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NAVY DEPARTMENT 

BUREAU OF ORDNANCE 
WASHINGTON Z~ . D . C . 

RESTRI CT ED 29 JUNE 1945 
ORDNANCE PAMPHLET 1064 
COMPUTER MARK 1 AND MODS 

1. Ordnance Pamphlet 1064 desc r ibes the theory and ope ration of 
the Compute r Mark 1 and Mod s . A companion publication, Ordnance 
Pamphlet l 064A which 1s now in preparation, wl11 cover care and 
maintenance of the se equipments. 

2 . Thi s publication is to be used by: opera t ing personnel , both 
during ins truction and while on actual duty; pers onnel of 
ins ta ll ing acti vities; a nd inspectors and other officers of th~ 
Bureau of Ordnance . 

3 . rhi,s pa mphlet supersedes NAVQRD 00 4 184 (Revision 8 ) which 
should be des troyed. 

4. The following NAVORD OD 'S which will be s uperseded when 
Or dnance Pamphlet l 064A has been completed cont a in addi tional 
informa tion on Computers Ma rk 1 and Mods : 

NAVORO 
NAVORD 
NAVORD 
NAVORD 
NAVORO 
NAVORO 
NAVORD 
NAVORD 
NAVORD 
NAVORD 
NAVORD 
NAVORO 

00 4174 
00 3133 
OD 3137 
OD 3139 
OD 3140 
OD 3180 
00 3181 
OD 3183 
00 3184 
00 3185 
00 4186 
00 5157 

(Revi Sion C) 
(Revision A) 

(Revi sion B) 

(Revi s ion A) 
(Preliminary ) 

ORDNANCE PAMPHLET 1453 (Preliminary ) 

5 . This publica tion is RESTRI CTED and should be ha ndled in 
a ccordance with Article 76, U.S . Navy Regula tions , 1920 . 

G. F. HUS JR . 
Rea r Admiral, U. S. Na vy 
Ch ief of the Bureau of Ordnance 
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OP 1064 

INTRODUCTION 
Ordnance Pamphlet 1064 descri bes t he Computer Ma rk 1 and 
tells how to opera te it. All ma in tenance informa tion is covered 
in a continua tion of t his pa mphlet which is bound separate ly 
a nd designa ted as Ordnance Pamphlet l06 4A. 

Ordna nce P a mphlet s 1064 a nd l06 4A a re w ritten for begin
ners on the Computer Mark 1, but they are not intended for 
beginners in fire control. These pamphlet s assume that a lthough 
the reader knows ve ry little a bout the Computer M a rk 1. he 
is a lready acquainted with some of the simpler mechanica l 
computers, and with the fire control problem . 

The reader is assumed to be thoroughl y fa milia r w ith the basic 
fire control mecha nisms d escribed in OP 1140. 

The reader is al so assu med to be fa mi lia r with the general na
ture of the fire control problem. M a ny of the fundamenta ls of 
fire control are di scussed in thi s pamphlet, but usua lly on t he 
assumption that they are a lready fa irly we ll understood a nd 
need onl y a brief review. 

All diagra ms in this OP a re presented in such a way that little 
o r no previous expe rience in reading schema tic diagrams IS 

necessary. 

NOTE: Since t he ma jority of the Computers M a rk 1 in service 
a re M a rk 1 M od 7, a nd since the other Computers 
Mark 1 are very simila r to the M od 7, a ll references 
to the Computer M ark 1 in this OP a pply to a Com
puter M a rk 1 M od 7 equi p ped with a Sta r She ll Com
puter M a rk 1, a Selector Drive M ark 1, and a T a rget 
Course Indicator M a rk 1. 

The chapte r on M odifica tion D iffe re nces describes 
how other modifications d iffe r from the M od 7 . 

• 
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PART 1 

GENERAL DESCRIPTION 

The General Description is intended to give an over-all picture 
of the Computer M a rk I , and its place in the Gun Director 
Mark 37 System of fire control. The General Description 
fami liarizes the reader with the main features of the Computer, 
and the fire control problem it solves, be fore he tackles the 
D etailed Description. 

Those readers whose interest in the Computer Mark 1 is only 
general, and does not extend into the d eta ils of operation and 
maintenance. will proba bly find that the Genera l Description 
contains most of the informatio n they need. 

The General Description includes the following subject s: 

The Computer Mark 1 and the Gun D irector 
Mark 37 Syste m. 

A simplified account of Tracking, Prediction a nd 

P age 

10 

Stabilization. 28 

A more detailed account of Tracking, Prediction 
and Stabiliza tion. 43 

P ara llax Corrections. 66 

The Sta r Shell Computer. 68 

Inputs a nd Outputs of the Computer M a rk 1 and 
the Star Shell Computer Mark l. 70 

Summary of Computer Mark 1 Data- Size, Weight, 
P ower Supply, Limits of Opera tion. 

Design Features of the Computer Mark l. 

RESTRICTED 
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76 
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OP 1064 

The Computer Mark 1 is the mechanical bra in of the Gun 
Director Mark 37 Syste m of Automatic Fire Control. This 
system controls the fire of the 5 " / 38 cal. dua l·purpose guns 
against both air and surface targets. The system is a lso used 
to control 40-rnm. guns at short ranges and ma in battery guns 
in barrage fire. La ter modifications of the Computer Mark 1 
calculate gun orders fo r 5"/ 54. 6"/ 4 7, and 8 ~/55 ca l. batteries. 

The Computer M ark 1 computes continuous gun ord ers con
ta ining corrections fo r a ll the sign ificant factors a ffecting a nti
aircraft and surface fire. The correct ions a llow for the mot ion
of Ship and Ta rget during the time the projecti le is in flight : 
for the curvature of the projectile path caused by gravity, drift, 
a nd wind; for pitch and ro ll of the Ship; and for a number of 
othe r factors. 

These gun orders, a fuze setting order, and para llax corrections, 
are continuously tra nsmit ted from the Computer to the gun 
mounts. At the mounts, these orders are used to point the guns 
continuousl y a nd to time the fuzes so tha t the projectiles will 
explode a t the predicted position of the target. 

RESTRICTEO 
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COMPUTER MARK 1 WITHOUT ITS COVERS 

At first the Computer Mark 1 looks like a chaotic maze of gear
ing a nd motors, but actuallx it is an orderly collection of con
nected basic mechanisms. The important thing to rea lize is 
that t he thousands of gears and shafts which look so compli
cated do one of the simplest jobs in the Computer. Most of 
them just connect one mechanism to another. The mechanisms 
themse lves- component solvers, integrators, mu ltipliers, differ
entia ls a nd so on-do the computing. The gears and shafts 
merely transmit motion from one mechanism to another so that 
a ll the mechanisms in the Computer work together as a big 
network. T he gearing is fair ly intricate in construction, but the 

. job it does is simple. 

One does not have to be a mechanical engineer to understand 
the Computer Mark 1. The det?iled description of the Com
puter breaks it down into about four sections which can be 
understood one at a t ime without too much difficu lty. I t is a 
good idea to become very familiar with this material because 
it contains infor mation that will be usefu l in operating, testing, 
setting, and maintain ing the Computer. 
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COMPUTER MARK I 

Here are 

9 COMPONENT SOL VEilS 
AND 1 VECTOR SOLVER 

6 DISK INTEGRATORS 

4 COMPONENT 
INTEGRATORS 

9 MULTIPLIERS 

6 COMPUTING 
MULTIPLIERS 

8 CAMS IN ADDITION TO THE 
CAMS IN THE COMPO. 
NINT SOlVUS AND 
MUlTIPUEU. 

S SINGLE-SPEED 
RECEIVERS 

4 DOUBLE·SPEED 
RECEIVERS 

12 

OP 1064 

the BASIC MECHANISMS 
The Computer Mark 1 is made up almost entirely of the Basic 
Fire Control Mechanisms described in OP 1140. If the Basic 
Mechanisms were taken out of the Computer there would be 
nothing left but the case, a few specia l mechanisms, the shaft 
assemblies, and the wiring. Anyone who knows the Basic Mech
ani~ms described in OP 1 140 already knows a lot about the 
Computer Mark 1. 

The Computer Mk 1 Mod 7 contains the following Basic Mech
anisms: 

11111., .... 111.1111 1 ••• 1 ........ 111,,, 11 •• 1 ........ 1 ... 11 

lIi.~.. U~.~II "i'~11 lIi.~ .. 
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GENERAL DES(RIPTION 

in the COMPUTER MARK 1 
10 SINGlE· SPEED 

TRANSMITTERS 

10 DOUBlE·SPEED 
TRANSMITTERS 

22 FOLLOW-UP CONTROLS 

3 SOLENOID CLUTCHES 

2 SOLENOID LOCKS 

24 HANOCRANKS 

MORE THAN 

150 DIFFERENTIALS 
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UNIT 
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aaaaaaaaaaaaaaaaaaaaaaaa 
aaaaaaaaaaaaaaaaaaaaaaaa 
aaaaaaaaaaaaaaaaaaaaaaaa 
In order that the Computer Mark 
1 may be insta lled more eas.il y in 
certain types of sh ips, it is so con
structed that it can be separated 
into four installation units. 

Thousands of man-hours of skilled 
labor a re required to make and as
semble the pa rts of th is Computer. 

Th e fini sh ed instrume nt costs 
a bout $75 ,000. It should be trea t 
ed with care. 

13 
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COMPANION INSTRUMENTS of 
The Computer M a rk 1 is one of a gro up of instruments which 
a re connected together to fo rm a system o f a nti-a ircraft a nd 
surface fire control known as t he Gun Director Mark 37 System. 

I s 

VEI!:TICA,l 
PLANE 

DECK PLANE 

:> 
HO~ IZONT"l 

PlANE 

DECK PLANE 

:> 

The Gun D irecto r M a rk 37 
is t he eyes of t he system. 
After picking up t he T arget , 
t he Director observes its lo
cation in re la ti on to Own 
Ship. The Director measures 
the T a rget's Range a nd El
eva tion in rel a tio n t o the 

deck pla ne. It al so m easures 
t he Bearing in the deck 
p la ne clockwise fro m t he 
bow o f Own Ship t o the ver
tica l p la ne th ro ugh t he Line 
of Sigh t. This a ngle is ca lled 
Director Tra in. 

The Sta ble E le m ent M a rk 6 
measures t he incl ina tion o f 
the deck in re la tio n to the 
h o ri zonta l pl a n e a nd th e 
Line of Sight. 

The G yro C ompass m eas
u res Own Ship C ourse. 

In the m ounts, t he re a re 
m ech an ica l, e lectr ica l, o r 
e lec t ro h yd ra uli c m ec ha 
nisms which keep the guns 
pointed a nd the fuzes set to 
ag ree with the gun and fuze 
order s igna ls from the Com
puter. There are a lso pro
vIs ions fo r i n trod ucin g 
para llax correct ions where 
necessa ry. 
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the COMPUTER MARK 1 
There are a numbe r of other e lements in the Gun Director 
M ark 3 7 System, including the Pi tomete r Log which measures 
Own Ship Speed, a switchboard , and intercommunication te le
phones. 

The va rious instruments a re re la ted to one a nothe r like thi s: 

DIRECTOR 
MAliK 37 

DECK LINE 
I-

STABLE ,"OMPum ELEMENT 

MA'] MARK 1 

J\ '-f 
GYRO· 

COMPASS 
PLOTTING 

'ooM 

[ PITOM ETER LOG ] 

The D irector is usua lly a bout 30 feet or more above the deck. 
The guns a re loca ted in various p laces on the d eck depending 
on t he type of ship_ 

The Computer a nd the S ta ble Ele m e nt sta nd to~ether in the 
plotting room of the ship a nd a re connected mecha nica lly by 
shafts. The Gy ro Compass a nd the switchboard a re a lso in the 
plot t ing room. Most of the instrumen~s in the system are con
nected e lectrica lly by synchro t ra nsmiss ion. 

RESTRICTED 
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• 

, 

....,. 

~P" 

BLUE ARRO WS INDICATE 
SYN CHRO TRANSMISSIO N 

BLACK ARROWS INDICATE 
MECHANICAL SHAFTS 
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The place of the COMPUTER MARK 1 
the GUN DIRECTOR MARK 37 SYSTEM • 

In 

DIRECTOR 
MARK 37 

• 

, , , 
, , 

'-, ' , , , , 

Since the Computer Mark 1 is part of the 
Gun Director Mark 37 System, it is essen
tial to know the function of each unit of 
this system in order to understand the 
Computer itself. The Mark 37 System can 
best be built up by starting with the guns 
alone. 

It would be possible to d irect the fire of the 
guns from each gun mount, independently 
of other mounts or observation stations. 
But fire control from the mounts alone has 
severa l disadvantages. Visibility from the 
mount is often bad because of the smoke. 
Observation of surface targets is restricted 
by the relatively small height of the mounts 
above the water line. Also, it is difficu lt to 
coordinate the fire of several gun mounts 
w hen each is separately controlled. 

These difficulties are overcome by having 
a Gun Director a loft , high e nough for the 
Director Crew to see above the smoke and 
to observe surface targets at great distances. 
With a Gun Director, the fire of a ll the gun 
mounts can be coordinated. 

Firing with the combination of mounts a nd 
a Gun Director is better t han firing from 
the gun mounts alone. In such a simple fire 
control system, however, a ll corrections for 
motion of Ship and T a rget , curvature of 
the projectile path, and the pitch and roll 
of the Ship would have to be made by guess 
work. 

An instrument is needed to compute a ll 
these corrections instantaneous ly and con
tinuously. In the Gun D irector .M ark 37 
System of fire control, the instrument that 
fills this need is the Computer Mark 1. 
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The Computer Mark 1 is located in the 
plotting room. In the plotting room the 
Computer is better protected than it would 
be in the Director or at the gun mount. If 
the Director is put out of action, the Com
puter can sti ll continue to function. In fact, 
one of the features of the Computer M ark 1 
is that, without any Director inputs, it can 
generate enough of the values normally re
ceived from the Director to track a surface 
target. 

The Director and Computer in the Gun 
Director Mark 37 System are able to track 
the Target and compute predictions for 
relative motion a nd for curvature of the 
projectile path, but by themselves they 
cannot a llow for pitch and roll of Own Ship. 

In order to fire continuously during pitch 
a nd roll, the Director, Computer, and guns 
must be corrected continuously for the 
effects of deck indination. To measure deck 
inclination, the Gun Director Mark 37 Sys
tem uses the gyro mechanism called the 
Stable Element Mark 6. The Stable Ele
ment measures the amount of deck inclina
tion from the horizontal plane with refer
ence to the Line of Sight. 

Because of the number a nd variety of the 
factors which enter into the fire control 
problem, the outputs of the Computer 
Mark 1 are continua lly challgillt;. In order 
to keep the guns pointed in accordance 
with these varying orders from the Com
puter, there a re electrical or electrohy
draulic mechanisms at the gun mOL\nts 
which receive the changing signals and con
trol power drives. The power drives point 
the guns continuously by turning the whole 
mount in train. and moving the guns them
selves in l!1evation. Another electrical 
mechanism, the Fuze Setter, receives the 
fuze order from the Co mputer Ma rk 1 and 
automatica lly sets the fuzes of the projec
tiles as they wait to be loaded. 
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What the COMPUTER MARK 1 does in the 

DIRECTOR 
TRAIN 

STABLE 
elEMENT 

GYIIO· 
COMPASS 

l PITOMETER 
LOG 

18 

In the Gun Director Mark 37 System, all the instruments ex
cept those at the gun mounts are used to furnish inputs to the 
Computer Mark 1. 

The Director Crew "pick up" a target with the telescopes and 
Range Finder. By turning their handwheels and the Range 
Knob, they keep their crosshairs continuously 'on the target, 
and transmit values of Range, Director Elevation, and Director 
Train to the Computer. 

The Stable Element receives the va lue of Director Train from 
the Computer, and continuously measures the angles of Level 
and Cross-level, which a re the vertica l components of deck in
clination from the horizontal , in and at right angles to the 
plane of sight. Level, Cross-level , and Level p lus a function of 
Cross-level , are transmitted mechanically from the Stable Ele
ment to the Computer. 

Besides the inputs from the Director and the Stable Element, 
the Computer receives the values of Ship Speed from the Pitom
eter Log, Ship Course from the Gyro Compass, and estimates 
of H orizontal T arget Speed, Target Course, and Rate of Climb. 
by phone from the Control Officer in the Director . 

•.............. ~ i ''"ON' r-c:J1----""1 
ESTIMATED OBSERVED GENERATID CHANGES IN 

TARGET MOTION TARGET POSITION TARGET POSITION 
Sl'EED R ... NGE CH ... NOES IN R ... NGE 
CLIMB elEVATION CHANGES IN ELEVATION 
ANGLE TRAIN CHANGES IN TRAIN ~ 

T 
COMPUTER .. LE .... D .... NGlES l,J SIGHT DEflECTION 

MARK 1 l SIGHT .... NGLE 

GUN ORDERS AND 
'UZE ORDER 

J 1"'4 1. GUN TRAIN 
DECK INCLlN .... TION 2. GUN elEVATION 

LEVel • 3_ FUZE 

CROSS. LEvel 

1 LEVEl PlUS CROSS.lEVEl 
~ PAR .... llAX COIUCTIONS '" "''' SHIP 

COURSE SJ'EtO TRAIN 

T-I '''t eleVATION 
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GENERAL DESCRIPTION 

GUN DIRECTOR MARK 37 SYSTEM 
Using these inputs together with some other hand inputs, the 
Computer goes to work. Briefly, this is what it does: 

1 The Computer Mark 1 computes and transmits to the gun 
mounts continuous Gun and Fuze Orders containing: 

a Corrections for movement of Ship and Target during 
the time of flight of the projectile. 

b Corrections for curvature at the projectile path caused 
by gravity. drift, windt'and changes in initial velocity. 

c Corrections for the effects on the gun of roll and pitch 
of the Ship. 

2 The Computer computes cont inuous values at the Lead 
Angles in elevation and deflection. These Lead Angles are 
called Sight Angle and -Sight Deflection. They are trans~ 
mitted e lectrically to the gun mounts to offset the gun 
sights. 

3 The Computer Mark 1 computes and transmits two Paral4 
lax Corrections, which may be applied at the individual gun 
mounts to compensate for differences in location of guns 
and Directors. 

4 Through the Star Shell Computer, gun and fuze orders are 
computed for firing star shell s to illuminate surface targets 
which the Computer Mark 1 is tracking. 

5 The Computer corrects the estimated Target Motion il)4 
puts. It does this by generating changes of Range, Director 
Elevation, and Director Train which are transmitted e lec4 
trically to the Director to drive the Director sights. By 
comparing the generated ComputeF values with the ob
served Director values of Range, Elevation. and Train, the 
Computer checks and corrects the original estimates of 
Target Horizontal Speed, Course, and Rate of Climb, and 
puts accurate va lues of these three quantities into the com
puting mechanism. WheT} the estimated va lues are correct, 
the generated quantities keep the Director sights on Tar4 
get. This process of correcting the Target Motion estimates 
is called R ate Control. 

