, are also con-

nected through a conventional 90-degree phase 1

shiftinge network {983, power amplifier 1828,
switeh 1908 in its lower position and switch MCT
in its fourth position to the exciting winding of
motor MOI.

The voltages supplied to the input circuit of
motor amplifier MAI are proportional to

tan jB’r-L(tan jB’r+-sin Br(—cos Br—sin
Br tan jB’r) 1(—vers Zd)-+sin Br(—cos
Br—sin Br tan jB'r)(vers I)+sin
Br(sin Br—cos Br tan jB’r) (—sin Zd) (sin L)

and, from Equation 1, the sum of these voltages
should ke zero. If the sum of these voltages is
not zero, current is supplied by amplifier MA!

to motor MOI, exciting motor MO! to rotate :

the brushes of potentiometer PTI, varying the
value of tan §B’r until the voltages are reduced
to zero, and the brushes of potentiometer PTi
have rotated proportionally to jB'r. Xf the val-
ues of B’r, Zd and L. are continually changing,
the motor MOI is continually moving, rotating
the brushes of potentiometer PT{ continually to
the correct values of /B’r.

Rate generator

The synchronous transmitters associated with '

the ship’s master compass control the coarse
Y12, and fine SYil, receivers, Figs. 15 and 29.
The rotors of receivers SY!( and SY{2 are con-
nected to the input circuit of follow-up am-
plifier 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 MCI5 in the fourth position, the local
control switch Co and transformer TRT.

In PFig. 17, differential gear DF2 drives shaft ;

1121 proportionally to Br, and this shait is
geared to differential gear DFI3, Fig. 15. Mo-
tor MO25, and receivers SYil, SY!2 are geared
by gearing 1501 to shaft (502. Shaft 1582 is
geared through differential DFE to shaft 1583
and differential gear DFI3, thus rotating shaft
{504 and annular dial (533, proportionally to
the bearing B. Shaft 1504 is geared to differ-
ential gear DFI12.

In Fig. 19 the output of amplifier {988 is con-
nected through switches 1809 and MCT to one
phase winding of the two-phase motor MOS.
The output of amplifier 1802 is connected
through switch M§ and transformer {804 to ter-
minals 1905, 1906, 1807. Terminal {997 is con-
nected to one end of the second phase winding
of motor MOS, Fig. 29.

Terminal 1966 is connected directly to the first
contact of target angle switch TA, and through
resistor 2901 to the second contact of switch TA.

Terminal 19805 is connected through resistor
2802 to the fourth contact of switch TA and di-~
rectly 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
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other end of the second phase winding of mo-
tor MO6. The target angle TA switeh is op-
erated by the type C knob {525, Figs. 11, 12.

When the blade of switch TA, Fig. 22, is moved
to the second contact, motor MOS will rotate at
slow speed in one direction, and when switch
TA is moved to the first contact, motor MQJ
will rotate at full speed. When the blade of
switch TA is moved to the fourth contact, mo-
tor MOS§ will rotate at slow speed in the other
direction, and when the blade is moved to the
fifth contact, motor MOS$§ will rotate at full speed.

The type C knob {525, Figs. 11, 12, 15 of the
TA switch, is rotatably mounted on the cover
When
depressed, the button connects the knob to the
switch shaft, so that rotation of the knob will
rotate the switch shaft. The switch shaft is
furnished 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 aireraft target may suddenly change
its course while approaching the ship, these
changes usually do not materially change the
speed of the aireraft. Facilities are therefore
provided whereby a new value of target angle
may be set in to the computer by the computer
operator, or fire contrel officer whenever the
target is observed to change courss.

The target angle slewing control includes a
two-position, non-locking key {28{{, Fig. 18, con-
veniently located in the directer. If the target
changes course so as to decrease tha target anzle,
key 1841 is operated upward, completing a cir-
cuit from power supply through switches MO8,
RCI8, winding of relay RY27, upper springs of
key 1811, back to power supply, opsrating re-
lay RY21. If the change in course increases the
target angle, key {(8!1 is operated downward

“completing a circuit from power supply through

switches MC8, RCI8, winding of relay RY28,
lower springs of key {81{, back to power sup-
ply, operating relay RY26. '

The operation of relay RV2S5, Fig. 29, con-
nects the winding of motor MOS8 through the
break springs of relay RY21, and ths make
§prings of relay RY¥26 to connection {885, caus~
ing motor MOS to increase the target angle;
the operation of relay RY27 connects the mn-
tor winding through the make springs of relay
RY271 and the break springs of relay RY28 to
connection 1986, causing motor MO% to decrease
the target angle.

In Fig, 15, the motor MOS rotati
tionally to the target course angle Cf is geared
to differential gear DFI2 which combines this
rotation with the rotation of shaft {584, pro-
porti_onal to the true target bearing B, thus
causing shaft 1805 to rotate proportionally to
the target angle A. Shaft 1505 is geared to the
synchronous transmitter SY21, to potentiometer
PT13 and to the dial 1588, Figs. 11 and 15. Thus,
by the operation of the target angle switch TA
the coperator can cause the shaft of motor Moé
to rotate to any desired value of the target
course angle Cf, which is indicated as the target
angle A as A=180°4+B—C¢t.

In Figs. 12, 16 and 40, the coarse SY! and fine
SY2 synchronous receivers are excited by the
elevation transmitters on the director. The
rotors of the coarse SYi and fine SY? receivers
are connected to the input circuit of follow-up
amplifier MAI8, of the type shown in Fig, 21.
The output cireuit of amplifier MAI8 is con~

.
@
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neected through the -break springs-of limit switches
LS6-and LSHE to one winding of g two-phase
“follow-up-moter MO8, As shewn in Fig: 20; one
phase of the power supply: is' eonnected through
master switch: MC 14, loeal switeh E, rate control
switch RCI1 and transformer TRZ to the other
‘phase winding of motor MO{8.

In Fig, 16, the receivers' S¥I and SY2, and: the

follow-up motor MOI§ are geared to the shaft
© 1622. The.shaft 1822 is geared to the differential
gear DFJ. The shaft 1623 is driven by shaft (7119
propertionally to the lever I and is'geared to the
‘differential gear DFI. ' The shafé 1624 will: thus
be: rotated preportionally to- the target elevation
"

The shaft 1624 is geared by gearing: 1481, Fig.
14; to the E potentiometer PT61: by gearing 1404
to. the B potentiometer PT82; and is geared to
the cearse: 1420 and fine 1421 ring dials; Figs. 11
and 14,

“The ship’s power is connected through master
switch. MC18, Fig. 20, and transformer TR0 to
terminals 2602, 2893, 2004,

Terminal 2084 is connected to the upper make
spring of Bmit switeh LS§; Fig. 40, terminal 2002
‘i3 connected to one side of a winding of motor
MO8, and terminal 2083 is connected to the
Iower make spring of limit switch LS6. Limit
switch IS§ is operated by a cam nut threaded on
shaft 1624, Fig. 16, When shaft 1624 has ro-
tated to near the limiting position in one direc-
tion, the eam nut operates the upper springs of
switch LS8, opening the cireuit from the output
eircuit of amglifier MA{S and connecting termi-
nal 2884 through the upper make springs of
switch LS8, and the break springs of switches
L85 and LSI4 to the other end of the winding of
motor MO8, thus slowing down motor MOI8
and, eventually, reversing its rotation. Similarly,
at the other limiting position, the lower springs
of limit switch 1.S5 are operated, connecting ter-
‘minals 2082 and 2093 to the winding of motor
M@{8 and driving the motor in the opposite di-
rection.

In Fig. 31, the grounded source 1931 is con-
nected through the upper break springs of relay
RYT and resistors 3! 84, 3135 to one eng of cards
1385 and 1366 of potentiometer PTI3, and the
grounded source {928 ig connected through the
lower break springs of relay RYT and resistors
3136, 23137 to the other ends of cards 1365 and
£308. "The resistances of the windings of cards
1385 and 1386 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, 1305,
respectively, select voltages proportiona]l to
—¢0S 4 and —sin 4 and are connected through
Tesistors 2{88, 3139 to the ends of cards 181, 102
of potentiometer PTI1. The cards 101, 702 pro-
vide a linear fractionation of voltages applied to
Tesistors 3138 and 2139 and are grounded at one
end.

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

The brush associated with card 181 selects a
voltage proportional to —Sh cos 4 and is con-
nected through resistor 3148 to the input circuit
of line amplifier LAA. o

Brush 31186, of potentiometer PTH4, selects a
voltage proportional to —cos Br and is con-
nected through the upper break springs of relay
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RY14 and resistor 8 £44 to.card: 604 of potentiom~
eterPTH.

‘The synchronous : fransmitter of the ship’s
automatie log- is' connected. to the synchronous
receiver SY'18, Figs. 14 and. 42. The rotor of the
receiver SYI8 is connected, through the break
springs- 4284 and 4205 of the ship’s speed switch
S0 o the input eircuit of follow-up: amplifier
MA24, whieh-may be of the type shown in Fig. 21.
Fhe output circult of amplifier MA24 is connected
to-one winding of the two-phase follow-up motor
MO24.

The ship’s power supply is connected through

-switelh MCI5, Fig. 20, and transformer TR to the
-other winding of moter MO24.

The- ship’s  power supply is also connected
through switch MCI6 to the transformer TRS.
Resistors 2005, 2006, in serial relationship, are
shunted across the secondary winding of trans-
former TR, and their junetion is grounded.

Terminals 2007, 2808 of transformer TRS8 are
conneeted to the contacts of switch So, Fig. 40,
ccentact 4207 being grounded. The blade-4208
of switch- So is connected to the make spring
2206. Switch So is operated by the type € knob,
1422,

The outer casing of knop 1422, 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 con-
trolled by the receiver SY{8. When the lever
knob is folded forward, sprine 4285 is operated
to break contact with spring 4204 and make con-
tact with spring 4208, thus breaking the circuit
from the receiver SYi0 to the amplifier MA24.
The lever also connects the casing to the switch
shaft, so that rotation of the knob will rotate the
switch shaft and move blade 4208 to one of the
outer contacts, connecting the input circuit, of
amplifier MA24 to terminal 20087 or 2008 and
slewing motor MO24, in the desired direction to
set the brushes of potentiometer PTS, as indi-
cated by dial #423, Figs, 11, 18, 14. The shaft
operating blade 4298, Fig. 42, is furnished with
douhle restoring springs so that when the pres-
sure on the lever knob is released, blade 4208 is
restored to engagement with contact 4207,

The synchronous. receiver SYI0, follow-up
motor MO24, potentiometer PT6 and dial 1423,
with the connecting gearing 1424, 1425 is shown
in the center part of Fig. 14.

The winding of card 801, PTS, Fig. 31, has a
variation of resistance to provide a linear frac-
tionation of the voltage applied from. brush
31i8. The brush associated with card 601 selects
a voltage proportional o —So cos Br and is con-

.nected through resistor 3142 to the input circuit

of line gmplifier T.A4. The output transformer
3143 has two grounded secondary windings; one
shunted by resistor 3i44 and the other shunted
by resistors 3145, 3(46 in serial relationship.
‘The junction of resistors 3145, 3146 is connected

‘through .resistor 3147 to the inpub circuit of

amplifier LA4,

The voltages supplied to the input circuit of
amplifier LA4 are proportional to —Sh cos A and
—=8o cos Br, thus, by Equation 2, the output volt-
age of amplifier 1.A4 is proportional to dRh, the
horizental range rate.

The secondary winding of transformer 3143 is
connected through resistor 3148 to one end of the
grounded winding of card 6i0i, petentiometer
PT61. The winding of card 6191 has a variation
of resistance designed to fractionate the voltage
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applied from amplifier L.Ad in accordance with
the cosine of the angular travel of its brush.
The brush associated with -card 6101 selects &
voltage proportional to —dRh cos E and is con-
nected through resistor 3149 to the input circuit
of motor amplifier MA26. )

The sources 1381, 1928, Fig, 31, are respectively
connected via the break contacts of relay RY1
through resistors 8130, 3131 to the ends of the
grounded - winding of card 1662, PTi6 and
through resistors $132, 3133 to the ends of the
grounded winding of card (603, PTIi6. The
windings of cards 1602, 1603 have a variation of
resistance so designed to fractionate the applied
voltages in aeccordance with a linear relation
with brush position. As will be explained later,
the brushes associated with cards 1691, 1602 are
adjusted to select voltages proportional to dH,
the rate of climb of the target.

The brushes associated with cards {602, 1603,
PTI6 are respectively connected through resis-
tors 3159, 5{51 to the ends of the grounded
winding of card 6288, PT62. Card 6208 has a
variation of resistance so designed to fractionate
the voltages from cards {602 and 1603 in accord-
ance with the sine of the angular travel of its
wrush. The brush associated with card 6208 se-

lects a voltage proportional to —dH sin E and is

connected through resistor 3152 to the input cir-
cuit of amplifier MAZ6.

The sources 1930, 1921 are respectively con-
nected through resistors 3155, 3156 to the ends
of the grounded winding of card 5695, potentiom-
eter PT56. The winding of card 5605 has a
variation of resistance to provide a linear varia-
tion of voltage on its brush in accordance with
the angular position of its brush.- The brush
associated with card 5605 is connected through
resistor 3157 to the input circuit of amplifier
MAZ26. The output circuit of amplifier MA26 is
connected to one winding of a two-phase mo-
tor MO26.

. The amplifier {908, Fig. 19, is connected
through switches {989 and MCT to the other
winding of motor MO26.

As shown on the left side of Fig. 17, the shaft
of motor MO26 is connected by gearing {146 to
the brushes of potentiometer PTS6.

The voltages supplied to the input of amplifier
MA26, Fig. 31, are proportional to

dR—dRE 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 MOZ26, causing
~motor MO26 to move the brushes of potentiom-
eter P'T56 until the voltage is reduced to zero
and the brushes of potentiometer PT56 have heen
moved proportionally 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 P'T'1 selects a voltage proportional to
_Sh sin A, and is connected through resistor
3158 to the input circuit of line amplifier L.A39.

Output transformer 3121 is connected through
the lower break springs of relay RY {14 and resis-
tor 3159 to one end of the grounded winding of
card 602, potentiometer PT6. The winding of
card 602 has a variation of resistance to provide
3 brush voltage which varies linearly with brush
position.

The brush associated with card 602 is con-
nected through resistor 3160 to the input circuit
of amplifier LA39.
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The output transformer 3161 of amplifier LA39
has two grounded windings, one shunted by vre-
sistor 3162 and the other shunted by resistors
3163, 2164 in serial relationship. The junction
of resistors 3163, 3164 is connected through re-
sistor 3165 to the input circuit of amplifier LA39.

The voltages supplied to the input circuit of
amplifier L.A39 are proportional to —Sh sin A
and —So sin Br, thus, from Equation 3, the out-
put voltage of amplifier LA39 is proportional to
—RhdB.

The output transformer 3{61 is connected
through resistors 3166, 3167 to ground, and the
junction of these resistors is connected through
resistor 3168 to the input circuit of motor ampli-
fier MA28.

The grounded source 1930, 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 1703, poten-
tiometer PTI1, whose variation in resistance pro-
vides a brush voltage linearly related with its
brush position. As explained later, brush 3604
selects a voltage proportional to cR, the gener-
ated range, and is connected through the break
springs of relay RYI5 and resistor 3605 to the
input circuit of line amplifier LA36.

The output transformer 3666, of LA3S, has two
grounded secondary windings, one shunted by re-
sistor 3607 and the other shunted by resistors
3688, 3609 in serial relationship. The junction
of resistors 3608, 2609 is connected through re-
sistor 3610 to the input circuit of amplifier LA3S.

Connections 3613, 3614 are grounded through
the break springs of relay RY29.

The secondary winding of transformer G068 is
connected by connections 3611, 3612 respectively
through resistors 3169, 3170 and 3174, 3112, Fig.
31, to connections 3613, 36{4. The junctions of
resistors 3169, 3170 and of resistors 3171, 2i72 are
connected to the ends of the card 5865, poten-
tiometer PT58, whose resistance varies in such
a way that the voltage from amplifier LA36 is
fractionated in accordance with the linear rela~
tion to the brush position on card 5325.

The brush associated with card 5885 is con-
nected to ground through the winding of card
6106, PT6I, which has a variation of resistance
such to provide for the selection of voltage by its
brush according to the sine function. The con-
denser from the top of card 6186 to its intermedi-
ate tap is so selected as to value and tap position
to compensate for unwanted quadrature currents
set up due to card capacity to ground and ca-
pacity to ground of shielded leads between card
brush and amplifier input resistors. It is neces-
sary to run all wiring in coaxial conductors where
the outer shell is connected to ground in order
to shield the computing voltages from the addi-
tion of pick-up voltages which would otherwise
produce errors. The brush associated with card
61086 selects a voltage proportional ©o —cRIB
cos E and is connected through resistor 3174 to
the input circuit of motor amplifier MIAR8. The
output circuit of amplifier MA28 is connected to
one winding of a two-phase motor MO28. Re-
sistor 3173, connected from the free end of the
winding of card 6196 to the brush assceiated
therewith reduces the eiffect upon the voltage se-
lected hy the brush associated with card 5805 of
the impedance changes due to the movement of
the brush associated with card 6196.

The output circuit of amplifier {968, Fig. 19,

is connected through switches 1968 and MCT to

the other winding of motor MO28,
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The motor MO28, Fig. 17, is comnected by
gearing {728 to drive the hrushes of potentiom-
eter PT58.

The voltages supplied to the input circuit of
motor amplifier MA28 are - progortional to
+RhdB—cRdB eos E, and, from Equation 6; the
sum of these voltages should be zero. . If the sum
of these voltages is not zero, current is supplied
by the output circuit of amplifier MA2§ to motor

MO28, eausing motor MO28 to move the brushes.

of potentiometer PTH8 changing the value of ¢B
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 4603, PEI; is
connected to ground through resistors 8175, 3116
and the junction of these resistors is connected
to ground through the winding. of card 6267, po-
tentiometer PT62, which provides & cosinusoidal

variation of brush voltage with angular brush-

position.

The brush associated with card 6287, PT§2, se-
lects a voltage proportional to dH cos E and is
connected through resistor 2677 to the inpuft civ-
cult 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 1998, Fig. 19 is

connected through switches 1989 and MCT to

the other winding of motor MO2%.

The secondary windings of. transformer- 3{43
are respectively connected to. ground through re-
sistors- 8178, 8i79 and through resistors 3180,
2i81. The junction of resistors 3478, 8179 and

of resistors 3180, 3{8{ are connected to the ends:

of the grounded winding of card §182 of poten-
tiometer PT6{, which provides a sinusoidal vari-
ation of its brush voltage for variation in brush
position. The brush' associated with card 6{02

selects a voltage proportional to —dRA sin F and:

is connected through resistor 3{82 to the. input
circuit of amplifier MA27,

Connections 36{{ and 3612 are respectively
connected by resistors 3i83, 3184 and resistors

2185, 3186 to connections 36(% - and 35i8. The:

junctions of resistors 3183, 3484 and of resistors
3185, 3185 are connected to the ends of the
grounded winding of card 5703 of potentiometer
PTEY whose resistance variation provides a brush

voltage which varies linearly with brush posi-¢

tion. The brush associated with card 5705 se-
lects a voltage proportional to —cRAIE and is con-
nected through resistor 3187 to the input circuit
of amplifier MA27.

Motor MO21, Fig. 16, is connected by gearing:

§808 to drive the brushes of potentiometer; PT57.

The voltages supplied to the inpuj. cireuit of
amplifier MA271 are proportional to +dH cos
E—dRh sin E—cRAE and, from equation. B, the
sum of these voltages should be zero.
of these voltages is not zero, current is supglied
from the output circuit of. amplifier' MA27T to
motor MO21, causing motor MO27 to move the
brushes of potentiometer PT57 changing the value

of dE until the sum of these voltages is reduced

to zero and the brushes of ‘potentiometer PTET
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, Feh-
ruary 8, 1944, R. O. Wise, assigned to the assignee
of the present application, and includes a stable
high gain amplifier 2104, having anh output-cou-
pled by capacitor 2105.to a first network composed

If the sum.
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«oft the-series: capacitors. 24 06, 2407 and the: shunt

amplitude: control: resistor: 2108: and to.a:second
network . composed. oft the: series: resistors- 2448,
214l and: the: shunt. capacitor: 2109. Capacitor
-2105-anad resistor 21.10:are- connected:to. the input
circuit: of amplifier-2104, and the input circuit
and the junction of resistor 2188 and capaeitor
2109 are-graunded.

In a. copending . application: Serial No. 577,622,
filed:February 13, 1945, hy S..Darlington.and; as-
signed to the assignee of the: present: application,
it:is shown that. the frequency- of an escillator
-of this type depends:upon:the ratio.of-the voltages
supplied to the first and. second: networks. - The

5 coupling: capacitor 2105 is connected through the

-windings- of potentiometers 212 and 56086 to
ground. The brushes of potentiometers: 21 £2 and
.5606: are: respectively: connected to. capacitor 2107
-and. resistor 21 1. The output load may-he: con-~
nected across: the potentiometer windings..

With the wiper of potentiometer 5896 at mid-
point, the brush of potentiometer: 2112 -is- ad-
Jjusted until the frequeney 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 from 30 .to. 90
eycles. For a linear relationship between. the
:movement of the brush of potentiometer 5606 and
the resulting frequency of the oscillator, the re-
sistance of the winding of potentiomster: 5806
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 PTHE. ~ The
‘brush .associated with card 5686 is rotated by
‘motor MO26, Fig. 31, and is connected through
the break springs of relayRY1T to ascillator 2625,

-Fig. 28.  The output cireuit of oscillator 2825 is

-connected to the phase splitting network 2628, in
‘which it-is grounded through resistor 2826 and
capacitor 2827 im serial relationship. - The junc-
tion of -resistor 2826 and capacitor 2827 is. con-

5.nected through resistar 2828 to ‘the input circuit
-of motor amplifier. MA3Q. The output. circuit of

-oscillator 2825 is also grounded through capacitor

2828 and resistor 2§30, and their junction is
rconnected through resistor 2831 to the input c.r—
cuit of motor amplifier MA3{.

The values of resistors 2826, 2839 and eapacitors
2827, 2829 are so related that the voltages:sup-
-plied to amplifiers MA30 and MA3!l are 90 de-
grees out of phase. The output circuits of am-

.plifiers: MA30: and” MA3! are respectively con-

-nected to the windings of a two-phase synchron-
.ous motor MO38, ' Motor MO3% will thus rotate
‘at, a speed exactly proportional to the frequency
of. oscillator 2828, which is determined by the
setting of the brush associated. with -eard 5626.

‘Oscillator: 2832 is also:of the type shown in
‘Fig. 21. - The resistors 2833 and 2334 maintain
‘the frequency of this:.escillator at a constant value
‘'of 60 cycles. Oscillator2832 is connscted through
ithe phase splitting network 28235, which is simi-
lar to network 2824 to the input circuits of motar
amplifiers MA26 and MA37T. : The output circuits
‘of ‘amplifiers MA36, - MA37 are respsctively con-
‘nected to the windings of the two-phass syn-
-chronous motors MC3 1, MO33 and MO35. Motor
MO3 1, MO33 and MO35 will'thus rotate at sneeds

“proportional ‘to 60 cycles.

: The shafts of metors MQ30 and MO3{ are con-
nected to.differential gear DF28, Fig. 14, which

drives.shaft 1481 at a speed proportional: to dR.
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The total rotation of shaft 1437 with the time
will be the integral of this rate, that is, pro-
portional to AcR. Shaft 1437 is geared through
differential gear DF{0 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
Tig. 21 is connected to card 5706 of potentiometer
PT51, and through the phase splitting network
2831, which is similar to network 2324, to the
input ecircuits of motor amplifiers MAS32 and
MA33. The brush associated with card 5706 is
rotated by motor MO28, Fig. 31.

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

The shafis of motors MO32 and MO33, Fig. 16,
are connected to differential gear DF29, thus driv-
ing shaft (606 proportionally to AcE. Shaft 1886
is geared to differential gear DF3.

Shaft 1729, Fig. 17, is connected by clutch (736
to the stable element and is rotated proportion-
ally to L-+2Zd/30, and is also geared to the dif-
ferential gear DF3, Pig. 16. Differential gear DF3
is geared to the fine SY21, and coarse SY23, syn-
chronous 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 5886
and the brush associated therewith, of potentiom-
eter PT58, and through the phase splitting net-
work 2839, which is similar to network 2824, to
the input circuits of motor amplifiers MA34 and
MA35. The ouput circuits of amplifiers MA3Z4
and MA35 are connected to the windings of the
two-phase motor MO34.

Motors MO34 and MO35 are geared to differ-
ential gear DF30, Fig. 15, to drive shaft {597 pro-
portionally to the generated bearing AcB. Shaft
1507 is geared to differential gear DFS. Shaft
{502, rotating proportionally to the ship course
Co, is also geared to differetial gear DFS. Shaft
1508 is thus rotated proportionally to aAcBr(AcBr=
AcB—Co). Shaft (508 is geared to differential
gear DF4, Fig. 17. Motor MO, rotating propor-
tionally to jB’r is connected by shaft 1742 and
gearing 1713 to differential gear DF4. Shaft {131
is thus rotated proportionally to AcB’r(AcB'r=
AcBr—jB’r), and drives the fine SV¥29 and coarse
£730, synchronous transmitters, which are con-
nected to the director.

Assume the motors MO20, MO31, MO32, MOZ3,
MO34 and MO35, Fig. 28, are two-phase, four-
pole synchronous motors, then, at 60 cycles,
motors MO31, MO33 and MO35 will rotate at 1800
revolutions per minute. The freguencies of oscil-
lators 2825, 2836, 28238 may be varied from 20 to
30 cycles, thus motors MO30, MO32, MO34 will
rotate at speeds between 2700 and 900 revolutions
per minute. At 2700 revolutions per minute the
outputs of differential gears DF28, DF29, DF30
will be 4800 revolutions per minute, proportional
to the maximum relative speed of the target in
one direction; at 1800 revolutions per minute the
outputs of the differential gears will be zerc, when
the relative speed of the target is zero; and at
900 revolutions per minute, the outputs of dif-
ferential gears DF28, DF29, DF30 will be —900
revolutions per minute, that is, will rotate in the
opposite direction, proportionally to the maxi-
mum relative speed of the target in the other di-
.rection. The total number of revolutions of the
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output shafts in any given time interval 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 ¢Br, ¢cE and cR, in
matching ring dials, which may be of the type
shown in Fig. 23.