RESTRICHO 

NOTE: 
Unless the Target goes intO a 
dive attack. Rate of Climb 
usually has a value close to 
zero. For this reason it is sel · 
dam necessary for an estimate 
of R ate of Climb to be phoned 
down from the Director . In · 
stead . Rate of Cli mb can sim · 
p ly be set at zero. unless dive 
attack is indicated . The cor 
rect value of R ate of Climb 
will be computed during Rate 
Control. 

For convenience. this special 
characteristic of t he Rate of 
Climb estimate has been ig · 
nored thruughout the Genela\ 
Description. 
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The ships using the COMPUTER MARK 1 
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The Computer Mark 1 and the other elements of the Gun 
Director Mark 37 System are used on the following types of 
ships: 

Destroyers, all types after DD409 and some earlier 
Light and heavy cruisers, after CL51 and CA68 
Battleships, after BBSS and some earlier 
Aircraft carriers of the types CV9 and CVB4 1 
Some auxiliary vessels 

Sometimes the computers are installed singly, sometimes 10 

pairs, sometimes in groups of four , depending main ly on the 
type of ship. 

On ships having more than one computer, each computer has 
a gun director. The installation is usually designed so that any 
director can be connected to any computer, and any computer 
can be used with any gun or group of guns. The limits of the 
possible cross-connection of directors, computers and guns are 
the limitation of shipboard wiring, and the fact that a director 
can control only those guns training in about the same arc of 
bearing as the director. 
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H ere are typical locations of the Gun Director M a rk 3 7 System 
on va rious kinds of ships. There are othe r va riations. These are 
on ly a few examples, 

AIRCRAFT CARRIER 

CRUISER 2 COMPUTERS MARK 1 

DESTROYER 1 COMPUTER MARK I 
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2 COMPUTERS MARK I 
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Types of TARGETS and ATTACK 
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Air targets 

T he Computer Mark 1 is primarily de
signed for use against air ta rge ts. 

It computes accura te g un orde rs for Con
t inuous Fire against nearl y a ll types of air 
ta rgets, such a s: 

1 High-level H orizonta l Bombers 

2 Lo w-leve l Torpedo Pla nes 

3 Dive Bombers a ttacking Own Ship 

4 D ive Bombe rs attacking other ships 
(when the vertica l component of 
T a rget S peecl d nes not exceed - 250 
knots). 

The Compute r may a lso be used for a nti 
a ircra ft ba rrage fire by the 5" guns, or by 
the ma in ba tte ry guns. 
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Surface and land targets 
The Computer also computes accura te gun 
orders for Continuous or Selected Fire 
against a ll types of surface targets: 

, 
1 Other ships, destroyers, cruisers, etc. 

2 High-speed torpedo boats which travel 
a t speeds outside the limits of the main 
battery compute rs. 

3 Stationary land targets such as shore 
insta lla tions, and moving land ta rgets 
suc h as ta nks. 

The Computer may a lso be used for bar
rage fire aga inst a surface target both. by 
the 5 " guns and the main battery guns. 

Types of SELECTED FIRE 

Two kinds of Selected Fire a re possib le in 
thi s system: 

1 Selected Level Fire, in which the value 
of Level may be se lected at eithe r t he 
Director o r the Stable E lement. 

2 Selected Cross-level Fire, in which t he 
value of Cross-level is always selected 
a t the Stable Element. 

I n Se lected Level Fire against a su rface 
target the Computer M a rk 1 can produce 
gun orde rs without D irector inputs. 
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DIRECTOR CREW 

COMPUTER CREW 
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AUTOMATIC FIRE CONTROL in the 

The Gun Director rvlark 37 System is referred to as a system 
of Automatic Fire Control for continuous fire. H owever, it is 
important to rea lize that it falls considerably short of com
pletely automatic fire control. It falls short in ways which 
require skill in operat ion. The role of the operating personnel 
in the Mark 37 System is not predominantly stand-by or in 
any sense auxiliary. Their f!lnctions are vitally important just 
because the System does leave gaps which must be filled in by 
the operating personnel. 

H ere is a list of the main functions of a fire control system, 
showing which functions are accompl ished automatically in the 
Gun Director Mark 37 System, and which require manual op
e ration by the crews. 

1 Locating the target 
There are two methods of locating targets in the Gun Director 
Mark 37 System, optical and radar. Neither of these is a uto
matic. Both systems depend on observation by the operating 
personnel. The use of either system is a matter of discretion on 
the part of the officer in charge of the Director. 

2 Tratking the target . 
Tracking is far from automatic. The sights must be kept on 
the T arget by the Pointer, Trainer and Range Finder Operator, 
aided by some outputs from the Computer. 

3 Communicating information 
In the Gun Director Mark 37 System most information is com
municated automatica lly by synchro transmission. Estimated 
values, however, are transmitted by phone. 

4 Correcting the target motion estimates 
The Mark 37 System has no way of measuring T arget Motion 
directly. The Computer crew puts the estimates of Target M o
t ion into the Computer, a s va lues of the H orizontal Target 
Speed, Target Angle, and Rate of Climb. The Computer com
putes Relative Motion Rates and uses them to generate changes 
of Range, Elevation, and Bearing, w hich it compares with the 
Observed Changes of these three quantities. The differences 
between the Genera ted and the Observed Changes of each of 
these quantities are used by the Computer t o correct the esti
mated values of Target M otion. 
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GUN DIRECTOR MARK 37 SYSTEM 

When the T arget Motion values are correct, the Computer will 
automatically generate Changes of Range, Elevation, and 
B earing which will be equal to the Observed Changes. 

The process of using the difference between the Generated and 
the Observed Changes of Range, Elevation, and Bearing to cor· 
reet estimated T arget Motion is ca lled Rate Control. It is the 
main job in operating the Computer. Correcting these esti
mates requires ski ll on the part of Computer Operators, and 
knowledge of how the fire control problem is solved in the Com
puter M ark 1. 

After Rate Control is completed , the target values are correct 
and the Computer a utomatically computes correct Relative 
Motion Rates and generates correct Changes of Ra nge, Eleva
tion, and Bearing, which keep the Director sights on T arget 
AS LONG AS THE TARGET CONTINUES IN THE SAME 
DIRECTION AT THE SAME SPEED. 

As soon as the Target changes its course or speed, Rate Con
trol must be started all over again. 

5 Prediding 
Prediction is automatic in the Computer M ark 1 except for 
two hand inputs. These two inputs are the value of Initial 
Velocity, and the va lue of Dead Time. Dead Time is time be
tween the setting of the fuze and the firing of the gun. 

6 Stabilizing the guns and the director 
The stabi lizing of both the Director sights and the guns is full y 
automatic in the Director Mark 37 System. 

7 Pointing the guns 
Pointing the guns in response to signals from the Computer 
can be fulJy automatic. 

8 Setting the fuzes 
Fuzes are set automatically by the Automatic Fuze Setter. 

9 Loading the guns 
The projectiles must be taken from the setter and loaded into 
the gun by hand. 
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of the COMPUTER MARK 1 
The Comp uter M ark 1 has three ma in jobs. The fi rst is to COf

rect the estimated inputs of H orizonta l T a rget Speed, T a rget 
Angle, and R ate of C limb and so esta blish th ree correct R ela 
t ive Motion R ates. T his job can be called establishing the cor 
rect R elativ e M otion R ates and is done in the Tracking Section. 
The second main job is to compute two lead angles and a fuze 
order which wi ll keep t he guns pointed so t ha t the projectile 
and T arget will meet a t the end of the Time of Flight. These 
computation s may be called establishing the Line of Fire 
from a horizonta l deck. This second job is done by the P re
d iction Section. 
The thi rd ma in job is to stabilize the Line of Fire. This is done 
by t he T runnion Til t Sect ion, which computes corrections to 
offset the effect of t ilt of the gun trunnions on the Line of Fire. 
There a re four sections in the Computer M ark 1 : 
1 THE TRACKING SECTION 
2 THE PREDICTION SECTION 
3 THE TRUNNION TILT SECTION 
4 THE PARALLAX SECTION 
The Tracking Sect ion can be divided into five groups: 
1 The D eck Tilt G roup 
2 The R e lative M otion Group 
3 The Integrator G roup 
4 The Ra te Cont rol Group 
5 The Synchron.ize Elevation Group 
The P a ra llax Corrections a re not included in the Gun Orders 
but are tra n smitted sepa ra te ly to the guns. 
This grouping of t he sections is merely a funct iona l grouping. 
The mecha nisms tha t form each section a re actua lly scatte red 
throughout the Compute r. The d iagrams tha t show these sec
tions a re a lso fu nctional a nd do not show the actua l posit ions 
of the mecha nisms, sections, or groups in the Computer. 

• 
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THE TRACKING SECTION 

The Relative Motion Group of the Computer Mark 1 com
bines the motions of Own Ship and the Target into three rates 
of Relative Motion in relation to the Line of Sight. 

The Integrator Group uses these rates to generate changes of 
Target Position in Range, Elevation, and Bearing. These 
changes are continuously transmitted to the Director to posi-
tion the telescopes and the Range Finder. -

If the generated values of Target Position do not keep the 
sights on the Target, the operators in the Director press their 
Rate Control keys and turn their handwheels to keep the sight~ 
on the Target. 

The turning of the handwheels in the Director with the Rate 
Control keys closed sends Rate Control corrections to the 
RATE CONTROL GROUP in the Computer. 

The Rate Control Group converts these Range, Elevation, and 
Bearing rate corrections into corrections to the values of Tar
get Motion, and puts the corrected values of Target Motion 
into the Relative Motion Group. The values of Target Motion 
in the Relative Motion Group initially were estimates made 
by the Control Officer. 

The Deck Tilt and Synchronize Elevation Groups are each 
used to refer one value from the deck plane to the horizonta l 
plane. The Deck Tilt Group computes the correction neces
sary to convert Director Train ' in the deck plane to Relative 
Target Bearing in the horizonta l plane. The Synchronize Ele
vation Group converts Director Elevation above the deck to 
Target Elevation above the horizonta l. 

THE PREDICTION SECTION uses the three Rela tive Mo
tion Rates to compute the amount the guns must lead the Tar
get. It computes two lead angles ~nd a fuze setting order. 

The Lead Angles include computations for the change in Tar
get Position while the projectile isjn the air and for the projec
tile's curved path. To obtain the Lead Angles, the Prediction 
Section computes the Target Position at the end of the Time 
of Flight and corrections for the effect of gravity, drift, wind, 
and changes in initial velocity on the projectile path. 

The Fuze Setting Order includes a correction for the change 
in Range during the time the projectile is being loaded. 

THE TRUNNION TILT SECTION computes corrections for 
the effects of pitch and roll on the gun trunnions. The lead 
angles and the Trunnion Tilt Corrections are combined with 
Director E levation a nd Trai n to form the two Gun Orders. 

THE PARALLAX SECTION computes Train and Elevation 
Parallax Corrections for a horizontal distance of 100 yards 
along the fore and aft axis. These two P a rallax Corrections 
may be transmitted separately to the guns and Directors. Each 
gun or Director may use a fraction of each correction according 
to its distance from the R eference Point. 
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A SIMPLIFIED ACCOUNT OF TRACKING, 
PREDICTION, AND STABILIZATION 

~ •.••...... 
• "PtlONE • • • • 

~ • • • • 

TRACKING the TARGET 
It is easier to understand how t he Computer tracks a Target 
and computes gun orders if Own Ship is first considered as 
being steady, that is, as if Own Ship were neither pitching nor 
roll ing but had its deck horizontal a ll the time. 

On a steady horizontal ship, the D eck Tilt Group, Trunnion 
Tilt Section, a nd t he Stable Element may be disregarded. Since 
Parallax Corrections are not included in the Gun Orders, the 
Para llax Section may also be left out for the mome nt. With 
the d eck horizonta l, only two sections are needed in order to 
go through tracking and the computation of Gun and Fuze 
Orders. 

The two sections needed are the Tracking and Prediction Sec
tions. In the Tracking Section the Deck T ilt and Synchronize 
Elevation Groups may be disregarded at this time. 

DIRECTOR 

T his sc hematic shows tlOW th e val ues Row be
ng Section. tween the Director and the Tl"a cki 

and to the Prediction Section. . 
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1 When a Target is sighted, the Trainer, Pointer and Range 
Operator in the Director immediately pick it up and con
tinuous ly measure its Position in Range, R , E levation, Eb, 
and Director Train, 8 ' r. These three quantities, R, Eb, and 
B ' r, are transmitted electrically to the Computer. 

2 The values of Target Motion are estimated by the Con
trol Officer and phoned down to the plotting room, where 
they are set into the Tracking Section by hand by the Com
puter Crew. The Target Motion values are: Target Hori
zontal (Ground) Speed, Sh, Target Angle, A, and Rate of 
Climb, dH. 

In addition to the Target Posit ion va lues and Target Mo
tion va lues, the Tracking Section receives the values of 
Ship Speed, So, and Ship Course, Co. 

3 With these three groups of inputs the Tracking Section 
goes to work. The Relative Motion Group combines Ship 
and Target M ot ion into three linear Relative Motion 
Rates: Range Rate, dR, along the Line of Sight, Eleva
tion Rate, RdE, perpendicular to the Line of Sight in the 
vertical plane, and Deflection Rate, RdBs, at right angles 
to the Line of Sight in the horizontal plane. 

The Integrator Group uses these Relative M otion Rates to 
generate continuous Changes of Target P osition: Generated 
Changes of Range, 6 cR, Generated Changes of Director E leva
tion, 6 cEb, and Generated Changes of Director Train, 6 cB'r. 
These three quantities are continuously transmitted to the Di
rector. If they keep the sights on the Target , the Relative Mo
tion Rates are correct and the estimates of Target Motion are 
correct. 

It is impossible to estimate the exact speed and direction of a 
plane. At the beginning of tracking, the generated quantities, 
which are based on these estimates, seldom keep the sights 
on Target. 

If the sights do not stay on the Target, the estimates of Target 
Motion need correction. The Trainer, P ointer, and Range 
Operator turn their handwheels to bring the sights back on the 
Target. 

By pressing their Rate Control keys as they turn the hand
wheels, the Director Crew automatically transmit R ate Con
trol signals down to the Computer. These signals allow cor
rections to go into the Rate Control Group. 

The Rate Control Group a nalyzes these Rate Control Correc
tions and decides how much the Target Motion estimates must 
have been wrong to have caused the errors in the generated 
val ues. The R ate Control Group then computes a set of more 
nearly correct T a rget M otion values. 

When the Generated Changes of Target P os ition, 6 cR , 6 cEb, 
a nd 6.cB 'r, keep the sights on Target , a traCking solution is 
reached, and the Computer Crew know that the Target M o
tion values are correct. The Relative M otion Rates going into 
the Prediction Section are also correct and will result in ac
curate predictions. 
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NOTE, 
In the General Deljcription. 
the Pointer's and Trainer 's 
Handwheels and Range Op
erator's Range Knob are all 
referred to as "handwheels." 
Similarly. the Poin ter's and 
Trainer's Signal K eys and 
Range Operator's Signal But · 
ton are re ferred to as "signal 
keys." 
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A summary of 
the tracking (yde for a horizontal deck 

30 

In the Gun Director Mark 37 System, tracking on a horizonta l 
deck can be divided into the following operations: 

1 L ocating a T a rget and keeping the Director sights on it in 
order to measure T a rget P osition a nd transmit this posi
tion continuously to the Computer. 

2 E stimating the speeds a nd directio n of T a rget M otion and 
using these estimates a lo ng with other qua ntities, to com 
pute approximate Rates of Re lative Motion. 

3 Using the a pproximate Ra tes of R e lative M otion and other 
quantities to generate continuous Changes of Target P osi
tion. 

4 U sing the Ge nerated Changes of T arget Positio n to posi
tion the Director sights. 

5 Comparing the Observed Changes of Target Position, from 
the Director. with the Generated Changes of Target P osi 
tion from the Computer. 

6 Using the difference between the generated and observed 
values in the Computer to correct the estimates of Target 
M otion. 

When a so lution has been reached and t h e estimates of T arget 
M otion are correct , the Ge nerated Changes of T a rget P os ition 
drive the sights and R a nge Finder automatically. T he Director 
sights then remain on Target even though the T a rget is tempo
ra rily out of sight . The guns can be fired accu rately eve n 
though the Target is obscured. As long as the T arget continues 
at the same speed and in the same straight line, the sights will 
be on t he Target when it reappears. 

The regenera tion of quantities between the Director and Com
puter is such that. before a solution is reached, the Observed 
Changes of Ra nge, Elevation, and Director Tra in, going to the 
Computer consist of the Generated Changes of those three 
quantities, plus a ny corrections the Di rector Crew put in by 
hand to keep the sights on T a rget. After a solution has been 
reached, the Observed Changes consist en tire ly of the Gener
ated Changes, no handwheel corrections being necessa ry. 
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Establishing the LINE OF FIRE 

PRE DIC TED 
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POSITION 
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POSITION 

PRE SE NT 
lA,RGEl 
POSITION 

PREDICTED 
TARGET 

" POSITION , 

The Re la tive M otion R a tes from t he 
Tracking Sect ion a re used in t he Predic
tion Section to compute the Lead Angles. 
The Lead Angles a re the a ngles in Eleva
tion and D eflection by which the gun must 
lead the Target in order to m a ke a hit. The 
Line of Fire is t he line a long which t he gun 
must be pointed. 

The Prediction Section computes two types 
of predictions to obta in the Lead ~ngl es: 

1 Relative M otion Pred ictions 
2 Ba ll istic Predictions 

The R e la tive M otion Predictions dete r
mine the T a rget 's position rela tive to Own 
Ship a t the end of the Time of F light by 
computing T a rget travel during the time 
the projectile is on its way. T he Prediction 
Section uses the three R e la tive M otion 
R a tes and a computed Time of Flight, TI, 
t o obta in the Predicted T arget P osit ion in 
R a nge, E levation, and Bearing. 

The gun cannot be a imed a t this Predicted 
T a rget P osition because the projectile fol 
lows a curved pa th. The projectile curves 
downwa rd a nd over to one side a s a result 
of t he combined e ffects of gravity, drift, 
wi nd, a nd initia l velocity. There fore addi
tional corrections are needed, which a re 
ca lled Ballistic Predictions. The Ballistic 
P redictions determine the a mount the guns 
must be offset from the Predicted T a rget 
P osition to a llow for the curva ture of the 
projecti le pa th . 

By com bining the Relative M otion a nd 
Ballistic Predictions, the Prediction Sec
tion establishes two Lead Angles which 
dete rmi ne a Line of Fire. P roject iles fi red 
a long this P red icted Line of F ire will hit 
the T arget at t he end of t he ti me of pro
jectil e fl ight. 
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The Relcttive M otion Prediction in Eleva
tion combined witli. the Ba ll ist ic Prediction 
in Elevation gives the Elevation lead a ngle, 
ca lled Sight Angle, Vs. 

On a steady horizontal deck, Sight Angle 
Vs, p lus Director E levation, Eb, is the GUll 
Eleva tion Order, E' g. 

The Relative M otion Prediction in Train 
combined with the Ballistic P rediction in 
Train is the Deflection lead angle, called 
Sight Deflection, Ds. 

Since Ds is computed in a slant plane it 
must be corrected to the deck plane before 
it can be used in the Gun Train Order. 

On a steady horizontal deck, Gun T rain 
Order, B 'gr, is made up of Sight Deflection, 
Ds, corrected to the deck p lane, plus Direc
tor Train, B 'r. 

Ds is actua lly measured in a slant plane 
somewhat above or below the e levation of 
the Line of Sight. 

The Computer Mark 1 does not compute 
the T a rget M otion and Ba llistic Predic
tions separately and add them. Instead, to 
save mechanisms, it computes them to
gether. 
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How the sections work together 
This schematic shows how the Tracking and Prediction Sec
tions of the Computer are connected to one another and to the 
Directo r and guns. Only the sections used in the computation 
from a horizontal deck a re shown in this diagram . 

. 

DIRECTOR 

a .. ••••••••••• • PHONE 

• ..::-- R .... TE CONTROL SIGNALS • • • RATE CONTROL 

• CORRECTIONS 

• RANGE 'dO 
fLEVATtON jf • BEARING '" • .1 • • GENERATED CHANGES • : .. J ESTIMATED 

O~ TARGET POSITION 

TARGH MallON CHANGES Of 

GWUND SPEW Sh ~ R"NGE M 

1 CLIMB " CHANGES Of 
ANGLE , ELEVATION l>ce 

CH"NGES Of 
TII"IN L.e", 

oaSUVED f LINEAR RATH Of 
TARGET POSITION RElATIVE MOTION 
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The va lue of Time of Flight, T t, wh ich is used in t hese pre
dictions is the time the projectile will take to reach the Pre
dicted T arget P osition. Advance R ange, R 2, is approximately 
the Range to the predicted position of the Target . Predicted 
El evation, £2, is app roxi mate ly the Elevation to the predicted 
position of the T arget. T o compute a ~alu e of Time of Flight , 
Tf, both R 2 a nd £2 must be used. After R2 and £2 have been 
approximate ly computed in the Prediction Section, they are 
used aga in as INPUTS to this section to compute val~es of 
Time of Flight and othe r ballistic quanti ties. 
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Because they are both outputs from and inputs to the: Predic
tion Section, R 2 and E2 are called regenerative quantities. 

R 2 and £2 a re quantities used only for computations within the 
Computer. They are not outputs to the guns or the Fuze Setter. 

The Fuze Sett ing Order, F . is computed by a ballistic cam in 
the Prediction Section and is transmitted e lectrica lly to the 
automatic Fuze Setter Indica tor Regula to r a t the gun mounts. 
Gun Orde rs are tra nsmitted e lectrica lly to the Indicator Regu
lators in the mounts. The Lead Angles go to the gun sights. 
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HORIZO N TAL 

STABILIZATION 
So far the Trunnion Tilt Section and the Deck Tilt and Syn
chronize Elevation Groups have not entered the discussion be
cause the Ship was assumed to be .;teady and horizontal. Now 
they must be fitted into the pattern of Computer M ark 1 com
putations. 

On a pitching and rolling ship there are three main needs for 
stabi lization: 

1 The values of Director Elevation and Director Train from 
the Director must be stabili zed. or corrected for the io
clination of the deck, before they can be used by the Track
ing Section of the Computer. The pitching and rolling of 
the deck cause the 'Va lues of Director Elevation and Train 
to vary. since they are measured from the tilting deck plane. 
These va lues have to be referred to the horizonta l plane 
before they can be used for computations, since the Track
ing and Prediction Sections of the Computer compute for 
the horizontal plane. 

PLANE 2 The generated values sent by the Computer to the Direc-

PLANE AT RIGHT 

tor to keep the Director sights on Target must also be cor
rected to allow for the inclination of the deck. 

ANGLES TO DECK 3 The Gun Orders must include corrections to a llow for the 
AND AT RIGHT 
ANGLES TO PLANE tilt of the gun trunnions due to inclination of the deck. 
THROUGH LINE OF 
SIGHT 

CROSS-lEVEl Zd 

HORIZONTAL 
PLANE 

The quantities used in stabi lizing are Leve l, L, and Cross-Level, 
Zd. These quantities are the measurements of deck inclination 
in and at right angles to the plane through the Line of Sight. 

Leve l, L, is the angle between the deck and the horizontal 
plane, measured in the ve rtica l plane through the Line of Sight. 

Cross-level, Zd, is the angle between the deck plane and the 
horizontal plane measured in a plane at right angles to the 
vertical plane through the L ine of Sight and at right angles 
to the deck. 

Both Level and Cross-level are measured by the Stable Ele
ment. The Stable Element mechanism is positioned by the 
value of Director Train , B'r, from the Computer, so t.hat the 
Stable Element can a lways make its measurements in re lation 
to the vertical plane through the L ine of Sight. 
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Stabilizing elevation 
Since the base of the Director is a lways para lle l to the deck, 
the who le Director rolls and pitches with the deck, and the 
measurements made from the Director sights are in or from 
the deck plane. 

Director Elevation, Eb, is the e levation of the Line of Sight 
above t he deck. Eb is continuously increasing a nd decreasing 
as the deck pitches a nd rolls. F or computation, Target E leva· 
vation, E, above the HORIZONTAL is needed. E varies only 
as the actual eleva tion of the T a rget c ha nges. E is used in com· 
puting R elative M otion Rates, since these rates are computed 
in rela tion to the horizonta l plane. 

To obta in T arget Elevation, E, the changing value of Level, L, 
is continuous ly subtracted from Director Elevation, Eb. 
Eb - L = E. This subtraction takes place in the Synchronize 
Elevation Group. Eb from the Director and L from the Sta ble 
Element are the inputs to this group. The output is E, which 
goes to the R elative M otion Group. 

Zd is used to stabilize the Director sights in Cross-level and is 
always sent directly from the Stable Element to the Director. 
The refore, the Director measures Eb in the vertical p la ne 
through the Line of Sight. 

Changes of Target E levation, 6 cE, are generated by the Inte
grator Group, using the Linear E levation Rate, RdE, obtained 
from the R elative M otion Group. 6 cE positions the Director 
sigh ts to fo llow the cha nging e levation of the Target, but 6.cE 
a lone cannot keep the sights on Target because of the rolling 
and pitching of the deck. The value of Level, L, which was 
subtracted from Eb to obtain a value of E must now be con
tinuously added to !::. cE to compe nsat e the sights for the mo
tion of the deck. !::.cE + L = 6.cEb. 6 cEb is the Generated 
Changes of Director E leva tion. 

A function of Cross- level, Zd/ 30, is a lso added. Zd/ 30 permits 
Cross-level Corrections to be made without Rffecting Director 
Elevation. 

L + Zd/30 is usually added to 6 cE in the Computer and the 
whole value of w cEb + Zd/ 30 is transmitted to the D irector 
by one transmitte r. 

In some insta llations L 1 Zd/30 goes up directly from the 
Stable Element. 6.cE goes up a lone from the Compute r a nd is 
added to L + Zd/30 in the Di rector. 
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Stabilizing relative bearing 

" 

VERTICAL PLANE 
THROUGH LINE 
OF SIGHT 

FORE AND 
AXIS 

Director Train, 8'r, is the angle measured in the deck plane 
from the bow of Own Ship clockwise to the vertical plane of 
the Line of Sight. When the deck is tilting, the Director must 
be' continuously trained back and forth in order to keep the 
Line of Sight on the Target. Therefore B 'r is continuously in
creasing and decreasing as the Ship rolls and pitches. This 
change in B'r due to deck tilt is difficult to visualize. It will be 
described in detail later in the chapter on Deck Tilt. 

For computation in the Tracking Section, the value of Relative 
Target Bearing in the horizontal plane, Br, is needed. The cal
culated difference between Br and B 'r isa Deck Tilt Correction 
called jB'r. Br is produced by adding jB'r to the measured value 
of Director Train, B 'r. 

B 'r + jB'r = Br 

) 
DECK 

~ ) TILT 
COMPUTER 

D eck Tilt Correction, jB'r, is computed by the D eck Tilt Group. 
The job of the Deck Tilt Group is to use L , Zd, and B 'r to pro
duce this one correction, jB'r. 

jB'r is also used to convert the Generated Changes of Relative 
Ta rget Bearing, D.cBr, computed by the Integrator GroUp, to 
Generated Changes of Director Tra in. !:J. cB'r. The Deck Tilt 
Correction, jB'r, is continually subtracted from 6 cBr to obtain 
6 e8 'f. 

D.cBr - jB'r = 6 eB ' r 

6 cB 'r is the quantity required to keep the Director sights 
trained on the Target. 
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Stabilizing the guns 
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PROJECTilE BURSTS ON TARGU. 

To prevent the guns being thrown off Target by the pitch a nd 
roll of the deck, continuous corrections are made to the Gun 
Orders, in Elevation and in Tra in. 

These corrections are included in the two outputs from the 
Trunnion Tilt Section, Vz and Dd. 

Vz is a correction to gun elevation to offset the tilting of the 
trunnions. Vz is subtracted from Director Elevation, Eb, plus 
Sight Angle, V 5, to give Gun Elevation Order, E'~. 

Eb + V s - Vz = E'g 

Dd is different from Vz. Instead of just correcting the Gun 
Train Order for Trunnion Tilt, Dd includes the whole Deflec
tion Prediction, Ds, brought down to the deck plane, plus a 
train correction for Trunnion Tilt. Dd is the total deflection in 
the deck plane. 

Dd is added directly to Director Train, B 'r, to obtain Gun Train 
Order, B ' gr. 

B'r + Dd = B 'gr 

FUTURE TARGET POSlTION IN TRAIN 

GENERAL DESCRIPTION 

DECK 
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This schematic shows how the stabilizing sections 
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GENERAL DESCRIPTION 
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GENERAL DESCRIPTION 

A MORE DEY AILED ACCOUNT OF TRACKING, 
PREDICTION, AND STABILIZATION 

In the simplified account of tracking, prediction, and stabiliza
tion, the mechanisms were handled in groups and only the 
quantities comprising the inputs and outputs of the sections 
and groups were discussed. 

In the more detailed account which follows, each mechanism is 
shown separately and most of the intermediate quantities com
puted inside the sections are introduced. 

The quantities not covered in this account are included in the 
Detailed Description of the Computer Mark 1 in Part 3 of 
this OP. 

The inputs to the tracking section 
When a target is sighted, the Director Crew puts the telescopes 
and Range Finder on it, and the values of Range, R, Director 
Train in the deck plane, B 'r, and Director Elevation above the 
deck plane, ~b, are transmitted automatically to the Computer. 

Observed Range, R, goes to the Range Receiver in the Rate 
Control Group and will be discussed la ter. 

Director Train, B'r, is transmitted to the B 'r Receiver in the 
Computer. Director Train is needed in the ;Relative Motion 
Group, but first it must be converted to the horizontal plane. 
B't therefore goes from the B't Receiver to the Deck Tilt 
Group. 

In the Deck Tilt Group, B 't, L, and Zd are used to compute the 
Deck Tilt Correction, jB't. The Deck Tilt Group consists of a 
component solver and two multipliers. These three mecha~ 

nisms are needed to produce the one output, jB'r, which is 
added t o B 'r t o obtain Bt, R elative Target Bearing in the hori· 
zontal plane. 

Br then goes to the Relative Motion Group. 

Eb from the Director goes to the Eb Receiver in the Computer, 
and from there to the Synchronize Elevation Group. where L 
is subtracted from Eb, giving E. The Synchronize Elevation 
Group, which consists of an arrangement of differentials and 
brakes, sends the value E to the Relative Motion Group, and 
also to other sections of the Computer. 

The values of Target Speed, Sh, Target Course, Ct, and Rate 
of Climb, dH, are estimated by the Control Officer in the Direc· 
tor, phoned down to the plotting room and crank~d into the 
Relative Motion Group as Sh, A, and dH. 

The remaining inputs to the Tracking Section are Ship Speed, 
So, and Ship Course, Co. So is transmitted eleCtrically from 
the Pitometer Log to the So Receiver in the Relative Motion 
Group. Co is transmitted electrica lly from the Gyro Compass 
to the Co Receiver. 
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Computing RELATIVE MOTION rates 

44 

HORIZONTAL PLANE 

VERTICAL 
PLANE OF 
SIGHT 

The Relative M otion Group contains a bank of four component 
solvers. 

The Ship Component Solver takes Ship Speed, So, and Rela
tive Bearing, Br, and computes the horizontal components of 
Shi p Motion in and at right angles to the plane of sight. 

The components are called Xo and Yo. 

The Target Component Solver breaks down Target Speed, Sh, 
using Target Angle, A. 

The T arget Motion components are called Xt and Yt. 

The Component of Ship Motion, Yo, is added to the Compo· 
nent of Target Motion, Yr, to give the linear Horizontal Range 
Rate, dRh. dRh is the combined motion of Ship and Target 
a long a horizontal projection of the Line of Sight. 

The two horizontal components, Xo and Xt, at right angles to 
the vertical plane through the Line of Sight are added to give 
toto l linea. Deflection Rate, RdBs. 

SHIP 

SOLVER 
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Direct Range Rate, dR, and Linear Elevation Rate, RdE, are 
computed from components of Horizontal Range Rate, dRh, 
and Rate of Climb, dH. 

dRh and T arget E levation, E, go into the dRh Component 
Solver. The outputs of this solver are the components of dRh 
along and at right angles to the Line of Sight in the vertical 
plane through th\? Line of Sight. 

The dH Component Solver breaks up dH and angle E into com~ 

ponents, also a long and at right angles to the Line of Sight in 
the vertical plane through the Line of Sight. 

The components from each of these so lvers lying a long the 
Line of Sight are t hen added to give Direct Range Rate, dR. 
Direct Range Rate, dR, is the rate at which the Ship and T arget 
are approaching or going apart from each other along the Line 
of Sight. It is the rate at which the Range is changing. 

The two components at right angles to the Line of Sight make 
up Linear Elevation Rate, RdE, the combined Ship and Target 
speed a t right angles to the Line of Sight in the vertical plane. 

The Relative M otion Group computes these three Relative 
Motion Rates: dR, RdE, and RdBs. 

dOh \ COMPON'NT 

I ) SOlVER 

=x ~ dH I ) 
COMPONENT / SOLVER 

GENERAL DESCRIPTION 

, 
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INTEGRATOR GROUP 

The Integrator Group has the job of gener
ating continuous changes of Target Posi
tion. It computes Generated Changes of 
Range, 6 cR, to drive the Generated Range 
Dials in the Computer and the Range Find
er in the Director. 

To drive the Generated Elevation and 
Bearing Dials the Integrator Group com
putes the Generated Changes of Target 
Elevation, !::::. cE, and Generated Changes 
of Relative Target Bearing, 6 cBr. 

To position the Director sights the Group 
also computes Generated Changes of Di
rector Elevation, 6 cEb + Zd / 30, and Gen
erated Changes of Director Train, 6 cB'r. 

The Integrator Group contains five disk 
integrators and two computing cam units. 

Generating changes ' of range 
The calculation of Range changes is fairly simple and IS ex· 
plained in detail in OP 1 140. 

m 

) R"'NGE 
f lNOER 

RANGE 

) 
INTEGRATOR 

The Range Integrator continuously multiplies the Range Rate, 
dR, by Time, T, to produce a continuous flow of increases or 
decreases in Range during the periods of Time, T. These 
changes in Range, 6 cR, are continuously added to t he Initial 
R ange Setting', jR, to produce the P resent Generated Range, 
cR , at any moment. 

6 cR positions the Range Finder in the Director. 

RESTRICTED 

www.tinyurl.com/slover


Generating (hanges of elevation 
Generating cha nges of Ele va tion a nd Bear
ing is a little more complicated than gen
era t ing changes of Range, because the 
cha nges of E levation and Bearing a re AN
GULAR cha nges. They are the cha nges 
t ha t the sights must ma ke in Eleva t ion 
a nd Tra in to stay on the Target . 
The Ge nerated Cha nges of Eleva tion, 
6 cE, a re ca lcula ted as fo llows: 
E levatio n R ate, RdE, mul tiplied by Time, 

GENERAL DESCRIPTION 

T , gives the linear Elevation change d uring ~ro.::~--"71It---'"7It"---:::>1~~~::o'~. 
the Time, T . RdE X T divided by t he 
Ra nge, cR , gives a ngula r change in Eleva
tion in radians, 
The Genera ted Angular Elevat ion Cha nge, 
6 eE, is the refo re computed for each suc
cess ive instan t of Time a s R dE X T / eR 
6 cE is computed in three mechanisms. 
A reciproca l cam computes continuous va l
ues of 1 feR. The changing values of 1 f eR 
are multip lied by Time, T, in the l / eR In· 
tegra tor to give continuous values of 
T / cR. Then the va lues of T f cR a re multi· 
'plied by the Ele va tion Ra te, RdE, in the 
Elevation Integrator, to give continuous 
values of RdE X T f eR , which a re the Ge n· 
erated Cha nges of E levat ion, 6 cE. 
fl cE continuously positions the Ge nerated 
E leva tion Dia ls in the Rate Control 
Group. 

1 

To 
CAM 

eR 

AN GULAR 
CHANGES OF 
ELEVATIO N 

SHIP 
- '-"'- STATIONARY 

INTEG RATOR 

ElEVATIO N 

INTEG RATOR 

L + Zd/ 3 0 is added to 6 cE , giving 6 cEb + Zd/ 30. 6 cEb 
+ Zd/ 30 is continuously transmitted to t he Director sights. 
The va lue of L compen sa tes the sights for the e ffect of Le ve l. 
The value Zd/ 30 pe rmits Cross-leve l Corrections to be made a t 
the Director without affecting Director Eleva tion. 
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Generating (hanges of dire(tor train 
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Computing the Generated Changes of Dj· 
rector Train requires more mecha nisms 
than computing Generated Changes of 
Elevation. These Director Tra in incre
ments must not only be ANGULAR incre
ments but they must a lso be converted to 
the deck plane. Since the D irector trams in 
the deck plane, Generated Changes of True 
Bearing in the horizontal plane, 6 cB, are 
computed a nd then converted, first to Gen
era ted Changes of Relative Bearing, 6 cBr, 
a nd then to Ge nera ted Changes of Director 
Train, 6 cB'r. 

The Generated Angular Changes of T rue 
Bearing in the horizontal plane, 6 cB, are 
computed like b eE except tha t cR j Sec E 
is used instead of cR. This is necessary to 
conve rt from the slant plane of the L ine of 
Sight to the horizontal pla ne. 