The continuous, concentric slip rings, 2301,
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 2310.

The shaft 2311, journaled in the frame 2305, is
rotated proportionally to the corresponding quan-
tity from the observations and is geared by gear
2311’ to gear 2312, which is rotatably supported
by the shaft 2306.

The gear 2312 supports the annular external
dial 2313; the plate 2314 insulatingly supporting
the complete concentric slip ring 2316, and the
two concentric partial slip rings 2315 and 2315’;
and insulatingly supports the brushes 237, 2318,
23{9. The brushes 23iT, 2318, 2319 are respec~
tively conductively connected to the slip ring 2316
and the partial slip rings 2315 and 23(5’.

The shaft 2311 is geared to the shaft 2320, which
is geared through the worm gear 2321 to the ex-
ternal 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 2321 and 2324 have a gear ratio
such that the shafts 2396, 23i{ 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 toc the shaft 2311, the shaft of the coarse
receiver may be geared to the shaft 2322, and
the shaft 2220 and gear 2321 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 2321, insulatingly sup-
norting the two concentric partial slip rings 2332,
2332’, and the concentric complete slip rings 2333
and 2334. The slip rings 2332 and 2334 are con-
ductively connected by the connection 2335; and
the slip rings 2332’ and 2333 are conductively con-
nected 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 2341, 2341’ which are con-
nected in pairs. Each pair is insulated from the
plate 2337 and from the other pairs.

As shown in Fig. 25, slip rings 2301 and 2327
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 negative
source {931; and slip rings 2303 and 2329 are
respectively connected through resistors 2343,
2344 to the grounded positive source {930.

The source 1930 is connected through resistor
2343, ring 2303, brush 2319 to partial ring 2315’;
and through resistor 2344, ring 2329, brushes 2341,
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2341’, ring 2334 ‘contiection 2385 to partial ring
2332, The’ source 1931 is ‘¢onniécted ‘through re-
sistor 2346, ring 2302, ‘orash 2318 to partlal ring
2318; ‘and ‘through Tesistor ‘2341, ving 2328,
brushes 2340, 2340° 'r1ng12333 connectmn 2336 to
partial ring 2332°.

The ends ‘of ‘the: ‘partial slip rings 2315, 2345’
are separated at the left’side o distance slightly
larger than the width 'of -contsct -of ‘the roller
contactor 2310, and theleft side by a space equal
to about 20 degrees ‘Conitactor-2310 is conrected
through brush 2309, Ting 2318, brush 2317, Ting
2301 to resistors 2348, 2350, ‘Brush 2309, and
contactor 23106 ‘are dr1ven by shaft 2306, rings
2315, 2315’ by shaft 2311,
and 2311 are-in posmonal and rotational ‘sgree~
ment ‘the brush 23 10: w111 ‘be'mid-Way betwéen the
ends of the rlngs 2315, 2315’ and ho voltage ‘Will
be applied to résistors ‘2348, 2350. ‘If the shafts
2306 and 23il have a posmonal -disagreenient,
the contactor 2310 will! e1ther be ‘on tHe ‘partial
ring 2315 or ‘the - part1a1 nng ‘2315, If the con-
tactor ‘2310 is -on Pinig 2315, the sourée 1931 is
connected to resistors 2348, 2350. Resistor 2348
may be connected, as by’ dotted res15tors 2351,
2351’ to'a correctioti circuit.

The ends of the ‘partial slip fings 2332, 2332’
are 'separated ‘at the: ‘point ‘of agreément - by a
distance -enough - larger than the width of the
brush 233%’ that ‘this ‘brush may move through
the angle equlvalent to -ofie-half revolution -6f
the contactor ‘2348- without ‘touching ring 2332
or 2332', and at the diametrically opposite point,
are overlapped without touching, Brush 2339’ is
connected by hrush:2339..and ring-2321 -through
resistor 2348, 2350 to:ground. ‘¥ -the shafts-2322
and 2328 -are in-positional-and rotational agree-
ment, the brush 2339’.-will be midway 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-revo-
lution of contactor. 2319, 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 {989 will be conhected through resistors
2349, 2350 to ground and if the brush 2339 is
on ring 2332’, the source 1931 will be connected
through resistors 2349, 2350 to ground. A con-
trol voltage may thus be obtaineq from the volt-
age drop in resistors 2348, 2350, as by the po-
tentiometer PTTI.

‘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 dlametrlcally 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-cireuit the power supplies. Thus, the sys-
tem could be in a stable condition when the
blush 2339’ was in the proper space between
rings 2332, 2332’, and also when the brush 2389’
was in the other space, thus producmg a posi-
tional error of 180 degrees.

In the present system, the brush of potenti-
ometer PTT1 is connected to the input circuit of
a motor amplifier which supplies bower to the
corrective motor. ‘The system is thus substan-
tially voltage-operated, ‘and only very small cur-
rents need be drawn’ th'rough the brushes and slip
rings. The resistors in the cireuit may then have
fairly high values of resistance, and the rings

If ‘the shafts 2306
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2332 2332’ imay overlap-at the false balance point
so that at this ‘poiitt, the ‘brush 2339’ will brldge
the rings 2332, 2332, :

The resistors 2344 @nd ‘2347 are not of ‘equal
resistance, 'so that, When fhe 'brush 2389’ bridges
the rings 2332, 2332’, a small current will flow
froin ‘one :0f the sources thirough potentlometer
PTII, -driving ‘the -Corrective motor away from
the false ‘balance point, ‘through 180 degrees to
the'correct point-of balance. :

“The shaft 1721, Pig, 17, rotating proportionally
to ‘the observed relatlve ‘bearing -Br, is connected
through the ‘gearing 1509, Pig. 15, to ‘the ‘outer
annular ‘dials 1525, 1521, 'Figs. 11 ‘and 15 of the
rmg dials 1639, of ‘the type -shown in Fig. 23, -

‘The ‘shaft 1581, ‘Fig. 15, 1s rotated by -differen-
bial gear D30 proportlonally %o ‘the 1ncrements
of - generated absolute Bearing AcB, ‘and is’ ‘con-
nected ‘to ‘differential gear DF5.  The shaft 1502
is ‘rotated 'by -motor MO25 proportionally ‘to ‘the
ship ‘course ‘Co and is ‘also connected to*differen-
tial gear DF5. The shaft 1518 will thus be ‘to-
tatéd by ‘differential gear DF5 ‘proportionally to
the incréments of generated relative bearing

; AcBr(AcBr—AcB—Co) and is connected through

differential gedr DFS$ -at which ‘point 4B from
motor ‘MO2 over ‘shaft 1512 is added to set up
generated relative target bearing

(cBr=jB-+AcBr).

on shaft ‘{511 which is connected to the inner
dials 1528 1529, Figs. 11 and 15 of the ring‘disls
1539.

‘Shaft 1437, Fig, 14, is. rotated proportionally
to AcR ‘ang is connected ‘throuigh differential
gear DFi0 to shaft 405 which is conhected to
the outer annular dials 1426, 1427 of the ring’
dials ‘1430, Figs. 11, 12,14 of the type shown in
Fig. 23. The observed ‘values of the range R are
trahsinitted by the synchronous transmitters on
the director-to the coarse SY5 and fine SY6 syn-
chronous receivers connected directly ‘to ‘the
shafts’ of “the ring’ d1aIs, I430 and to the inner
dials 1428, 1429, Figs, 11 and 14.

Shaft 1624, Fig. 14, rotating proportionally ‘to
the observed value B of: target elevatlon is'geared
By gearmg F481, 1404, to the outer’ annular dials
l420 ‘1424, Figs. 11 and 14 of the* ring' didls l403
of the'type shown in'Fig. 23. Shaft 606'is geared
to differential ¢ gear DF%. Shaft (402 is driven’ by
dlfferentlal géar DF6 proportmnally to the gen~
erated value'cE of target elevation and is geared
to ‘the inner dials 1431 ‘1432, Figs. 11 and 14° of
the ritg dials'1493. 'At'this differential sedar DI,
7B from MO#%'is added to' inerements of generated

elevation ACE ‘on shaft 1606 to make generated
elevation cE(cE= =AcE-+JE) ‘on shaft (402. The
incremeénts of generated élevation (ACE) are non-
zeroed quant1t1es and ¢an attain only the eorrect
rate of rotation ang not éorreet positional values.
"The corréection to make a zeroed quantity of gen-
erated elevatlon is” accomphshed by the addition
of the quantity jE. 'In ‘dddition jE ‘automatically
makes Up the difference in’ Tates between observed

“elevation E: and generated incréments AcE,

The circuits of the’ bearing ring dials 1530 Flg.
30, ‘are ‘similar to the oncmts shown in "Fig, 23
except that the sources’ l930 1931 afe coninected
throtgh” sw1tches RCI2 dhd RCI3 of the Tate
control switel; and the ‘coaise control 01rcu1t is
connected to ground through switeh RCI4 0 the
rate control switéh, the wmdlng of card’ 112 of
the” sensxt1v1ty control potentlometer PTII and
resistor "3040.

The brush of poténtiomeéter PTT( is manually
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adjusted by the type D knob 1102, and dial 1103,

Figs. 11, 12, to the desired sensitivity ¢S and is
connected to ground through resistors 3000, 3001,
3003, Fig. 30. The junction of resistors 3060 and
3001 is connected to the input circuit of motor
amplifier MA2.

The network formed by the shunt arms made
up of resistor 3686 and capacitor 3007, 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
MO?2 and the resistors 3065, 3010 form a Maxwell
bridge 3004. The output circuit of amplifier
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 3010 and
the network. One end of resistor 3010 is
grounded and one end of resistor 3005 is con-
nected through resistor 3802 to the junction of
resistors 3001 and 30802. 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.
erates a back electromotive force proportional to
the velocity of motion of the motor and, as this
voltage is not balanced by the bridge, it is fed
back through resistor 3882 to the input circuit of

amplifier MA2, thus making the speed of motor

MO2 closely proportional to the amplitude of
the applied current.

Power from the sources 1930, i93(, Fig. 19, is
supplied through network 1903, amplifier 1910,
switch 1911, switch MC{3 and the make contacts
of relay RY38 to the other winding of motor
MO2.

The shaft of motor MO2 is connected by gear-
ing 1512, Fig. 15, to differential gear DF8.

Thus, when there is a positional disagreement
between shafts (511 and 1721, motor MO2 is
started and adds a motion 5B to shaft 1511, thus
making the motion ¢Br of shaft 1511 equal the
motion AcBr of shaft 1510 plus the motion B of
motor MO2. (cBr=AcBr-+}jB.)

The shaft of motor MO2 is also geared to a
solution indicator 1531, Figs. 11 and 15, associ-
ated with the ring dials 1530. The motion of
this indicator shows that a disagreement exists
between the motions of shafts {510 (AcBr) and
1121 (Br), the speed of the motion of the indica-
tor shows how rapidly the system is approaching
a solution, that is, how soon AcBr approaches Br
as to rate of rotation, and when the indicator
i§ at rest it shows that shafts 1511 and I7121 are
in positional and velocity agreement.

The coarse dial circuit of the ring dial 493,
Fig. 30, is connected to ground through card 113
of potentiometer PTTI, and resisfor 3041.

The brushes associated with cards 712 and Ti3
of PT11 could be separately adjusted to give dif-
ferent sensitivities for the jB and jE corrections
but, as these are both angular corrections, the
same sensitivity may be used, thus these brushes
are ganged together and controlled by the type
D knob 1192 and dial 1103, Figs. 11, 12.

The brush associated with card TI3 is con-
nected through resistor 3011, Fig. 30, to the input
circuit of motor amplifier MA4, and through re-
sistors 3012, 3014, to ground. ‘The output circuit
of amplifier MA#4 is connected o one winding
of the two phase motor MO4 through a network
similar to network 3004. The feedback from this
network is connected through resistor 3013 to
the junction of resistors 3012, 3014,

The motion of motor MO2 gen- ¢
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The coarse dial circuit of ring dials 1430, Fig.
30, is connected to ground through card 121 of
potentiometer PTT2, and resistor 3042. 'The
brush associated with card T2i is manually ad-
justed by the type D knob 1104 and dial 1105,
Figs. 11, 12, to be desired sensitivity »S for the
range correction and is connected through re-
sistor 3015, Fig. 30, to the input circuit of motor
amplifier MA3, and through resistors 3016, 3018,
to ground. The output circuit of amplifier MA3
is connected to one winding of the two-phase
motor MO3 through a network similar to network
3004. The feedback from this network is con-
nected through resistor 3017 to the junction of
resistors 3016, 3018.

Amplifier 1910, Fig. 19, is connected through
switches 19{f and MCIi3 and the make springs
of relay RY31 to the other winding of motor MO4
and through the make springs of relay RY25 to
the other winding of motor MOS3.

Motor MO4, Fig. 30, thus rotates proportional-
ly to 7, and motor MO3 rotates proportionally
to jR. The shaft of motor MO3 is geared to dif-
ferential gear DF10.

The shaft of motor MO#4, Fig, 14, is connected
by gearing (433 to the solution indicator 1434,
Figs. 11 and 14, and to differential gear DF$, Fig.
14, Thus when there is a positional disagree-
ment between shafts 1624 and (606, motor MO4
is started and adds a motion JE through differ-
ential gear DF3 to the motion of shaft 1606 thus
making the motion of shaft 1402 equal to

CE(cE=ACE-+jE)

Similarly, the shaft of motor MO3, Fig. 14, is
connected by gearing 1435 to the solution indi--
cator (436, Figs. 11 and 14, and to differential
géar DF10, Fig. 14. When there is a positional
disagreement between the motion of shaft 1405
and the motions of the receivers SY5, SY6, motor
MO3 is started and adds a motion jR through
differential gear DF'{0 to the motion AcR of shaft
1437 thus making the motion of shaft 1405 equal
to cR(cR=AcR-+jR).

Rate corrector

The slip ring associated with the fine correc-
tion brush of the bearing ring dial 1539, Fig. 30,
generates corrections proportional to momentary
veloeity differences between relative bearing B
and generated bearing (cBr) and is designated
55 6dB and is connected through resistor 2351,
malke spring of relay RYi, and resistors 3519 and
3028 to ground. The junction of resistors 3019,
2898 is cchnected to ground through the winding
of card (781, potentiometer PTIT. The brush
associated with card (10{ is rotated proportion-
ally to cR to select a voltage proportional to
cR4dB and is connected through the upper break
spring of relay RYig and resistor 2993, Fig. 29,
to the input circuit of line amplifier LAI5. The
secondary winding of the output transformer
2984 of amplifier LA3 has two grounded sections,
one shunted by resistor 2805, and the other
shunted by resistors 2836, 2997, in serial relation-
ship.. The junction of resistors 2986, 2301 is
connected through resistor 2908 to the input cir-
cuit of amplifier LA1S.

The slip ring associated with the fine correc-
tion brush of the elevation ring dial 1403, Fig. 30,
is connected through the make spring of relay
RY?2, resistors 3821, 3822, to ground. The junc-
tion of resistors 3821, 3022, is connected through
the winding of card {132, potentiometer PTIT.
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‘The brush associated with éard 1702 selects &
voltage proportional t6 cRSIE and is ¢onnected
through the break springs of rélay RY 16 and re-
sistor 8023 to the input cireuit of line amplifier
LAf6." The . output transformer 3024 of line
amplifier LAI§ “has two 'grounded " secondary
windings one- shurited by resistor 3825 and the
other shunted by resistors 3628, 3027 in serial
relationship. The junctioti of resistors 30286, 3627,
i8' connectéd throush résistoi 3828 to the input
ciréuit of amplifier LA

The cam nut: {488 Fig. 14, on.the ¢R shaft

1405, 'operates the limit switeh L.SH12 at a range

of about 22,500 yards:. The operation of limit
switch LS112, Pig.-18,: completes a eircuit from
the. power supply thirough switeh MC8, winding
of relay RYI6, limit' switch LSi12, and switeh
MCS8 to the power supply; operating relay RY (4.
The. opération of relay RY (8, Fig. 30, discon-
neets the brush-associated with card {10t, PTIT
from, and connects the junction of resistors:3819;
3820 to, resistor 2983, Fig. 29; and disconnects the
brush associated with card 1182, Fig. 30, from,
and connects the junction of resistors 3021, 3822
to, resistor 3823. Thus, for ranges greater than
22,500 yards, the voltages supplied ‘to amplifiers
LAIS, Fig. 29, and LA, Fig: 30, are respectively
proportional to sdB and sdE miultiplied by the
value for a rangeof 22,500 yards.

The end of ohe winding:of transformer 3924 is
conneeted to ground through resistors 382%; 3828,
The: junction of resistors 3629, 3030, is connected
through the winding -of card ‘6283, PT82, to
grounid. The winding of card. 6293 has g varia-
tion of resistance to provide a brish: voltage pro-
portional to the:€ine of the angular brush po-
sition. - The brush associated with card 6228
selects a voltage proportional to ¢RSFESINE and
i$'connected through resistor 2988; Fig. 29, to the
input circuit of line amplifier LAT.

The output transfermer 2840 cf line amplifier
LAY, has ‘two grounded secondary windihes.
One winding: is-shunted by resistor 291 {; and the
other winding is shutited by resistors 2842, 2913,
in serial relationship:: ‘The junetion of resistors
2812, 2813, is conunected through resistor 28i4 to
the input circuit of line'amplifier LAIT.

The slip-ring associated with the fine correc=
tion brush cf the range ring dial 1438, Fig. 30, is
connected through the make springs' of relay
RY3, resistors 303¢; 3832, to ground. The: junc-
tion. of resistors 3034, 3082, is connected to ground
through the winding of eard 6281, potentiometer
PTE2. The winding of eard 6281 has a variation
of - resistance to provids a brush voltage propor-
tional to the cosine- of -the. angular: brush posi-
tion. The brush associated with card 6204 selects
a voltage proporticnal to. 3dR cos E, and is con-
nected through resistor 2568; Pig: 29, to the input
circuit of line amplifier LA{T.

The veltages supplied ‘to the input. circuit of
line amplifier LAY, thus are respectively pro-
portional to 8dR cos E—cRédE sin E, and from
Equation- 10 the output voltage of line -amplifier
LA7 is thus prepertienal to sdRk.

The-slip ring of the range ring dial 1436, Fig.
30, is also connected through the make springs of
relay. RY3 and resistors 3033; 3034, to. ground.
The junction of resistorg $633, 3084 is:connected
to ground through thé Winding of ¢ard £292, po-
tentiometer PT62. 'Theéwinding of ¢ard 6282 has
age proportional to-thé:sine of thé-dngular brush
position.”  The. brush :associated With card 6202
selects a- voltage: proportionsdl fo sdR sin- E; and
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is cofifiected through resistor '291_ 1, Fig. 29, to the:
input circuit of motor amplifier MA8..

One winding of output transformier 3024, Fig.
30, is connected through resistors 3035, 3036, to
ground. The junctioh of resistors 30835, 3038, is
connected to ground threugh the winding of card
8288, potentiometer PT§2. The winding of card
§284 has a variation of resistance to provide a
brush voltage proportional to the cosine of the
angular brush - position. 'The brush associated
with card 6284 selects o voltage proportional to
¢R8dE cos E and is connected through resistor
2316, Fig. 29, to the input circuit of amplifier
MAS8. The outpub circuit of amplifier MAS is
connected to one winding of the two-phase motor

MO8 through a network similar to the network

3864, Fig. 30. The feedback from the network is
connected through -resistor 2815, Fig. 29, to the
input circuit of amplifier MAS.

The output circuit of amplifier 1810, Fig. 19, is
connected through switch 1811, switch MCi3, to
the other winding of the motor MOS.

Thus from Equation 11 the shaft of motor MO8
will be rotated proportionally to the required cor-
rection 6dH, in the fate of climb of the targes.
The shaft of motor MOS; Fig. 14, is connected by
gearing 1438 to the brushes of potentiometer
PT18, and to the dH dial {138, Figs. 11 and 14.

The source of power 1931, Fig. 29, is connected
directly to the first contact of the dH switech and
through resistor 2920 to6 the second contact of.
this switch. Similarly, the source 1930 is cons
nected directly to the fifth contact of the switeh,
and through resistor 2922 t6 the fourth econtact
of the switch. The blade-of the d¥ switch is con-
nected through resistor 2918 to the inpuf cireuit-
of motor amplifier MAS:- The sourees {931 and
1630 are of opposite polarity. When corrective
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 MAS. To obtain an inifial
setting of the shaft of motor MO8, the blade of
the dH switch is moved by the type C knob, 110§,
Figs. 11, 12, to the second; or fourth, contact thus
supplying a reduced voltage from the source 1931,
Fig. 29, or the source 1938 to the input circuit
of amplifier MA8, thus rotating the inotor MO8 at:
slow speed. If the dH switch is moved to the
first, or-fifth, contact the motor MOS8 will he
rotated in one direction or the other at full speed.

One winding of output transformer 2910, Fig.
29, is connected to ground through resistors 2981,
2832 and through resistors 2933, 2834. The other
winding of transformeér 2918 is connected to
ground through resistors 2955, 2936, and through
registors 2837, 2838.. The junctions of resistors
2983, 2934, and of resistors 2935; 2938 are réspec-
tively connected to the ends of the windings of
card 1304, potentiometer PTI3. Similarly the
junctions of resistors 2834, 2832, and of resistors
2537, 2838, are connected to the ends of the wind-
ing of card 1392. Thé windings of cards 1301
and 1362 have a variation of resistance so' de-
signed to provide a $inusoidal variation of brush
voltage with its brush position and are grounded.
at the points where the function passes through
zero. 'The brush 2947 selects a voltage propor-
tional to —8dRh cos A and is connected through
resistors 294{ to the input circuit of s motor
amplifier MAT.

One winding of output transfornier 2904 is con-
nected to ground through resistors 2923; 2924, and
through resistors 2925, 2926.  The other winding
of transformer 2904" is similarly connected to
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ground through resistors 2921, 2928, and through
resistors 2929, 2930. The junctions of resistors
2925, 2926, and of resistors 2927, 2928, are con-
nected to the ends of the windings of card 1303,
potentiometer PT13. The junctions of resistors
2923, 2924, and of resistors 2929, 29839, are simi-
larly connected to the ends of card 1304. The
windings of cards 1303 and 1304 have a variation
of resistance so designed to provide a brush volt-
age proportional to the sine of -angular brush
position and are grounded at the points where the
function is zero. The brush 29489 selects a voltage
proportional to sin 4, and is connected through
resistor 2951, and the winding of card §208, poten-
tiometer PT82, to ground. The winding of card
6205 has a variation of resistance so designed to
provide a brush voltage proportional to the cosine
of brush position. The brush associated with
card 6285 selects a voltage proportional to

cRédB sin A cos E

and is connected through resistor 2542 to the
input circuit of motor amplifier MAT.

The output circuit of motor amplifier MAT is
connected through a network similar to the net-
work 3064, Fig. 30, to one winding of the two-
phase motor MOT, Fig. 29, the feedback connec-
tion from the network being connected through
resistor 2838 to the input circuit of amplifier MAT.

The output eircuit of amplifier 1818, Fig. 19, is 3

connected through switch 1341, switch MCiE3 to
the other winding of motor MO1T.

Thus, in accordance with Equation 12, the
winding of motor MOT has been supplied with

voltages proportional to the correction &3h, the

appropriate correction in the horizontal speed of
the target, and the shaft of motor MO7 is thus
rotated in accordance with these voltages. The
shaft of motor MO7, Fig. 15, is connected by gear-

ing {532 to the brushes of potentiometer PT1, and 4

to the counter indicator 1533, Figs. 11, 13 and 15.

Brush 2850 of potentiometer PTI3, Fig. 29, is
connected through resistor 2952 to the winding
of card 6205, potentiometer PT82. ‘The winding
of card 6205 has a variation of resistance so de-
signed to provide a brush voltage proportional to
the cosine of brush position. The brush associ-
ated with card 6205 selects a voltage proportional
to —cR6dB cos A cos E and is connected through
resistor 2954 to the input circuit of line ampli-
fier LAIS.

The source {931 is connected directly to the
first contact of the Sk switch and through resis-
tor 2844 to the second contact of the Sh switch.
The source 1930 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 MAT. The
Sh switch is controlled by knob (10f, Figs. 11 and
12, to operate similarly to the dH 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 2857, Fig. 29, of the line
amplifier LA(8, has two grounded secondary
windings respectively shunted by resistors 2958
and 2959.

Brush 2948 of potentiometer PTI3 selects a
voltage proportional to —3dRh sin 4 and is con-
nected through resistor 2855 to the input circuit
of amplifier I.A1§. Thus, by Equation 13 the
voltages supplied to the input circuit of amplifier
LAI8 are proportional to ShéCi. One ouptut
winding of transformer 2951 is connected to
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ground through resistor 2960, the winding of card
703, of potentiometer PTT and resistor 2861. The
brush associated with card 763 selects a voltage
proportional to the target speed Sk, and is con-
nected through resistor 2956 to the input circuit
of amplifier LAI8. The output voltage of ampli-
fier LA8 is thus divided proportionally to S and
thus becomes proportional to the correction to
target course angle 3Ct.

The other winding of transformer 28587 is
connected to ground through resistors 2852 and
2083. The junction of resistors 2962, 2863, is
connected through resistor 2965 to the input cir-
cuit of the motor amplifier MASG.

The output circuit of motor amplifier MAS
is connected through a network similar to the
network 3004, Fig. 30, the third confact and
blade of the TA switch, the break contact of
relay RY26, the break springs of relay RY¥27 to
one winding of the two-phase motor MO§. The
shaft of motor MOS§ will thus be rotated through
the required correction 8Ct in the target course
angle Cf. The shaft of motor MO8, Fig. 15, is
connected by gearing 1534 to differential gear
DFIl2.

The resistances of resistors 3049, 3041, 3542,
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 potenti-
ometers PTTi, PT12. The trainer, pointer and
ranger in the director are supplied with hand
wheels which, through the appropriate differ~
ential gears or eguivalent mechanisms can add
motions to the motions of the train, elevation
and range-finder drive motors. These adjust-
ments 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
disagreement the resistances of the circuit are
so proportioned that motors MO2, MO3, MO%
follow up the motions of the hand wheels at
speeds determined by the settings of the brushes
of potentiometers PTTI, PTI12, When the
brushes of potentiometers PTTI, PT72, 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 bottom 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
frequent 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 1809,
Tig. 18, and the pointer is furnished with an
elevation rate ER, key 1801, The present com-
puter 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 1805, which is operated to
select either the optical range mark key 1863
or the radar range rate key 1809.