/'; RdBs X T RdBs X T 
cB = H orizontal Range cR / Sec E -

RdBs X T X Sec E 

cR 

In the Computer, the equation is solved in 
th is order: 

1 cR X T X Sec E X RdBs = /'; cB 

BEARING 
INTEGRATOR 

Own Ship Course, Co, is subtracted from 6 cB to take out the 
effect of a change in Own Ship Course. The new quantity ob
tained is the Generated Changes of Relative Bearing in the 
horizonta l plane. 6 cBr. 

6 cB - Co = 6 cBr 

D eck Tilt Correction, jB'r, is subtracted from 6 cBr to correct 
it for the effect of deck inclination. The new quantity is the 
Generated Changes of Director Train, 6 cB'r. 6 cE!' r keeps the 
Director sights on T a rget in t ra in regardless of c hanges in Own 
Ship Course and deck inclination. 
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GENERAL DESCRIPTION 

Here are all the inputs and outputs of the integrator group 
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The RATE CONTROL GROUP 
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The functi on of the Rate Control Group is to correct the esti
ma ted values of Sh, dH , and A. 

All the va lues needed by the C o mputer in tracking and in com
puting Gun Orders a re availa ble, except the values of T arget 
Speed, Target Angle, and Rate of Climb. Target P osition can 
be continuously measured ; Own Ship Speed and Course a re 
known ; wind, deck inclination, and all the other necessary quan
tities can be measured. But Target Motion has to be est imated. 

Even a very experienced man cannot make accurate estimates 
at long ranges, a nd the estimates, therefore, always have to be 
c h eck ed and corrected. 

The Relative Motion Rates a re computed from known values 
of Own Ship M otion, known values of Target Position, and 
estimates of Target M otion. When the Target Motion estimates 
a re correct , the Relative M otion R ates will a lso be correct . The 
process of correcting T arget Speed, T a rget Angle and Rate of 
Climb is therefore ca lled " R ate Con trol." 

The method ot co rrecting the T arget M otion estimates is this: 
Fi rst the R elative M otion Group computes Relative M ot ion 
Rates based on the estimates. Then the Integra tor Group ·uses 
these ra tes to generate continuous changes of Target P osition. 
T hese generated changes a re coml=!a red with observed changes, 
and the differences between generated a nd observed changes 
are used to correct the est imates. 

The job of the Rate Control Computing M echan ism is to an
alyze the differences between Observed Ra nge a nd Generated 
R a nge, between Observed Elevation and Generated Eleva tion, 
a nd between Observed T a rget Bearing and G enera ted T arget 
Bea ri ng; to determine wha t errors in T a rget Speed, Sh, T a rget 
Angle, A , a nd R ate of Climb, dH , were responsib le for the dif
ferences, and to correct these errors. 
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GENERATED 
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~f-f~~ BEARING 

OBSERVED 
RANGE 

_-i'. GENERATED 
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Both GENERATED and OBSERVED changes of Range, Bear~ 
ing and Elevation show on dials on the top front section of the 
Computer Mark l. 

In Elevation and Bearing, the outer dials, fine and coarse, are 
positioned by the observed quantities in the horizontal plane, 
E and Br. The inner fine dials are positioned by the generated 
Yalues, 6.cE and !:::" cBr. 

In Range the dials are arranged in the opposite way. The 
INNER dials are positioned by Observed Range, R, the outer 
dials by Generated Range, cR. 

The Rate Control Group consists of the Range, Elevation, and 
Bearing Dials, a system of locks, clutches, and follow~ups, and 
the Rate Control Computing Mechanism. The Rate Control 
Computing Mechanism consists of four component integrators 
and a vector solver. 

There are several ways of rate~controlling. The two methods 
which make use of the Rate Control Computing Mechanism 
are Automatic and Semi-automatic Rate Control. 

In Automatic Rate Control, corrections are put into the Rate 
Control Computing Mechanism automatically on signals from 
the Director. 

In Semi~automatic Rate Control, corrections are put into the 
Rate Control Computing Mechanism by handcranks at the 
Computer. 

RESTRICTED 

OBSERVED 
VALUES 

OBSERVED 

VAl\ 

GENERAL DESCRIPTION 

010 

AUTOMATIC 
RATE CONTROL 

SEMI·AUTOMA TIC 

~ RATE CONTROl 

\ 
GENERATED 
VALUES 

51 

www.tinyurl.com/slover


COMPUTER MARK I OP 1064 

AUTOMATIC and SEMI·AUTOMATIC RATE CONTROL 

52 

IIA TE CONTROL 
KEY ClOSED 

INTEGRATOR 
GROUP 

Since Elevation and Bearing Rate Control are identical, and 
Range Rate ContlOi is similar to these two, an error in just 
ONE of these quantities will serve to show how a Rate Control 
correction is put into the Rate Control Computing Mechanism. 

Suppose the sights begin to move off in elevation. The Pointer 
turns his hand wheels to bring them on. By turning his hand
wheels, he changes the value of Observed Elevation, E, in the 
Computer. The introduction of this change throws the Observed 
and Generated Dia ls out of synchronism. 

What happens after this depends on the type of operation 
being used. 

I Adt"'1, O~ 'tal m. the Generated and Observed Changes 
of Elevation are continuously fed into a differential which 
compares them. 

As long as the Generated Changes equal the Observed Changes, 
the output of the differential is at zero. 

When the Pointer turns his hand wheels, making a change in 
Observed Elevation, the two sides of the differential no longer 
match. The difference between the two sides, jE, controls a 
follow-up motor which drives the Generated Elevation line 
until it matches the value on the Observed E levation line. 

The amount the follow-up drives represents the Angular Cor
rection in Elevation, jE. 

If the Pointer in the Di rector has his Rate Control Key closed 
as he turns the hand wheels, he closes a clutch in the Computer 
which allows this correction to drive into the Rate Control 
Computing Mechanism as the Linear Elevation Rate Correc
t ion, jEc. 

GENERATED 
elEVATION 

CRANK 

CONTROL SWITCH 
AT AUTO 

jEc 

RATE 
CONTROL 
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I n Semi-automatic Operation. the Pointer in the Director does 
not cont rol the Elevation Rate Correction input line to the Rate 
Control Computing M echanism. This line is controlled by t he 
E levation Opera t or at the Computer. The Elevation Operator 
watches the Elevation Dials. and as soon as he sees that the 
Generated Elevation D ial is turning faster or slower than the 
Observed Eleva t ion Dial , he turns the Generated Elevation 
Crank in its IN position until the dials turn together. By turning 
the c rank in the IN position he is not on ly matching the Eleva
tion Dials but is a lso putting E levation Rate Correction, jEc, 
into the Rate Control Computing Mechanism. 

NOTE: In d escribing R ate Cont rol, the q uantities coming 
from and going to the Director have been referred to 
the horizonta l p lane. The stabi lizing quantities, L and 
Zd/ 30, have been omitted. 

,------------------------.m,---...... 
GENERATED 
ElEVATION 

CRANK 

CONTROL swnCH 
AT ·SEMI.AUTO 

GENERAL DESCRIPTION 

~.v" CLOSED 

jE MOTOR ' ''''~--1 .----, 
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Putting i'n range rate control corrections 

54 

Deflection R ate Control Corrections a re put into the Rate Con
trol Computing M echa nism in exactly t he same way as Eleva
tion R ate Control Corrections. 

Ra nge R ate Control Corrections a re p ut in a little differently. 
All Elevation a nd Bearing lines in the Computer a re driven 
by OBSERVED E levation a nd Bearing, but the Ra nge lines 
in t he Computer a re d riven by GENERAT ED Ra nge. The 
reason for t his is t ha t whi le Eleva tion and Bearing can be meas
ured continuously, the Range F inder can only be focused in
termittently. Generated R a nge is t herefore a more sm ooth ly 
and continuously changing quantity than Observed R ange. 

Because it positions a ll the Range lines, cR has to be very 
accura te. G enerated E leva t ion and B earing must change a t . the 
same ra tes as Observed E levation and Bearing. cR must not 
only change a t t he same rate as R , but also m ust be exactly 
equal to R w henever R is correct . 

When Genera ted R a nge, cR, changes at a d ifferen t rate from 
Observed R ange, R , R ange R a te Control is needed. 

Ra nge Ra te Correct ions going into the R ate Control Comput
ing M echanism a re cont rolled through a mechanism called t he 
R ange Correction Integra tor. 

In Automatic Operation, R and c:R a re com pared a t t he R a nge 
D ia ls. A specia l contact a rra ngement between the dia ls con
t rols a motor which drives t he diffe rence between R a nd cR 
t hrough t he Ra nge Correction Integra tor into the cR line when
ever t he Signa l Key in t he D irector is closed. This linear cor
rect ion to cR is ca lled jR c. 

On the same signa l from the Range Opera tor in the Director, a 
va lue proportiona l to the diffe rence between R and cR is a lso 
driven through a clutch into the Rate Control Computing 
Mechanism, as R a nge R a te Correction, jdR. 

o 
L.r---,.}------CG~'N~'~.;A'nEDD----~------~--_;.A~N~G"'~.~A~"E0CO~N~'~.orn.-----~'--'- :R~ATf 

RANGE CRANK SWITCH AT AUTO PUSH 8UTTON 

'R J RANGE 
CORRECTION , 

ClUTCH 
O N DIRECTOR 
SIGNAl 
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GENERAL DESCRIPTION 

In Semt-automatie Operation both the Linear Range Correc
tion, jRe, and the Range Rate Correction, j dR, are put in manu
ally by the Generated Range Crank in its IN position. The 
clutch through which j dR goes to the Rate Control Computing 
M echanism is controlled by the R ange Rate Manual Push
button. -

o 
Lo..--..,,r - - - - ~t7e;;';;D- - - - - - - - - ~ - RANGE- RATE CONTROlSW IKH - ·'r--:::-S:;::;~. 0< 

RANGE CRANI( I AT POSITION MARKED "MANUAL" 
I 
I 
I OR 

J I RANGE 
CORRECTION 

RANGE 
INTEGRATOR CLUTCH CLOSED , 

WHEN RANGE RATE 
PUSH 8UTTON 
IS PRESSED 

The range correction integrator 
The function of the Range Correction Integrator is to control 
the amount of R a nge R ate Correction going into the Rate 
Control Computing M echanism for a ny given a mount of linear 
Range Correction. 

The disk of the R a nge Rate Integrator is turned by Ra nge R ate 
Correction, jdR. The carriage is positioned directly by the 
Range Rate Ratio Knob on the 'front of the Computer. The 
roller drives Linear Range Correction, j R c, into the Generated 
Range Line . 

....... The Range Rate Ratio Knob has a drum numbered from 1 to 
5. The setting of this knob determines the amount of Range 
Rate Correction introduced for each linear correction to Gen
erated Range. 

RANG£ UTE 

PUSH 8U TTON 

Suppose Generated Range needs a correction j Re which re
quires ten turns of the integrator rolle~ If the Ra nge Rate 
Ratio Knub is at 1, a rdativd y larg~ Rang~ Rat~ Currection, 
jdR, goes into the Rate Control Computing M echanism for 
each Range Correction, jRe, because the integrator carriage is 
positioned near the center of the disk . With the carriage near 
the center, relatively ma ny turns of the disk are needed to turn 
the roller ten revolutions. A rela t ively large jdR is therefore put 
in for the jRe needed to match the Range Dials. 

RATIO kNOB AT I 10 R£ VS. OF 

.m". ~ 
1~~2.; ° 

With the R ange R ate Ratio Knob positioned near 5, a small 
R a nge R ate Correction, jdR, goes in for each Range Correc
tion , j Re, because the carriage is positioned near the edge of 
the disk. With the carriage near the edge, fewer turns of the 
disk' will produce the ten revolutions of the roller needed to 
match cR a nd R. j dR will be relatively small . 
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How rate control corrects RATE OF CLIMB 
TARGET SPEED and TARGET ANGLE 
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COMPONENT 
INTEGRATOR 

So far, the method has been shown by which the three Rate 
Control Corrections, Range Rate Control Correction, jdR, Ele· 
vatian Rate Control Correction, jEc, and Bearing Rate Control 
Correction, jBc, go into the Rate Control Computing Mech
amsm. 

Inside that mechanism, four Component Integrators and the 
Vector Solver use these corrections to correct the Target Mo
tion values, dR, Sh, and A. 

The Elevation Rate Correction, jEc, and Target E levation, E, 
a re the inputs to the first component integrator. The outputs 
are the horizonta l and vertical components of jEc: jEc sin E 
and jEc cos E. 

The inputs to the second component integrator are the Range 
Rate Correction, jdR, and Target Elevation, E. 

The outputs are the horizontal and vertical components of 
jdR: jdR cos E and jdR sin E . 

The horizontal components from the two integrators are sub
tracted to obtain the Horizontal Range Rate Correction, jdRh. 
The vertical components from the two integrators are added to 
give the total vertical correction, jHc. jHc is used to correct 
Target Rate of Climb, dH. 
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Two more component integrators break up the H orizonta l 
Range Rate Correction, jdRh, and the Deflection Rate Correc
tion, jBe, into their components along a North-South and East
West axis. The a ngula r input to each of these component 
integrators is T a rget Bearing, B. 
The N -S component of jBe is subtracted from the N -S com
ponent of jdRh to give the total N -S H orizontal Rate Cor
rection. 
The two E-W components are added to give the total E -W 
Horizontal Rate Correction. 

The Vector Solver corrects Sh and (I 
The N -S and the E -W H orizonta l Ra te Corrections go to the 
Vector Solver. 
The Vector Solver was previously positioned by the estimated 
values of T arget Speed, Sh, and Target Course, Ct. The cor
rections from the Rate Control Component Integrators are 
added to the values of Sh and Ct already in the Vector Solve r. 
The Vector Solver's outputs a re therefore corrected values of 
T a rget Speed a nd T a rget Course. 
For mecha nical reasons the two outputs of the Vector Solver 
a re (Sh + Ct) a nd Ct. The Ct output is subtracted from the 
Sh + Ct output to obtai n the correctea value of Sh. The Ct 
output is also subt racted from True Bearing, B, to obtain the 
corrected va lue of T a rget Angle, A. 
The new values of Sh and A go Jo the T arget Component 
Solver in the Rela tive M otion Group. 

jdRh 
COMPONENT 

j] )I.1 INTEGRATOR 
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Another way 
to think about 
rate control 

OP 1064 

Suppose that the Control Officer can visualize his guesses of 
Target Motion by having a "ghost" plane that will fly accord
ing to his estimates. 

Imagine that the ghost pilot will fly his ghost plane to any 
desired position in the sky and then fly at any speed and in 
any direction he is told. His plane will be visible to the Director 
Operators, but not to the enemy. The ghost pilot will agree not 
to be disturbed by anti-aircraft fire that hits his plane instead 
of the enemy plane. The obedient ghost is now ready to obey 
orders. 

The ghost plane could be ordered to go to the target pl,aoe and 
then to fly according to the Control Officer's initial estimates 
of Target Angle, T arget Speed, and Rate of Climb. 

Suppose the ghost plane should drop below the target and fly 
off to its right. This would tell the Control Officer that his 
guesses were wrong. It would also help him correct them. 

He would make corrections to his guesses of Target Course 
and Rate of Climb and order the ghost plane back to the target. 

Suppose now that the ghost plane, flying according to these 
corrected values. remains on about the same course and level 
as the target but falls behind it. 

The Control Officer would correct his Target Speed guess., order 
the ghost plane back to the target plane, and again instruct it 
to proceed at the corrected rates. 

With each correction the Control Officer makes, the ghost p lane 
flies closer and closer to the course and speed of the target. 

Finally, when all three Target Motion values are corrected, 
the ghost plane flies right along with the target plane. 
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Parallel between the ghost plane 
story and rate control 
The ghost plane represents in a general way what the 
Computer is thinking about the T arget. M ore spe~ 
cifically, the movement of the ghQst plane corre
sponds to the changes of T arget position generated 
by the Computer. 

1 Ordering the ghost plane initia lly to go up to the 
target corresponds to setting into the Computer 
the initial observed T arget position inputs of 
R ange, Elevation, and Relative Bearing. 

2 Ordering the ghost plane to fly a t an estimated 
speed and direction corresponds to putting into 
the Computer the initial estimates of T a rget 
Speed, Target Angle, and Rate of Climb. 

3 Watching the flight of the ghost plane vary from 
that of the rea l plane represents the comparison 
of the movements of the "generated dials" with 
the "observed dials." The movements of the Gen
erated Elevation and Bea ring Inner Dials, and 
the Generated Range Outer Dials, represent the 
behavior of the ghost plane. The movements of 
the Observed Elevation and Bearing Outer Dials, 
and the Observed Range Inner Dials, represent 
the observed movement of the real plane. 

4 Ordering the ghost plane back to the Target 
corresponds to matChing the Generated Range 
Dials with the Observed Range Dials. (This is 
not done wi th the Generated Elevation and 
Bearing Dials in the Computer Mark 1.) 

5 Ordering the ghost plane to fly a t a corrected 
speed a nd direction corresponds to putting in 
corrections to T a rget Speef;1, Target Angle, and 
Rate of Climb. These corrections might be esti
mated and put in by hand, or they could be com
puted in t he Rate Control M echanism. 

6 When the Target Motion values are correct, the 
ghost plane flies wing to wing with the T arget 
and the genera ted dials will turn exactly with the 
obser.red dia ls. This is the same as saying that 
when the T arget Motion estimates are correct, 
the R ela tive M otion Rates are correct, a nd the 
Generated Changes of Range, Elevation, and 
Bearing a re correct. Since the genera ted changes 
continuously position the Director sights, the 
sights will now stay on the T arget. The Relative 
Motion R ates on which predictions a re based will 
be correct. 
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The RATE CONTROL GROUP 
completes the tracking section 

Here is the whole Tracking Section of the Computer Mark 1, 
showing how the Rate Control Group fits in , how the cor
rected T arget va lues go to t he R ela t ive M otion Group, and 
how the Rela tive M otion R ates a re corrected. 

Rate Control is a continuous process. One set of Rate Control 
co rrectio ns will not co mple te ly co rrect the Target vatu~s, but 
each time a set of corrections is put into the Rate Control 
group, the Target va lues become more nearly correct . 

The corrected Target values a re used to genera te a ne~ set of 
changes in T a rget Position which are continuously compared 
with the Observed Changes. The differences a re again used 
for new Rate Control corrections, a nd so on, in a continuous 
regenerative cycle. 

When the changes of T arget P osition generated by the Com
puter are equa l to the Observed Cha nges of T a rget Position, a 
tracking solution is reached and no more Rate Control is neces
sary as long as the Target continues at the same speed a nd in 
the same direction. 

Sma ll va riations in T a rget Speed and Direction can be put 
into the Computer by means of the Rate Cont ro l mechanism 
a lone, but where the cha nges of T a rget Speed and Direction 
a re large a nd sudden, t he corrections to Sh, A , and dH, can be 
put into t he Computer much faster by direct ha nd correc tion 
at the T a rget Speed, Target Angle, and Rate of Climb Knobs. 

The new T a rget va lues a re estimated at the Director and 
phoned down to the Computer. Then the Rate Control process 
starts a ll over aga in to correct these new estimates. 
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THE PREDICTION SECTION 

PROJECTILE PREDICTED 
TARGET P1H / POSITION 

----i' , 
\ PRESENT 

............ \ TARGET 
POSITION 

\ )::~ 

The Prediction Section establishes 
the Line of Fire by computing two 
lead angles: 

1 Sight Angle, V s 
2 Sight Deflection, Ds 

When the deck is horizontal the two lead angles, V sand Ds, are: 
the angle in Elevation, and the Deflection in the slant plane 
between the Line of Sight and the Line of Fire. 

To aid in computing these two lead angles, two other predic~ 

tion q uantities must be computed: 

1 Advance Range, R2 
2 Predicted Elevation, E2 

R2 and E2 are also needed for computing quantities in other 
sections of the Computer. 

The whole Prediction Section is based on calculations from a 
horizonta l p lane. Any corrections to the Line of Fire made 
necessary by tilting of the deck are computed in the Trunnion 
Tilt Section. 

In establishing the Line of Fire, the Prediction Section makes 
two types of comput~tions: 

1 It computes the position of the Target at the end of the 
Time of Flight, allowing for the effect of Relative Motion 
during the time the projectile is in the air. 

2 It computes how far away from this Predicted Target Po
sition the guns must be positioned to allow for the curva
ture of the projectile path. Allowances are made for the 
effect of wind , drop of the projectile due to gravity, drift 
due to' projecti le rotation and changes in initial projectile 
velocity. 
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GENERAL DESCRIPTION 

The prediction multipliers 

APPROXIMATE 
CHANGE IN RANGE .......... PREDICTED 

T ARGH POSITION 
dR X Tf~ 

\ PATH OF TARGET 

Target Position at the end of the CHANGE IN ELEVATION \ ------
Time of Flight is predicted in RdE Tf _-,"-" \ /CHANGE IN 

IX BEARING 

Range, in Elevation, and in Deflec_----- - -;:;-;;--/7 
tion. 

Rd' 

The a pproximate change of Range duting the Time of Flight 
is computed by multip!ying Range Rate, dR, by Time of 
Flight, TI, in the Range Prediction Multiplier. 

RANGE 
PREDICTION 
MUtTIPLlER 

CHANGE IN 
RANGE 
DURING TI 

The change of Elevation during the Time of Flight is an 
ANGULAR quantity; therefore Elevation Rate, RdE, must be 
multiplied by TI a nd then divided by R2 to obtain the approx
imate angular Elevation changes. RdE is multiplied by Tf j R2 
in the E levation Prediction Multiplier. 

1 :1:1 ~ 
ELEVATION CHANOI: IN 
PREDICTION ELfVAnoN 

'IUI :j" "'I 
MULTIPLIER DURING Tf 

The change of Bearing during Tf is a lso an angu lar quantity, 
Deflection Rate, RdBs, is therefore multiplied by TI/ R2 in the 
Deflection Prediction Multiplier. 

• 
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Calcu la tions need ed to a llow 
for cu rva ture of t he proj ectil e 
path are more complex . They 
are expla ined in th e D e tailed 
D escri ption chapt e r on Pr e
dic t ion . 
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THE TRUNNION TILT SECTION 
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The Trunnion Tilt Section has two 
outputs. One is V z, a correction to gun 
e levation to compensa te for the effect 
on gun elevation of the ti lting of the 
gun trunnions. The second output is 
D eck D e flection, Dd, which consists of 
Ds referred to the deck plane plus a 
train correction to compensate for the 
e ffect on gun tra in of t he tilting of the 
gun trunnions. 

The values of V z a nd Dd increase and 
dec rease continuously as Own Ship 
pitches and ro ll s. The function of these 
two corrections is to keep the gun aim 
steady in spite of the continuous ti lt· 
ing of the gun trunnions due to pitch 
a nd roll o f the deck. 

HORIZONTAL PLANE 

0;;. DECK PLANE 

LEVEl l 

RESTR ICTEO 

www.tinyurl.com/slover


The Trunnion Tilt E leva tion Correction, Vz , is com puted in 
two multip lie rs. The va lues used to compute V z a re Zd, V s, Ds, 
and Eb. 

V z is subtracted from Eb + V s to produce the Gun Elevation 
Order, E'g. 

The T runn ion Tilt Train Co rrection. Dd, consists of two quanti. 
t ies, jDd and D z. jDd is roughly Sight Deflection , Ds, corrected 
to the d eck p la ne and for the effect of Level. D z is approxi
ma tely the part of the Tra in Correction needed to compensate 
for t he effect of Cross- leve l. 

jDd a nd Dz a re each computed in a special computer. The in
puts a re the same va lues as those used for V z with the addition 
of £2 + L. The outputs of the two compute rs a re added to give 
Deck Deflection, Dd. 

Deck De fl ection, Dd, is added to B 'r to give the Gun Train Or
de r, 8 '8r. 

Both gun orde rs, E' g a nd 8 ' gr, a re continuous ly and automa tic
a lly tra nsmitted to t he gun mou nts to ope rate t he machinery 
cont ro lling the actual pointing a nd tra ining of the guns. 
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PARALLAX CORRECTIONS 
The Line of Fire is esta blished by the Computer from a certain 
reference point. The re fe rence point is usuall y the Director 
when there is only one D irector on board; if there a re several 
Directors, the reference point may be either one of the Direc
tors or a point chosen arbitra rily. 

If a gun is at the re fe rence point, it can use the Gun Orders with
out further correction. If a gun is anywhere else on the deck, its 
aim must be corrected to compensate for the horizonta l distance 
between the refe rence point and that particular gun. 

The corrections to compensate for this difference in location 
are the Para llax Corrections. The Para llax Section of the Com
puter Mark 1 computes two Pa ra llax Corrections, one to Gun 
Elevation, called PVt and one to Gun Train, called Ph. A third 
Parallax Correction, Pet is computed on a ballistic cam along 
with Superelevation, VI. 

Pe compensa tes for the difference in height between the guns 
a nd reference point and is included in the Gun Elevation Order. 

Both Pv and Ph are corrections to compensate for a 100-yard 
horizontal distance between the guns or Director and t he refer
ence point. 

The Parallax Elevation Correction, Pv, is la rgest when the 
Ta rget is stra ight ahead or astern of Own Ship. 

The P arallax Train Correction, Ph, is largest when the. T arget 
is abeam of Own Ship. 

Pv and Ph are transmitted to the gun mounts separate ly from 
the Gun Orders. Each gun uses a fraction of each correction pro
portional to its own distance from the reference point. For ex
ample, a gun 50 yards from the reference point would use half 
of Pv and half of Ph. A gun 20 yards from the reference point 
would use one fifth of each correction, and so on. 
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The Pa rallax Section of t he Computer Mark 1 contains a com
ponent solver, two single-cam computing multipliers, and two 
single-speed tra nsmitters. 

The va lues used in computing the P ara llax Corrections are E2 
+ L, R 2 , a nd either B'r or B'gr. B 'r is used on BS's, CA's, 
CV's, CBB's, a nd some CL's; B' gr is used on DD's, some AD's, 
AV's, a nd a ll sh ips having only one Director. 

The outputs of t he P ara llax Section are Pv and Ph, which are 
transmitted. electrically to the gun mounts. Ph is also transmit
ted to all Directors except those being used a s a reference point. 
In t he Directors, Ph is used to correct Direct or Train, B'r. 

By correcting the Director Train for para llax, t he va lues of B'r 
coming from a ll Directors on one ship are made uniform and 
t he observations from any Director can be used for a ny or a ll 
guns aboard. 
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THE STAR SHELL COMPUTER MARK 1 

68 

This is the Star Shell Computer. Its job is to compute Gun and 
F uze Orders for a 5"/38 cal. gun firing star shells to illumina te 
surface targets . 

Star shell s are projectiles conta ining a Rare attached to a pa ra· 
chute. When the sta r she ll bursts, the flare lights up and burns 
for about one minute as it floats down. 

The sta r shells a re fired a t night to ill uminate a given surface 
target or to search a n area for possible targets, 

When star shell s are used for sea rching an area, the Star She ll 
Computer M ark 1 is NOT used. T he guns are pointed according 
to ship 's doctrine. La ter mods of the Sta r Shell Computer pro
vide for star she ll search fi re. 

................ --...-------.... 

----~ 
.......... ;::.------ ' , , .......... 

" 
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The Star Shell Computer receives the Gun Orders from the 
Computer Mark 1. These Gun Orders point the guns to HIT a 
given target. The Star Shell Computer adds corrections to these 
Gun Orders which point a gun to ILLUMINATE that same tar
get. The Gun and Fuze Orders from the Star Shell Comp.uter 
place a sta r 1000 yards beyond the target, 1500 feet above 
the target, and with a deflection such that it is d irectly beyond 
the moving target after it has been burning 30 seconds (half its 
l ife). 

The inputs and o utputs of the Star Shell Computer are shown 
in the schematic. The hand inpyts need some explanation . Fuze 
Setting Order, Fn, and Angular D eflection, j Dwn, are put in by 
matching the readings of the two Star Shell Range Dials with 
the reading on the Star Shell Range Counter. The matching is 
d one with a two-position knob. Rjn is a hand input based on in
formation received by synchro transmission. Star Shell Range 
Spot. Rjn, is sen t by synchro transmission from the Star Shell 
Spot Transmitter to a synchro motor and dial in the Star Shell 
Computer. T he va lue of Rjn which shows on the dial must be 
put into the Star Shell Computer mechanisms by hand. By 
turning a knob, the index on the Range Spot Ring Dial can be 
matched with the pointer on the receiver dial , thus putting in 
the value of Rjn 

FROM STAR SHEll 
SPOT TRANSMITTER 
8Y SYNCHRO 
TRANSMISSION 

HAND INPUTS 
AT THE STAR 
SHEtL COMPUTER 

FROM COMPUTER 
MARK 1 
THROUGH SHAFTS 

RESTRICHD 

STAR SHElL 
COMPUTER 
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INPUTS and OUTPUTS 
of the COMPUTER MARK 1 and the 
INPUTS 
1 Inputs from the Director 

2 

3 

4 

Observed Target Position (By 
synchro transmission) 

Estimated Target Motion (By 
phone to the Compute~ Ope ra
t ors, and initially set in man
ually) 

Rate Control Signals ( B y elec
trical signal) 

{ :b 
8 ' , 

{ 

Sh 
dH 
A 
Ct 

{ 

jdR 
jf 
jS, 

Spot Correction to the Com- [ Ri 
puter Mark 1 (By synchrn Vj 
transmission ) Dj 

Spot Corrections to the Star 
Shell Computer (By syochro 
transmission) 

{ Rjn 
E'in 
B'jn 

Inputs from the Stable Element { L 
( By shafts) Id 

Lt Id 30 

Inputs from the Gyro Compass { Co 

( By synchro transmission) 

Inputs from the Pitometer Log { So 
(By synchro transmission) 

S Hand Inputs Sw 
8w 
I .V . 

Tg 
Quantities that can be put in by 
hand only 

Observed Range 
Director Elevation 
Director Train 

Horizontal Target Speed 
Rate of Climb 
Target Angle, or 
Target Course 

Range Rate Control Correction 
Elevation Rate Control Correction 
Bearing Rate Cont rol Correction 

Range Spot 
Elevation Spot 
Deflection Spot 

Star Shell Range Spot 
Star Shell Elevation Spot 
Star Shell Deflection Spot 

Level 
Cross-level 
Level plus function of Cross-level 

Ship Course 

Ship Speed 

Wind Speed 
Wind Direction 
Initial Velocity 
Dead Time 

Rrr Range Rate Ratic 

Alternate ha nd inputs for quan
tities normally received elec
trically 

Dip Dip Angle 

Rj 
Vj 
Dj 

Co 
So 

Range (Alternate input for R) 
Elevation ( Alternate input for Eb ) 
Relative Bearing ( Alternate input 
for B 'r) 

Range Spot 
Elevation Spot 
Deflection Spot 

Ship Course 
Ship Speed 
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Summary of COMPUTER MARK 1 DATA 

72 

Size 
Without handcra nks the Com p uter M ark 1 measures a pprox i
mat ely; 

62 inches long 
38 inches wide 
45 inches high 

With the Sta r She ll Computer M a rk 1 in place the a ll-over 
he ight is 6 5 inches. The e xact d ime nsions are shown be low. 

Weight 
The Computer M a rk 1 weighs a bout 3 12 5 Ibs. 
The Sta r She ll Computer Mark 1 weighs a bout 215 Ibs. 

Power Supply 
The Computer M ark 1 a nd the Star She ll Computer operate on 
lI S-volt . 6 0 -cycle, sing le-phase, a lterna ting current. 
The norma l current, including exc itation of the t ra nsmitters, 
is about 5 7 1/ 2 a mperes. 
The maximum current, a ssuming the extremes in 
za tion, could be a s much as 140 amperes. 

sync hroni-

~LJ ! 

A~ 
)-

18 I • 
oil 0--= 

: ! II 

~ ~ f: ' ~ 
- ~ , 

8 

" ,,~ 

." 

LIMITS OF OPERATION 
INTERMITTENT DRIVES 

Symbol Lower Lim it Upper Limit 

" no MilS 680 Mil S 

V, UXX)' 3.800' 

" o· "'. 
Eb + v. 1.6~O' 7, 160' 

", . 50 KNO TS + ~50 KNO TS .. 750 YARDS 22,500 YARDS , '" + 8S ' 
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GENERAL DESCRIPTION 

LIMIT STOPS 

SlOp 
Symbol Upper l imit No. lower l im it 

,., s. o KNOTS 451(1'1015 ,., 
" o KNOTS ..aoICN015 ,., S. o KNOTS 60 KNOTS 

,., '" - 2SO kNOTS + 15011:1'101$ ,., dOh - 440 KNOTS + . 40 KNOTS ,., I d l . 400 KNOTS + o6OOKN01$ ,., .. , - 400 J;NOT5 + 4001(1'1015 ,., dO -.(SO KNOTS + .(50 KNOTS 

,., Ywg. _ 100 KNOTS + 100 KNOTS 

l . 10 " o YARDS 3S.000YARDS 

l · 11 " soo· 1.600' .... 
l · 12 I 

, + 85' Setio! Numbers bel ..... 390 

". + " Seriol Number> "bo.e 389 

l ·13 0 .. , , 
L·'. " o SECONDS to SfCONDS Serial Numbe" b<elow 78 1 I 

Tg + F _ Tf o SECONDS SO SeCONDS s..iol Numw. obo><e 780 I 
L· IS I .... . 2.350 f ... 2.6001 .•. 

L· 16 , .... 3,520' 

l . '7 " .... 3,520' 

l · 18 j l ', ". ,. " "'. 
L·19 " 500 YARDS 18,000 YAROS 

,.,. 
" Ill 0.00122 0.00336 

L.21 " ' 300 YARDS ' la.me YAROS 

V22 VI + fie O· 2,500' . 
l ·13 " ' 300 YARDS '11,200 YARDS 

t·2. " 0.6 SECONDS 60.6 Sl:CQNOS 

t ·25 " '300 VARDS '18.200 YAROS 

L·27 " ' - 1.250 YARDS ' -I 19.7.soYARDS 

L·28 O'wj - 518 MilS + 518 MILS 

l · l9 OJ IN 12,000 YAROS OUT 1,800YAROS 

, .", Dj LEFT 180 MILS RIGHT 180 MILS 

l · 31 Vj OOWN 180 MILS UP 180 MIlS 

L· J2 Od ,,.' ."" L,J' V. 2.9..a' + 1.860' 

L·)S , 0.6 SECONDS 55.0 SECONDS 

' ·SO " 
. 1.2S0 YAROS ' + 19,7XtYARDS 

L.)7 v ""'. J,BOO' 

L·U " o SECONDS it SECONDS SMial Numb..-. above 780 I 

,. , W, D + U.llh - 60 KNOTS + 60 KNOTS 
(R..,d o. 940 K""" 

011 ~ovnt .. ) 

,., Rjn IN UOO YAROS OUT l ,SOOYARDS 

,., '" 8 .20 SECONDS 'US 5ECONI')S 

,., 'Own " ,000 YAROS 15.000 YARDS 

" 'limit ~on"'" b. ,....,h.d .. h.n 1><11I11.1( vn;, COII'oininlllimit .t"" i. in"ol!trd In Compvte, . 
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-.... 

= ~ 
~ -= 
~ -~ '" 

Name 

Range Correction Transmitter 

Range Receiver 

T arget Co urse Tra nsmitter 

Elevatio n Correction Tra nsmitter 

Bearing Correction Transmitte r 

Elevatio n Correction Ind . Transmitter 

Eleva tio n Correct ion Auto Tra nsmitter 

B ea ring Correct ion Ind . Tra nsmitte r 

Bea ring Co rrectio n Auto Tra nsmitter 

Ship Co urse R eceiver 

DeAection Spot Receiver 

Eleva tion S pot R ecei ver 

R ange Spo t R ece ive r 

Ship Speed R eceive r 

Fuze Setting Order T ransmitter 

Single Mount Sight Angl e Transmitter 

Singl e Mount Sigh t D eflection 

T ra nsmitter 

Twin Mount Sight Angle Transm itter 

Coarse 

Fine 

Coarse 

Fine 

Coa rse 

F ine 

Coarse 

location 
Section Cove r Value per rev. 