When operating without rate correction, the
bearing rate correction circuit is grounded
through resistor 3019, Fig. 30, and the break
springs. of relay RY{; the elevation rate cor-
rection circuit is grounded through resistor 3021
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and the break springs of relay RY2; and the
range rate correction circuit is grounded through
resistors 3031, 3033, and the break springs of
relay RYS3.

For full automatic operation against aircraft,
with radar ranging and optical fraining and
elevation 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 switeh
RO is on the second contact, the aireraft surface
switch AS is on the first contact, and the range
selector switch (805 is in the lower position.

When the bearing rate key {886 is operated,
a circuit is completed from the ship’s power
supply through director slew Key 1821, bearing
rate key 1866, rate control switeh RCS, wind-
ing of relay RYI, switches RCI0, MC8 to power
supply, operating relay RYI.

When the elevation rate key 1807 is operated,
a circuit is completed from the power supply,
key {801, key 1801, switch RCS, winding of re-
lay RY?2, switch ASS, elevation key 1817, switches

RC10, MC8, to power supply, operating relay
RY2.

When the radar range rate key (809 is op-
erated, a circuit is completed from power supply,
switches 1805, 1808, winding of relay RY2I,
switches RCI18, MCS8, to power supply, operating
relay RY21.

The operation of relay RY21 complétes a Gir-
cuit from the power supply, switch MC8H, upper
make springs of relay RY2I, switches RO2, RC2,
lower break springs relay RY28, winding of re-
lay RY3, limit switch 1.S1{13, range key (822,
switches RC10, MC8, to power supply operating
relay RY3.

The operation of relay RY! completes a cir-
cuit from power supply, switches MC8, RC3, lower
make springs of relay RY|, signal lamp 1825 and
resistor 1826 in parallel, resistor 1827, switches
RC{0, MC8, to power supply, lighting the signal
lamp 1825, Figs. 11 and 18, to notify the com-
puter and plotting personnel that corrections are
being made in the bearing rate.

The operation of relay RY2 completes a cir-
cuit from power supply, switches MC9, RC4, lower
make springs of reélay RY2, sighal lamp (830
and resistor 1831 in parallel, resistor 1832,
switches RCI0, MC8, to power supply, lighting
the elevation rate correction signal lamp 1830,
Figs. 11 and 18.

A circuit is completed from power ‘supply,
switech BMICS, signal lamp 1835, resistor 1536,
switches RC18, MCB8, to power supply. The signal
lamp 1835 is shunted by the upper break springs
of relay RY2{. 'The operation of reldy RY2i
opens this shunt path, lighting the range rate
correction signal lamp 1835, Figs. 11 and 18.
The shafts of motors MO$, MO7, MOS8, Fig. 29,
have initial displacements, Ct1, S#il1, diH1, either
due to some previous use of the computer or by
use of the Ct, Sk and dH switches to set in the
estimated values of Ci, Sh, dH. By appropriate
coordingte transformations these initial displace=
ments of the shafts of motors MOS, MOT, MO8,
preduce corresponding displacements dR1, dEl,
dBl1, of the shafts of motors MO26, MO21, MO28,
Fig. 31, and of the brushes of potentiometers
PT56, PTH1, PT98, Fig. 28. The positions of the
brushes of these potentiometers cause the speeds
of motors MO36, MO32, MO34, and shafts 1437,
1506, 1510, to be proportional to dR1, dE1, dBl.
Shafts 1431, 1608, 1510, produce displacements of
the rings of the coarse ring dials 1430, 1403, 1530,
Fig. 30, proportional to the increments of dis-
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placement AcR, AcE, AcB. The receiver 8Y5 and
shafts 1804, 1721, produce displaceménts of the
brushes of the coarse ring dials proportional to
R, E, B. If there is g positional disagreement
between the rings and brush of a dial, due to
inequality between the generated and observed
displacements, the appropriate motor M02, MO4
or MO2 rotates adding a displacement R, jE or
jB to the increments of generated displacement
AcR, CAE or AcB. )

When the generated displacements cR, cE, ¢B
are within a few degtees 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 ¢R,
cE, ¢B are substantially equal to the observed
displacements, the rates dR, dE, dB based on the
existing or estimated values of Ct, 82, dH may
not be equal to the rates R, E, B, from the ob-
servations and this inequality will produce &
positional disagreement between the roller con-
tactor and rings of one or more of the fine ring
_The currents R, 3dRE, 5dB from the ring
dials, after appropriate coordinate transforma-
tions; are supplied to the motors MOS8, MOT,
MOS8, Fig. 29, to change the initial displacements
of the shafts of these motors, thus changing the
displacements of the shafts of motors MO28,
MOZ1, 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 di, dB are zero, and the
range rate dR is constant. The coordinate trans-
formations from Ct, Sh, d¥ to dR also may be
ignored by considering dR to be controlled by the
ring dials. ]

The transmitter SY26, Fig. 28, rotates onhe 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 ve-
locity 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 sR of the range
finder which is transmitted to the ring dial by the
receiver SY6, Fig. 30. This change in displace-~
ment causes & corrective current to produce &
change 8dR in the rate dR and & change icR in
the displacement ¢R to match thie change iR

An approximate or estimated rate dR1 is ini-
tially set ini the computér and as the solution
proceeds theé rate correction sdR is added to this
rate to give the intermediate values ¢R which will
eventually become equal fo dR, the correct rate.

The rate correction circuit responds only to
changes in the displacement of the range firder
and is active only while changes are being made,
thus no information as to the total displacement
of the range finder is required in the rate circuit.

In aided tracking tlie rate correction should be
proportional to the change in displacement, that
is

SdR==kscR (43)

where k is a factor of proportionality. o
The generated rate at any instant is equal to
the initial rate plus the rate correction:

GR=dR1-+4+6dR (44)



2,658,875

67
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.

5cR=J;t(R—c'R)dt (45)
Thus,
E:dRHJ:(R—eR)dt (46)
Differentiating,
TR=E(R—¢R) (47)

But for continuous tracking the director opera-
tor manipulates his hand wheel to make R=St

and cR=dR, thus

ABE—=k(St—dR) (48)

Solving,
AR=dR14(St—dR1) (1—e %%

where e=2.71828 . . . . L

The generated rate dR is equal to the initial
rate dR1 at time t=0, 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 & and the difference between the initial
rate dR1 and the target speed St.

Let

(49)

1
k
then Equation 47 may be written

T=

T .4R-+dR—St (50

By analogy to an electric eircuit consisting of
a resistor and inductor in series, and the opera-
tional solution for such a circuit, Equation 49
may be written

t
— t —=
dR(t)=—1—f e TSt(t—r)dr (51)
TJo
In Equation 51 the weighting function is
t
Ll
T

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

Since St (1) may be any function of time, it
may be considered as made up of three compo-
nents, the initial setting dR1; a correction
(St—dR1) -applied at time t=0; and a variation
A sin wt commencing at t=0 corresponding to a
sinusoidal error in tracking, of amplitude A and
angular velocity wi.

t
E'R(t)=dR1+(St—dR1)<1—e T>+ t
A sin wi AwTe_T (52)
Jitwrr: 14+wT?

At the start of the tracking, the tracking error
in displacement is usually small compared with
the error in the rate dR. It is therefore de-
sirable to have the time constant T as small as
as practicable to give rapid convergence to the
true rate. When sufficient time has elapsed so
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that the exponential terms in Equation 52 are
negligible, then
== A sin wt
dR(t)=8t+—T——r—
® Vituw?T?

For the remainder of the settling time, it is
desirable to have the time constant T as large
as practical so as to reduce the effect of the
tracking errors as expressed by the term

(53)

A sin wit
VituwrT?

In a typical embodiment of Fig. 25, resistors
2343, 2346, were about 2500 ohms, resistor 2344
about 30,000 ohms, resistor 23471 about 27,000
ohms, resistor 2348 about 60,000 ohms, resistor
2349 about 350,000 ohms, resistor 2350 about
10,000 ohms and resistor 2351 about 10,000 ohms.

When the coarse dials are out of balance, full
operating voltages are developed across resistors
3040, 3041, 3042, Fig. 30, and the jR, jE, jB motors
MO3, MO4, MO2, turn at full speeds. As the
pbrushes 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 halance, a fairly large voltage will
be supplied to the rate correction circuit through
resistor 2351, 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 2351
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, 2348,
2350, to the windings of potentiometers PTT1
or PT72. Owing to the large attenuations in
these networks, the jR, /E, /B 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
motors, that is, the speed for a given applied
voltage depends upon the attenuations in the
networks, the settings of the potentiometer
prushes, and any other attentuations or ampli-~
fications in the circuits.

The rate correction circuits are adjusted only
during the period that the fine dials are out of
balance. The motors jR, §E, jB 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 jR, jE,
7B motors.

Let the motors MO6, MO7, MO8, Fig. 29, have
initial settings Ct1, Shl, dH1, which, during the
_I_JEriod_. of _adjustment, take intermediate values
Ct, Sh, dH, and eventually reach the correct
values Cit, Sh, dH. During the adjustment
period, the outputs of differentials DF28, DF29,
DF30, Fig. 28, will have_i‘ntermediate values of
rates of rofation of dR, dE, d—B, which eventually
reach the correct values dR, dE, dB.

The displacements of motors MO3, MO4, MO2,
Fig. 30 will then be

. t T t Th
]R=J; (dR——dR)dt,jE:J; (dE—7E)dt

t —
.7'B=J; (dB—dB)dt
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Different*atmg wzthlrespect
to time jR=dR—AR, jE=dE-dF. jB=dB—abB:
From Equations 2, 3;4, 5, 6;

dR=dRkh cos E--dH 'sin E

ri“E-—[dH cos BE—dRk sin- BT

dB——Rﬁ.[Sh s;n.A.—kSg sin® Br]

dRk=—8h-cos &'—So cos Br
A=Br++Co~-180~Ct
dR=dkh cos:E+dH sinE

dE = iR[ H' cos E—~7Eh sin Ej

dB=

[S sin' A-So sin:Br]

oL
Rh

dRk=— 8N cos. A~ So cos Br
A=Br+Co+180—Ct
Thus;
jR=(dRh—dRh) cos E+(dH—dH) sin B (54)

ifEe.g%[(dH»;d‘ﬁ)» cos E— (dRE—dBR) sin E]
(55)

vh Yra o G an T 5
JB-—RIL[Sh sin: A— 8Sh sin A7} (58)

Let the. corrections made to Cil, Shal, dH1
be §Gt, §Sh, jdH, so that

Ct—=CH1iCt; SH=SHh1-jSh; dH=dHI+{+jdH.
Differentiating,

Ci=iCtt 57
Sh—jSh (58)
TH—jdH (59)

From Equations 2 to 9 it may be shown: that

jCt=: [—- (1iR cos: B~
eJEcR sin E) sin A —bjBcR cos A.cos Elc
(80)
i8h=[— (+iR.cos B—
ejEcR sin' B) cos A-+bjB sin AcR'cos Bls  (61)
(62)

jdH=[rJ R sin B+¢jBcR cos Elh
where. "

r==sensitivity of R integrator-
=sensitivity of /Eintegrator
b=sensitivity of /B integrator
e==sensitivity of jCI integrator
s==sensitivity of jSh integrator
h=sensitivity of /dH integrator

Let r=—e=b=~FK and substituting

jdt:ko% sin (A—A4) (63)
j8h=ks[Sh cos (A—A)—Sh] (64)
jAH=KK(dH—dH) (65)
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- the setting' is indicated” on dial’” 1103;

" Substituting: Equations: 57,. 58;. 59 intor E’qua»
tions 63;.64; 65.a1id simplifying;

—C’.—t’ii-‘k'ci}}fsin’ (CI=Ciy=0" (68
T
FF4ksTh—hsSKk cos (TH—Cly=0"  (B7)
Tk hdH — khdH =0, (68)
From: Equations- 66; 67, 68; letiihg ks=FKc=qa;
(C’t—Ct)—-—ta:n‘i[ sin (CH1—CY). ](69)
cos (Gl Ct)+Shl/Sh
Bh_ SRl o v o
==3h sife (CH=Ct)"siti” (Ct—Ct) =t
008 (Ot—Ct)[l [1—-— cos: (Ctl,—Ct)?]éra“]
(70)
=1~ (1- e (71)
The time:constant:
r
a

is- controlled’ by the: settings of " the: brushes of
the aS potentiometer PTTI, Fig: 30, and the 7S
potentiometer' PTT2. Potentiometer PTTE may
be adjusted by kunob: 19102, Figs: 11, 12, 14 and
Figs. 1T
and 14. Potentiometer PTT12 may be adjusted
by knob 1104, Figs., 11, 12, 15 and the setting
is indicated on.dial 1105, Figs. 11, 15,

The computer will. automatically solve for the

40 correct target. rates for any target angle which

50

55

85

0

75

is. withinh 180" 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 approximately. true -value.of the.target angle:

If. the target horizontal speed .Sh.is-initially
incorrect; it. will affeet. 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: in-
correct, . it. will. affect. the. speed. of . solution for
target speed. S#,.even when. Skh. is initially: set
at. the. true. value.. If Ct is. 1n1t1a11y set. at- the
correct: value;. the- values: of Sh approach: the
value Sh exponentlally

The: values: of dH approachi the value - dH' ex-
ponentially and independently of the:values of
Ctland Sh:

The . solution times might be excessive except
for:the: controls of the-time constants supplied
by the: sensitivity: potentiometers PTTi, PT12,
Pig:.30;: These controls' may: be manipulated to
reduce - the  time’ constants during  the initial
stages:of the solutions:so as to reduce the solu-
tion time; then: to iheresse the- time  constants
during” the: later stages- of! the- solution to in=
crease’the smoothing of the- solution- in: the in=
creased- suppression of unwanted perturbations
that may be superposed on the wanted: observed
data.

When a-solittion’ Has been: reached’ the motors
MO30, MO3I, Fig. 14, rotate shaft (43T at the
speed! dR tos produce: the: inerement of displace-
ment: AcR which: is: fransmitted by transmitter
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§Y28 to drive the range finder; the motor MO3
produces a displacement jR, which is added in
differential gear DFI0 to the displacement of
shaft 1437 to produce a displacement cR of shaft
1405 which is geared to the brushes of the cR
potentiometer PTIT.

The motors MO32, MO33, Fig. 16, rotate shaft
1606 at a speed dE to produce a displacement
AcE which is combined in differential gear DF3
with the displacement Z-+Zd/30 of shaft 1729 to
produce a displacement AcEb which is transmitted
by the transmitters SY27; SY28 to the director;
the receivers SY!, SY2, are controlled by the
director to produce a displacement from motor
MOI8 proportional to Eb which is combined in
differential gear DF{ with the displacement L
of shaft 1623 to produce a displacement E of
shaft 1624 and, through gears 1401, 1404, Fig. 14,
corresponding displacements of the brushes of
potentiometers PT61, PT62.

The motors MO34, MO35, Fig. 15, rotate shaft
1507 at a speed dB to produce a displacement
AcB, which is combined in differential gear DFS
with the displacement Co of shaft 1502 to pro-
duce a displacement AcBr of shaft 15§08, which
is, in turn, combined in differential gear DF4,
Fig. 17, with the displacement jB’r of shaft 1712
to produce a displacement AcB’'r of shaft {7134
which is transmitted by transmitters S¥29, SY30
to the director. The receivers SY3, SY4 are con~
trolled by the director to produce a displacement
B’r of shaft 1108, which is combined in differen~
tial gear DF2 with the displacement jB’r of shaft
1712 to produce a displacement of shaft 1714,
and the brushes of potentiometer PT4, propor-
tional to Br. .

Predictor

The secondary winding of fransformer 3606,
Pig. 36, is connected by connection 3611 through
resistor 3615, and card 6104 to ground; the junc-
tion of resistor 3615 and card 6104, PT6!, is con-
nected through resistor 3616 by connection 3613
through the upper springs of relay RY29 to
ground or source i930. The winding of card
6104 produces a cosinusoidal variation of the ap-
plied voltage at the associated brush which is
connected to ground through resistors 3617, 3618.
The brush associated with card 6104 is thus at
a voltage proportional to cR cos E, that is, to
the horizontal range, Rk. The junction of resis-
tors 36117, 3618 is connected through resistor 3622
to the input circuit of line amplifier LA19,

As explained below in connection with the
basic ballistic circuit, the connections 330{, 3302
have voltages proportional to Tf, the time of
flight, and are respectively connected through
break springs of RYS, resistors 3633, 3634 and
resistors 3635, 3636, and through resistors 3630,
3629 and resistors 3631, 3632 to ground. The
junctions of resistors 3629, 3630 and of resistors
3635, 3636 are connected to the ends of the wind-
ings of card 403, potentiometer PT4. The junc-
tions of resistors 3631, 3632, and of resistors 3633,
3634 are connected to the ends of the windings
of card 404, PT4. The windings of cards 403,
404 produce sinusoidal variations in brush volt-
age, and are grounded at the points where the
function passes through zero. 'The brush 3638,
of potentiometer PT4 is thus at a voltage propor~
tional to —T'f cos Br and is connected to ground
through resistor 3639 and the winding of card
603, potentiometer PT6.

. The winding of card 603 produces a linear
variation of the applied voltage at its associated

10

15

20

25

30

35

40

50

60

1]

70

75

72
brush which is connected through resistor 3624
to the input circuit of amplifier LAIS.

The connections 3301, 3302 are respectively
connected through the break springs of relay
RY?9, resistors 3642, 3643 and resistors 3640, 3641
to the ends of the windings of cards {306, 1307
of potentiometer PTI3. The windings of cards
1301, 1308 produce sinusoidal variations of brush
voltage, and are grounded at the points where
the functions pass through zero. The brush 3645
is thus at a voltage proportional to —Tf cos A
and is connected to ground through resistor 36417,
and the winding of card 705, potentiometer PTT.
The winding of card 105 produces a linear varia-~
tion of voltage at the brush which is connected
through resistor 3623 to the input circuit of am-
plifier LAIY.

As will be explained later in connection with
Fig, 32, the connections 3201, 3203 together have
voltages proportional to Yf+-Yw-+Y7 and are re-
spectively connected through resistors 3620, 3621
to the input circuit of amplifier LAI9. The out-
put transformer of amplifier LAf9 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 3621,
3628 is connected through resistor 3619 to the
input circuit of amplifier LA19. Thus in accord-
ance with Equation 14, the output voltage of
amplifier LAI9 will be proportional to the Y co-
ordinate of the virtual position.

Brush 3631, 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
connected through resistor 3653 to the input
circuit of line amplifier L.A20.

Brush 3644, of potentiometer PTI3 is at a volt-
age proportional to Tf sin 4 and is connected to
ground through resistor 3646 and the winding of
card 7104, potentiometer PTI1. The winding of
card 104 produces a linear variation in its brush
voltage proportional to Sk and the brush is con-
nected through resistor 3652 to the input circuit
of amplifier L.A20.

As will be explained later in connection with
Fig. 32 the connections 3202, 3204 together have
voltages proportional to Xf-}Xw+Xj7 and are
respectively connected through resistors 3650,
3651 to the input circuit of amplifier L.A20.

The output transformer 3654 of amplifier 1.A20,
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 3643 to the input circuit of
amplifier LA20. Thus in accordance with Equa-
tion 15 the voltage of transformer 3654 will be
proportional to the X coordinate of the virtual
position.

Connections 3301, 3302 are respectively con-
nected through the break springs of relay RY9
and resistors 3658, 3659 through the sections of
the windings of card (5804, potentiometer PTI6
to ground. The winding of card 1604 produces
a linear variation of voltage at its associated
brush proportional to T/dH which is connected
through resistor 3664 to the input circuit of am-
plifier LA32. -

The source 1930 is connected through the first
or second contact of the aircraft surface switch
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AB4, and resistors 3669, 3672 to ground. The
junction of resistors 3668, 3672 is connected
through resistor 3671 and the first or second
contact of switch AS{, to ground and through re-
sistor 3662 to the input circuit of amplifier 1.A32.
The resistances of resistors 3669, 357!, 3672 are
selected so that the voltage supplied to the input
cireuit of amplifier 1.A32 for switch AS in the
first or second positions is proportional to Hp,
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 3285, 3206 together have
voltages proportional to Hw--H4 and are respec-
tively connected through resistors 3661, 3663 to
the input circuit of amplifer 1.A82.

The oufput transformer 38§85 of amplifier
LA32 has two grounded secondary windings and
one winding is shunted by resistors 3666, 3667
in serial relationship. The junction of resistors
3666, 3667 is connected through resistor 3660 to
the input circuit of amplifier LA32. Thus, in ae-
cordance with Equation 16 the voltage of trans-
former 3665 will be proportional to kF.

The secondary winding of transformer 3635
iy’ connected through resistor 3613 to the input
circuit of the meter amplifier L.A36, and through
resistor 8688 to the input circuit of line ampli-
fier LA2{,

The secondary winding of transformer 3698 is

connected by connection 3612 through resistor 3

3676, and card 6105, PT61 to ground; the junc-
tion of resistor 3676 and card 6185 is connected
through resistor 3675 by connection 3812 and the
lower springs of relay RY29 to ground or source
1831, and corinection 3611 is connected through
resistor 3678, and eard 61085 to ground; the junc-
tion-of resistor 3678 and card 6105 is connected
through resistor 3577 by connection 3613 and the
upper springs of relay RY29 to ground or source
1830, The winding of card 810§ produces from
the applied voltage a sinusoidal variation of this
voltage at its brush and is grounded at the point
where the function passes through zero. The
brush assoeciated with card 6165 is thus at a volt-

age proportional to ¢R sin E, that is, to I, and §

is connected through resistor 3674 to the input
circult of meter amplifier 1.A36, and also through
resistor 3883 to the input circuit of line ampli-
fier LA2{. - The output circuit of meter amplifier
LA36 is connected to a meter 1167, Preferably,
the output stage-of meter amplifier LA36 is in
push-pull, and the meter has a center zero, so

as to  indieate positive and negative values.

Thus, in accordance with FEquation 18, the meter
107, Figs. 11, 12, 36, will indicate the future
height, 2.

" As explained later in connection with Fig. 33,
the connection 2302 has a voltage proportlonal
to Hm, the connections 3304, 3325, 2305, 3357 to-
gether have a voltage: proportional to Hfo, and
these connections are respectively connected
through resistors 3684, 2633, 3682, 3581, 3680 to
the input circuit of line amplifier LA2I. Thé
output transformer 3887 of amplifier LA21 has
two grounded secondary windings, one winding
being shunted by resistor 3688 and the other
winding being shunted by resistors 3689, 2699, in
serial relationship. The junction of . resistors
3689, 3898 is connected through resistor 3679 to
the input circuit of amplifier LA2{. Thus, in ac-
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cordance with Equation. 17, the voltage of trans-
former 3687 will be proportional to W, the verti-
cal coordinate of the virtual position.

'The windings of transformer 3625 are respec-
tively connected through resistors 3701, 3702, Fig.
37, to the ends of the windings of card 6602, po-
tentiometer' PT88. The winding of card 6602
modifies the applied voltage to produce a ginu-
soidal 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 cir-
cuit of motor amplifier MAI3.

One winding of transformer 3654, Fig. 36, is
connected through resistor 3706, Fig. 37, to the
mid-point of the winding of card 6601, poten-
tiometer PTES. The winding of card 6681 modi-
fies the applied voltage to produce a cosinusoidal
variatien of brush voltage, and the ends of the
winding are grounded. The brush associated
with card 8681 is connected through resistor 3712
to the input circuit of motor amplifier MA{3.
The output circuit of motor amplifier MAI3 is
connected to one winding of the two-phase motor
MO1I3.

The sources 1380, !°0I are connected through
the phase shifting network 1803 to the input cir-
cuit of the power amplifier 1912, Fig. 19. The
output circuit of amplifier 1912 is connected
through switch 1913, in its lower position, the
main: control switch MCS, in its fourth position,
to the other winding of motor MO13.

From Equation 19 the voltages supplied to the
input ecircuit of amplifier MAI3, Fig. 37, should
equal zero. If the sum of these voltages is not
equal to zero, motor MOI3 will move the brushes
associated with cards 8601, §602 until the sum
of these voltages has been reduced to zero, at
which point the brushes have been displaced to
a position proportionate to Dn, the horizontal
deflection.

Motor MO+3, Fig. 15, is connected by gearing.
1514 to the brushes of potentiometers PT§5 and
PTE6 and is connected by shaft 1815 to the differ-

' ential gear DF{8. Shaft (721, having a position

proportional to Br, is connected by shafts 1509
and 1516 to another gear of the differential gear
DPF{8. The third gear of differential gear DFi8
is geared to the brushes of potentiometer PT26,

“which will thus be displaced to a position pro-

portional to the advance relative target bearing
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 §505, poten-
tiometer PT85. Card 6505 has a winding which
varies the applied voltage to produce a cosinu-
soidal function of this voltage at its brush, and
is grounded at the ends. The brush associated
with card 6585 is thus at a voltage proportional
to Y cos Dh which is connected through the re-~
sistor 3708 to the input circuit of line amplifier
LA24,

The windings of transformer 35654, Fig. 36, are
respectively connected through resistors 3704,
3198, Fig. 37, to the ends of the winding of card
6206, potentiometer PT65. The winding of card
6506 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 assoeiated with card $528 is thus at
a voltage proportional to X sin Dk which is con-
nected through resistor 3769 to the input circuit
of line amplifier I:A24. Thus in accordance with
Equation 20, the voltages supplied to the input
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circuit of line amplifier LA24 are proportional to
Rh2, the advance horizontal range.

The brush associated with card 6104, Fig. 36,
is at a voltage proportional to cR cos E, that is to
Rh, and is connected by connection 3713 through
resistor 3716, Fig. 37, to the input circuit of line
amplifier I.A24. The voltages supplied to ampli-
fier LA24 will thus be proportional to (Rh2—Rh).
The output transformer 3714 of amplifier LA2E,
has two grounded secondary windings, one
shunted by resistor 3715, and the other shunted
by resistors 3716, 3117 connected in serial rela-
tionship. The junction of resistors 3716, 3T1T is
connected through resistor 3787 to the input cir-
cuit of amplifier .A24. Connection 3611 is con-
nected through resistors 8724, 3728 to connection
3613 and connection 36{2 is connected through
resistors 3718, 3718 to connection 36(4. The junc-
tions of resistors 3718, 3719 and of resistors 3720,
3121 are respectively connected to the ends of
the winding of card 5283, potentiometer PT52.
The winding of card 520% 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 voltage proportional to

—cR sin kE

and is connected through resistor 3729 to the
input cireuit of motor amplifier MA{6.