Control I 1000 yds 

Control I 72,000 yds 

Control I 2000 yds 

Contro l I 360 0 

Compute r 3 5' 

Computer 3 5' 

Compute r 3 to" 

Compute r 3 S' 

Computer 3 to" 

Computer 3 5' 

Computer S 360 0 

Compute r 5 to" 

Indicator 2 360 mils 

Indicator 2 360 mils 

Indicator 2 4000 yds 

I ndi cator 2 Various 

Indicator 2 100 sec 

Indicator 2 2 sec 

Indicato r 2 2400 min 

Indicato r 2 442.24 mils 

Indicator 2 7200 min 

'" ~ 
C> 

Size Mods -< ~ 
." 
c:: 

SG All Z -~ = 

S F 

S F All 

1"\ ~ ... 
:c = 

~ 

SG Except Mods 0, 1, 2,9 ~ 
6DG ModO 0 
6G ModO '" SG Except Mod 0 - . 
6G Except Mod 0 :::I 
5G Except M od 0 -6G Except M od 0 :r 
5B All ft) 

S F All 1"\ 
5B All 0 
5B All 

5B All == 
SB Except Mod 0 ""U 
6G Mods O. I. 2, 9 c: 
7G Except Mods O. 1. 2. 9 .... 
6G Mods O. 1. 2. 9 ... 
7G Except Mods O. 1. 2,9 ~ 
6G Mods O. 2. 7.11.13 

Mods 9. 10. 5, 6 7 G == 
6G Mods O. 2, 7. II , 13 :J:-
7 G Mods 9. 10. 5. 6 ~ 
6G Mods 1. 9. 7. II . 13 =-= C> 

." -
7 G Mods 3 , 10 , 4, 8, l'l 

<:> - '" .... 
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,., 
~ 
~ 
~ ,., 
~ 

;;:: 
c 

..... 
~ 

Twin Mount Sight An gle Transmitte r 

Twin M o unt S ight D e flection 

Tra nsm itter 

G un T rain Order Ind. Transmitte r 

(No. I ) 

Gun Train Order Auto Transmitter 

( N o . 2 ) 

Director Train R ece iver 

Gun Ele v. Order Ind. Transmitter 

( N o. I ) 

Gun Ele v. Order Auto Transmitter 

(No. 2) 

Director S ight Elev. R eceiver 

Train Parallax Transmitter 

E levation Parallax 

Star Shell Fuze Setting Order 

Transmi tte r 

Star Shell Gun Elev. Order 

Transmitter 

Star Shell Gun Tra in Order 

Transmitter 

Star Shell Ranl!:e Soot Receiver 

Fine Indicator 

Coarse Indicator 

F ine Ind ica tor 

Coarse Corrector 

Fine Corrector 

Coarse Corrector 

Fine Corrector 

Coarse Corrector 

Fine Correcto r 

Coarse Corrector 

F ine Corrector 

Coarse Conector 

Fine Corrector 

Coarse Corrector 

F ine Corrector 

Corrector 

Corrector 

Coarse Star Shell 

Fine Star Shell 

Coarse Star Shell 

Fine Star Shell 

Coarse Star Shell 

F ine Star Shell 

Star Shell 

2 200 min 

2 4000 mils 

2 100 mils 

8 360' 

8 10 ' 

8 360' 

8 10 ' 

8 360' 

8 10' 

6 10.800 min 

6 600 min 

6 10.800 min 

6 600 min 

6 180" 

6 10' 

6 30' / 100 yd, 

6 10' / 100 yd, 

100 sec 

2 sec 

10,BOO min 

600 min 

360 ' 

10' 

4000 vd, 

6G 

7G 

6G 

7 G 

6G 

7G 

7G 

7G 

7G 

7G 

5 B 

5F 

7G 

7G 

7G 

7G 

5B 

5F 

6G 

7G 

7G 

6G 

6G 

600 

600 

600 

600 

IF 

Mods 1, 9, 7, 11, 13 

Mods 3 , 10, 4, 8, 12 

Mods 1. 9 , 7, I} , 13 

Mods 3 , 10, 4, 8,12 

M ods 1. 9. 7. 11 , 13 

M ods J, 10, 4, 8, 12 

All 

All 

All 

All 

All 

All 

All 

All 

All 

All 

All 

All 

Mods 0, 1,2, 9 

Except Mods O. I, 2, 9 

Mods5, 1, ll . 13, B. 12 

All 

All 

All 

All 

All 

All 

All 

'" ~ :z 
:;:; ,. 
~ 

c 
~ 
~ 
~ 

'" ~ 
c 
:z 
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OP 1064 

DESIGN FEATURES OF 
THE COMPUTER MARK 1 
There are several important features of the Computer M a rk 1 
which must be grasped before the details of the C omputer can 
be fully understood. 

1 The Computer M a rk 1 is designed to compute for a T a rget 
moving in a straight line a t a constant speed. 

The Rate Control M echanism corrects the estimates of 
T arget M otio n set into the Computer. Once these have 
been corrected, the Computer will continue to compute 
correct Gun a nd Fuze Orders as long as the course and 
speed of the Target remain unchanged. 

2 The inputs of T a rget Speed are T arget Horizontal Speed, 
Sh, and Rate of Climb, dH. The a ir speed of the T arget is 
NOT an input. Target H o rizonta l Speed, Sh, is the hori
zonta l component of the Target's speed with respect to the 
ground. Rate of Climb, dH, is the vertical component of the 
Target 's speed with respect to the ground. 

Since both Sh and dH are measured with respect to the 
g round a nd not to the ai r, the effect of wind on the Target 
is a lready include d in these speeds and n eed not be com
p uted separate ly. F or this rea son the wind computations 
in the Computer M ark 1 are concerned only with the effect 
o f wind on the projectiles. 

3 The Range shaft lines in the Computer Mark 1 are posi· 
tioned by Ge nerated Range while the Eleva tio n and Bear
ing sha ft lines are positioned by Observed Elevation a nd 
Observed B ea rin g. One reason for this is that Eleva tion and 
B earing are observed continuously in the Director, wh ile 
Range if observed optica ll y cannot be measured contin
uously. 

Since Observed Range can be measured only intermitten t ly, 
the motion of the Observed R ange shaft line is not smooth. 
The Generated R a nge line on the other ha nd , moves 
smoothly since it is positioned by the Increments of Range 
from the Range Integ rator. Using Generated Range to po
Sition the Range lines in t he Computer therefore makes for 
smoother operation of a ll the mechanisms o n th is line. 

Since Elevation and Bear ing can be observed continuously, 
these observed quantities can be used to position the mech
an isms in the Computer. Generated E levation a nd Bearing 
could be used to position the mechanisms. H owever, the 
observed quantiti es a re used in the Computer Mark 1 be
cause they are more accu ra te than the generated q uan t ities 
at t he beginning of tracking. before the R ate Control Com
puting M echanism has corrected the rates of change of the 
genera ted quan tit ies. 
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4 The information stored on the ballistic cams in the Com
puter M ark 1 is based on trajectories which the projectile 
will follow when the Initial Velocity is 2550 feet per second 
and there is no Wind. 

It is a feature of the Computer M ark 1 that it uses hand 
inputs of Wind Speed, Wind Direction, and actual Initial 
Velocity to alter the Advance Range and Advance Eleva
tion inputs to these cams in such a way that the outputs 
from the ca ms include a lterations for the effects of Wind 
and of va riations in the Initial Velocity of the projectile. 

H ere is a table showing which of the variable factors in the 
fire control problem affect each of the outputs from the 
Computer M ark 1. 

COMPUTED OUTPUTS 

VARIABLES 

thot offect the 
computed outpuls 

, - --
Ut -. TtVE ~OIION 
RATES 

.. NO< 

r-- -
(((VAlION 

ROll AND ~TCH 

DitOf' Of 'IIOJECTllE 

- -
ORIH Of ,ROJECtllE 

r-

~ 

I 

l 
~ 

l 

tIME Of flIGHT 

INITIM VELOCITY 

WINO 
~ANGE WINO 
ElEVATION WINO 
D€flECTION WINO 

O£AD TW.E 

'''''' 1.o.NGt 5K)T 
EtEV-.TlON SI'OT 
DEflECTION S!'OT 

lEAO ANGUS GUN ORons 

GUN SIGHT G" N 
!'OSITION POSI TION 

v. D. ". B'gr 

X X X X 

X X X X 
r--- r-

X X X X 

- - X X 

X X X X 

X X X X 

X X X X 

X X X X 

I 
X X X X 

r-
- - ~-+ -

f- + 
I 

lx X X X 

~ 

UGH-ID , X ,,' dicc ... . ,he OV 'P"' i. o lle« ed by . o,iobl. 
- In di,o, • • ,h. OV'P"' i . no' " lIeeted by .orlablt 
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PART 2 

OPERATION 

Part 2 identifies the operating controls, explains how the oper
ating controls are used in va rious types of Computer operations, 
and traces through a typica l operat ing cycle. 

No explanations are given for the operating instructions. The 
reasons behind the operating instructions are supplied by P a rt 
1, the General Description, a nd Part 3, the Detailed Descrip
tion. Operation of the Computer Mark 1 is largely rate-control
ling. For this reason, the chapters in the Detailed Description 
dealing with R elative M otion, Integrators, and Rate Control 
will be very useful to operators. 

Part 2 is not intended to specify or supersede any ship's doc
trine. It is not intended to imply when any particular type of 
operation is to be used. The four chapters in P art 2 will serve 
as a foundation for operating procedure when combined with 
the doctrine of a particular combat area and a particular ship. 

The chapters in P art 2 are: 

Operating Controls 
Operating Instructions 
A Sample Problem 
Operating Cautions 
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OPERATING CONTROLS 
.-. L· 0···· 

80 

This chapter describes all of the dials, counters, handcranks, 
and switches which are used in opera ting the Computer Mark 1, 
the T arget Course Indicator Mark 1, and the Star She ll Com
puter Mark 1. Dials and counters which are used only during 
tests are described in OP l064A. 

The dials and counters show the values of the various quan
tities on the Computer shaft lines. Some dial s indicate the 
values of the quantities set in by handcranks or by a utomatic 
transmission. Other dia ls show the values of computed quan
tities. A knowledge of the location of all the dials a nd the 
quantities that can be read on them must be acquired in order 
to operate the Computer. 

The handcranks provide a means of putting va lues into the 
Computer. In some cases a hand crank is the only means of 
putting a value into the Computer. M ore often the handcrank 
provides an alternate means of introducing a value when the 
normal automatic receivers fai l. Such handcranks have a shift 
mechanism which allows them to be connected to or discon
nected jrom the shaft lines, and to actuate switches to discon
nect or connect the automatic receivers. A few of the handcranks 
are used only in the event of casualties in the fire con trol 
system. 

The switches control electrical circuits in the Computer. Some 
of the switches are used to select a type of Computer operation, 
such as AUTO or SEMI-AUTO. The switches which are used 
for this purpose are especially important to identify because 
their several positions determine the ways in which va rious 
handcranks and dials are to be used. 
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T he controls divide into five groups: the controls on the 

1 FRONT 
2 LEFT FRONT 
3 REAR 
4 T arget Course Indicator 
5 Star Shell Computer 

T he front contains most of the controls used in opera ting the 
Computer and is therefore described first. 

STAR SHEll 
COMPUTER 

T ARGEl COURSE 
INDiCATOR 

A large diagram of the Computer showing the locations and 
names of all the controls appears on page 109. 
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THE DIALS ON THE FRONT OF 

The front of the Computer Mark 1 divides itself into five dial 
groups. 

1 The TARGET AND SHIP Dia l Group 
2 The TARGET SPEED Dia l Group 
3 The RANGE Dia l Group 
4 The BEARING Dia ls 
S The ELEVATION Dials 
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THE COMPUTER MARK 1 

The five dial groups on the front of the Computer are used 
continuously in tracking a target. The front is operated from 
three operating stations: the Range Station in front of the 
Computer, the Bearing Station on the right side of the Com~ 
puter, a nd the Ele va tion Station on the left side of the Com~ 

puter. Each station may be manned by one or more operators, 
according to ship's doctrine. 

The Target and Ship Dial Group is watched by the men at a ll 
three operating stations. It is one of the most important sources 
of information for the operation of the Computer. 

The Target Speed Dial Group is also watched by the men at 
all three operating stations. 

Besides watching the Target and Ship D ial Group and the 
Target Speed Dial Group, the Range Station Operators watch 
the Range Dials, the Bearing Station Operators watch the Bear
ing Dials, and the Elevation Station Operators watch the Eleva
tion Dials. 
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The TARGET and SHIP dial roup 

8. , 

84 

The Target and Ship Dial Group contains the Target Dial , the 
Ship Dial Cluster, the Wind Speed Dial, and the Ship Speed 
Dial. 

The Target Dials and the dials in the Ship Dial Cluster indicate 
ang les measured in the horizontal plane. A line drawn through 
the fixed indexes between the Target Dial and the Ship Dial 
Cluster represents the horizonta l projection of the Line of 
Sight. 

.... T.ARGiET DIAL 

o -

1-----1~ SHIP 5'''0 
DiAL 

SIt'" DIAL 
CLUSTER 

' W,,'" RING 

::.. ct)M",SS RING 

SHIP DIAL 

shows T a rget Angle, A. It is g raduated 
every 2 degrees and numbered every 10 degrees from 0 to 360 
degrees. One zero is omitted from each number to allow use 
of la rger figures. 

T arget Angle is measured clockwise from the bow of the T arget 
and is read at the fixed index representing the Line of Sight. 
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rHI .1 IP DIAL CLUSTER consists of three dia ls mounted 
one outside the ot her : the Ship Dial, the Compass Ring Dia l, 
and the True Wind Ring Dia l. 

shows Relative T a rget Bearing, Br. Br is 
measured clockwise from the bow of the Ship a nd is read at 
the fi xed index representing t he Line of Sight. 

T f 1 I shows Ship Course, Co. The 
zero on this dial represents N orth. Co is measured clockwise 
from N orth and is read on the Compass Ring aga inst the bow 
of the Ship. Cha nges in Co a re recorded by movement of the 
Compass Dia l a round the Ship Dia l. 

The Compass Dial a lso shows True T arget Bea ring, B, the angle 
between N orth and the L ine of Sight, measured clockwise from 
N ort h. B is read on t he Compass Ring aga inst the fi xed index. 
Both the Shi p Dial and t he Compass R ing a re graduated every 
2 degrees and numbered every 10 d egrees from 0 to 360 
d egrees. The zeros are omitted to a llow use of la rger fi gures. 

T arget Course, Ct, is the a ngle measured clockwise from N orth 
to t he bow of the T a rget . On the T a rget Dia l it is possib le to 
approximate Ct by observing the angle from N orth, as shown 
on the Compass R ing, clockwise to the bow of t he T a rget. T o 
obtain the exact value of Ct, read t he value of B on the Com
pass Ring, add 180 0 and subtract the value of A as shown on 
the T a rget Dia l. Ct = B + 180 0 _ A. 

T) f' has no graduations. Instead 
it has an index indicating the direction from which the wind 
is blowing. Wind Direction, Bw, is the a ngle between N orth a nd 
the direction from which the wind is blowing, measu red clock
wise from N orth. It is read on the Compass R ing against t he 
True Wind Index. Wind Angle, Bws, is the a ngle between the 
d irection from which the wind is blowing and the Line of Sight. 
measured clockwise on the Compass R ing from the True Wind 
Index to the fi xed index. B ws = B - Bw. 

The sma ll dia ls on t he T arget a nd Ship G roup show 
5w, and ry 50. Each d ia l is read against 

its fixed index. The W ind Speed Dia l is graduated from 0 to 60 
knot s, with numbers every 5 knots. The Ship Speed Dia l IS 

graduated from 0 to 45 knots, with numbers every 5 knots. 
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The TARGET SPEED dial group 

The Target Speed Dial Group consists of the TARGET SPEED 
Counter, the TIME Dials, the RATE OF CLIMB Dial , and 
the TARGET SPEED DIVING Dial. 

THE TARGET SPEED COUNTER shows H orizontal Ground 
Speed of T arget, Sh, in knots, from 0 to 400 knots. 

THE TIME DIALS are used principally in running tests. The 
ring dial is the Minutes Dial. It is graduated in minutes from 0 
to 60, with numbers every 5 minutes. The inner dial is the 
Seconds Dial. It is graduated in seconds from 0 to 60, with num· 
bers every 5 seconds. Both dials a re read against the fixed 
index. The small dial is the Hal f-set:uru..l Dial. Il has une gradua
tion and makes one revolution every half-second. 

THE RATE OF CLIMB DIAL shows Rate of Climb, dH, in 
knots. It is graduated every 5 knots and numbered every 20 
knots from 0 to CLIMB (plus) ISO knots, and from 0 to DIVE 
(minus) 250 knots. 

THE TARGET SPEED DIVING DIAL is used only during 
certain dive attacks against Own Ship. It shows a substitute 
Hange Rate, dR, for use when a special dive attack setup is 
ordered. This dial turns from minus 450 to plus 450 knots. It 
is graduated every 10 knots, numbered every 50 knots, and is 
read against the fixed index. T o avoid confusion, only the 
DIVE (minus) side is graduated and numbered. 
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The RANGE dial group 

The Range Dial Group. contains the Genera ted and Observed 
R ange Dia ls and th e H e ight Dia ls. The coarse dials are on ~he 
left, and the fine dials are on the right. 

GENERATED RANGE, cR, is shown on two ring dial s, coarse 
and fine. The coarse cR Dial is graduated every 1,000 and num
bered every 5,000 yards up to 3 5,000. Each dia l has an index 
at its zero. The fine cR Dial is graduated every 50 and num
bered every 100 yards. One revolution of the fine dia l represents 
2,000 yards. Each cR Dial is read against its fixed index. 

OBSERVED RANGE, R, is indicated on two inner dials, coarse 
and fine. These inner dia ls have no graduations. When the in
dexes of the outer, cR, Range Dials a re ma tched with the indexes 
on the inner, R , Range Dials, R equals cR . R can then be read 
indirectly by reading cR against the fixed index. 

THE RANGE FINDER RANGE SIGNAL is in front of the 
R a nge Dials. A white signal appears here when the R ange Op
erator in the Director presses his key to signal that Observed 
Range is correc t. Otherwise this signa l is black. 

THE HEIGHT D IALS show the vertical height, H , of the Tar
get. The coa rse dial at the left is graduated every 1,000 feet a nd 
numbered every 5,000 feet up to 50,000. The fine dial is grad
uated every 50 feet and numbered every 100 feet. The Height 
Dials a re read at their fixed indexes. 

THE RADAR RANGE DIAL shows Radar Range. This dia l 
is used chie fly to let the Range Operator follow the Radar 
tracking of a ta rget before it comes within the operating limits 
of the Computer Tracking Section. The Radar Range Dia l is 
graduated a nd numbered every 5,000 yards from 0 to 100,000 
yards, and is read at the fixed index. 

RESTRICTED 

OPERATING CONTROLS 

RADAR 
RANGE 
DIAL 

87 

www.tinyurl.com/slover


COMPUTER MA RK I 

88 

/ 
e 

\ 
FIIONT 

RELATIVE 
TARGET 
.... ,NG 
FINE DIAL 

OBSERVED 
RELATIVE 
TARGET 
BEARING 
COARSE 
DIAL 

OP 1064 

The BEARING dials 
The Bearing Dia ls consist of a fine and a 
coarse ring dial , and a n inner fine dia l. 

OSS! ~ \1 D 1<r.LATJvE TARGET 
BEt\H.ING. BT, is shown o n the two ring 
d ia ls. N otice that the a rrangement of t he 
Bearin g Dials is oppos ite to that o f the 
R a nge Dia ls. In the Bearing Dial G roup, 
the o bserved value is shown o n the two 
outer dia ls. Generated Changes of Re lative 
T a rget Bear ing, /:l cBr, turn only t he fine 
inlier dial. 

The coarse ring dial is graduated every 5 
degrees and numbered every 20 degrees 
from 0 to 360 degrees. 

T he fine ring d ial is gra duated every 5 min
utes a nd numbered every 30 minutes. One 
revolution re presents 10 degrees. 

Both ring dial s a re read at their fixed In 

d exes. 

THJ:. GENERATED BEARING DIAL IS 

not numbered but has ten equa ll y spaced 
gra duations. These graduatio ns are used to 
show whethe r Generated Bear ing is chang
ing at t he same RATE as O bserved Bearing. 
When the inner and outer fine d ia ls turn to
gether, the Generated Bearing R ate is cor
rect . The pos ition of these gra duations rela
t ive to the ring d ial is immate rial. 

HI R .. NE '"' G 1\1 "-L shows red 
when the Tra iner in the Director has his 
signal key closed. Otherwise the signal is 
black. 

THF sal LTICN NDICA r"JI operates 
in Auto matic Control only. I t revolves 
when t he Tra iner in the Di rector is turn ing 
his handwheels. 

If the Traine r's Signal shows red while the 
So lution Indicator turns, Bear ing Rate Cor
rections are be ing put into the Rate Control 
Computing M echanism automatically. 
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The ELEVATION dials 
The Elevation Dials, like the Bearing Dials, consist of a fine 
and a coarse ring dial and a nne inner dial. 

OBSERVED TARGET ELEVATION E is shown on the two 
outer ring dials, Generated Changes of T a rget Eleva tion , 6 cE, 
turn the fine inner dial. 

OBSERVED TARGET ElEYATtQN 
COARSE DIAL fiNE DIAl 

The coarse ring dial is graduated and numbered every 10 de· 
g,ees, from 0 to 90 degrees. 

The fine ring dia l is graduated every 5 minutes and numbered 
every 30 minutes. One revolution of this dial represents 10 
degrees. 

Both ring dia ls are read at their fixed indexes. 

THE GENERATED ELEVATION DIAL has ten equa ll y 
spaced graduations which are used to show whether Genera ted 
and Observed E levation are changing at the same rate. The 
position of these graduations relative to the ring dial IS Im 

material. 

TH r )I"'Tf'RoS SIGNAL .. ",) TilE SOLt.10 "'D 
CATOf in the Elevation Dial Group work in exact ly the same 
way as those in the Bearing Group. 

The Pointeris Signa l is red when the P ointer in the Director 
closes his key. Otherwise the signal is black. When the signal 
is red and the Solution Indicator turns, Elevation Rate Cor
rections are being put into the Rate Control Computing 
M echanism a utomatica lly. 

RESTRICTED 

ELEVATION 
DIALS 

OPERATING CONTROLS 

\ 
FRONT 

89 

www.tinyurl.com/slover


COMPUTER MARK I 

90 

OPI064 

How the DIALS picture the 

TARGET POSITION 
IN RELATION TO 
OWN SHIP 

, 

o 

RES:RlmD 

www.tinyurl.com/slover


FIRE CONTROL PROBLEM 

TARGET 
MOTION 

HEIGHT AND 
DIVING SPEED 

RESTRICTED 

N, ... _ ..... 

OPERATING CONTROLS 

91 

www.tinyurl.com/slover


COMPUTER MARK I 

92 

OP 1064 

The TIME MOTOR 
and POWER switches 
The Time M otor and P ower Switches are 
located on the lower left side of the Com
pute r near the front. The station from 
which these switches are operated depends 
on ship 's doctrine. 

o 
o 

TIME MOTOR SW .• '::.TC::H'---_F-__ .v 
POWER SWITCH-

FRONT 

The TIME MOTOR SWITCH is the up
per of the two switches. It has two posi
tions: OFF and ON. T urning this switch to 
the ON position puts the Time M otor in 
operation when the Power Switch is ON. 

NOTE: 
In the event that the Time Motor does not 
start, pull the Time Crank OUT and turn 
it clockwise. 

The POWER SWITCH is the lower of the 
two switches. I t has two positio ns: OFF and 
ON. Turning it to the ON posit ion energizes 
t he Computer. 

CAUTION: 
The Power Switch should be ON before 
any operating handcranks are turned. 

RESTRICTED 

www.tinyurl.com/slover


INITIAL VELOCITY 
and DEAD TIME 
The Initia l Velocity and D ead Time Dials and Knobs are on 
the lower left side of the Computer, near the front and to the 
left of the Time M o tor and Power Switches. The station from 
which these control s a re operated depends on sh ip's doctrine. 

ThE TNI' t\L .LOC~'T'V 014..1 shows In itial Ve locity, lY ., 
in feet per second. It is graduated every 5 feet per second and 
n umbered every 5 0 feet per second from 2350 to 2600 feet 
per second. Making a setting of thi s dia l puts into the Com 
puter a correction for the difference between the [.v. w hich is 
o rdered and 2 550 feet per second. The IY. shaft line is posi
tioned by the Ini tial Velocity Knob. 

The DEAD 1 ~M.E. DI L shows D ead Time, T g, the time in 
second s between the setting of t he fuze a nd the firing of the 
projectile. The dial is graduated from 0 to 6 seconds at half
second intervals. The Tg shaft line is positioned by the D ead 
T ime Knob. 

The INITIAL VELOCITY dnd DEAD TIM!!. K >8: each 
have two positions: IN and OUT. A pin holds eac h knob in the 
IN position. To make a setting to the dial , t he pin must be lifted 
and the knob pulled OUT . When the knobs are re leased they 
spring back to their IN positions. 
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Set the Initial Velocity 
Dial at the computed Ini
tial Velocity of the pro
Jectiles. For example. if 
the Initial Velocity for a 
given battery is deter
mined to be 2590 feet per 
second, turn the Initial 
Velocity Knob until the 
Initial Velocity Dial reads 
2590 at the fixed index. 

Set the Initial Velocity 
Dial at 2550 only when 
the projectiles actually 
have this Initial Velocity. 
or when running tests and 
making settings wh;ch re
quire Initial Velocity to 
be at this value. 
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The simplest way to become familiar with the controls on the 
front of the Computer is to group them by operating stations. 

The controls fall into four groups: the Target and Ship Dial 
Group Controls, the Range Station Controls, the Bearing Sta
tion Controls, and the Elevation Station Controls. 

Operation of the controls in the Target and Ship Dial Group 
is divided among the operating stations according to ship's 
doctrine. 

The controls in the 
target and ship group 
There are six handcranks in this group. The three handcranks 
to the left of the dials are for SPEED INPUTS. Those on the 
right are for ANGLE INPUTS. 
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THE WIND SPEED HANDCRANK puts in va lues of Wind 
Speed, $w, which show on the Wind Speed Dial. 

THE WIND DIRECTION HANDCRANK puts in values of 
Wind Direction, Bw, which a re read on the Wind Ring Dia l. 

Wind Speed and Wind Direction are always put in by hand, 
as ordered. 

THE SHIP SPEED HANDCRANK has two positions: IN 
and OUT, with a pin to hold it in either position. When this 
handcrank is in the IN position, it puts in values of Ship Speed, 
So, which a re read on the So Dial. When t his handcrank is in 
the OUT position, the So Line a nd Dia l are positioned automat
ically from the Pitometer Log through the Ship Speed Receiver. 

When settin~ the Ship Speed Dial by hand, it is important to 
remember that 0 and 45 are at the same position on this dial. 

When Ship Speed is received by synchro transmission from the 
Pitom eter LOR, it is possible lor the single-speed Ship Speed 
R eceiver to be out of synchronism with the incoming signal. 
II the correct value does not appear on the dial, push th e hand
crank I N, set the dial by hand, and pull the handcrank OUT. 

THE SHIP COURSE HANDCRANK has two positions: IN 
and OUT, with a pin to hold it in either position. When this 
handcrank is in the IN position, it puts in values of Ship Course, 
Co, which a re read on the Compass Ring Dial. When this hand
crank is in the OUT position, the Co L ine and Dial are posi
tioned a utoma tica lly by the double-speed Ship Course R e
ceiver which receives Co from the Gyro Compass. 

THE TARGET SPEED HANDCRANK puts in Target Hori
zontal Ground Speed, Sh, which shows on the T arget Speed 
Counter in the T arget Speed D ia l Group. 

THE TARGET ANGLE HANDCRANK positions the Target 
Course, Ct, shaft line a nd ' the T a rget Course Indicator Dial. 
Ct is subtracted from True Bearing, B, in the Computer, 
producing T arget Angle, A, which appears on the T arget Dia l. 
A = 180 0 + B - Ct. 

The T arget Speed and T arget Angle H andcranks have two 
positions : HAND and AUTO. Shift levers move them from 
one pos ition to the othe r. Wit h the levers a t HAND position, 
these handcra nks a re connected to their shaft lines. Wit h the 
levers at A UTO, the handcra nks are disconnected, and the Sh 
a nd Ct sha ft lines are positioned by the Rate Control M echa
OIsm. 
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The controls 
ra n 9 e • station 

In addition to the dia ls, the controls at the R a nge Station in 
clude three switches: the Control Switch, the Range Rate 
Control Switch, and the T arget Speed Switch. The controls a lso 
inc.1ude the Generated Range Crank, the Range Rate Ratio 
Knob, the R ange Rate Diving Speed H andcrank, and the 
Range Rate Control Manual Push Button. 

RANGE RATE 
OIVING SPEED 
..... DCRANK 

N IV '} is on the r ight side of the top of the 
Computer near the front. This switch determines the method 
of rate-controlling Bearing and Elevation. The Control Switch 
has three positions: AUTO, SEMI.AUTO, and LOCAL. 

With the Control Switch a t AUTO, Beari ng and Elevation 
Corrections are made automatically on signa l from the Trainer 
a nd Pointer in the Director. 

With the Control Switch at SEM I-AUTO, Bearing and Eleva
tion Corrections are put into the Computer by the Computer 
Crew. 

With the Control Switch at LOCAL, the Rate Control M echa
nism is inoperative. This type of opera tion is used aga inst sur
face targets when the Director is not operating. 
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THE TARGET SPEED SWITCH is connected to the Target 
Speed, Sh, Servo Motor. This switch has three positions: NOR 
MAL, INCREASE, a nd DIVE ATTACK. 

When the Target Speed Switch is at NORMAL, the Sh F ollow
up controls the Sh M otor. This allows normal operation of the 
Rate Control Mechanism. 

When the T arget Speed Switch is at INCREASE, the "increase" 
side of the Sh Servo Motor is energized. This causes the Sh 
shaft line a nd counter to turn rapidly in an increasing direction. 
The switch has to be held at INCREASE since it springs back 
to NORMAL when released. 

When the Target Speed Switch is at D IVE ATTACK, the "de
crease" side of the Sh Servo Motor is energized. T h is causes the 
value on the Target Speed shaft line to decrease .rapid ly, run
ning the Target Speed counter to zero. The switch stays at 
DIVE ATTACK until moved to another position. 

The Target Speed Switch functions only when the Target 
Speed and Target Angle Handcranks are at AUTO. 

THE RANGE RATE CONTROL SWITCH is at the left side 
of the Computer, near the front. It has a one-wing handle. T his 
switch controls the method by which Range Rate Corrections 
are put into the Rate Control Mechanism. The switch has two 
positions: AUTO a nd MANUAL. 

With the Ra nge Rate Control Switch at AUTO. Range and 
Range Rate Corrections a re put in automat ically on signal from 
the Range Opera tor in the Director or the Radar Operator. 

With tne Range Rate Control Switch at MANUAL, these cor
rect ions are put in bv a member of the Computer Crew. 

The position of the Range Rate Control Switch is independent 
of the position of t he Control Switch. RANGE MAYBE 
RATE-CONTROLLED EITHER AUTOMATICALLY OR 
SEM I-AUTOMATICALLY DUR ING AUTOMATIC OR 
SEMI-AUTOMATIC RATE CONTROL OF ELEVATION 
AND BEARING. 
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THE GENERATED RANGE CRANK tu,", the Generated 
Range line. It has two positio ns. IN an"d OUT, with a pin to 
hold it in the OUT position. 

When the Range Rate Control Switch is at AUTO, Range Rate 
Control is handled automatically on signal from the Range 
Operator in the Director. The Generated Range Crank must be 
in its OUT position. 

When t he Range Rate Control Switch is at MANUAL, Range 
Rate Control is handled through the Generated Range Crank. 
In its OUT position the crank puts in linear Range Correction, 
jR, to match the indexes on the Generated Range Dials to the 
indexes on the Observed Range Dials. In its IN position the 
Generated Range Crank can make two kinds of corrections. 
It puts in linear Range Correction, jRc, to match cR to R, and 
if the Range R ate Control Manual Push Button is depressed, it 
also puts Range R ate Correction, jdR, into the Rate Control 
Computing Mechanism. 

THE RANGE RATE CONTROL MANUAL PUSH BUT
TON is loca ted a bove the Generated Range Cra nk. When the 
Range Ra te Control Switch is at MANUAL, pressing this push 
button closes a sole noid clutch which a llows Range Rate Cor
rections to drive into the Rate Control Computing Mechanism. 

) 
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COMPUTING 
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GENE RATED H 
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THE RANGE RATE RATIO KNOB positions t he carriage of 
the Range Correction Integrator. This integrator controls the 
ratio between linear Range Correction and the Ra nge R ate 
Correction put into the Rate Control Computing Mechanism 
during R ange Rate Control. 

The sleeve of the Range Rate Ratio Knob is ca librated from 
1 to S. The la rgest Range Rate Correction for each linear Range 
Correction is made with the knob set at 1. As the knob is turned 
toward 5, the R ange Rate Correction for each linear Range 
Correction becomes sma lle r. With the knob set at 1, a few revo
lutions of the Generated Ra nge line will put in a la rge a mount 
of R ange Rate Correction. With the knob set at 5, a n equal 
number of revolutions of the line results in a much smaller 
amount of Rate Correction. 

IIH }-
~ab '§Bi>" ":' ) RANGE i RANGE RATE 
RAllO KN08 CORRECTION 

INTEGRATOR 

,. 88.3 

2. 19.7 

3. 11.1 

4 . 7.7 

5. 5.' 

KNOTS CHANGE IN 
RANGE RATE 

PER 100 YARDS 
CHANGE IN RANGE 

CHANGE IN RANGE 

The Range Rate Ratio Knob has two positions: IN and OUT. It 
is a lways operated in the IN position. The OUT position is pro
vided only to permit removal of the cover of the Computer 
for adjustment or repair. 

The RANGE RATE DIVING SPEED HANDCRANK has 
two positions: HAND and AUTO. At HAND it positions the 
T arget Diving Speed Dia l and the dR shaft line .When this 
handcrank is at AUTO, it is disengaged, and the dR shaft line 
is positioned automatica lly by dR from the Relative Motion 
Group. 

T he Ra nge Rate Diving Speed Handcra nk is used only when 
a DIVE ATTACK order is given and when t he T arget Speed 
Switch is at DIVE ATTACK. This handcrank must never be 
used when the T a rget is d iv ing a t other ships. 
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The controls at the bearing • station 
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The controls at the Bearing Station consist of the Generated 
Bearing Crank and the Time Crank. 

TIME ......... TID 
...... NO ClAN< 

THE GENERATED BEARING CRANK has two pos;tions: 
IN and OUT, with a pin to hold it in the OUT position. 

In Automatic Control, Bearing Rate Control is handled auto
matically on signal from the Trainer in the Director. The Gen
erated Bearing Crank must be in its OUT position. 

In Semi-automatic Control, the Generated Bearing Crank is 
put in its IN position to make Bearing Rate Control Correc
tions. 
In its IN position, the Generated Bearing Crank puts in both 
angular inputs to Generated Bearing and Bearing Rate Cor
rections to keep the Ge ne rated Bearing Dial rotating at the 
same speed and in the same direction as the Observed Bearing 
Dial. 

In its OUT position, the crank can be used to position the Gen
erated Bearing Dial for running B Tests. 

In Local Control , the Generated Bearing Crank in its OUT 
position is used to set the Relative Target Bearing Ring Dials 
to read the initial va lue of Generated Relative Target Bearing. 
Subsequent corrections to 'Generated Relative Target Bearing 
can also be introduced with this crank. 

THE TIME CRANK has three position s : IN, CENTER, and 
OUT. It has to be held in the IN or OUT position, since it springs 
to CENTER when re leased. It is norma lly in the CENTER 
position, allowing the Time shaft line and dial s to be positioned 
by the Time Motor. When the Time Crank is pushed IN, it 
zeros the Minute ring of the Time Dia ls. When turned in the 
IN position, this crank turns the Seconds Dial. 

In its OUT position, the Time Crank is connected to the T ime 
shafting. With the Time Motor Switch OFF, the Time shaft 
line may be rotated by the Time Crank for test purposes. 
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The controls elevation station 
The controls at the E levation Station consist of the Generated 
Elevation Crank and the Rate of Climb Handcrank. 

Q 
ELEVAnON DIALS 

\.GIEN" " " '. ELEV'TlON CRA,NK __ 

T'-IF G~ '-fI R "1 ~l Ff EV 10 has two posi
tions: IN and OUT, with a pin to hold it in the OUT position. 

In Automatic Control , E levation Rate Control is handled auto
matically on signal from the Pointer in the Director. The Gen
erated Elevation Crank must be in its OUT position. 

In Semi-automatic Control , Elevation Rate Control Correc
tions are put in through the Generated E levation Crank. The 
Generated E levation Crank must be in its IN position. 

In its IN position t he Generated E levation Crank puts in both 
angular inputs to Generated E levation and E levation Rate 
Corrections, to keep the Generated Elevation Dial rotating at 
t he same speed and in the same direction as the Observed Ele
vation Dial. 

In its OUT position the crank can be used to position the Gen
erated Elevation Dial for running B Tests. 

In Local Control , the Generated Elevation Crank is pulled 
OUT, since it is not used. 

TYE RA.TE OF C I' [I is located below the 
Generated Elevation C rank. It has two positions: IN and OUT. 
In its IN position, it sets va lues of Rate of Climb, dH, into the 
Rate of Climb shaft line. T he value on this shaft line can be 
read on the Rate of Climb Dial in the Target Speed Group. 

When the Rate of Climb Handcrank is OUT, it is disconnected 
and the Rate Control Mechanism positions the dH shaft line 
automatically. 
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HANDCRANKS and DIALS on the 
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The rear top of the Computer Mark 1 is divided into three 
control groups: 

The Synchronize Elevat ion and Dip Group 
The Spot Group 
The Prediction Values Group 

The synchronize elevation and 
dip dial group 
This group consists of the Synchronize Elevation and Dip 
Dials a nd the Synchronize Elevation Handcrank. 

SYNCHRONIU! 
ELEVATION 
HANDCRANK 
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THE SYNCHRONIZE ELEVATION DIALS consist of an in
ner dial and a ring diaL The index on the ring dial is a broken 
line. The index on the inner dial is an arrow. These markings 
are matched at the fixed index for Continuous Aim. 

THE DIP DIALS consist of an inner dial with a w ide index 
mark, and a n outer ring with uneven graduat ions and numbers 
from 0.5 to infinity. The graduations on the outer dial represent 
thousands of yards of Range. The Dip Dials a re used to obtain 
a substitute value for Target Elevation, E, when the Computer 
is operated without the Director. This subst itute E is combined 
with Level Angle, L, to obtain a substitute value of Director 
Elevation, Eb, a value normally received from the Director. 

THE SYNCHRONIZE ELEVATION HANDCRANK has 
three positions: IN, CENTER. and OUT, with a pin to lock it 
in each position. 

In the IN position. the handcrank is connected to the Synchro
nize Elevation Dials. In preparing for Continuous Aim. this 
handcrank is turned in the IN position to match the Synchro
nize Elevation Dials at their fixed index. 