One winding of transformer 2714 is connected
through resistors 3725, 3726 to ground. The
junction of resistors 3725, 3725 is comnected
through the winding of card 2818,PT28 to ground.
The winding of card 2810 modifies the applied
voltage to produce a sinuscidal variation of brush
voltage. The brush associated with card 2612
is thus at a voltage proportional to

—(Rh2—Rh) sin E2

which is connected through resistor 3731 to the
input circuit of amplifier MAI6.

One winding of output transformer 3669, Fig.
36, is connected by connection 3732 through re-
sistor 3724, the winding of card 28i4, Fig. 37, and
resistor 3723 to ground. The brush associated
with card 2814 is at a voltage proportional to
kH cos. E2, which is connected through resistor
3730 to the input circuit of amplifier MAIE. The
output circuit of amplifier MAI§ is connected to
one winding of the two-phase motor MOI1S.

The output circuit of amplifier 1912, Fig. 19, is
connected through the lower contacts of switch
1913, the fourth contact of switch MC3 to the
other winding of motor MO16.

The voltages supplied to the input circuit of
amplifier MAI6, Fig. 37, are proportional to

—cR sin kE—(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 ampli~
fier MAI6 will cause motor MOI§ 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 MOI6, Fig. 16, is connected by gearing
1621 to shaft 1828, and through gearing 1629 to
the brushes of potentiometer PT52. Shaft 1628
is geared to one gear of differential gear DF32,
and shaft 1624 at a position proportional to E is
also geared to one gear of differential gear DIF32.
Shaft 1625 is connected to the third gear of dif-
ferential gear DF32 and is geared to the brushes
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of potentiometer PT28, rotating these brushes to
g position proportional to E2=E--KE.

Basic ballistics

The ¢R 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 max-
imum range of 18,000 yards. Thus, the circuit
must be switched, as explained below, to accu-
rately 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 kelow, to cut off the cR 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 1495, Fig. 14, rotating proportionally
to ¢R, is threaded and engages a cam nut {406,
displacing the nut proportionally to cR. The nut
has a lever which, at about 13,500 yards, operates
a small single-pole snap switch, limit switch
1.81{1, then at about 22,500 yards operates a sec-
ond single-pole snap switch, limit switch LSi12,
and at about 36,000 yards operates a third single-
pole snap switch LS143.

The ¢R potentiometer PTHT has a scale factor
of 25,000 yards per revolution. Card 1703, 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 1703 is tapped at 14,000 yards, which, for
the scale factor used, is equivalent to an output
voltage of the cR amplifier 1.A36, of 25 volts.
Two brushes, 3604, 3691, are associated with card
17183; brush 3691, 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 re-
lays RY (5, RY29 and switch LSiIl to the sec-
ond, third and fourth contacts of switch MCS$;
and through the winding of relay RY16 and
switch LSi12 to the same contacts. When the
computer is “on,” the main control MC switch
is on the fourth contact, thus, the operation of

. switch LSIiI| will operate relays RY15, RY29,

and the operation of switch LSii2 will operate
relay RY16.

The ship’s power is also connected through the
lever and contacts of switch MCS8, the lever and
contacts RCi0 of the rate control RC switch,
contacts of switch 1822 controlled by range knob
R, switch LSii3, winding of relay RY25, con-
tact and lever of rate control switch RCI, lever
and contact of radar-optical switch RO3, and
contacts and lever of switch MC9 to the ship’s
power. For automatic operation switches RCI
and RCIi0 are on the first contact. For radar
ranging, switch RO3 is on the first or second con-
tact. Thus, relay RY25 is held operated by
switch LSH13.

For ranges up to about 13,500 yards, brush
3604, Fig. 36, is connected through the break
springs of relay RYI5 and resistor 3605 fo the
input circuit of amplifier 1.A36, and the output
yoltage of the amplifier rises from zero to about
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24 volts. When brush 3604 reaches 13,000 yards,
brush 3691 will pass the grounded zero. ‘At about
13,500 yards the limit switch dperates relay RY15,
disconnecting brush 3604, and connecting brush
3691, through the make springs of relay RYI5
and resistor 3605 to the input circuit of amplifier
LA36. The output voltage of amplifier L.A36
drops nearly to zero, then rises with the motion
of brush 3691 for about 14,000 yards or 25 volts,
when brush 3691 passes the tap in the winding
of card {703, and the voltage remains steady at
this value for about 9,000 yards.

The connections 3611, 3612, from the output
transformer 3686, of amplifier L.A36, are con-
nected to the various loads, such as card 6105,
of PT6{, through resistors, such as resistors 3678,
3676. The connections 3613, 3614, from the
springs of relay RY29 are also connected to the
various loads, as by resistors 3677, 3675. Relays
RYI5 and RY29 are operated together, at about
13,500 yards, by the limit switch. The operation
of relay RY29 connects connection 35i3 to the
source 1930 and connection 3614 to a source 1931*
of equal voltage and opposite polarity. The re-
sistances of the various resistors and loads are
so proportioned that the sources 1930, 183( sup-
ply constant voltages, to the proper scale factors,
equal to the voltages which, just prior to the
switching, were supplied by connections 3611,
3612, and to these constant voltages, will be added
any increases in the voltages from connections
3611, 3612.

Thus, for ranges up to about 13,500 yards,
brush 8604 supplies to amplifier 1.A36 a voltage
proportional to cR; after the operation of relay
RYI5, for ranges from 13,500 to 27,000 yards,
brush 3691 supplies to amplifier L.A36 a voltage
proportional to c¢cR—13,000, while the simulta~
neous 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 3691 is on the short circuited portion of
the winding of card 703 and the voltages sup-
plied to the loads are constant at the value pro-
portional to 27,000 yards.

One winding of output transformer 3606 is
connected by connection 3737 through resistor
2150, Fig. 37, to the input circuit of motor am-
plifier MA{0, .

When relay RY29, Fig: 36, is operated the
source 1930 is connected by connection 3612 and
resistors 8728, 3739, Fig. 37, to ground. The junc~
tion of resistors 3738, 3739 is connected through
resistor 374¢ to the input circuit of amplifier
MAI18. Connection 3612 is connected to ground
through resistors 3748, 3742 and connection 3614
is' connected through resistor 3741 to the junc-
tion of resistors 3748, 3742 to maintain constant
the loads on the secondary windings of trans-
former 3686, Fig. 36, when relay RY?29 operates.

When the range potentiometer PTIT is driven
to a range of 36,000 yards, the cam nut operates
limit switch LSt4{3, 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 {9820 as a dummy
load for amplifier 18/8. The cam nut {408 blocks
the shaft 1605, Fig. 14, thus preventing the
brushes of potentiometer PTIT from moving.
The motion of shaft 1437 is then {ransmitted
through differential gear DFH0 and gearing [435
and rotates the rotor of motor MO3.

The voltages supplied to resistors 3746, 3750,
Fig. 37, will together be proportional to cR.
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The winding of transformer 3714 is connecied-
to ground through resistor 3728, the winding of
card 2809 of potentiometer PT28, and resistor
3721. 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 (RR2—RR) cos E2, and is connected
through the break springs of relay RYi{ and.
resistor 3749 to the input circuit of amplifier
MAI0,

Connections 3612, 3614 are respectively con-
nected through resistors 3751, 3752 to both ends
of the winding of card 5287 of potentiometer
PT52. The winding of card 5287 is grounded
where the function is zero and has a variation in
resistance such that the voltage applied modified
according to a versinusoidal function is present
on the connection to the brush. 'The brush as-
sociated with card 207 selects a voltage propor-
tional to —cR vers kE and is connected through .
the break springs of relay RYIf and resistor
3747 to the input circuit of amplifier MAI0.

Connection 3732 is connected to ground through
resistor 3722 and the winding of card 2813, po-
tentiometer PT28. The winding of card 28i3
has a variation of resistance which produces on
its brush a sinusoidal modification of the applied
voltage. The brush associated with card 28i3
selects a voltage proportional to kH sin E2 and-
is connected through the break springs of relay
RYI0 and resistor 3748 to the input circuit of
amplifier MAID.

Thus, by Equation 22 the voltages supplied to
resistors 3747, 3748, 3749 are together propor--
tional to kR. :

The fire control officer at the director is sup-
plied with a range spotting control which moves
a synchronous transmitter connected to the re-
ceiver SY1. The control winding of the receiver -
SY7 is connected through the right-hand break
springs of the ballistic correction, BC, switch
3753 to the input of the follow-up amplifier
MAZ2I, of the type shown in Fig. 22. The output
circuit of amplifier MA2i is connecied to one .
winding of the two-phase follow-up motor MO21.

Power is supplied from the ship’s power through
switch MCI{4, Fig. 20, contacts associated with
the range spot knob R/ and transformer TR3 .
to the other winding of motor MO2i.

Receiver SY7, Fig. 14, drives the range spot
Rj dial 1409, Figs. 11, 13, 14, is geared by gearing
438 to motor MO2i, and by gearing 1440 to the
brushes of the range spot potentiometer PTI9,

The source 19390, Fig, 37, is connected to ground
through resistors 3732, 3733. The source 1931
is connected to ground. through resistors 3734,
3735 and through resistor 373§ and the left break
springs of the BC switch 3783. The junctions
of resistors 3732, 3733 and of resistors 3734, 3735
are connected to the ends of the winding of card
1881, PTi9. The winding of card (981 has a
linear variation of resistance and is grounded at
midpoint. The brush associated with card 1804
selects a voliage proportional to R4, the range
spot and is connected through resistor 3745 to
the input circuit of amplifier MA{2.

Thus, the voltages supplied to resistors 8745
to 8758 are proportional to cR+kR--R4, that is, _
to R2.

From Equation 23 R2=Resl(E2). As shown
in Fig. 10, sI(E2) varies from 1.009 to0 .66948. The
card might be shaped to give the function stari-

ing at 66948, and a resistor connected in series -
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with the card to represent the values from zero
to .66948, but a more efficient procedure is to
modify Equation 23 to the form

R2=Rel.66948--s1(E2) —.66948]

and to shape the potentiometer card to the func-
tion [S1(E2)—.669481, adding the constant term
by separate connections,

This permits the use of a lower maximum volt-
age for a given voltage scale factor and simpler
shaping in tandem card connections.

The source 1931, Fig. 35, is connected to ground
through resistor 3562 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 re-
sistor 3503, the winding of card 2819, potentiom-
eter PT28, and resistor 3504; and by connection
3506, through resistor 3322, Fig. 33. The brush
associated with card 28£9 is connected by con-
nection 3567 through resistor 3743, Fig. 37, to the
input of amplifier MAIG; and through resistors
3323, 3322, Fig. 33, to ground. Resistor 3324 is
connected in series with resistor 3323 and the
combination is shunted by resistors 3317, 8318,
3319 in series. The junction of resistors 3318,
3319 is grounded through resistors 3326, 332( in
series. The junction of resistors 3317, 3318 is
connected by connection 2328 through resistor
3144, Fig. 37, to the input circuit of amplifier
MAIOD.

Owing to the interconnection of connections
3506, 3507 in the network formed by resistors
33171 to 3324, Fig. 33, a small part of the voltage
from connection 3507 is impressed on connection
3325. The winding of card 2819, Fig. 35, pro-
duces a variation in its brush voltage propor-
tional to [s1(E2)—.66948], The small resistor
3504 compensates for the leak voltage in the net-
work. In some cases, the winding of eard 2812
may also be slightly modified to more exactly
compensate for the leak voltage.

Thus, the voltages supplied to resistors 3743,
3144, Fig. 37, are approximately proportional to
—[.66948 Re--Resl(E2)—.66948 ReJ. The out-
put circuit of amplifier MAI0 is connected to
one winding of the two-phase motor MO10.

The sources (803, 1801, Fig. 19, are connected
throuegh the network 1983, amplifier {914, switch
1915, switch MC2 to the other winding of motor
MOI0.

Motor MQ10, Fig. 14, is connected by gearing
1410 to the brushes of potentiometer PT84, and
by gearing 1517, Fig. 15, to the ballistic range
counter 1518, Figs. 11, 13, 15.

The voltages supplied to the input circuit of
amplifier MA.i0 are proportional fto

R2—[.66948 Re-+Relsl(E2)—.669481]

and the sum of these voltages should be zero.
If the sum of these voltages is not zero, motor
MO8 is started, rotating the brushes of poten-
tiometer PT54 until the sum of the voltages is
zero at which point the brushes of potentiometer
PT6A have been rotated proportionally to Re,
whiech 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
Re, and seven functions of advance target ele-
vation 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),
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S6(E2), s3(E2), s4(E2), c4(E2), c6(E2), are shown
in Figs. 10, 104, 10C, 10D. In addition, three oth-
er functions s5, s7, ¢5, of advance target elevation
9 are used. These functions are combinations
of the other functions, thus,
s1(E2)

c5(E2) =s1(E2) [cos E2—s6(E2) (sin E2)]

(sin E2)

and very nearly s7(2) =s1(E2).

Source 1939 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 voltage 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 74(Re), Fig. 10E, 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 functions in
place of the single function. From an inspec-
tion of the curve as plotted in Fig. 10E, the
function resembles an exponential function, thus,
it may be divided into a single exponential func-
tion, and a second function which together with
the exponential function will give the desired
function. Or, two functions each equal to
V/f4(Re) may be used. Card 6408, of potenti-
ometer PT84, Fig. 35, has a winding varying in
resistance with an exponential function. The
source 1921 is connected to ground through re-
sistor 3513, the winding of card 5408 and resistor
35148. The brush associated with card 6408 is
grounded through the winding of card €408. The
winding of card 6409 has a variation in resist-
ance such that the voltage selected by the brush
associated with card 6409 varies in accordance
with the function 74(Re). 'The brush associ-
ated with card 6409 is connected to connection
3509.

The source 1931, Fig. 35, is connected to ground
through resistor 3521 and the winding of card
6405. The brush associated with card 6405,
PFig. 35, connects a voltage proportional to f3(Re),
Fig. 10E to connection 3511 by virtue of the
resistance variation of the winding of card 6405.

Connection 3509 is grounded through resistor
3515 and the winding of card 2811, potentiometer
PT28, Fig. 35. The winding of card 281f 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
voltage scale factor. The brush associated with
card 28(i, Fig. 35, is rotated proportionally to
E2 connecting in combination with cards 6408
and 6409 g voltage proportional to s4(E2)f4(Re)
to connection 3508.

Connection 38509 is also grounded through re-

= sistor 3516, the winding of card 2812, poten-

tiometer PT28 and resistor 3517, The winding of
card 2812 varies in resistance to produce a modi-
fication of the applied f4(Re) voltage in accord-
ance with function c4(E2), Fig. 10C. The brush
associated with card 2812, Fig. 35, is rotated
proportionally to E2 to select a voltage propor-
tional to c4(E2)f4(Re) and is connected to
connection 33017.

Connection 35f1 is grounded through resistor
3518, the winding of card 2815, potentiometer
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PT28, and resistor :3548. The winding of card
2815 varies in resistance o produce 5 modifica-
tion of the applied f3(Re) voltage in accordance
with function s3(®2), Fig. 10A. The brush ds-
sociated with card 2815, Fig. 35, is rotated pro-
portionally to E2 to select a voltage proportional
to s3(E2)f3(Re) dnd is connected to connection
3510.

Thus, the ‘poténtisl with respect’to ground of
connection 3307 is —¢4(E2) f4(Re); of connec-
ti6n 3865 is f2(Re) ; of eonneéction 3506 is —Re;
of ‘connection 3587 'is —sL(Re); of connection
3598 is —s4(E2)f4(Ré); of .connection 2509 is
~f4(Re) ; of conrection 3510 is —s3(E2)/3(Re);
and of connection 3541.is —f3(Re) each to a siit-
able voltage scale factor. ]

The fotal 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, ete.
‘In the present computer

Tfo=~23.266 f2( Re) --s3(E2) f3(Re)+
5.143 f4('Re) seconds

Tw=[—"666 f2{ Re) - 04253 (E2) 73(Re)+
.005s4(E2) f4(Re)+1.02352(H2)( — f2(Re)+

803 74(Re))] standarcz-gctual 1.V. (73)
100

Connections -3585 is further connected to
ground through four parallel . paths,  resistors
3329, 3328, 3327, 3326, 3325, Fig. 33, in serial re-
lationship; resistor 3333; . resistors 8336, 32331,
3335 in serial relationship;-and, from the junction
of resistors 3339, 3331 through resistors 3334,
3331 in serial relationship.

The junction of .resistors 3328, 8329 has a.po-
tential proportional to -—23.266/2(Re) -and 'is
connected through resistor 38339 to the.input cir-
cuit of line amplifier TA25.

Connection 3319 is connected to ground through
five paths, resistors 3387, 3365, 3365, 3364 in
serial relationship; from the junction of resistors
3367, 3368 through resistor -3388; resistors 3370,
B369; resistors 83718, 8372, 3371, .3369; and-from
the junction-of resistors.33172,-3371 through re-
sistor. 3374.

“The junction of resistors 3366,.3367. has a. po-
tential .proportional to —s3(E2)f3(Re) and is
connected through resistor 3341 to the input cir-
cuit-of line amplifier LA25, ]

Connection 35089 is-.connected te ground-through
two:parallel paths; resistors 8347, 3346, 3345,.3344;
and resistors 3348, 3349. A source of voltage
1930, of-opposite phase to the source {934, Fig.
35, is -connected from ground through .resistor
3343, Fig. 33, to the junction of resistors 3347,
3348.

‘The junction of:resistors 3345, 3346 has a po-
tential proportional to —5.14374(Re) and-is con-
nected through resistor 3348 to the input circuit
of line. amplifier .1.A25.

Thus, in accordance with Equation 72, the
voltages supplied to resistors 3339,-3340,-3341 dare
together.equal to —Tfo.

‘The junction of resistors 3331, 3335.is.connected
to-ground through. resistor- 3332 .in.series with the
parallel -combination of resistor 3376-and-card
753 of potentiometer PTT5, thus applying a- volt-
age ‘proportional “to :868f2(R&) -to the winding
of -card 753.

“The “junction - of ‘ resistors '3372, 3373 -is :con~

(72)
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nected to ground through resistor3375-in serles
with the parallel m:combination -of . resistor 3376
and card 153, thus:applying:an-additional volt-
age proportional fo :-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,°8356:is connected
to ground through: resister 3357 in series with the
parallel combination - of resistor 3376 -and-card
753, thus applying a further additional voltage
proportional to w005654(E2) f4(Re) to the winding
of card 753.

LConnection 3505 is further grounded ‘throush
resistors 3351,-3352,:3363 in series. Connection
3509 is grounded through resistor 3353.. The
Junction of :resistors 3351, 3352 has a potential
propoitional ‘to —1[f2(Re)+.803f4(Re)], and is
connected to the brush associated with -card
2817 of potentiometer PT28.

A ‘portion - of the ‘winding -o6f c¢ard 2817 ‘is
‘shunted ‘by ‘resistor 3379, and ‘the' whole winding
is shunted by resistor:33T8. ‘The unshunted end
of card 28117 is-connected to ground:and the other
end of the card is connected:to ground through
resistor 3377 in series ‘with the ‘parallel combina-
tion of resistor 3376 and card 153. The winding
of card 2817 has a variation.in resistance such
that, in ‘combination - with the resistances of re-
sistors 3377, 3378, 3319, it produces an-additiénal
voltage across the ‘winding - of . ecard ‘753 'which
varies” the voltage applied :to the brush of eard
2817 in accordance with:the:function 1.023s2(E2).

The voltage across .the ‘winding “of “card 2817
is ‘proportional to

—1.02352(E2) (—72(Re) 48034 (Re))

Thus, from Equation:73 the voltage across:eard
158 . is " proportional : to -the maximum value of
'Tim. 'The brush associsted-with.card 7583 is ad-
justed by the type Dknob 1761, Figs. 11, 13, 17, t0
the-actual - value of “the-initial - velocity ~as indi-
cated by the dial 1162, Figs. 11, 17,.and is con-
nected through resistor-3342,:Fig. 33, to the-input

5 circuit of amplifier TiA25.

The output-transformer:3380, of amplifier LA2S5,
has two ‘grounded ‘secondary -windings, ~one
shunted by resistor-3381,-and the other shunted
‘hy.resistors 3382, 3383 in iserial relationship. The
junction of resistors 3382, 13383 -is connected
through resistor:3338 to ‘the.input. cireuit 'of am-
plifier L,A25.

The potentials .of the -connections 32301, :3302
are thus proportional to Tfo<Tm, that is, to T7.
As previously explained,-connections.3301, 3302
connect ‘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 veloeity.

In. the present computer,

Hfo=—883.73f2(Re)~4-260.0473( Re) -

c4(E2)f4(Re) +14.657s4(E2)f4(Re) vards (74)
Hm={—287.86/2( Re)+230.754(Re) +
0874c4(E2)f4(Re) +
2.279254(E2)74( Re)] S20dard=1V. _ 0o (75

=100

The junction of resistors 3326, 3327, Fig. 33,
has a potential proportional to 883.73f2(Re) and
is connected by connection 3304 through resistor
36823, PFig.*36, to the inpub ¢ircuit of line amplifier
LA2{,
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The junction of resistors 3364, 3385, Fig. 33, has
a potential proportional to 260.04f3(Re) and is
connected by connection 3396, through resistor
3681, Fiz. 36, to the input circuit of amplifier
LA21.

Connection 3307, Figs. 33 and 35, has a poten-
tial proportional to c4(E2)f4(Re) and is con-~-
nected through resistor 3689, Fig. 36, to the input
circuit of amplifier LA2I.

The junction of resistor 3354, 3355, Fig. 33,
has a potential proportional to

14.657s4(E2) f4(Re)

and is connected by connection 3385, through re-
sistor 3682, Fig. 36, to the input circuit of ampli-
fler LA2I.

Thus, to resistors 3680, 3681, 3682, 3683, are
supplied voltages which together are proportional
to Hfo.

The junction of resistors 3334, 3331, Fig. 33, is
connected to ground through resistor 3326, in
series with the parallel combination of resistor
3384 and the winding of ecard 752, potentiometer
PT15, thus applying a voltage proportional to
287.86f2(Re) to the winding.

The junction of resistors 3348, 3349, is con-
nected to ground through resistor 3359 in series
with the parallel combination of resistor §384 and
card 152, applying an additional voltage propor-
tional to 230.75f4(Re) to card 7152.

Connection 3307 is connected to ground through
two parallel paths, resistor 3362, and resistors
8359, 3360, 3361 in serial relationship. The
junction of resistors 3361, 3362 is connected to
ground through resistor 3363 in series with the
parallel combination of resistor 3384 and card
152, applying a further additional voltage pro-
portional to .0874c4(E2) f4(Re) to card 152,

The junction of resistors 3355, 3356 is con-
nected to ground through resistor 3358 in series
with the parallel combination of resistor 32384
and card 752, applying a further voltage propor-
tional to 2.2792s54(E2) f4(Re) to card 752.

The brushes of potentiometer PT15 are manu-
ally adjusted by knob 17161, Figs. 11, 13, 17, to
the actual value of the initial velocity, as shown
by dial 1762, Figs. 11 and 17, thus, by Equation 75,
the brush associated with card 152, Fig. 33, se-
lects a voltage proportional to Hm, and is con~
nected by connection 3303 through resistor 3684,
Fig. 36, to the input circuit of amplifier LA2{.
Thus, amplifier TA21 is supplied with voltages
which together are proportional to Hf.

In the present computer,

Twe=(6.1497Tf— 4.433Tm) —.0073s1(Re) +
o yards
.000003Re 25.004f4(Re)————~10 Tnots (76)

One winding of transformer 3380, Fig. 33, is
connected to ground through resistors 3399, 3388.
The junction of resistors 3369, 3308 has a poten-
tial proportional to 6.1497T7 and is connected
through resistor 3386 to the input circuit of line
amplifier 1.A38.

The brush associated with card 753 is alse
connected through resistor 3289 to the input cir-
cuit of amplifier I:A38 and sugplies 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 3317, 32348, 3319,
3324 are connected in serial relationship across
resistor 3323, thus the junction of resistors 3318.
3324 has a potential proportional to
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4
—0073s1(Re) 4.000003Re

and is connected through resistor 3387 to the in-
put circuit of amplifier LA3S.

The junction of resistors 3343, 3345 has a po-
tential proportional to —25.004/4(Re) and is con-
nected through resistor 3388 to the input circuit
of gmplifier LA38.

Thus, by Eaquation 76, the output voltage of
amplifier 1.A38 will be proportional to Twe.

The output transformer 3380, of amplifier L A38,
has two grounded secondary windings, one
shunted by resistor 3391 and the other shunted
by resistors 3392, 3393 in serial relationship. The
junction of resistors 3392, 3383 is connected
through resistor 3385 to the input circuit of am-
plifier L.A38.

The secondary windings of transformer 3330
are connhected to connections 3234, 3285.

Connection 3234 is connected to ground through
resistors 3210, 3211, Fig. 32, and through resistors
3212, 3213. Connection 2235 is connected to
ground through resistors 3214, 3245 and through
resistors 3216, 3217. The junctions of resistors
3210, 3211 and 3218, 32i7 are connected to the
ends of the winding of card 260{, potentiometer
P26, The junctions of resistors 3212, 3213 and
3214, 3215 are connected to the ends of the wind-
ing of card 2662. The windings of cards 2604,
2602 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.

Connection 3234 is connected to ground
through resistors 3248, 3219 and through resistors
3220, 3221. Connection 3235 is connected to
ground through resistors 3222, 3223 and through
resistors 3224, 3225. The junctions of resistors
3218, 3249 and 3224, 3225 are connected to the
ends of the winding of card 2791, potentiometer
PT27. The junctions of resistors 32290, 322{ and
3222, 3223 are connected to the ends of card 2702,
The windings of cards 2781, 2762 have variations
of resistance which produce sinusoidal varia-
tions of the applied voltage at their brushes and
are grounded ab the points where the functions
are zero.

In Fig. 15, shaft 1515, rotating proportionally
to Dh is geared to differential gears DFig and
DFI19, shaft (516 rotating proportionally to Br
is geared to differential gear DFI8, thus the
hrushes of potentiometer PT26, which are driven
by differential gear DFI8, will rotate proportion-
ally to Bgr(Bgr=Br-+Dh).

Shaft 1504, rotating proportionally to B, is
geared to differential gear DFi4. By means of
the Bw knob 535, Pigs. 11, 12, 15, shaft 1519 is
rotated proportionally to the bearing of the wind
Bw, and this shaft is geared also to differential
gear DF{4. Shaft 1520, which is driven by dif-
ferential gear DF14, will thus be rotated propor-
tionally to Bws, (Bws=B—Bw).

Shaft 1595 rotates the dial 1508 proportionally
to the target angle A, and shaft 1721 rotates the
dial 1534 proportionally to the relative target
bearing Br. Shaft {504 rotates the inner annu-
lar dial 1533 proportionally to the true target
bearing B, and shaft 1520 rotates the outer annu-
lar dial 1532 proportionally to the wind angle
Bws. The dials 1566, 1532, 1533, 1534, Fig. 11,
have 8 common zero index on the line joining the
centers of the dials. The zero index represents
the trace of the vertical plane containing the line
of sight on the horizontal plane. The target
angle A is roughly the angle between the head-to-
tail axis of the target and the plane of the line
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“of-sight, thius, if"a representation of the tafzet be
“painted “ondid] *I506, with the: ‘head-to<tail ‘axis
rgligned with the zéro-of the digl, the: representa-
“tion ‘will ‘be rotated: to ‘about the same’aspect as
the réal target’ ‘agseen from: ‘the ship. Slmﬂarly,
‘if“a: fepreséntation:of the shipbe: pa,mted on'dial
1534, with the fofe and'aftiaxis’ ahgned With the
weroofthe dial; the representation will e totated
“to the-aspect of the'ship with: respect tothe line
“of flight. "The edges‘of dials {5086, 1534 are angu-
larly graduated, ‘thus, *the*argle “A miay:be réad
<oh dial f586, and the “bearing ‘Br ‘on ‘dia] ‘1534,
“atithezeroindex.
“The ‘inyiér arinular:dial :1538 s ‘also angularly
sgraduated, with :the *zero : ‘gradyation marked
:North, thus the rangle B: may ‘be‘tead at the zero
index, and therangle'Comay:be-read-on dial (533
?a,tf‘th'eizer“o"offdi'al*lﬁ?{d.

“Thie -outer :annular dial ‘1532 ‘has =g zero line
“which is'set by the type Avknob 1535, Figs. 11,712,
“15,7t0 therangle:Bw onthe dial 1533, and is thus

“Set b ~the vangle :Bws “with <respedét o 'the zero
axis.

Thexrotation of "shaft 1520 is ‘combined ‘ with

“the ‘rotation cof ' shaft 1515 “in “differential ‘gear -

“DFI9 to drive-gearing "i521 -and “the brushes of
“potentiometer: PE2T proportiondlly to

»  “Bifg(Bwg=Bws-+Dh)

_ Brosh 13231,
:through “resistor 8287 ‘and -the “winding -of -card
-686,. potentiometer PT6. The brush-of -card -§86
selects-linear-variation-of -the voltage-applied -to
the-card. The brushes-ofipotentiometer PTG are

manually adjusted by knob- 1422,Fig.*42; control- -

ling 'switches 4205, 4208, causing - motor M0O24 to
rotatetothe: actual value-of-ship’s own: speed, So,
as-shown by dial>{428,:Fig.-11. ‘The brush’ 5sso-
ciated with card 686, Fig, 32, provides'a voltage
-praportional to—Twe:sin BgrSo;and is.connected
through ~resistor 13286 to the -input -circuit of
line amplifier T.A22.

‘Brush 3233 .provides-a voltage proportional-to
Twe sin BWG and is connected to ground through
resistor:3239-and -the winding of card -181-of po-
stentiometer PTI6. The brush -asseciated with
-card-164-is manually adjusted by knob 1441, Figs.
11, 13, 14, to the wvalue as shown:on- dial-1442,
~F1gs 11, .14,:0f -Sw, .the -horizontal -velocity of ‘the

wind with respect to the water, to-select-a:voltage

proportional to —Twe sin BwgSw and is con-
nected through resistor 4267 Fig. 32, to the input
-circuit:of-gmplifier:F:A22.

“Thus,in-accordance with-Equation 24, the volt-

‘gges supplied to resistors-3266,-3267are-together -

‘proportional to —Gaw.
“Inthepresent.computer
“Gf=-39.3572 (Re) 4
.0304¢4(#2).f4(Re) -yards (11
“The junctionof resistors'3325, 3326, Figs. 83, is
“eonnected by ‘connebtion 28394 ‘through “resistor
-3284, ‘E‘lg "82, 1o the’ input- cmcmt of" amphﬁer

“LiA22, “and “supplies “a “voltage ‘propoitional ‘to
‘3935f2(Re) “to “the ‘nput veircuit of ‘amplifier
~T:AZ2.

‘The “jiinetion 'of resisfors 3859, 3360, Fig. 33, s
“connected “by connection "3395 ‘through “resistor
3263, Fig. 32, to“the input -circuit of “amplifier

LA22 ‘and “supplies g “voltage “proportiorial ‘to
~—.0394c4(E2) f4(Ré) to-the input cirénit «of am-
“plifier 1A22. ‘Thus'in aecordance with-Eauaticn
77, the'voltages together:provortional to the drift
—Gf, have been supplied through ‘the -resistors
- 3263,:3264 to the:input of LA22.

Ti?‘-i‘g.,-32 is connected -to ‘ground -
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“The “fite ‘control ‘tificer 4t the director s fur-
‘nighed with- a ‘deflection "spot-knobicontrolling ia
'synchronous “transmitter :connectéd “to the ‘syn-
‘chronous feceiver §Y8, Figs. 14:and41. The'con-
-trol windingof the synchronous:receiver SY8:is
‘connected to the input eircuit of -a motor ampli-
“fier :NLA22, ‘which -may be “of "the ‘type ‘shown:in
-Fig.<22. “The “outplt ‘cifcuit *6f motor -amplifisr
~MA?22:is cornected to'one winding of ‘a'two-phase
‘motor:MO22.

Thegower “from :the *ship :supply 'is ‘conneeted
*through switch :MC 14, ‘Fig."20, the ‘make springs
-ofswiteh Dj, and ‘the primary winding of trans-
‘former "TR4. "The:secondary ‘Winding ‘of trans-
‘formiér TRA'is conhééted to the other winding of
‘thetwozphase motor MO22,

‘Motor -MO22, Fig. 14, is connected by gearing
414 =to “the ‘synchronous ‘receiver “SY§ ‘and the
“dial~1 128, and by thegearing 443 to the brushes
of potentiometer PT20. MO22 will run -until’it
“higs positioned the control winding of S¥8:to"the
Zero .outhut voltage voint ‘st “which ‘position ‘the
brushes of PT20 and dial 1126 will ot espond to
‘the bosition *of ‘the ' deflection 'spot ‘knob 'in 'thHe
“director.

The sources of 'Voltages 1930, | 834, Fig. 32, sare
‘respéctively “connectéd “through res1stors 3207,
3209, “to “the ‘ends “of the ‘winding of card 2001,
“of “potentiometer PT20, Wwhich ‘is.grounded “at ‘a
mid-point. The brush’associated with card 2001
is:connected toground through résistor:3236-and
“the ‘winding of -eard 6402, ‘potentiometer PT64,
The winhding ‘of ‘eards 2001 and $402 have such

‘avariation of resistance thatthe'brush associated

‘with: card 6402 prov1des @ 'voltage -proportional
“to “DjRe ‘and s connected to ‘ground through
“resistor ‘3258, the winding' of ‘card 2805, potenti-
“oreter ‘PT28 ‘and Te51stor 3252. 'The winding of
card ‘2806 having ‘zero degrees - of (E2) at “the
junetion with ‘resistor "82562 ‘has "a ‘variation of
'%re51stance such ‘that "the potentlal of the ‘wind-
‘ing vaiies 1n ‘aecordance with the function s1(E2) .
“The ‘brush “associated 'with ‘eard 2806 will thus

“provide'a voltdge proportionsl to Gj, and is con-
~nected ‘through resistor '3265 to the input circuit

of:line araplifier T:A22. The output transformer
"3273, of amphﬁer LA22, has two' secondary wind-~

“ings, “‘ote wmdlng being "shunted by resistors

3274,3275 in'serial ‘relationship. The junétion
‘of ‘tesistors’ 3274, ‘3275 is connected: through‘re-

-sistor 3252 to“the input:cifeuit of amplifier TiA22.

"The "voltages 'of ‘the windings of ‘transformer
*3218'are this’ proportmnal to “Kuw=Gf4|GY.

‘Brush ‘3230;PT28 s ‘corinetted “to ground
‘through résistor “3238 and ‘the ‘winding of card
“§089, potentlometer PT8. The Wwinding of card
€05 has such 'a ‘variation ‘of resistance that the
~brush”associdted ‘with ‘card ‘695 provides ‘a volt-

“gge proportional'to —Twe cos “BgrSoand is con-

nected through resistor 3270 to-the input circuit
-“of line amplifier TA23. Brushi3232,PT27 selects

“a ¥oltage proportional to ‘cos" Bwg ‘of-the ‘applied

—Twe ‘voltage “and ‘is -connected to ‘ground
-through’resistor ‘3240 and “the ‘winding “of card
162, “potentiometer ‘PTI6. “The winding of card
782 has s linear varigtion of the: applied voltage.
The brush associated with-card 762 manuallyad-
Jjusted ‘to"a position corresponding to the wind
speed, Sw, provides a voltage —Twe-cos BwgSw

~and -is ~connected - through - resistor ‘3271 to the

-input circuit of -line amplifier- LA23.

"The -fire-control-officer iin-the director is:fur-
-nished with  an‘elevation-spot knob-controlling
-synchronous ‘transmitter connected to the:syn-
chronous ' receiver - SY9, Figs. -14-and 43. The
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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 amplifier
MA23 is connected to one winding of the two-
phase follew-up motor MO22Z. Cne phase of the
ship’s supply is connected through the blade and
fourth contact of switch MCI15, Fig. 20, the con-
tacts of switch V4, and the primary winding of
transformer TRS5. The secondary winding of
transformer TRS is connected to the other wind-
ing of motor MOZ22 Moter MO23, Fig. 14, is
connected by gearing 1487 to the dial 1124 and
the receiver SY9, and by gearing {408 to the
brush of potentiometer PT2{. MO23 will run
to position the control winding of SY9 to the
zero output voltage point at which position the
brushes of PT21 and dial 1124 will correspond
to the position of the elevation spot knob in the
director.

The sources 1939, {931, Fig. 32, are respectively
connected to ground through resistors 3227, 3229,
and the two halves of the windings of card 2101,
potentiometer PT21. The winding of card 2101
has a linear variation of voltage. The brush
associated with card 210f is connected to ground
through resistor 3241 and the winding of card
6401, potentiometer PT64. The winding of card
6401 has a linear variation of voltage propor-
tional to Re times the voltage from rvesistor 3241.

The brush associated with card 6481 is con-
nected to ground through resistor 3264, 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 £2 mul-
tiplied by the ratio of function si, Fig. 10, to
function c6, Fig. 10D. The brush associated
with card 28902 is connected through resistor 3272
to the input circuit of amplifier LA23. The out-
put transformer 3216 associated with amplifier
1.A23, has two grounded secondary windings, one
winding being shunted by resistor 3277, and the
other winding being shunted by resistors 3218,
3279 in serial relationship. The junction of re-

sistors 2278, 2279 is connected through resistor .~

3268 to the input circuit of amplifier 1.A23. One
winding of transformer 3276 is connected to
ground through resistor 3288, the winding of
card 2808, potentiometer PT28, and resistor 3289.

The winding of card 2808 has a variation in re- ~

sistance such that, in combination with the
resistance of resistor 3289, the voltage of the
brush varies in accordance with function c6,

Fig. 10D. The brush associated with card 2808, |
g, 32, is connected through resistor 3269 to

the input circuit of amplifier T.A23.

Thus, in accordance with Equation 25, the out-
put voltage of transformer 3276 will be propor-
tional to Qw—QJ.

The output windings of transformer 3273 are ~

respectively connected to ground through resis-
tors 3280, 3286 and through resistors 3281, 3281.
The junctions of resistors 3288, 3285 and of re-
sistors 3281, 32871 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.

The winding of transformer 327% is connected
to ground through resistor 3283, and the halves
of the winding of card 6§83, potentiometer PTES.
The potential of the winding of card 6883 sup-
plies to its brush a cosinusoidal variation of the
applied voltage and is grounded at both ends.
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The brushes associated with cards 6502, 6603 are
respectively connected by connections 3201, 3203
to the input circuit of line amplifier LAI9, Fig.
36, and, in accordance with Eguaticn 26, together
supply voltages proportional to Yw+4¥f-¥7.

One winding of transformer 3213 is connected
to ground through resistor 3282 and the halves
of the winding of card 6501. The potential of
the winding of card 6501 supplies to its brush
2 cosinusoidal variation of the applied voltage
and is grounded at the two ends.

The windings of transformer 3216, Fig. 32,
are respectively connected to ground through
resistors 3284, 3285 and the two halves of the
windings of card 6604, potentiometer PT65. The
brushes associated with cards 6501, 6604 are
rotated proportionally to the horizontal deflec-
tion, Dh, and are connected by connections 3202,
3204 to the input circuit of amplifier LA20, Fig.
26. Thus, in accordance with Equation 27, as
previously described, these connections supply
voltages which together are proportional to
Xw-Xf4-Xj.

The winding of transformer 3216, Fig. 32, is
connected to ground through resistor 3281 and
the parallel paths formed by one section of the
winding of card 2801, potentiometer PT28, and
resistor 3280, and by the other section of the
winding of card 2887 and resistor 3293. A por-
tion of the winding of card 2801 is shunted by
resistor 3282. 'The winding of card 2807 has a
variation in resistance such that, in combination
with the resistances of resistors 3290, 3292, 3293,
the potential of the brush will vary in accord-
ance with the function s6(E2), Fig. 10.

The brush associated with card 6401, potenti-
ometer PTS4, is connected to ground through
resistor 3255, the winding of card 2801, po-
tentiometer PT28, and resistor 3266. The wind-
ing of card 2801 has a variation in resistance
such that, in combination with the resistor 3256,
the voltage supplied to its brush will vary in
combination in accordance with the function
c5(E2).

The brushes associated with cards 2801, 2801,
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 sup-
ply voltages proportional to Hw--Hj.

Fuze setting order

One winding of transformer 3143, Fig. 31, hav-
ing a potential proportional to dRh is connected
to ground by connection 3192 and resistors 3242,
3243, Fig. 32. The junction of resistors 3242,
3243 is connected to a center tap in the winding
of card 6503, potentiometer PT65. The winding
of card 6503 has a variation of resistance such
that it modifies the applied dR2 voltage cosinu-
soidally with Dk and is grounded at both ends.
The brush associated with card 65083, is con-
nected to ground through resistor 3258, the wind-
ing of card 2803, potentiometer PT28, and re-
sistor 3251. The winding of card 2803 has a
variation of resistance such that it modifies the
applied voltage dRE cos Dh cosinusoidally with E2.
The brush, associated with card 2803, provides
a voltage proportional to —dRh cos Dh cos E2,
and is connected through the lower break springs
of relay RY5 and resistors 3294, 3295 to ground.
The junction of resistors 2294, 3295, is connected
through resistor 3455 to the input circuit of line
amplifier LA40.,

The windings of transformer 3161, Fig. 31, hav-
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ing potentials proportlonal to. RdB. are respec-.

tively connected to, ground‘byﬂ connec_t;or_ls 3490,

3181 through. resistors: 3244, 3245, Fig. 32, and
resistors 3246. and. 3241. - The Junctlons of re=-

sistors 3244, 3245 and. of resistors 3246, 3247 are{
respectively. connected. to. ground. through. the.

halves of the winding of card. 6504, potentiom-
eter: PT65,

applied voltage sinusoidally. The brush asso=
ciated with card 8504 is. connected: to ground

through resistor 3260, the winding. of card 2804,

potentiometer. PT28 and. resistor. 3259..

The winding of card 2864 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 volt-

age proportional to —RhdB:sin D cos. E2;, and:

is connected- through the upper break springs

of relay RY6 to ground through resistors 3298;
The junction of resistors 32986, 32597 is con~.

3281.
nected through resistor. 3454 to the input circuit
of amplifier LA40."

The sources 1830, 1231, Fig. 31, are respec-
tively connected to ground by connection 3488,
3188, resistors 3260, 3281, Fig. 32, and- resistors
3248, 3249, The junctions of resistors 3248, 3249,
and of resistors 3250, 8251, are respectively con-
nected to the ends of the winding of card 1601,
potentiometer PT16. The winding of card lsul
provides at its brush s linear varigtion of the
applied voltage and is connected to ground at
an intermediate tap. The brush associated with

card; 1801 is connected to ground through resistor.
3261 and the winding of card 2865, potentiom-

eter FT28. The winding of card 2865 provides
at its brush a sinusoidal variation of the applied
voltage. The brush associated with card 2808
is. connected to ground through the lower break
spririgs of relay RYS and resistors 3298, 3208,
The junction of resistors 3298, 3299 is connected
through resistor 3453 to the input circuit of am-~
plifier 1.A4), and supphes a voltage proportlonal
to dH sin E2

Thus in accordance with Equation 31, the volt-

ages supplied to resistors 8453, 3454, are together
proportional to —dR2.

The brush assomated with card 5605, potenti-

ometer. PT56, Fig. 31, is. connected to ‘ground

through resistors 3193, 3194. The junction of

resistors 3193, 3{94 has a potential proportional

to  dR and is connected by connection 3482

through the, upper break springs of relay RYS,

Fig. 32, through re51stor 345! to the 1nput c1rcu1tj

of amplifier L.A4GG.
The output transformer 3457 of amplifier LA40
has. two grounded “secondary windings one

shunted by, resistor 8498 and the other shunt_ed_

by resistors 3458, 3460 in serial relationship.
The junction of resistors 3453, 3489 is connsct-
ed through resistor 3458 to the input circuit of
amplifier’ TA48. The windihg of transformer
3380, rig. 33, having a potential proportional to

'Tf, is connected by connection 3439 thirough the.

first contact and blade of switch AS3 and re-
sistors 3427, 3438, Fig, 34, to the inpui circuit of
motor amplifier MAS. The souice {83{ is con-
nected to’ ground through resistors 8419, 3426,
The. junction of resistors 3419, 3428 is connected
through the winding of card 8302, potentlometerv
PT83. The winding of card 6302 provides af its
brush a linear variation of voltage. The brush
associated with card. 8302, is. connected: through
resistor 3421 to ground, and through resistor. 3437
to the input ecircuit of amplifier MA9. The out-~

The: winding of card. 6504 has a
variation of resistance such that: it modifies: the;

) blades of sw1tch 1913, and. the fourth contact a

90.
butb circuit: of amplifier. MA9 is.connected: to. one.
winding of-the. two-phase motor MO&

The output cireuit. of amphﬁer I9|2 . Pig, 19,
is connected through the lowe contacts and

) blade of: sw1tch MCS to the other wmdm of.
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motor M09

Motor MO39, Fig. 15, is. connected: by gearing.
1522, and gearmg 1523 to the brush of potent1-
ometer PT63. If the output volte, of the am-
plifier MAS is not. equal to zero, motor M09 will
rotate the brush associated: with card 6302 until
the oufput’ voltage has been treduced to zero
and the.motor MOQ has rotated to & position pro-
portional te F2; the. basic fuse. time.. ’

Cue winding of. transformer. 3451, Fig, 32, is:
connected.to ground: by-connection 3465, through
three parallel paths; resistor 3425, Fig. 34, and
the winding of cald 63% potent;ometer ET53 -

630_; and. resistor. 2423; and through._res1stort3424 :
the. winding’ of. card; 6387, and. resistor 3426, In
Fig. 10B, the:function f6(F2). is.plotted against B2
in seconds. From this.curve.it.is evident that the.
function 76(¥F2) has.a rather, ‘wide range of vari-
ation, and a rather rapid Tate of change. Thus
some. difficulty would: be experienced ifr shaping:
a single potentiometer: card to all the values. of:
this function. However, if the potentiometer card.
is' divided. into three sections, and: the voltages

applied to each section are appropriately. chosert,

and the ends of- the, sections. are: suitably over-
lapped, it will be found that the function may
be ‘dérived from' three potentmmeter ¢ards ‘ofr
convenienit sive. The Variations’ in tesistance. of:

" the cards 6385, 6306, 6307 are so related to the.
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resistances of the resistors 3422, 3423; 3424 3423,
3426 that the potent1a1 gpplied: to brush- éonnee=
tion 3488 béginning with zero at the right- hand:

¢ ground, varies in“accordance with the function
6(F2).

The brushes associated with cards 6305;
6306, 8327 sre connected by connection 3466
through resistor 3456, Fig. 32, to the input cirédity
of amplifier LA48. The output; voltage of trans-
former 3457 will uhus be proportlonal to

dR2 dR
Tf6(FZ)

Cne winding of transformer, 3457; is connected
to ground by connection 341}4”re51stor 34[0 Flg
34, the w1nd1ng of. card 742 potentlometer PT‘ML
and I‘ESthI‘ 34“ The brush, assomated with'
card 742 is manually admsted by the type D knoh’
1163, Figs. 11, 13, 17, to the value of the dead time’
Tg, as shown by cual {164, Flgs 11; 17,is connect-
ed through resistor 3435; Fig, 3¢, to the mput
circuit of moto: amplifer MAl i, and through re-
sistors 8443, 3412 to ground.

The potentvometer PT14 is degigned: to ha dle_
values of the dead time Tg from 2.5 to 6,0 :
onds.  The resistances of ‘the resistor 3411 and,
the winding of card 742 are so. ploportmned that'
their junction has a brush voltage proport1‘ -3y
to 2.5 seconds; the resistances of resistor 3 0,
the winding of card. 162 and, resistors, 34“ and
3412 are so proportioned that. the Jjungtion oﬁ’
resistor 3410 and card 742 has a brush voltage
proportional to 6.0 seconds.

The junction of resistors 3412, 3418 has a po-
tentlal proportmna,l to

Tg(dEZ -dR).

and -is connected by connection ‘3407 through re-
sistor 3462, Fig. 32, to the input circuit of line am-
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plifier LA3{. The junctions of resistors 3294, 3295
of resistors 3296, 3257 and of resistors 3293, 3289
are respectively connected through resistors 3466,
3465 and 3464 to the input circuit of line am-
plifier LA3i and together supply a voltage pro-
portional to dR2. Thus, in accordance with Equ-
ation 30 the voltages supplied to the resistors 3462,
3464, 3465, 3466 are together equal to dR23.
In the present computer

Sf=--12.401Twc—32.213TF+861.92—
02288Re—.02798s1 (E2) Re+-297.6/2(Re) —
.0316c4(E2) f4(Re) yards per second

The secondary winding of transformer 3389,
Fig. 33, has a potential proportional to Twe and
is connected to ground through resistors 3318,
3311, 3313, 33i4. The secondary winding of
transformers 3380 has a potential proportional to
T7 and is connected to ground by connection 3387
through resistor 3312 to the junction of resistors
3311, 3313. The source 1930 is connected through
resistor 3315 to the junction of resistors 3313,
33{4. The junction of resistors 3310, 33{1 will
have a potential proportional to

+12.401Twec—32.213Tf--861.92

and is connected by connection 3478 through re-
sistor 3470, Fig. 32, to the input circuit of amplifier
LA3I.

The junction of resistors 3320, 332{, Fig. 33,
has a potential proportional to

-.02288Re—.0279851(E2) Re

and is connected by connection 3477 through re-
sistor 3469, Fig. 32, to the input circuit of amplifier
LA3{.

The junction of resistors 33217, 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
LA3I.

The junction of resistors 3380, 3361, Fig. 32,
has a potential proportional to

—.0316¢c4(E2) f4(Re)

and is connected by connection 3475 through re-
sistor 3461, Fig. 32, to the input circuit of am-
plifier LA31. The output voltage of amplifiex
T.A31 will thus be proportional to Sf—dR23.

" The output transformer 3471 of amplifier LASL,
has two grounded secondary windings, onw
shunted by resistor 3472 and the other shunted
by resistor 3473, 3474. The junction of resistor
3473, 3474 is connected through resistors 3461, to
the input circuit of amplifier LA3I.

The secondary windings of transformer 3471
are respectively connected by connections 2468,
3409 through resistors 34186, 34i7, Fig. 34, through
the sections of the winding of card §7%i, poten-
tiometer PT61. The winding of card 8181 varies
its brush voltage in accordance with the function
f5(Fg) and is grounded at the point where the
function passes through zero. The brush asso-
ciated with card 678{ is connected to ground
through resistor 3415, the winding of card 143,
potentiometer PT74 and resistor 3414. The wind-
ing of card 7143 varies its brush voltage in ac-
cordance with

1

Ty
The brush associated with card 743 is manually
adjusted by the type D knob, 17183, Figs. 11, 13,
17, to select a voltage proportional to

1
.Tg
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and is connected through resistor 343§ to the
input circuit of motor amplifier MAII.

The output circuit of motor amplifier MAI{} is
connected to one winding of the two-phase motor
MOti. The output circuit of amplifier (912,
Fig. 19, is connected through the lower blades
and contacts of switch (913, the fourth contact
and blade of switch MC8 and the break springs
of switch 1816 to the other winding of motor
MOIi |,

Motor MOI I, Fig. 15, is connected by gearing
1524, to the brush of potentiometer PTGT.

The voltage supplied to resistor 3436, Fig. 34,
is proportional to

f5(Fg)
97Tg

The voltages, supplied by connections 3498, 3484,
3402 to resistors 3432, 3433, 3434 are together
proportional to dR2. The voltage supplied to
resistor 3435 is proportional to

Tg(dF2—dR)

F6(F2)
thus, in accordance with Equation 29, the out-
put voltage of amplifier MAIl{ should be zero.
1f this output voltage is not equal to zero, motor
MO rotates the brush of potentiometer PT57
until the output voltage has been reduced to zero
and the brush of potentiometer P87 has been
rotated to the value of Fg.

Motor MO$S is connected by gearing {822 to
the differential gear DFg8. Motor MOI| is also
connected by gearing {524 to differential gear
DF36. Differential gear DF36 adds the rotations
of motors MO39 and MO1{1 to produce a rotation
proportional to the fuze setting order ¥, which
is transmitted by the synchronous transmitters,
SY2i and SY22 to the various guns, and is in-
dicated on the fuze counter 118, Figs. 11, 13, 15.

(Sf—dR23)

Coordinate rotator

The output windings of transformer &§23,
Fig. 36, having a potential proporticnal to Y, are
respectively connected by connections 3694, 3695,
to ground through resistors 3833, 3804, Fig. 38,
and resistors 3885, 3805, 'The junctions. of re-
sistors 3803, 3864, and 3805, 3806 are respectively
connected to the ends of the winding of card
203, potentiometer PT2. The winding of card
283 produces & sinusoidal variation of its brush .
voltage, and is grounded at the point where the
function passes through zero. The brusir as-
sociated with card 283, is connected through re-
sistor 3816 to the input circuit of line amplifier
LA28.

One winding of transformer 3887, IFig. 386, is.
connected by connection 3652 to ground through
resistors 3813, 8814, Fig. 38. The junction of
resistors 3843, 3814, is connected through re-
sistor 38i7 to the input circuit of amplifier
L.A%8.  The other winding of transformer 3883,
Fig. 36, is connected by connection 3692 to
ground - through resistor 3811, Fig. 38, the sec-
tions of the winding of card 202, potentiometer
PT2, and resistor 38i2. The winding of card
252 produces a brush voltage varying in accord-
ance with a versine function. The brush as-
sociated with card 202 is connected through re-
sistor 3818 to the input circuit of amplifier LA28.
The output transformer 38i9 of amplifier LA2S,
has two grounded secondary windings, one shunt-
ed by resistor 2820 and the other shunted by re-
sistors. 3821, 3822, in serial relationship. The
junction of resistors 3821, 3822 is connected
through resistor 3815 to the input circuit of am-
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plifier LA28. Thus, in accordance with the Equa-
tion 32, the output voltage of transformer 3848
will be proportional to W',
One winding of transformer 3849 is connected
to ground through resistors 3529, 3833, ‘The
junction of resistors 3829, 3333 is connected

through resistor 3845 to the input circuit of line

amplifier LA28, The windings of transformer
3815 are respectively. connected to ground
through resistors 3828, 3523, and resistors 3827,
3628. The junctions of resistors 3828, 332§ and
of resistors 3827, 3828 are respectively connected
to the ends of the windings of card 382, poten-
tiometer PT8. The winding of card 882 pro-
duces a sinusoidal variation of its brush volt-
age, and is grounded at the peint where the func-
tion passes through zero. The brush associated
with card 302 is connected through the resistor
3843 to the input circuit of line amplifier LAZT,

The other winding of transformsr 3318 is con-
nected to ground through resistor 324, the sec-
tions of the windings of card 38i, potentiometer
PT8, and resistor 3823, The winding of card
301 varies its brush voltage with a versine func-
tion. The brush associated with card 35§ is
connected through resistor 3844 to the nuput cir-
cuit of line amplifier LA2S,

The windings of transformer 3854, Fig. 38, hav-
ing a potential proportional to X, arve respee-
tively connected by connections 85§88, 3887 to
ground through resistors §336, 3835 and resistors
3833, 3834. The junctions of resistors 3832, 3834
and of resistors 3835, 3838 are respectively con-
nected to the ends of the winding of card 394,
potentiometer PT3. The winding of card 284
produces a sinusoidal variation of its brush volt-
age and is grounded at the point where the func-
tion passes through zero, The brush associated
with card 2304 is connected through resistor 3545
to the input circuit of line amplifier 1.A28.

The output transformer 3855, associated with
amplifier L.A29, has two secondary windings, one
winding being shunted by resistors 3856, 3587 in
serial relation. The junction of resistors 3858,
3857 is connected through resistor 3848 to the
input circuit of amplifier LA28. Thus, in accord-~
ance with Equation 33, the output voltage of
transformer 3855 will be proportional to W',

Connection 3688, having a potential propor-
tional to X is connected to ground through re-
sistors. 2837, 2838. The junction .of - resistors
3837, 3838 is connected through resistor 2850 to
the input circuit of amplifier L:A27, Connection
3691 having a potential proportional to —X, is
connected to ground through resistor 3832, the
sections of the winding of card 303, potenti-
ometer PT8, and resistor 3831. The winding of
card 203 varies its brush voltage with a versine
function. The brush associated with eard 303
is connected through the resistor 3849 to the in~
put circuit of amplifier LA21. The output trans-
former 2858, associated with amplifier 1.A27, has
two secondary windings one shunted by resistor
3899, and the other shunted by resistors 3850,
3884, in serial relation. The junction of resistors
3860, 386! is connected through resistor 2847 to
the input circuit of amplifier LA27., Thus, in
accordance with Equation 34, the output voltage
of transformer 858 will be proportional to X’.
Connection 2694 having a potential proportional
to Y, is connected to ground through resistors
3881, 3802. The junction of resistors 3881, 3802
is connected through resistor 3841 to the input
circuit of line amplifier 1.A26. Connection 3§95
having a potential proportional to —Y is con-
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nected to ground through resistor 3880 and the
sections of the winding of card 28!, potentiom-
eter PT2. The winding of card 281 varies. its
brush voltage with the versine function and. is
grounded at the point where the function passes
through zero. The brush associated with eard -
281 is connected through the resistor 384 to the
input circuit of amplifier LA2§. Connections
3692, 3693 having pofentials proportional to. W
are respectively connected to ground through re-
sistors 3809, 38{8 and resistors 3807, 3888. The
junctions of resistors 3807, 2888 and resistors
8809, 3810 are respectively connected o the ends
of the windings of card 284, potentiometer PT2.

. The winding of card 284 produces a sinusoidal

variation of its brush voltage and is connected
to ground at the point where the function passes.
through zero. The brush associated with card.
284 is connected through resistor 3842 to the in-
put circuit of amplifier LA28. The output trans-
former 3851 associated with amplifier LAZG has
two. grounded secondary windings, one shunted
by resistor 3832 and the other shunted by re-
sistors. 3853, 2854, in serial relationship. 'The
junetion of resistors 2853, 3854, is connected
through resistor 3839 to the input circuit of
amplifier L.A2§. Thus in accordance with Equa-
tion 35, the output voltage of transformer 3851
will be proportional to Y.

One winding. of transformer 3858 is connected
through resistors 3889, 388! to one end of the
winding of card 5313, poientiometer PT33; and
through resistors 3880, 3878 to one end of the
winding of card §3i4. The other winding of
transformer 3858 is connected through resistor
3879 to the other ends of the windings of cards
5313, 53{4. The windings of cards 5318, 5344
produce cosinusoidal variations of brush voltage
and are grounded at the point where the func-
The brush associated
with cards 5314, 8313, selects a voltage approxi-
mately proportional to X’ cos Dd and is con-
nected through resistor 3247, Fig. 39, to the inpust
circuit of motor amplifier MAZS.

One winding of transformer 3831, Fig. 38, is
connected through resistor 2864 to the junction
of cards 53818, §3il, potentiometer PT53; and
the other winding of transformer 3834 is con-
nected through resistor 88562 to the junction of
cards 8311, 5312. The ends of cards 5310, 5312
are respectively connected to ground through re-
sistors 3365, 3863. The windings of cards 5310,
5311, 5312 produce sinusoigal variations of brush
voltage and the winding of card 83{{ is grounded
at the point where the function passes through
zero. The brush associated with these cards se~-
lects a voltage approximately proportional to
—Y! sin Bd and is connected by connection 3928
through resistor 3345, Fig. 39, to the input circuit
of motor amplifier MA28. 'The output circuit of
amplifier MA28 is conneeted through the lower
break springs and the upper break springs of
limit switch LSi7 to one winding of a two-
phase motor MO29.

The output circuit of amplifier 154, Fig. 18,
is connected through the lower contacts and
blades of switch 8i5, the fourth contact and
blade of switch MC2 to the other winding of the
motor MO2S.

In accordance with Equation 36, the voltages
supplied to the input circuit of amplifier MA2S,
Fig. 39, should equal zero. If the output voltage
of this amplifier is not equal o zero, motor
MO28§ will rotate the brushes of potentiometer
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PT53, Fig. 38, until the sum of these voltages
has been reduced to zerc and the motor has
rotated the brushes to a position proportional
to Dd, the deck deflection.

Motor MO29, Fig. 17, is connected by gearing
1732, 1133 to the brushes of potentiometer PT5E.
Motor MO28 is also connected by gearing {732
to shaft 1784. Shaft 1734 is threaded and carries
a cam nut (787, having a lever which at one end
of the travel of the nut operates the upper springs
of limit switch LS{1, and at the other end of the
travel of the nut operates the lower springs of
limit switeh LS17.

The ends of the secondary windings of trans-
former 1904, Fig. 19, are effectively connected by
connections §885, (887, to the make springs of
limit switch LS11, Fig. 39, and the common path
is connected by connection (906 to one side of
the winding of motor MO28, When the limit
switch LSi7 is operated at either end of the
travel of the cam nut, the voltage from the out-
put of amplifier MA28 is cut off from the wind-
ing of motor MO2% and a voltage of opposite
polarity is supplied by the connection 1935 or
1907 to slow down motor MOZ8 and rotate it
back from the spring position.

Motor MO28, Fig. 17, is connected by gearing
17132, 1137 to the inner fine dial (738, and the
outer concentric coarse dial {739, Figs. 11, 17.

Motor MO28 is connected by gearing {132 and
shaft 1735 to the differential gear DF34. Shafi
1108, rotating proportionally to B'r, is connected
by gearing (709 to differential gears DIPF34.
Differential gear DF34 combines the rotation of
shafts 1188 and 1735 to produce a rotation of
shaft 17136 proportional to B'gr(B’gr=Dd-+{B’r).
Shaft 1736 is geared to the coarse transmitter
SYI5 and the fine transmitter SYI6, which are
connected to corresponding receivers at the gun.
The rotations of the coarse and fine receivers
are indicated on the dials (744, 1142, Figs. 11,
17. The shaft 1736 also drives the duplicate
coarse transmitter SYI3 and the duplicate fine
transmitter SYI4.

The windings of transformer 3851, Fig. 38, are
respectively connected to ground through re-
sistors 3867, 3868 and resistors 3868, 3870. The
junction of resistors 3861, 3868 is connected to
a tap in the middle of the winding of card 93185,
potentiometer PT53. The junction of resistors
3869, 3870 is connected through resistors 3886,
3871 to the ends of the winding of card 5218.
The winding of card 5315 produces a cosinusoidal
variation of brush voltage, and is grounded at
the points where the function passes through
zero. 'The brush associated with card 53{5 se-
lects 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
3372, 3873 and resistors 3875, 3378. The junc-
tion of resistors 3875, 3876 is connected to the
ends of the windings of cards 5306, §387, po-
tentiometer PT53. The junction of resistors
38172, 3813 is connected to the ends of the wind-
ings of cards 5307, 5308. The winding of card
5307 produces a sinusoidal variation of brush
voltage, extending over 180 degrees, and is
grounded at the point where the function passes
through zero. 'The windings of cards 5308, 53388
produce sinuscidal variations of brush- voltage
respectively extending over 50 degrees. The
windings of cards 5366, 5308 are respectively con-
nected to ground through resistors 3817, 3814,
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producing brush voltages equivalent to 40 degrees.
The brush associated with cards 5306, 5307,
5303 selects a voltage proportional to X’ sin Dd,
and is connected through resistor 3884 to the
input circuit of line amplifier 1.A30. The output
transformer 3885 associated with amplifier LA30D
has two grounded secondary windings, one
shunted by resistor 3886, the other shunted by
resistors 3887, 3888, connected in serial rela-
tionship. The junction of resistors 3887, 3888
is connected through resistor 3882 to the input
circuit of amplifier 1LA38. Thus in accordance
with Equation 37 the output voltage of trans-
former 23885 will be proportional to R'h2.

One winding of transformer 3855 is connected
by connection 3928 through resistor 390i, Fig.
39, to a tap in the winding of card 5502, po-
tentiometer PT55. The right-hand section of
the winding of card 5502 produces a cosinusoidal
variation of brush voltage extending over 15 de-
grees, and is grounded through resistor 3805.
The brush voltage produced at resistor 3905
is equivalent to 75 degrees. The other section
of the winding of card 5532 produces a cO-
sinusoidal variation of brush voltage extending
over 85 degrees and is grounded through re-
sistor 3804. The brush voltage produced at re-
sistor 3904 is equivalent to 5 degrees. The brush
associated with card 5502, selects a voltage ap-
proximately proportional to W’ cos E’g and is
connected through resistor 39i8 to the input
circuit of motor amplifier MAI2.

The windings of transformer 3885, Fig. 38, are
respectively connected by connections 3930, 3934
through resistors 3902, 3903, Fig. 39, to the ends
of the winding of card 5501, potentiometer PTS5.
The winding of card 5%01 is grounded at the
point where the function passes through zero,
the right-hand section of the winding producing
a sinusoidal variation of brush voltage extend-
ing over 15 degrees, and the left-hand section
of the winding producing a sinusoidal variation
of brush voltage extending over 85 degrees. The
brush associated with card 5501, selects a voltage
approximately proportional to R’h2 sin E’g and
is connected through resistor 3919 to the input
circuit of amplifier MAI2. The output circuit
of amplifier MAI{2 is connected through the
break springs of the limit switch LS25 to one
winding of the two-phase motor MOI2,

The output circuit of amplifier 1914, Fig. 19,
is eonnected through the lower contacts and
blades of switch 1815, the fourth contact and
blade of switch MC2, and the break springs of
switch 1947 to the other winding of motor MOI12.
Motor MO12, Fig. 16, is connected by gearing
1667, 1608 to the brushes of potentiometer PT55.

In accordance with Equation 38 the sum of
the voltages, supplied to amplifier MAI2 should
be equal to zero. If the sum of these voltages
is not equal to zero, motor MOI12, Fig. 39, will
rotate the brushes of potentiometer PTS5 until
the sum of the voitages has been reduced to
zero, and the brushes of potentiometer PTS5 have
been rotated to a position proportional to E'g,
the gun elevation order.

Motor MOI12, Fig. 16, is connected by gearing
1607 to shaft 1669, which is geared to shaft 1610,
Shaft 1610 is geared to the coarse transmitter
SY19, and the fine transmitter SY28, which are
respectively connected to corresponding receivers
in the gun turrets. The settings of fthese re-
ceivers are respectively indicated by the dials
1611, (612, Figs. 11, 16, The shaft 1640 also
drives the duplicate transmitters SY11, SYi8.
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The shaft 1609 is threaded to drive a cam
nut 1626, having a lever which operates the limit
switch LS25, at the limits of the travel of the
cam nut.

The make springs of the limit switch I1.525,
Fig. 39, are respectively connected to the connec-
tions 1985, 1907; and one side of the winding of
motor MOIi2 is connected to connection 1906.
Connections 1905, {906, {907 are connected to
the secondary winding of transformer {904, Fig.
19. When the cam nut reaches a limit of its
travel, the lever will operate one, or the other,
of the spring combinations of limit switch 1.825,
Fig. 39, thus disconnecting the output of ampli-
fier MAI2 from the winding of motor MOI2, and
substituting a voltage of opposite polarity, so as
to slow motor MOI2 to rest, and back off the
motor from the limiting position.

The shaft 1609, rotating to a position propor-
tional to E’g, Fig. 16, is geared to differential
gear DI33. Shaft 1622, rotating to a position
proportional to Eb, is also geared to differential
gear DF33. The shaft 1631 is driven by differ-
ential gear DF33, and, in accordance with Equa~-
tion 40, will rotate to a position proportional to
Vs, the sight angle. Shaft 1831 drives the syn-
chronous transmitter SY24, which is connected to
a corresponding receiver at the guns. Shaft 1613
is geared to shaft {631 and drives the counter,
{415, Figs. 11 and 14, to indicate the sight angle.

The sources 1939, 1931, Fig. 39, are respectively
connected to ground through resistors 3989, 3919
and resistors 3912, 3913. The junctions of re-
sistors 3909, 3910 and resistors 3912, 3913 are
respectively connected to the ends of the windings
of cards 4901, 4002, potentiometer PT49. 'The
windings of cards 4001, 4002 produce a sinusoidal
variation of brush voltage and are grounded at
the points where the function passes through
zero. The resistances of resistors 3909, 3910,
3912, 3913 are so selected that the voltage selected
by the brush associated with cards 4001, 4002,
is approximately proportional to

100 sin (B’gr-+P'h).

and is connected through resistor 3921 to the
input circuit of motor amplifier MAI{T.

The windings of transformer 38885, Fig. 38,
are respectively connected. by connections. 3938,
3921 through resistors 3806, 3867, Fig. 39, to the
ends of the winding of card 4191, potentiometer
PTA4{. The winding of card &18i produees a
sinusoidal variation of brush voltage, and is
grounded at the point where the function passes
through zero. The brush, assocated with card
4191, selects a voltage approximately propor-
tional to—R’h2 sin P’k and is connected through
resistor 3928 to the input circuit of amplifier
MALT. The output circuit of amplifier MAIT is
connected to one winding of the motor MOIT.

The output circuit of amplifierigi2, Fig. 19,
is connected through the lower contacts and
blades of switch (813, the fourth contact and
blade of switch MC3 to the other winding of
motor MOIT.

Motor MO11, Fig. 17, is connected by gearing
{184, 1762 to the brush of potenticmeter PT4!,
Motor MO17 is connected by gearing (781 to
shaft 1783 which is connected by gearing 1754
to drive the synchronous transmitter SY23,
which is connected to a corresponding receiver
at the guns, and the dial {743, Figs. 11, 17, which
indicates P’h, the parallax in train due to a
100-yard base in deck plane.

The shaft 1763, rotating to a position prepor-
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tional to P’h, is connected to differential gear
DF26. Shaft 1736, rotating to a position pro-
portional to B’gr, is also connected to differential
gear DF26. The shaft 1744, 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 {145 to drive the brushes of
potentiometer PT40;

From Equation 39 the sum of the voltages sup-
plied to the input circuit of amplifier MA{1, Fig.
39, should equal zero. If the sum of these voltages
is not equal to zero, motor MOI7T will rotate the
brushes of potentiometers PT40, PT41, until the
sum of these volages has been reduced to zero,
and the brush of potentiometer PT40 has been
rotated to a position proportional to B’gr+P'h,
and the brush of potentiometer PT4{ has been
rotated to a position proportional to P’h.

The sources 1930, 1931, Fig. 38, are respective-
ly connected to ground through resistors 2898,
3891 and resistors 3893, 3394. The junctions of
resistors 3899, 389(, and of resistors 3893, 3894
are respectively connected to the ends of the
windings of card 6587, potentiometer PT65. . The
winding of card 6507 produces a sinusoidal vari-
ation of brush voltage, and is grounded at the
point where the function passes through zero.
The brush associated with card 6507 is connected
to ground by connection 3926, resistor 3200, Fig.
39, and the winding of card 6183, potentiometer
PT8i. The brush associated with card 6103 se-
lects a voltage proportional to sin Dh cos E and
is connected through resistor 3914 to the input
circuit of motor amplifier MAI{4,

The sources 1931, (930, Fig. 38, are respec-
tively connected to ground through resistors 3898,
3897 and resistors. 3899, 3933. The junctions of
resistors 3896, 3897, and of resistors 3899, 2933,
are respectively connected to the ends of the
winding of card 2881, potentiometer PT29. The
winding of card 2801 produces a sinusoidal vari-
ation of brush voltage and is grounded at the
point where the function passes through zero.
The brush associated with card 2981 selects a
voltage approximately proportional to —sin Ds
and is connected by connection 3927 through re-
sistor 3915, Fig. 39, to the input circuit of ampli-
fier MA 4., The output circuit of amplifier MA 4
is connected to one winding of the two-phase
motor MOI{4., The output of amplifier (944,
Fig. 19, is connected through the lower contacts
and blades of switch 1915, the fourth contact
and blade of switch MC2 and the break con-
tacts of switch 1918 to the other winding of mo-
tor MOIi4.

Motor MO14, Fig. 14, is connected by gearing
1416, 1417 to the synchronous transmitter SY2§,
which is connected to a corresponding receiver at
the guns and transmits Ds, the sight deflection.
The motor MOI4 is also connected by gearing
1416, {417 to the counter (42, Figs. 11, 14, and
by gearing 1415, 1418 to the brush of potentiom-
eter PT29.

In accordance with Equation 41 the sum of

. the voltages supplied to the input eircuit of am-

plifier MAI14, Fig. 39, should equal zero. If the
sum of these voltages is not equal to zero, mo-
tor MOI4 will rotate the brush of potentiom-
eter PT29, Fig. 38, until the sum of the voltages
has been reduced to zero, and the brush of poten-
tiometer PT29 has heen rotated to the value of
Ds, the sight deflection.
Sensitivity control
Equation 38 is
W’ cos E’0—R’'R2 sin E'g=0
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Consider the conditions approaching the correct
value of E’g, when the angular error is §, and
the angle is E’g-+?, producing an error voltage
v millivolts, and let the scale factor be & milli-
volts per yard, then

LIW’ cos (E’'g+8) —R'h2 sin (E'g+4-8) 1=v

%IW’ (cos E’g cos 6—sin E’g sin &) —
R’h2(sin E'g cos 8--cos E‘g sin §) I1=v

as 5 is a small angle cos =1 and sin 3=3, thus

kIW’ cos E’'g—R’h2 sin E’g—8(W’ sin E'g+
R'R2 cos E'g)1=v

but
W’ cos E'g—R'h2 sin E'g=0
thus
—ks(W’ sin E’g+R'h2 cos E'9)=v
as
W’'=¢cR sin E’'g and R’h2=cR cos E’g
—kd(cR sin? E'g+-cR cos? E'g) =v

or

kécR=v

That is, the voltage v supplied to the restoring
motor for the same angular error §, varies with
the generated range cR.

A similar analysis may be made of Equation
36

This change in sensitivity may be counter- .

acted by producing a compensating change in
the magnitude of the error voltage. A control-
lable losser pad may be inserted at some con-
venient place in the transmission path of the
error voltage, or the amplification of some am-
plifier tube in the transmission path may be
controlled. '

In the present computer, this change in sen-
sitivity is found to be negligible for ranges of
less than 10,000 yards.

A grounded source of direct voltage 3934, Fig.
36, is connected to ground through two paraliel
paths: resistor 3937 and the winding of card
1705, potentiometer PTI1, and the winding of
card 1704 and resistor 3935. The brush associ-
ated with card (7105 is aligned with brush 3604,
is connected to ground through the load resistor
3938, and is connected to the lower break spring
of relay RYI15. The brush associated with card
1704 is aligned with brush 3691, is connected to

ground through the load resistor 3936 and is

connected to the lower make spring of relay
RYI5. The winding of card 1705 is grounded
at the points corresponding to 0 and 10,000
yards, so that no voltage is delivered in. this

region. The winding of card 1705 extends over 5

about 0 to 13,500 yards, the remainder of the
card being blank. Thus, hetween 10,000 yards
and 13,500 yards, the brush associated with card
{7105 delivers a voltage through the springs of
relay RYI5 to connection 3925. The winding
of card 1104 extends over the region from 13,060
to 36,000 yards, but is connected o the source
3934 at the points corresponding to 23,000 and
36,000 yards, so that a constant voltage is de-
livered in this region. Relay RYI5 operates ab
about 13,500 yards, thus the brush associated
with card (704 delivers to connection 3925 a
voltage which rises between 13,500 yards and
23,000 yards and is constant between 23,000
yards and 36,000 yards.

Connection 3925 is connected to the gain con-
trols of the motor amplifiers MA29, MA{2, Fig.
39.

The fully automatic operation of the com-
puter, with radar ranging and optical pointing
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and training has been given above. The vari-
ous controls, switches, relays, ete. for placing
the computer in operation, and the modifica~
tions of the circuits and apparatus for other
types of fire will now be described.

The various controls are used for the follow-
ing purposes:

(1) To arrange the circuits as required for the
desired mode of operation.

(2) To introduce guanties required for the in-
itial conditions of operation.

(3) To control the automatic correction of
rates, and to introduce the required corrections
for non-automatie correction of rates.

(4) When computer is not in use, to disable
the drive of certain potentiometers by the stable
element, and to enable these drives in synchro-
nism 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 opera-
tion 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 cov-
ers, 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 SF switches, but the switches controlled are
non-locking.

Main control, MC switch, 4 position rotary

Controlled by knob 1109, 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.—O0OFF

In this position, circuit to plate supply con-
tactor in power supply unit is open, prevent-
ing the application of plate voltage to the am-
plifiers 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 L4-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 MCI10, second position through
the plate supply contactor in the power unit, the
safety switches 1837 closed by protective covers
on the doors supporting the amplifier equip-
ment, switch MC9, second position to the power
supply. The plate supply contactor connects the
rectifiers in the power unit to the plates of the
amplifiers and oscillators in the computers. 'The
switches 1837 prevent the application of plate
voltage to the amplifiers when the doors support-
ing the amplifiers have been opened to examine
or repair an amplifier, thus protecting the per-
sonnel.
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In Fig. 20, the power supply is connected
“through switech MCI2, second, third and fourth
positions, to the exciting winding of the B’ motor
MOI9. The motor MO19, Fig. 27, is thus rotated
in synchronism with the receivers.SY3 and SY4.
The motor MO19, Fig. 17, rotates shaft 17125, driv-
ing the stable element in train. The shaft 1729,
Figs. 17, 16, drives the transmitters SY21, 8Y28,
to cause a rotation proportional to L+4-Z&/30
at the director. Switch MC4, Fig. 20, in posi-
tion 2 short-circuits the primary winding of
transformer TR2, the energizing circuif of which
is open at switch MCIi4, to the Eb motor MO8
to retard any movement of this motor.

A circuit is completed from the power supply,
Fig. 18, through switch MCI, second position,
relay RY 117, switch MCS$, second position, to power
supply, operating relay RY11. A circuit is com-
pleted from power supply through switch MC19,
second position, relay RYI8, break contacts of
stop time ST switch (838, switch MCS5, second
-position, switech MCY, second position to power
supply operating relay RY18.

The operations of relays RYIT, RYI8, Fig. 28,
disconnects the leads from the brushes associated
with cards 5686, 5708, $806 and cannects taps in
the windings of these cards to the oscillators 2225,
2838, 2838, so that these oscillators generate volt-
ages having a frequency of sixty cyecles, the same
as oscillator 2882. Motors MO39 to MO3S, inclu-
sive, are thus all driven at the same speed, and
the shafts 1404, 1666, 1507 ars not rotated. The
motion of shaft 1728 is thus transmitted by
differential gear DF3 unchanged to transmitters
8Y21, 8Y28.

Normally, the level L dials 1614, 1615, Fig. 16,
and the level L potentiometer PT2 are driven by
the shaft 1Ti{8 from the stable element, through
gearing 1600, 1621, [163€ .and differential gear
DF31. The planet gears of differential gear
D37 are geared to shaft 1616, and this shaft is
normally held motionless by the latch 1617 con-
trolled by the latch lever 168, Figs. 11 and 16.
In the stabilize position, the latch lever is turned
to “Qut” releasing the latch 1617 and permitting
shaft 1616 to rotate. The friction load of po-
tentiometer PT2, dials 1644, {18i5 and the ap-
paratus: driven by shaft 1603 is much larger than
the load of shaft (616, thus, when the latch 1647

is “Out,” the motion of shaft {749 will be {rans- 5

mitted by differential gear DF3T o shaft 1646
and dial 1619 and shaft 1603 and the brushes of
potentiometer PT2 will be at rest, reducing the
wear on the potentiometers. The dial 1619 will

register what rotation of shaft {719 has oecurred 3

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 169,
so that dial 1819 always registers the difference
between the rotations of -shaft 1143 and the
brushes of potentiometer PT2. To resynchronize
the system the lever of the type A knob (823,
Figs. 11 and 16, is folded forward, clutching the
knob 1620 to shaft 1616. The knob 1620 is ro-
tated, adding a motion to the motion of shafi
{748 which is transmitted by differential gear
DF31 to potentiometer PT2, shaft 1823 and dials
{614, 1615 until dial 1619 is rotated back to zero,
indicating that synchronism has been atfained.
The lever knob 1618 iz turned to “In” engaging
the latch (618, and the lever of knob 1620 is
folded back.

Similarly, the lever 1748, Fig. 17, when. turned

to “Out,” opens the latch 1751, releasing the 7
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shaft (747 so that the train B’r shaft 1125 ro-
tates the dial 1749 and the brushes of potentiom-
eter PT4 are at rest. The system is resynchro-
nized by the type A knob 1750, Lever knob {748,
dial 1749 and knob 1750 are also shown on Fig.
11.

In the same way, the lever knob {758, dial
{1589, and type A knob 1760 control the syn-
chronizing of the Zd potentiometer PT3 and the
dials 1754, 1755, with the shaft 1715, Dials 1754,
1158, knob 1158, dial 1159 and knob 1160 are
shown in Fig. 11.

In the present computer, the gearing of the
stable element is so chosen that full revolutions
of the shafts 1715, 1719, 17125 are respectively
equal to 3 degrees of Zd, I. 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 1759, 1619, 1749 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 1757, {616, 1747,
respectively, make full revolutions for values of
3 degrees of Zd and L, and 10 degrees of Br. To
restore the system to synchronism, it may be
hecessary to turn the synchronizing knobs 1760,
1620, 1780 through a number of revolutions be-
fore the corresponding dials 1759, 619, 1749 are
restored to zero, thus, in effect, giving a fine and
coarse control of the synchronization,

Power ‘is supplied through switch MC1, Fig.
19, in positions 3 and 4 to the exeiting windings
of the d¥ motor MO27, the Cf motor MOQE, the
JB’r motor MO, the dR motor MO26 and the
dB motor MO28.

Power is supplied through switch MC13, Fig. 19,
In positions 3 and 4 to the exciting windings of
the dH motor MOS8 and the Sk motor MOT, and
depending ‘upon the conditions of relays RY25,
RY31, RY30 to the exciting windings of the iR
motor MO3, the jE motor MO4 and the 7B motor
MO2, or to the dummy loads formed by the re-
sistors 1920, 1921, 1922.

Power is supplied through switch MC!4, Fig. 20,
in positions 3 and 4 if the Rj and D7 switches are
not operated to the exciting windings of the Rj
and Dj motors and if the E switeh is not operated
and the switch RCI is in positions 1, 2 or 3 to the
exciting winding of TR2. ‘

Power is supplied through switch MCI5, Fig. 20,
in positions 3 and 4 to transformer TR, supply-
ing the exciting winding of the So motor MO24;
and, if the Vj and Co switches are not operated,
to transformers TRE, TRT supplying the exciting
windings of the Vi motor MO23 and the Co motor
MO25.

Power is supplied through switch MC!6, Fig. 20,
in positions 3 and 4 to transformers TRS, TR9
and TRIQ.

When the main contrel MC switch is in the sec-
ond, or stabilize position, the lever knobs 1618,
{148, (158, Fig. 11, should be in “Out” position

5 to reduce wear on the L, B’r and Zd potentiom-

eters.

Before the MC switch is moved to the third
position, the knobs 1620, 1159, (180 must be
manipulated to bring the dials 1649, {749, {159
into synchronism, and the latch knobs 1618, 1748,
{758 turned to “In.”

POSITION 3—RATE CONTROL

In this position of the MC switch, only the
mechanism for director tilt correction, and for
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operation of the rate system is energized. This
permits a target beyond the range of the com-
puter to be tracked with rate control and correc-
tion, without causing any wear on the potentiom-
_eters used only in the computation of prediction,
ballistics, gun orders, ete.

The ecircuit to the plate supply contactor,
through switches MCI0, MC8, Fig. 18, is main~
tained in the third and fourth positions of the
main control MC switch.

The excitation circuit for the B'r motor, MO{3,
Fig. 20, through switch MC{2 is maintained in the
third and fourth positions of the main control
MC switch, the bridging contacts of the switch
lever insuring that the circuit is not opened dur-
ing the switching.

Power is supplied through switch MCS6, Fig. 19,
to the limit switches of the jB’ motor MO, Fig.
27, the E'g motor MOI{2 and the Dd motor MO29,
Fig. 39, and the target angle A switch Fig. 29 for
slewing the Cf motor MOS6.

The circuit of relay RYI71, Fig. 18, is opened
by switch MCI and the circuit of relay RYi8 is
opened by switch MCSH, releasing relays RYIT
‘and RY18, connecting the brushes of potentiom-
eters PT56, PT51, PT58, Fig. 28, to the oscillators
2825, 2835, 2838 and causing motors MO36, MO32,
MO34 to commence generating the motions ACR,
AcE, AcB.

A circuit is prepared through switches MC8 and

MC9 for the operation of relays RY{5, RYIS,
RY25 and RY29 by the range limit switches
LSii, LS112, LSI13, controlled by the cam nut
on the generated range shaft.

A circuit is prepared through switches MCS8, 33

RCI190, and the target angle A switch {811, in the
director, for the operation of relays R¥2§, RY2T.
Circuits are also prepared through switches MC8,
RCI0 for respectively operating relays RYI, RY2,

RY21, RY3 and lighting signal lamps 825, 1830, -

1835 when the keys 1806, 1807, 1808 at the di-
rector, or the keys {841, 1842, {843 at the com-
puter are operated; for operating relays RY22,
RY23, RY24 and lighting lamp 1845 when the
initial match key 1844 is operated; for the opera-
tion of relay RY30 through switch RCT; and for
the operation of relay RY31 through key {817 and
switches AS6, RC8 and MCS9.

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, switch

A four-position rotary switch, operated by knob
{108, Figs. 11 and 12, and having sections 1 to 10,
Fig. 18; sections 12, 13, 14, Fig. 30, and sections
15, 16, Fig. 27. This switch is used to prepare cir-
cuits as required for solution of rate control and
for “Local” operation.

In all positions, except the “Local” fourth posi-
tion, this switch prepares the following connec-
tions:

(a) Switch RCI1, Fig. 20, prepares a circuit to
transformer TR2 for the excitation of the Eb
motor MO!8; this circuit is completed when the
B switch 2010 is closed and switches MC4, MCI14
are in the third, “Rate control” or fourth, “On”
positions.

(b) The circuit is completed from the syn-
chronous receivers SvY3, SY4, Fig. 27 to the follow-
up amplifier MAI9, putting the B’r follow-up
‘motor MO1{9 under the control of the receivers.
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(¢) The circuit is completed from the sources
1930, {931, Fig. 30, to the ring dials 1530, putting
the 4B motor MO2 under the control of the ring
dizls i530; provided that switch MCIi3, Fig. 19 is
in the third or fourth position, and relay RY30
is operated, so as to connect the exciting winding
of motor MO2 to the sources 1930, 1931. The
operating circuit of relay RY30, Fig. 18, is from
the power supply, switch MCS8, third or fourth
positions, switch RC10 first, second, third posi-
tions, winding of relay RY30, switch RCT, first
position, or switch 1841 and switch RC17, second
and third positions, switch MC9, second, third and
fourth positions to power supply.

POSITION 1.—AUTOMATIC

In this position, as described in detail herein-
hefore, the rate correction circuits are controlled
by the range selector switch {805, Fig. 18, the di-
rector slew key (810, the range rate keys 1808,
{809, the elevation rate key (807 and the bearing
rate key 1806, all under the control of the direc~
tor operators.

POSITION 2—SEMIAUTOMATIC

In this position the matching and rate correc-
tion circuits are under the control of the com-
puter personnel.

The bearing match switch 1841, elevation match
switch 1842, and range match switch 1843, Figs.
12 and 18 are three-position, non-locking
switches, respectively controlled by the lever
knobs 1133, 1131, 1132, Figs. 11, 12.

The circuit from switch (806 to relay RYI 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 person-
nel.

Circuits are prepared from power supply
through switches MC8, RCI0, thence through the
winding of relay RYI, the upper make springs of
switch 1841 and switches RC3, MC9 to power sup-
ply; and through the winding of relay RY30, the
center make springs of switch 1841, and switches
RC1, MC9 to power supply. The operation of
switch 1841 to the upper, or match and rate po-
sition, will operate relays RY1 and RY390; the op-
eration of switch i84{ to the lower, or match
position, will operate only relay RY30.

The operation of relay RYI, Fig. 30, connects
the bearing ring dials 1530 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 B motor, MO2, Fig. 30, so that,
under the control of the ring dials 1530, this mo-
tor will produce a rotation jB to match the ring
dials.

Whenever the trainer at the director is trained
on the target, he operates switch 1806, completing
a circuit from power supply through switches
MC8, RCI10, resistor 1827, bearing signal lamp
1825 in parallel with resistor 1826, switches RCS,
1806 to power supply, lighting signal lamp (825
to notify the computer personnel thus providing
a guide to the operation of switch (841,

The circuit from switch 1807 to relay RY?2 is
opened by switch RC5S and the circuit to relay
RY3{ is opened by switch RC8, to prevent opera-
tion by the director personnel.

Circuits are prepared from power supply
through switches MC8, RCI0, 1817, 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 re-
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lay RY31, the center make springs of switch 1342,
switches RC8, MC9 to power supply. The opera-
tion of switch 1842 to the upper, or matech and
rate position, will operate relays RY2 and RY31;
the operation of switch 1842 to the lower, or
mateh position, will operate only relay RY3{.

The operation of relay RY2, Fig. 30, connects
the elevation ring dials #4083 to the rate correc-
tion eircuits.

The operation of relay RY3{, Fig. 19, subplies
excitation to the /E motor, MO4, Fig. 30, so that,

under the control of the ring dials 1403, this moe~

tor will produce a rotation JE to match the ring
dials.

The operating ecircuit of relays RY2, RY31, is
prepared by the elevation switch 1817 and the
aircrait surface switch ASS6. If either of these
switches is operated, as for example in fire at a
surface target, match and rate corrections in ele-
vation:are prevented.

POSITION 3.—MANUAL

In this position, the circuit of rate correction
relay RYI{, Fig. 18, is opened by switches RCS,
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 rafe
correcting system.

Circuits are prepared from power supply, Fig.
18, switches MC8, RCI0, winding of relay RY30,
switches 1841, RCT, MC9 to power supply; from
power supply, switches MCS8, RCI0, key 1817,
switch ASS, winding of relay RC31, switch 1842,
switches RC8, MC9 to power supply; from power
supply, switches MC8, RCI0, key 1822, limit
switch 1.S{13, winding of relay RY2§, switch
1843, switches RCY9, MC9 to power supply. The
operation of the bearing match BM switch 1841
operates relay RY30; the operation of the ele-
vation match EM switch 1842 operates relay
RY31; and match and rate corrections in eleva-
tion and in bearing are prevented.

The operation of the range control circuit with
the radar range finder in semiautomatic opera-
tion will be described at this time, and the op-
eration 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, RCi0 in posi-
tions 1, 2 or 3, range knob switch 1822, LS113;
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 1843, switches RO1
in positions 1 or 2, MC9 to power supply; and
the other through winding of relay RY25, center
make springs of switch 1843, switches RCY, MC9
to power supply. The operation of switch 1843
to the upper, or match and rate position, will
operate relays RY8 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 1430 to the rate correction
circuits. . .

The operation of relay RY25, Fig. 19, supplies
excitation to the jR motor MO3, Fig. 30, which,
under the .control of the ring dials 1430 produces
a rotation R to-match the ring dials.

If the ranger at the director sets switch 1805,
Fig. 18, to the type of range finder in use, and
operates the corresponding switch 1808, or 1809,
a circuit is completed from power supply through
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switches MC8, RCI0, winding of relay RY?2I,
switches 1805, 1808, 1809 to power supply, operat-
ing relay RY21. The operation of relay RY2I re-
moves & shunt from the range signal lamp 1835,
lighting the signal lamp 1835 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 1843.

The operation of relay RY26, Fig. 19, connects
the power supply to the exciting winding of the
7B motor MO2; the operation of relay RY3! con-
nects the power sunply to the exciting winding of
the 7B motor MO4; and the operation of relay
RY?Z5 connects the power supply to the exciting
winding of the jR motor MO3.

With the motors MO?, MO4, MO8, Fig. 30, ex-
cited, the ring dials 1539, 1403, 1436 will control
these motors to match the rotations of shafts
{811, 1492, 14085 to the rotations of shafts 1721,
18624 and receivers SY5, 8Y6,

When the dials are matched, the matches may
be maintained by manipulation of the Sh, dH
and Ct switches, Fig. 29, controlling the Sk motor
MOT1, the dH motor MO8 and the Ct motor MOS.

POSITION 4—LOCAL

In this position, the eircuits of the computer
are modified for operation when data from the
director is not available, due to the director, or
the synchrenous transmissions therefrom, being
out of service. '

For fire against surface targets, the knob {408,
Fig. 11, may be turned, operating the dH switch,
Fig. 29, to slew the dH motor MOS8 to zero, as
shown by the dial 1439, Figs. 11 and 14.

The type A elevation E knob, (109, Figs. 11,
12, 14, 18, 20 first operates switches {817, Fig. 18,
and 2810, Fig. 20. The operation of switch {8171,
Irig. 18, opens the operating circuit of relays RY?2
and RY3{, preventing the transmission, to the
rate correction circuits, of voltage from the E ring
dials 1403, Fig. 30; and preventing the application
of power to the exciting winding of the jE match-
ing motor MO4, Figs. 19 and 30. The operation
of switch 2010, Fig. 20, prevents the application
of power to the exciting winding of the Eb fol-
low-up motor MO18.

The operation of knob 1168, Fig. 14, connects
the knob to the driven shaft, and applies a fric-
tion brake to the shaft, thus braking shaft 1624.
For fire against surface targets, the knob is
turned until the dials 1428, 1421 read zero. For
fire against aircraft targets, the dH switch, Fig.
29, may be operated to slew the d¥ motor MOS8 to
& desired value of dH, thus causing the shaft 1608,
Fig. 14, to rotate proportionally to the generated
elevation AcE and the knob 1108 may be con-
tinually manipulated to keep the dial 1420
matched with the dial 1231.

With shaft 15624, Fig. 16, braked, the motion
of shaft 4823, preportional to the level I. can
back up through the differential gear DRI into
the motor MO18, rotating shaft 1622 propor-
tionally to Eb=E+-L. The shaft 1669 is rotated
by ‘motor MO+12 proportionally to E’g, and this
motion is combined-in differential gear DF33 with
the motion of shaft 1622, thus, shafts 1631, 1613
and the synchronous ‘transmitter S¥v24 are ro-
tated proportionally to Vs=E'g-—Eb.

“The type A range R knob 1 H9, Figs. 11, 12, 14,
18, first operates switch 1822, Fig. 18, opening the
operating -eireuit -of relays RY3 and RY25, pre-
venting ‘the transmission, to the rate correction
cireuits, of voltage from the ring dial 1438, Fig.
30; and preventing the application of power ‘to
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the exciting winding of the /R matching motor
MO3, Figs. 19 and 30.

The operation of knob {118, Fig. 14, connects
the knob to the driven shaft {4fl, and appliss
a friction brake to this shaft. The shaft {431
is rotated by motors MO38, MO3t propertionally
to AcR, and is geared to differential gear DB,
The shaft 1411 is also geared to differential gear
DFIg, thus, by manipulation of knob {116, shaft
(405 may be rotated to any desired value of cR,
as shown by dials 1428, 1436,

The ship’s power supply is connected through
switch MCI6, Fig. 20, to the primary winding of
transformer TRS. The secondary winding of
transformer TRS is grounded through resistors
2015, 2816 and is connected by connections 2818,
2811, to the fourth contacts of switches RCI2,
RCIi3, Fig. 30.

The operation of switches RCI2, RCi3 to the
fourth position disconnects the ring dials 1539
from the sources 1928, {821 and connects them to
the connections 2818, 2817.

The operation of switch RC4 disconnects the
ring dials 15368 from the winding of card 712, po-
tentiometer PT7{, thus preventing operation of
the jB matching motor MO2.

The operation of switches RCI3, RCI8, Rig. 27,
to the fourth position disconnects the follew-up
amplifier MA{9 from the synchronous receivers
SY3, SV4 and connects it by ccnnection 2044, and
resistor 3943, Fig. 30, to the fine dial of the ring
dials 1530, so that motor MOi8, Figs. 17 and 217
will drive to keep the ring dials maiched since Br
is introduced manually onto the jB shaft.

The operation of the type A relative bearing Br
knob, {11, Figs. 11, 12 and 15, connects the knob
to shaft 1535, which is connected by gearing 1512
to differential gear DF2. Shaft {537 is rotated
by motors MO34, MOS5 proportionally to AcB,
and this rotation is combined in differential gear
DF5 with a rotation of shaft 1582 proportional
to Co, to produce a rotation of shaft i5¢8 propor-
tional to AcBr. The knob {14 is manipulated to
produce & rotation of shaft {536 proportional to
jB and this rotation is combined in differential
gear DF8 with the rotation of shaft 1818 to pro-
duce & rotation of shaft 15ti proportional to
¢Br=AcBr+jR. 'The ring dials 1539 drive motor
MOI19, Fig. 17, to keep the dials matched, so that
the rotation of shaft 1721, proportional to Br, is
equal to ¢cBr. The rotation of shaft {121 is com-
bined in differential gear DF2 with the rotation
proportional to §B’r of shaft {742, thus the rota-
tion of shaft 1708, and motor MO{9, is propor-
tional to B’r=AcBr--iR—jB’r and this rotation
drives the stable element in train.

Switches RCSH, RCE, RCI, RC8, RCS, RCIS,
Pig. 18, prevent the operation of signal lamps
i830, 1825, relays RY30, RY3(, RY25 signal lamp
1835 and relays RY28, RY27, RYi{, RY2, RY3.

The radar-optical RO switch is a three-posi-
tion rotary switch, operated by knob {112, Figs.
11 and 12, and having four sections RO, ROZ,
RO3, RO4, Fig, 18.

In general, the changes in radar range data
are supplied continuously to the computer;
whereas the optical range finder is only adjusted
when the ranger detects an error in coincidence,
thus, the changes in optical range data are dis-
continuous. When the ranger is satisfied with
the adjustment of the optical range finder, he
operates key 1808 to notify the computer person-
nel. The radar optical switch modifies the cir-
cuits of the computer to handle the data most

advantageously.
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POSITION 1—RADAR RANGE, RADAR TRAIN AND-
ELEVATION

In this position, switches ROI, RO2 place relay
RY3, and switch RO3 places relay RY25, under the
control of the range rate key 1809, in the direc-
tor, or the range match key 1843 in the computer,
in a manner similar to the control of relays RY|
and RY30 by keys 1806 and 1841 and the control
of relays RY2 and RY3i by keys 1807 and 1842.
Switch RO4 maintains the circuit to the dive at-
tack clutch 1847 which will be described later.
POSITION 2—RADAR RANGE, QPTICAL TRAIN AND

ELEVATION :

The circuits in this position are the same as
in position 1.

POSITION 3.—OPTICAL RANGE, OPTICAL TRAIN
AND ELEVATION

After selection of a target, the director range
finder are slewed to the target. During this slew-
ing operation, very large changes in the bearing
elevation and range rates may be produced, thus
any correction of the rates during a slew will be
impractical. However, the time required to ad-
just the computer will be decreased if the range
ring dials are matched during the slew. During
optical ranging, the range selector switch 1803,
THg. 18, is operated to the switch 1809. In order
to prevent matching in elevation and bearing dur-
ing a slew, the director slew key 1810 may also
be operated.

By means of knob 1113, Figs. 11, 12, the initial
match IM, switch 1844, Fig. 18, is operated by
the computer operator. With the MC switch
in fourth position, and the RC switch in first,
second or third position, that is, any position but
the fourth “local” position, a circuit is completed
from the power supply through switches MCS,
RCI0, 1822, LSI13, RO4, the windings of relays
RY23, RY24 in parallel, switches 1844, 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, RCI0, 1822, LS113, RO4, resistor 1846, sig-
nal lamp (845 in parallel with the break springs
of relay RY24, switch MC9 to power supply. The
operation of relay RY24 removes the short cir-
cuit and lights signal lamp 1845, 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 R¥23, switches RCI,
RO3, make contact of relay RY24 which is pre-
pared by the operation of relay RY24, but opened
by .the operation of relay RY23, to prevent the
operation of relay RY3, thus preventing the
transmission of voltage from the range dial 1406,
Fig. 30, to the rate correction circuit.

‘When the rate control RC switch is in the sec-
ond, “semi-automatic” or third, “manual” posi~
tion, the operation of relay RY23 completes a cir-
cuit from power supply through switches MC8,
RCI0, 1822,1.5113, relay RY25, lower make springs
relay RY23, switch RCY, switch MC9 to power
supply, operating relay RY25, to supply power to
the exciting winding of the jR motor MO3, Fig.
19, '

‘When the rate control RC switch is in the first,
“automatic” position, the operation of relay RY24,
Fig. 18, completes the above circuit through
switches RCI1, RO3, make contact of relay RY24.
Thus, for all positions of the RC switch, except
the fourth, “local” position relay RY25 is oper-



2,658,876

109
ated, supplying excitation to the jR motor MO3
to produce continuous matching of the ring dials,
while holding relay RY3 unoperated so that rate
correction is prevented.

When the slew is complefed and the ranger
is satisfled with the setting of the range finder
on the target, he operates the optical range mark
key 1808, Fig. 18, completing a circuit from the
power supply through key 1808, switch 1805, re-
lay RY21, switches RC10, MC$8 to power supply,
operating relay RY2{.

The operation of the break springs of relay
RY2{ removes the short circuit from the range
signal lamp 1835, Fig. 11 and 18, lighting this
lamp to signal that the optical range key 1808
is operated. The operation of the lower make
springs of relay RY2{ completes a circuit in par-
allel with the lower break springs of relay RY22
to keep relays RY23, RY24 locked up. ‘The oper-
ation of the upper make springs of relay RY2l
completes a circuit from the power supply through
switches MC8, RCI0, 1822, LSIi8, RO4, relay
RY?22, upper make springs of relay RY21, switch
MC$ to power supply operating relay RY22, which
locks up through the upper make contact of
relay RY22 and the upper make contact of relay
RY?24, 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-~ 2

leased, relay RY21 is released, the upper make
springs placing a short circuit across the signal
lamp 1835, 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 match-
ing. 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 1848, extinguishing the signal lamp to in-
dicate that the initial matching condition has
ended.

Each subsequent operation of the mark key
1808 will operate relay RY2I, lighting the signal
lamp 1835, and incidentally operating relay
RY22. The operation of relay RY22 is now with-
out efiect, as relays RY23, RY24 are released.

With the rate control switch in the first “au-
tomatic” position, the operation of relay RY2i
completes ecircuits from power suply through
switch MCS, upper make springs relay RY2I,
upper make springs relay RY2{, upper break
springs relay RY24, switches RO3, RCI, relay
RY25, and through upper break springs relay
RY23, switches RO2, RC2, upper break springs
relay RY28, relay RY3, thence through switches
LS{13, 1822, RCi9, MC8 to power supply operat-
ing relays RY3, RY25. The operation of
relay RYZ, PFig. 30, connhects the ring dial
1430 to the rate correction circuit; and the
operation of relay RY25, Fig. 19, supplies excita-
tion to the jR matching motor MO2, thus match-
ing the ring dials, and correcting the rates as
long as the mark key 1808, Fig. 18, is closed.

With the rate control RC switeh in the second
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“semi-automatic” or third “manual” positions,
if the mark key 1808 is closed operating relay
RY2!, the only useful effect will be to light the
range signal lamp 1835.

If the initial match key 1844 is inadvertently
operated after the closure of key {888 has oper-
ated relays RY2{, RY22, relays RY22, RY24 will
operate, but will not lock up, since their locking
path is opened at the lower break springs of relay
RY22, thus the signal lamp 1845 will fail to light.
As the circuit of relay RY3 is then opened at the
upper break springs of relay RY23, rate correc-
tion will be prevented while key {844 is manually
held. operated.

Aircraft—surface AS switeh

The aireraft surface switch is a three-position
rotary switch, controlled by knob {144, Pigs. 11,
12, and having sections AS5, ASS, Fig. 18, sec-
tions AS2, AS3, Fig. 34, and .sections ASI, AS4,
Fig. 36. This switch is used (@) to control the
fuze setting order to permit the use of combined
time and contact fuze action against aircraft tar-
gets, and of contact fuze action only against sur-
face targets; (b) to control the correction for
vertical parallax to modify the position of the
reference point for certain types of selected level
operation; and (e¢) to disable the elevation rate
correction circuits and elevation ring dial match-
ing when fire is directed at surface targets.

POSITION 1.-—AIRCRAFT

In this position, the operation of the fuze set-
ting eircuit is as previously described. The Fg

&5 motor MO!H, Fig. 34, positions its shaft propor-

tionally to the dead time correction: time of
flight, Tf voltage is supplied by connection 3439
to the input circuit of motor amplifier MASY,
causing the ¥2 motor MO3 to position -its shaft
proportionally to F2=T7, thus setting the syn-
chronous transmitters SY2{, SY22 to the proper
fuze order F=F24Fg for time fuzes. A positive
voltage, Hp, of magnitude proportional to the
height of the director above the mean gun plane,
is supplied by the source 930, Fig. 36, to the input
circuit of the line amplifier I.A%6, to correci the
W components of the advance and virtual posi-
tions for the effect of virtual parallax 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, RY3i, Fig. 18, is
prepared at switches ASS, AS6, 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 orders are based upon target eleva-
tion as measured at the director.

A circuit is completed from the power supply
through switch MCI, Pig. 18, windings of relays
RYS5, RY6, in parallel, switch AS5, switch MC$
back to power supply, operating relays RYS5, RYS6.

The operation of relays RY5, RYS6, Fig, 32,
breaks the connections to the brushes of the po-
tentiometer PT28, and grounds the connections
to line amplifiers LA3I, LA49, and to motor am-
plifier MAI[{, Fig. 34, thus, in effect making the
range rate dR and the advance range rate dr2,
zero so far as MAI{( is concerned and causing
motor MOII to rotate to the position Fg=0,

The operation of switches AS2, AS3, Fig. 34,
grounds the connection 2438 through resistor
3428, and grounds the source 193! through re-
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sistors 3430, 3427. 'The junction of resistors 3438,
3427 is connected through resistor 3438 to the in-
put circuit of motor amplifier MAS, and applies
a voltage proportional to the longest time of the
fuze, in the present case, to 50 seconds, thus caus-
ing motor MO to rotate the transmitters sY2d,
SY22 to the position representing 50 seconds.
The fuze order thus transmitted to the fuze set-
ter receivers, causes the receivers to set the fuzes
in the “safe” position, thus disabling the time
fuze, and leaving the burst of the shell under the
control of the contact fuze.

The vertical parallax Hp voltage is unchanged,
so that the gun orders will be based on elevation
measured at the director.

The operating circuit of relays RY2, RY3I, Fig.
18, is opened by switch AS6, to prevent any in-
advertent rate correction or dial matching hased
on the elevation component of target position.

POSITION 3.—SURFACE STABLE ELEMENT

The fuze setter is driven to the “safe” position
by the operation of switch AS5, Fig. 18, and
switches AS2, AS3, Fig. 34; and the operating eir-

cuit of relays RY2, RY3( is held open by switch ¢

ASS, Fig. 18.

Facilities are provided in the stable element
whereby the level, or cross level, shaft may he
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 negative voltage
{931 through resistor 267{ and resistors 3588,
3672. The junction of resistors 3668, 3571 is con-
nected to the input eircuit of the line amplifier
L.A32, and supplies a negative voltage, Hp, pro-
portional to the vertical parallax from the plane
of the mean gun to the water line, to correct the
W components of the advance and virtual posi-
tions of the target.

Standby controls

These controls may be used to preset certain
values when the computer is standing by, or to
introduce certain guantities 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 1111, Figs. 11, 12,
is used to set in a desired value of bearing when
transmission from the director is inoperative.
With the rate control, RC, switch in fourth, “Lo-
cal,” position, the knob 11i{, when engaged drives
the B shaft, 1536, to control, through the ring
dials 1539, the B’r follow-up motor MO18$.

Elevation E knob

As previously described, knob {108, 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 inoper-
ative. The knob, when engaged, opens the op-
erating. circuit of relays RY2, RY3I, Fig. 18, to
prevent rate correction and matkching; opens
the exciting circuit of the Eb follow-up motor
MO8, Fig. 20; and drives the jE shaft {524, Fig.
12, to set the elevation to zero on the ring dials
1403, :
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Range R knob

As previously described, knob 119, Figs. 11 and
12 may be used to set in a desired value of range
when transmission from the director is incpera-
tive. The knob 1116, when engaged, cpens the
operating circuit of relays RY3, RY22, RY23,
RY24, RY25 and clutch 18471, Fig, 18, and drives
the JR shaft 1411, Fig. 14, to set in a desired value
of range on the ring dials.

The limit switch LSI13, Fig. 18, is operated
when the range shaft is driven past 35,000 yards,
opening the operating circuit of relays RY3,
RY25. The radar range is continuously trans-
mitted to the synchronous receiver SY32, Figs. 12
and 14 and is indicated on the dial {115, Figs. 11,
12 and 14. When this dial agzain indicates a range
less than 35,000 yards, or transmission is switched
to the optical range finder, knob ({18, Figs. 12
and 14, is engaged and turned until the ring dials
1430 read below 35,000 yards, thus releasing the
limit switeh LS 13, preparing the circuit for re-
lays RY3, RYZ5.

Ship speed So knob

The ship speed knob So, 1422, Figs. 11, 13, 14,
42, as previously described, may be used to set in
ship speed when normal transmission is inopera-
tive.

Ship course Co knob

The type A ship course knob {118, Figs. 11, 12,
15, 20, 29, is used to set in ship course when trans-
mission from ship compass is inoperative, and
operates switch 2814, Figs. 12, 15, 20, opening the
exciting cireuit of the follow-up motor MOZ2S,
Tigs. 15, 20, 29; and engages shaft 1537, permit-
ting a desired value of ship course Co to be set in
on shaft 1557, as indicated on the ship dial 1334,
Figs. 11, 15.

Fuze F knob

The type A fuze knob {117, 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 19186, Figs. 13, 15, 19, to cut off the excita~
tion from the F2 motor MO$§ and the Pg motor
MOI {, Figs. 19 and 34, and substitute the dummy
load formed by resistor 1323; and engages shaft
1538, permitting a desired value of the fuze F
to be set in on the counter {118, Figs. 118, 13, 15,
and the transmitters SY21, SY22 and setting the
brushes of potentiometers PTE3, PT4E1.

Sight deflection Ds fenodb

- The type A sight deflection knob, t{i9, Figs.
11A, 13, 14, 19, is used to set in a desired value
of sight defiection for transmission to the guns
if the computer fails. Knob {118 operates switch
1818, Figs. 13, 14, 19, opening the exciting circuit
of the Ds motor MCi#4 and substituting the dum-
my load formed by resistor 1924; and engages
shaft 1843, Figs. 13, 14, permitiing a desired value
of sight deflection to be set in the computer, as
indicated by the counter 1442, 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. 114, 13,
14, is used to set in a desired value of the sight
angle Vs for transmission to the guns if the com-
putation of E’g fails. 'The knob operates switch
1811, Figs. 13, 14, 19, cutting off the excitation
from the E’¢ motor MQI2, short-circuiting the
exciting winding to produce dynamic braking of
motor MOI12, and substituting the dummy load
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formed by resistor 1925. Knob (120, Figs. 13, 14,
engages shaft (613, permitting a desired value of
sight, angle to be set in on the counter (415, Figs.
11A, 13, 14, and the transmitter SY24, Fig. 16.

Spot coritrols

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.

Tn 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 repél the bombing at-
tack, without diverting to this use, the diréctors
and computers normally used for the control of
these guns. The range, elevation and deflection
spot ‘controls, in conjunction with the ballistie
correction BC switch may be used for this pur-
pose. The circuifs of the computer are thereby

modified so that, in cpn;uncﬁion with suifable
conversion tables, satisfactory gun orders for se-
lected fuze operation may be given to the guns

of major caliber.
Range spot Rf knob

The type A range spot knob 1122, Figs. 114, 13,
14, 20, 37, operates switch 201 f, opening the excit-
ing circuit of the K7 follow-up motor MO2 {, Figs.
90, 317, to prevent the operation of this motor by
the receiver SY¥1, and engages the shaft (444,
Tigs. 13, 14, so that & desired value of range spot
may be set in, as indicated by the dial 1409, Figs.
114, 13, 14,

Ballistic eorrection B€ switch

The ballistic correction switch 3153, PFigs. 13,
37, is a two-position locking switch controlled by
the switch knob {121, Fig. 11A, '

POSITION 1.~~MAJOR CALIBER

In position 1, switeh 3753 is operated to the
upper contacts. The left-hand springs connect
the source 1934 fo ground, through resistors 3134,
3735 in parallel and resistor 3135, thus changing
the voltage scale so that the lower section of the
winding of card f90f hHas a voltage drop pro-
portional 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 MAZ1, thus dis-
abling the control of motor MO2I by receiver
Y71 to prevent the iffroduction of errorieous
values of Rj from the director,

POSITION 2-—~NORMAL

" In position 2, ag shown in Fig, 37, the source
{931 is connected ta ground through resistor 3134
and resistors 3735, 3136 in parallel. I this posi-
tion, both sections of the winding of card (907
have voltage drops proportionsl to 1,800 yards.
The receiver SYT is connected to the input cir-
cuit of the follow-up amplifiet’ MA2f, so that
motor MO2{ may be controlled fropi the direc-
tor. ‘

In a typical computer; the two sections of the
winding of card 1901 had resistances of about
5,680 ohms, resistors 3132, 3734 liad resistances
of sbout 29,250 ohms, and resistors’ 3133, 3738,
3138, respectively, had resistances of about 3,150,
8,070 and 5,160 ohms. , :

“The dial 1409, Fig. 114, 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 I. :
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The type A elevation spot kneb 1 123, Figs. 11A,
13, 14, 20, operates switeh 2043, opening the ex-
citing cireuit of the Vj folow-up motor MO23, to
prevent the eperation of this motor by the re-
ceiver SY9, Figs. 13, 14, 43, and engages shaft
1445, Figs. 13, 14; so that a desired value of eleva-
tion spot may be set in, as indicated by dial 1124,
Figs. 11A; 13, 14.

~ Deflection spot Dj knob ,
The type A .deflection spot knob 1i25, Figs.
114, 13, 14, 20, 41, operates switch 2012, opening

‘the exciting circuit of the Dj follow-up .motor

MO22, to prevent operation of this motor by the
receiver SY$, Figs. 13, 14, 41, and engages shaft
1446, Figs. 13, 14, so that a desired value of de-
flection spot: may be set ix, as indicated by dial
1126, Figs. 114, 13, 14.
Stop time ST switch

The stop time switch is used in testing to stop
generation of AcB, AcE and ACR so that values
desired for test purposes may be set in, The
stop time switch is a two-position switch, oper-
ated by switch lever ii121, Figs. 114, 12. In the
normal position, the stop time switch 1838, Fig.
18, prepares a circuit for the operation of relay
RYI8, when switches M5, MCI0 are in the sec=
ond, “stabilize” position, but, normally, for the
third, “Rate control” and fourth “On” positions
of switches MC8, MC8, MCI0, holds open the
operating eircuit of relays RYIT, RYI[8. With
switches MC8, MC9, MCI0 in the third or fourth:
position, and switchr RC10 in the first, second or
third position, the operation of switch 1838 com=

~ pletes a circuit from power supply, switches MC8,

RCI10, upper make springs of switch 1838, wind:

- ing. of relay RYIT, switch MC9 to power supply,
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operating relay RYIT; and frem power supply,
switch MC10, winding of relay RY18, lower make
springs of switch £838, switch MC9 to power sup-
ply, operating relay RYI8. The operating of re~
lays RY |1, RY18, Fig. 28, as previously described,
sets the frequency of the oscillators 2825, 2836,
2838 at 60 cycles and: stops the rotations of the
AcR shaft 1431, the AcE shaft 1606 and the
AcB shaft 1501
Selected fuze operation
‘When controlling the fire of major caliber

weapons, or when the fuzes of the shells for the
regular weapon are not continyously 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 flight
becomes equal to a selected fuze number, fired
by the computer personnel. The firing of the
weapon may corveniently be controlled by the
firing keys which are furnished with the stable
element. When firing with selected fuzes, the
dead time Tg should be zero.

- The dead time dial 1764, Fig. 11, has a zero
matk, but is only graduated from: 2.5 t0 6 seconds.
The zero dead time cannot converiently be ob=
tained by setting the brushes of potentiometer
PT14 to zero, because the winding of card T4¥
varies with'

L
T'g

and unduly wide cards would be required,: Thus,
when the dead time Tg dial {164 is turned: to
zero, a cam-on the driven shaft operates switch
1816, Fig. 18, completing & circuit from power
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supply through switch MCI, windings of relays
RYS5, RY6 in paraliel, switches 1816, MC9, back
to the power supply, operating relays RYS5, RYS.

The operation of relays RY5, RY6, Fig. 32, cuts-

off the voltages normally supplied to the input

circuit of line amplifier LA4U, reducing the sig--

nal voltages suppiied to the input circuit of mo-
tor amplifier MAI{, Fig. 34, to zero, driving the
Fg motor MOI I to zero position. The F2 motor
MOS3 is controlled to rotate to a position propor-
tional to the time of flight Tf, thus the fuze
order F=Tf, The computer operator watches
the fuze number counter 1118, Fig. 11, and, when
the selected fuze number is showing, presses the
firing key to fire the gun.

Defense against dive attack

Dive attack by aircraft constitutes one of the
grave dangers to ships in modern warfare. When
the aircraty target begms 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 predic-
tion.  In order for the aircraft to dive attack
efficiently, it may be assumed that the aircraf
will dive in a straight line towards the ship,
that is, down the line of sight, and the predie-
tion 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 predic-
tion must be made with the utmost speed; a
dive attack switch is therefore provided in the
director and the computing circuits are so ar-
ranged that when this switch is operated, 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 esti-
mated 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 num-
ber 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 1812,
Fig. 18, completes a circuit from power supply
through switch MCI, fourth position, through
the windings of relays RYT, RY 14, RY28, RYS,

RYI(8, RYI{, switch 1812 to power supply, op-

erating these relays. A circuit is also com-
pleted through switch McCIe, winding of relay
RYI8, switches 1838, MC5, 1812 to power sup-
ply, operating relay RYI8. Another circuit is
completed from power supply through switch
MCI, resistor (821, signal lamp 1820 and the
break springs of relay RY28 in parallel, switch
MC8 to power supply. The shunt on signal
lamp 1820 is removed by the opening  of the
break springs of relay RY28.

Potentiometer PTT3, Figs. 12, 14, 31, 36 may
be manually preset by the type D knob 1128,
Figs. 11, 12, 14, to the estimated value of the
diving speed Ss of the target, as indicated on
dial 1129, Figs. 11, 14. .

The operation of relay RYT, Fig. 31, discon-
nects the sources 1931, 1930 from the dH po-
tentiometer PTI6 and from the Sh potentiom-
eter PT1, grounds the source (93{ through re-
sistor 3196, and grounds the source 930 through
resistor 3197, and through resistor 3199 and the
winding of card 132, potentiometer PT73. The
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winding of card 732 provides a linear variation
of voltage at the brush associated therewith
which is connected through resistor 3480 to the
input circuit of the motor amplifier MA286, con-
trolling the dR motor MO2s6.

The operation of relay RYI4 disconnects the
normal power supplies from the So potentiom-
eter PT¢, and grounds the winaing of card 60|
and connection 3121 through resistor 31948.

The operation of relays RY1, RY 14, has thus
replaced by the diving speed Ss, the rates di,
Sh, So normally used in controlling the dR mo-
tor MO26. The operation of these relays has-
also cut off the inputs to the motor amplifiers
MAR21, MA28, controlling the dE and dB motors,
MO21, MO28.

The operation of these relays also cuts off
the power normally supplied by connections
3188, 3189, 3190, 3191, 3192 to the input cir-
cuit of line amplifiers LA3{, LA40, Fig. 32. The
brush associated with card 732, Fig. 31, is con-~
nected to ground by connection 3481, switch 1818,
and resistors 3483, 3484, 3485. The junction of
resistors 3484, 3485 is connected through re-
sistor 3452 to the input circuit of amplifier L.A40,
and through resistor 8463 to the input circuit
of amplifier LA3I. The junction of resistors 3193,
3194, Fig. 31, is connected by connection 3482
through the upper break springs of relay RYS,
Fig. 32, and resistor 345{ to the input circuit
of amplifier LA4U. The junction of resistors
3483, 3484 is connected by connection 3403
through resistor 3431, Fig. 34, to the input cir-
cuit of motor amplifier MAIIl. The effect of
these changes is to replace with the diving speed
Ss the advance range rate dR2 in Equation 29,
so that the dead time correction, Fyg, is prop-
erly computed for fire with continuous ruze
setting, . .

In some cases, fire with selected fuzes against

‘s diving target may be desired. The fuzes on
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2 number of shells are preset to various desired
values of time of flight. Switch 1818, Fig. 32,
is operated by the switch lever 1130, Figs. 11, 13.

5 The operation of switch 1818, Fig. 32, cuts off

connection 3481, and grounds resistor 3483, thus
removing the voltage proportional to Ss formerly
supplied to amplifiers LA 3{, LA40, and motor
amplifier MAII, Fig. 34.-

The operation of switch (818, Fig, 18, com-
pletes a circuit from power supply through
switch MCI, windings of relays RY5, RY6 in
parallel, lower make contacts of switch 1818,
make contacts of relay RY28, switch MC9 to
power supply, operating relay RYH, RY6. The
operation of relays RY5, RYS, and switch 181 8,
Fig. 32, cut off the voltages proportional to dR,
dR2 and Ss from amplifiers LA40, LA3 and from
motor amplifier MAIl, Fiz. 34, so that motor
MOL'1 is driven to make Fg=0, and motor MO9
is driven to make F—=Tf. The computer op-
erator may thus watch the fuze number counter
1118, Fig. 11, and, when the proper time of flight
for the preset fuze of the shell in the gun is
displayed, fire the gun by operating the firing
key on the stable element. )

The output transformer 3380, Fig. 33, of the
Tf amplifier LA25, is normally ¢onnected by con-
nections 3301, 3302 to the dE potentiometer

-PTI6, Fig..36, the A potentiometer PTI3, and

the Br potentiometer PT4. ' The operation of
relay. RY9 cuts_off the voltage from these po-
tentiometers; grounds connection 3302 through
resistor 3487; . and  grounds connection 3301
through resistor 3488, and through resistors
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$698; 3699 in serial relationship, The junction.

of resistors 3698, 3689 is grounded: through the

winding of card: 131, potentiometer. PT13. The.

winding of eard 131" produces a_linear variation

of  voltage at the brush associated  therewith .
proportional to TfSs which is connected through:

resistor 3486 to, the input circuit’ of” line am-
plifier LA36. The output voltage of amplifier
LA36;, which is normally proportional to gen-
erated range cR, is thus made proportional to,
advance range R2=cR4TfSs: The terms de-
vending upon the rates dH, Sh, So are also cut
off from the rectangular coordinate amplifiers
LAY, T.A20; T:A21.

Because of ‘the chiange made in the method:of
prediction by the operation of relay, RYS, the
operation of relays RY10; RY I1; Fig, 37, cut. off’

from the motor amplifier MAI0- the quantities
based on dH; Sk, So, which together make up
the range prediction Rf, and:ground’ these in-
puts to motor amplifier MAI10, '

As previously desecribed, the operation of relay

18, Fig. 28; sets the frequency of oscillators. 2836,
2838 at 60 cycles, so that the shafts 1606; 50T
are motionless and the generation- of* AcE-and-

AcB is stopped so as to prevent driving the direc-
tor sights off the line of sight. ‘The motion; pro=
portionalto L4+Zd/30; of shaft 1729 is still trans-

mitted- through the- differential* gear DF3; the-
motion, propertional to-Co, of-shaft- 1502 is-still:
transmitted  through' differential gear DFby and:
the motion; proportional: to jB’r; of shaft  1111-
is- still: transmitted: through- differential’ gear
DP4, to the- direetor;, to- stabilize- the- director-

sights or radar antenna.

The - operation- of- the lower break springs of
relay-RY28; Fig. 18, removes the short circuit
from the signal lamp 1820, Figs. 11 and 18, to
notify-the computer; personnel that the dive at-
tack switch at the director has been operated.
The lower-make- springs of-relay RY:28 prepare
the cireujt, previously described, for the. opera-
tion: of relays RYH, RY6, when: switch 1818 is
operated to the “Selected fuze” nosition: The
operation of the upper break. springs ofrelay
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, RCI10, 1822, 1.Si13, RO4,
winding of magnetic clutch 1847, upper make
springs relay RY28, switches RC2, RO2, upper
make springs relay RY21, 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” po-
sitions; and the limit switch LSt13 released, the
operation of relay RY2{ by the radar range rate
switch 1809 in the director will energize the mag~
netic cluteh 18417,

The operation of clutch 1841, Figs. 12, 14, con-
nects the jR motor MO3, through gearing 1435
with the shaft 1450, geared to the brushes of the
Ss potentiometer PTT13, Thus, if there is a po-
sitional disagreement in the range ring dials
1439, the /R motor MO8 will be started to match
the dials, and to correct the dive speed Ss set-
ting of the brushes of potentiometer PTT3.

The rate generator and corrector are claimed
in United States application, Serial No. 577,627,
filed February 13, 1945, by A. A. Lundstrom and
‘W. A. Malthaner; the ballistic computer is
claimed in United States application, Serial No.
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577,621, filed February 13, 1945, by'S. Darliiig-
ton; the fuse number computer is claimed in
United States application, Serial' No. 577,625, filed
February 13, 1945; by A. A, Lundstrom; the spot

- and wind correctors are claimed in United' States-

application, Serial No. 577;630;_ﬁled PFebruary 13;
1945; by B. D. Holbrook, A. A. Liundstrom and
W. A. Malthaner; the control system is claimed
in United States application, Serial No. 577,629,
filed  February. 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. Lundstrom; the sight order computer is
claimed-in United States application, Serial®No.
577,628, filed February 13; 1945; by B. D. Hol-
brook and A:. A. Lundstrom; the variable fre-
quency oscillator is claimed-in United States ap~
plication, Serial No. 577,622, filed February 13,
1945; by S. Darlington, now Patent No. 2441;567;:
the limit. switches-are claimed in United States
application, Serial*'No. 577;631; filed February. 13,
1945; by E. D: Mead and F: M. Thomas, now:
Patent No. 2417434; 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. assighed to’
the assignee of the present. application. ‘

What is claimed is:

1. In a computer. carried. by. a.naval vessel, a.
first shaft controlled by observations of.a.moy-
ing target.to .rotate propertionally: to.the direcs
tor train, a:second shaft gyroscopically.controlied.
to rotate. proportionally. to. the. cross: level,, a-
third shaft. gyroscopically, controlled. ta. rofate.
proportionally, to the level,.a.motor,. a. fourth,
shaft, a differential gear connecting said first.and.
fourth shafts and.the shaff: of said: motor. to:
cause said fourth shaft.to rotate proportionally.
to:the sum of the.rotations.of said.first: shaft.
and the shaft of said motor, a.source. of voltage;
first. means connected.to.said.source. and.con--
trolled by said fourth shaft.to fractionate the
voltage from. said source.proportionally to. the:
sine of the angle of rotation of said shaft, sec-
ond, third and fourth means connected to said
first means and controlled by said fourth shaft
to respectively fractionate said fractionated volt-
age proportionally to the negative sine, the nega-
tive cosine and the positive sine of the angle of
rotation of said fourth shaft, fifth means con-
nected to said source, sixth means connected to
said second means, seventh means connected to
said third means, said fifth, sixth and seventh
means being controlled by said motor to frac-
tionate the applied voltages proportionally to
the tangent of the angle of rotation of said mo-
tor, a first feedback amplifier having an input
circuit connected to said third, fifth and sixth
fractionating means and an output circuit, a
second feedback amplifier having an input cir-
cuit connected to said third and sixth fractionat-
ing means and an output circuit, a third feed-
back amplifier having an input circuit connect-
ed to said fourth and seventh fractionating
means, eighth means connected to the output of
said first amplifier, ninth means connected to
the output of said third amplifier, said eighth
and ninth means being controlled by said second
shaft to respectively fractionate the output volt-
ages of said amplifiers proportionally to the nega-
tive versine and sine of the cross level, tenth
means connected to the output of said second
amplifier and eleventh means connected to said
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fiihth meéans, said tenth and eleventh means be-
ing controlled by said third shaft to respectively
fractionate the applied voltages proportionally
to the versine and sine of the level, a fourth am-
plifier having an input circuit connected to said
fifth, eighth, tenth and eleventh means and an
output circuit connected to said motor to cause
said motor to vary the fractionated voltages from
said first, second, third, fourth, fifth, sixth and
seventh means until the sum of the voltages
supplied to the input circuit of said fourth am-
plifier is reduced to zero and said fourth shaft
has been rotated to the relative target bearing,
and computing means controlled by the rota-
tions of said second, third and fourth shafts and
the shaft of said motor.

2, In a director tilt corrector, the combina-
tion of mechanism moved in accordance with ob-
servations of a target to rotate a first shaft
proportionally to the director train, a second
shaft, a motor driving a third shaft, gearing
connecting - said shafts to rotate said second
shaft proportionally to the sum of the rotations
of the first and third shafts, electrical means
controlled by said second shaft to produce a
first voltage proportional to the sine of the an-
gle of rotation of the second shaft, other elec-
trical means controlled by said third shaft to
produce a second voltage representative of the
tangent of the angle of rotation of the third
shaft, computing elements controlled - by the
second and third shafts to fractionize said first
and second voltages proportionally to trigono-
metrical functions of the angles of rotation of
said second and third shafts, a stable element
associated with said first shaft to rotate a fourth
shaft proportionally to the cross level angle and
a fifth shaft proportionally to the level angle,
other computing elements controlled by said
fourth and fifth shafts to further fractionize
said fractionized voltages, and summing means
connected to said other electrical means, said
other computing elements and said motor, to
drive said motor by the sum of said second and
said further fractionized voltages to maintain
the sum of said voltages at a small value, there-
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by rotating said second shaft propoitionally to-
the relative target bearing.

3. In a director tilt corrector, the combina-
tion of mechanism moved in accordance with
observations of a target to rotate a first shaft
proportionally to the director train, a second
shaft, a motor driving a third shaft, gearing.
connecting said first, second and third shafts
to rotate said second shaft proportionally to the
sum of the rotations of said first and third shafts,
a source of voltage, first means controlled by said
second shaft for deriving from said source a
first voltage proportional to the sine of the an-
gle of rotation of the second shaft, second means
controlled by said third shaft for deriving from
said source a second voltage representative of
the tangent of the angle of rotation of the third
shaft, computing elements controlled by said
second and third shafts to fractionize said first
and second voltages proportionally to frigono-
metrical functions of the angles of rofation oi
said shafts, a stable element associated with
said first shaft to rotate a fourth shaft propor-
tionally to the cross level angle and a fifth shaft
proportionally to the level angle, other com-
puting elements controlled by said fourth and
fifth shafts to further fractionize said fraction-
ized voltages, and summing means connected to
said second means, said other computing ele-
ments and said motor, to drive said motor by
the sum of said second and said further frac-
tionized voltages to maintain the sum of said
voltages at a small value, thereby causing said
second shaft to rotate proportionally to the rel-
ative target bearing.

SIDNEY DARLINGTON.
ALEXIS A. LUNDSTROM.
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