In the CENTER pos ition. the Synchronize Elevation H and
crank is connected to the Observed Elevation shaft line and the 
Elevation Dials on the front of the Computer. When the Com
puter is being set up for Selected Level Fire, with Level Angle 
selected at the Director, aga inst a surface target. this hand
crank is turned 10 the CENTER position to zero the Elevation 
Dials. It should be left in the CENTER position. 

In the OUT position the Synchronize Elevation H andcra nk is 
connected to the Dip Dials. When the Computer is being set up 
to fire against a surface target without the Director Elevation 
input, that is, in Indirect Fire from the Stable Element, this 
handcran k is turned in the OUT position to put in a Dip value. 
The Dip va lue is set by matching the index on the inner Dip 
Dial to the fixed index and then setting the value of Advance 
Range on the ring dial to the same fixed index. Dip is set in after 
the Elevation Dia ls have been zeroed with the handcrank in the 
CENTER position. The graduations on the Dip Dial actually 
represent thousands of yards of Present 'Range. Advance Range 
is used to set the dials. however. because it is easily read on the 
adjacent R2 Counter and is sufficiently accurate for this pur
pose. 

When the handcrank is in the IN position. ignore any motion 
of the Dip Dial s. When the handcrank is in the CENTER posi
tion. ignore any motion of both the Dip Dials and thp. Syn
chronize Elevat ion Dials. When the handcrank is in the OUT 
position, ignore any motion of the Synchronize Elevation Dials. 
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spot 
The Spot Group consists of two Range Spot Counters, the Ele
vation Spot Dial, the De flection Spot Dia l, the Ra nge Spot 
H andcrank, the Elevation Spot Knob, and the D eflection Spot 
Knob. 

show R ange Spot, 
R j, in ya rds. The uppe r counter reads from zem to 1,800 OUT. 
The lower counter reads from zero to 12,000 IN. One counter 
is a lways masked while the other shows a va lue of Ra nge Spot. 
Both counters a re uncovered at the zero position. 

shows Elevat ion Spot, V j, 
in mils from DOWN 180 mils to UP 180 mil s. The dial is grad
uated every 5 mi ls, numbered every 20 m ils. a nd read against 
its fixed index. 

shows Deflection Spot, Dj, 
in mils from RIGHT 180 mils to LEFT 180 mil s. The dial is 
graduated every 5 mi ls. numbe red every 20 mi ls, and read 
against its fixed index. 

puts 
Range Spot, Ri, into the Ra nge Spot 
Counters and the R j sha ft line. 

puts 
Elevation Spot, V j, into the E levation Spot 
Dial and the V j shaft line. 

puts 
D e flection Spot, D j, into the D eflection 
Spot Dial a nd the Di sha ft line. 

The two knobs a nd the ha ndcrank each 
have two positions: IN and OUT, with pins 
to hold them in e ither pos ition. T o intro· 
duce a spot manually, the knobs and hand· 
crank must be in their IN positions. F or 
au(omat ic reception of spots from the Di
recto r, the knobs and handcrank must be 
OUT. 

CAUTION: 
The Ri, Vi, and D j R eceivers can get out 
of synchronism with the incoming signa ls. 
T o prevent this, see tha t the Spot Dia ls 
ind icate the correct value of the spot be
fore pulling the handcranks OUT. 
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T prediction values 
The -Prediction Values Group consists of the Sight Angle 
Counter and H a ndc rank. the Sight D eflection Counter and 
Handc rank , the Fuze Counter and H andcrank, and the Ad
vance Range Counter. 

L- shows the computed va lue 
of Sight Angle, V s, in minutes, with 2,000 minutes as the zero 
va lue. 

shows the com
puted va lue of Sight Deflection, D s, in mils, with 500 mils as the 
zero va lue. 

shows the computed value of Fuze 
Setting Orde r, F , in seconds. 

shows the computed 
va lue of Adv~nce Range, R2, in ya rds. There is no R2 hand
crank. 

The handcranks in th is group have two positions: IN and OUT, 
and each has a pin til hold it in e it he r position. 

in its IN posit ion is con
nected to the V s shaft line a nd cou nter. When this knob is OUT, 
the V s line is positioned by the Prediction Section of the Com
puter. 

in its IN position is connected to 
the Ds shaft line and counter. 'Whe n this 
knob is OUT, t he Ds line is positioned by 
the Prediction Sect ion of the Computer. 

in its IN po
sit ion is connected to the F shaft line and 
counter. Whe n this knob is OUT , the F line 
is positioned by the Prediction Section of 
the Computer. 

If some of the power circuits should fa il 
leaving the Sight Angle, Sight Deflection , 
and Fuze Tra nsmitters e nergized , these 
transmitters can be set by ha nd through 
the handcranks to send values of V s, D s 
and F to the guns. 

Whe n no Sta r She ll Compute r is supplied, 
the Fuze a nd Sight Angle Handcranks can 
be used in tra nsmitting these values to the 
gu n firin g the sta r she ll s. The val ues to be 
used are obta ined from a Star Shell Legend 
Pla te. 
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The Target Course Indicator is mounted on the Star Shell 
Computer. It has a Target Course Dial , an INCREASE But· 
ton. and a DECREASE Button. 

THE TA~GET COURSE DIAL shows Target Course. Ct. 
which is the horizontal angle between North and the bow of 
the Target, measured clockwise from North. 

An index plate around the dial is graduated in degrees from 0 °, 
which represents N orth, to 360°, with graduations every 2 de
grees and numbers every 10 degrees. Zeros are omitted so that 
the figures can be read more easily. 

The dial has an airplane engraved on it. The bow of the Target 
is read against the index plate. 

The dial is positioned by synchro transmission from the Ct 
Transmitter in the Computer. 

THE INCREASF AND DECREASF BUTTONS 
The Ct shaft line in the Computer may also be positioned man
ually by the push buttons on the Target Course Indicator. 
When the DECREASE Button is pressed, the value of Cf in t he 
Computer decreases; when the INCREASE Button is pressed, 
the value of Ct in the Computer increases. The Target Course 
Indicator Dial shows the value of Ct in the Computer at all 
times. To make inputs at the Target Course Indicator, the 
Target Angle and Target Speed Handcranks must be posi
tioned at AUTO. 

THE TARGET SIGNAL LIGHT 
On early modifications of the Computer Mark 1 there was a 
red signal light below the Target Dial. This signa l light was 
ON only whel). a change in Target Angle was being put into the 
Computer through the Target Angle Repeater in the Director. 
This signal has been eliminated from later modifications of the 
Computer Mark 1. 
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THE STAR SHELL COMPUTER 
The controls on the Star Shell Computer consist of the Star 
Shell Range Counter, the Star Shell Range Spot Dia ls and 
Knob, and the Star She ll Range Dials and Knob. 

THE STAR SHELL RANGE COUNTER shows Star Shell 
Range, R2n. The reading of this counter, except as it may be 
modified by Sta r Shell Range Spot, Rjn, is 1000 ya rds higher 
than Advance Range, R2, which it receives from the Prediction 
Section of the Computer Mark 1. The lOOO-yard offset, which 
is introduced at the time of adjustment, serves to cause star 
shells to burst beyond the T a rget . 

THE STAR SHELL RANGE SPOT DIALS consist of an inner 
and an Quter dial. The inner dial has an index on it and is po
sitioned automatically by the Star Shell Spot Transmitter. The 
outer dial is graduated and numbered in hundreds of yards of 
Star Shell R ange Spot, Rjn, from 1500 OUT to 1500 IN. The 
figures on the IN side are printed in red. This dial is positioned 
by the Star Shell Range Spot Knob. 

THE STAR SHELL RANGE SPOT KNOB sets Sta r Shell 
Range Spot, Rjn, into the outer Star Shell Range Spot Dial 
and the Rjn shaft line, when the outer Rjn Dial is matched to 
the inner Rjn Dia l. 

THE STAR SHELL RANGE DIALS consist of an inner and 
an Qutt:r died. Tilt: ililier Star Shell Range Dial is called the Fll 
Dial ; the outer Sta r Shell R ange Dial is called the jDwn Dia l. 
Both dia ls have unevenly spaced graduations and are nurn· 
bered in thousands of yards. These dia ls must be positioned by 
the Star Shell R a nge Knob so tha t the reading across their fixed 
index matches the reading on the Star Shell Range Counter. 

THE STAR SHELL RANGE KNOB has two positions: IN 
and OUT, with a ball d etent to hold it in either position. This 
knob is turned in its IN position to match the inner Fn Dia l 
approximately to the Sta r Shell Range Counter reading. Then 
in its OUT position this knob is turned to move the outer jDwn 
Dial until the reading across the fixed index agrees exactly 
with the counter reading. In its IN position, t he Star Shell 
Range Knob sets Star Shell Fuze Setting Order, Fn, into the 
Star Shell Computer. In its OUT position it sets in jDwn. 
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OPERATING INSTRUCTIONS 

OTHER 
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Operating Stations 
The number of men operating the Computer Mark 1 and the 
duties assigned to each man are determined by ship's doctrine. 

For convenience in describing operating procedures in this 
chapter, the principal controls of the Computer are divided 
among three operating stations: 

The Range Station at the front 
The Elevation Station at the left side 
The Bearing Station at the right side 

~";~--r- RANGE ST.4. TlON 

Each of these stations may be manned by one or more opera
tors. If necessary one operator can man more than one station. 
For convenience it is assumed here that there is one operator 
at each of the three stations. 

In the operating instructioIls that Colluw, the duties of the 
men at the three main stations are a lways given first. Additional 
duties are grouped under "Other Stations," 
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The Conditions of the 
The Computer controls must always be set in such a way that 
the Computer can be put into operation quickly. When no 
action is expected, the controls should be positioned to avoid 
needless wear of the Compute r parts. The suggested settings 
for the Computer when it is not in use are grouped under the 
titl e, Secured Condition of the Computer. 

When a search for a target begins, several changes may be made 
to these settings to prepare for action. When the type of target 
is not known, the Computer is put into the Standby l or Search 
condition. When the type of target is known, the Computer 
may be put into Standby for an Air Target or Standby for a 
Surface Target. 

When tracking a ta rget, the Computer may be operated in 
several different ways. There are four basic types of operation: 
Automatic, Semi-automatic, Manua l, and L ocal ( without Di
rector). In actual practice, features of two or more of these 
types are often combined. 

The instructions which follow describe the steps required to 
change the Computer: 

1 From Secured to Standby for Search 

2 From Standby for Search to Standby lor an Air Target 

3 From Sta ndby lor an Air T arget to each of the basic types 
of operation used for air targets. The basic ty pes of opera
tion for an air target are: Auto, Semi-auto, and M anual. 

4 From Standby for Search to Standby for a Surface Target. 

S From Standby for a Surface Target to each of the basic 
types of operation used for surface targets. The basic types 
of opera t ion fo r a surface target are: Manual and Loca l. 

Operators who are familiar with these procedures will be ab le 
to change from any condition or type of operation to any other 
condition or type of operation 

The Standby Conditions discussed on pages 116, 118. and 
132, are a compromise between speed in shifting to fuJI opera
tion. and prevention of wear. There are other Standby setups 
which put greater emphasis on speed and less emphasis on 
prevention of wear. Samples of these faster setups are inc luded 
on pages 146- 147. 
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The FOUR TYPES of OPERATION 
COMPUTER CREW WATCH DIALS 

RANGE RATE CONTROL 
SWITCH AT AUTO 

COMPUTER CREW TURN G ENERATED 
RANGE, ElEVATION, AND BEARING CRANKS 

, 
I ik~' 

~ 

• 

,--l_~ / 
NOTE: 

"-:.,.../ RANGE RATE CONTROL 
SWITCH AT MANUAL 

Range can be rate-controlled 
semi-automatically while Eleva
tion and Bearing are being rate
controlled automatically. Like
wise, Range can be rate-con
trolled automatically while Ele
vation and Bearing are being 
rate-controlled semi-automati 
cally. 

11 2 

I n Automatic and Semi-automatic Opera
tion, the Rate Control Group computes 
corrected values of Sh, dH, a nd A. 

AUTOMATIC OPERATION 
In Automatic Operation the Rate Control 
Group computes the corrected values of 
Sh, dH, and A, on sigl"!ai from the Director. 
When the P ointer and Trainer press their 
signal keys as they turn their handwheels, 
Elevation and Bearing Rate Cont rol Cor
rections a utomatically feed into the Rate 
Control Group. Whe n the R a nge Operator 
presses his R a nge Signal Button as he turns 
his R ange Knob, Range Rate Control Cor
rections enter the Rate Control Group. The 
amount of R a nge R ate Control Correction 
is controlled manually by the Range Rate 
Ratio Knob at the Computer. A solution is 
reached when the Elevation and Bearing 
Solution Indicators cease turning. 

Switch Positions : 

Control Switch at AUTO 
Range Rate Control Switch at AUTO 

SEMI-AUTOMATIC OPERATION 
In Semi-automatic Operation the Rate 
Control Group computes the corrected 
values of Sh, dH, a nd A, using Rate Con
trol Corrections put in by hand by the Com
puter Crew. The Computer Crew makes 
rate corrections by turning the Generated 
R ange, Generated Elevation, a nd Gener
at~d Bearing Cranks. These cranks a re 
turned in their IN positions when the sig
na ls from tht:: Director show that Observed 
Range, Observed Elevat ion , and Observed 
Bearing are correct. A solution is reached 
when sufficient corrections have been put III 
to keep the Generated Range, Generated 
Elevation, and Generated Bearing Dials 
rotating in the same d irections and a t the 
same rates as the Observed R ange, Ob
served Elevation, and Observed Beariflg 
Dials. 

Switch Positions: 

Control Switch at SEMI-AUTO 
Range Rate Control Switch at MANUAL 
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In M anual a nd Local Opera tion. the R a te 
Control Group is not used. Inst ead, the 
opera to rs correct Sh, dH , a nd A direct ly 
by means of t he Sh,dH , and A H andcra n ks. 

MANUAL OPERATION 
In Ma nua l Opera t ion the Computer Crew 
ma kes fa te corrections through the Sh, dH , 
and A Ha ndcranks. A solution is reached 
when suffic ient correct ions have been made 
to t he T a rget M otion va lues to keep the 
Genera ted Range, Genera ted E levation, 
a nd Generated Bearing D ia ls rota t ing in 
the same d irections and at the same ra tes as 
the Observed R a nge, Observed Elevat ion, 
and Observed Bearing Dia ls. 

Switch P ositions : 

Contro l Switch a t SEMI-AUTO 
R ange Rate Control Switch at M ANUAL 

LOCAL OPERATION 
Loca l Opera tion is a type of ope ra tion used 
whe n Ta rget P osition is no t being com
plete ly dete rmined by the Gun D irector 
M a rk 3 7. Observed R a nge, R, R ela tive 
T a rget Bearing, Br, T a rget Angle , A, a nd 
T a rget Speed. Sh, a re observed from some 
a loft sta~ion a nd continua lly phoned to the 
p lotting room. The Compute r C re w puts 
the va lues of t hese quantities into the Com
pute r by ha nd a t the Ge ne rated R ange, 
Genera ted Bea ring, T a rget Angle, a nd T a r
get Speed H andcra n ks. The crew t he n cor
rects the va lues of Sh a nd A through the 
T a rget Speed a nd T arget Angle H a nd
cra nks. The so lution of t he problem is 
reached whe n the readings on the R a nge 
a nd Bea ring D ials stay in agreement with 
the phoned va lues. 

Switch P ositions : 

Control Switch a t LOCAL 
R a nge Ra te Control Switch a t MANUAL 

RESTRICHO 

OP ER ATING INSTRUCTIONS 

COMPUTER CREW TURN 
TARGET VALUE HAN DCRANKS 
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RANGE RATE CONTROL 
SWITCH AT MANUA L 
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SWITCH AT MANUAL 
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SECURED CONDITION 
Securing the COMPUTER MARK 1 
At the Range Sta tion: 
1 Turn the Time Motor Switch OFF. 

At the Othe r Stations: 
1 Set Level at a selected value of 2000 minutes at the Stable 

Element. 
2 Disconnect Cross-level and set it at a selected value of 

2000 minutes. On some ships thi s is d one a t the Selector 
Drive; on other ships it is done at the Sta ble E lem ent. 

Setting the 

handcranks and dials in Secured Condition 
All handc ranks, switche~ , and dia ls should be set at d e finite 
posi tions whenever the Computer is secured. Knowing the 
settings ma kes it poss ible to go into operation fast. If the same 
settings a re used consistent ly , any changes from the m can be 
recognized as evidence of ta mpering. 

The settings used may vary according to ship's doctrine. The 
foll owing settings are suggested: 

At the R a nge Station: 
1 Turn the Control Switch to L OCAL. 
2 Put the Range Rate D iving Speed H andcrank to AUT O. 
3 Turn the Range Rate Control Switch to MANUAL. 
4 Turn the Target Speed Switch to NORMAL. 
S With the Target Speed H a ndcrank at H AND, set Sh at 

zero. Leave the ha ndcrank at H AND. 
6 Set the R a nge Rate Ra tio Knob at 1. -
7 With the Generated R a nge Crank OUT , set the Ra nge 

Dia ls at 3 0,000 yards. Leave the crank OUT. 

At the Elevation Station: 
1 With the Rate of C limb H a ndcrank IN, set dH at zero. 

L eave the ha ndcra nk IN . 
2 Set the Ge ne rated Elevation Crank at the OUT position. 
3 With the Ship Speed H andcrank IN, set So at zero. L eave 

t he handcrank IN . 
4 With the Wind Speed H andcrank. set Swat zero. 
S With the Synch ron ize Elevation H andcra nk at CENT ER, 

set E at zero. Leave the ha ndcrank at CENTER. 
6 Pull the Initial Velocity Knob OUT and set I, V . at 2600 

f.s, 
7 Pull the D ead Time Knob OUT and set T g at the estab

li shed value. 

The Initia l Velocity and Dead Time Knobs return to their IN 
positions when released , 
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At the Bearing Station: 
1 With the Ship Course H andcrank IN, set Co at zero. Leave 

the handcrank IN. 
2 With the Wind Direction Handcrank, set Bw at zero. 
3 With the Generated Bearing Crank OUT, set Br at zero. 

Leave the crank OUT. 
4 W ith the T arget Angle H andcrank at HAND, set A a zero. 

Leave the handcrank at HAND. 
S Push the Time Crank IN and zero the Time Dials. When 

the crank is released it returns to the CENTER position. 

At the Other Stations: 
1 With the Range Spot Handcrank and the Elevation and 

Deflection Spot Knobs IN, set Rj, V j, and D j at zero. 
2 Leave the Sight Angle, Sight Deflection and Fuze Hand

cranks OUT. 
3 With the Star Shell Range Spot Knob, set R j n at zero. 
4 With the Sta r Shell Range Knob IN, set the inner dial at 

10,000 yards. Pull the knob OUT and set the outer dial at 
10,000 yards. Push the knob IN. 

After a ll settings are made: 
1 Turn the Power Switch OFF. 
2 Turn the Computer P ower Supply Switch OFF at the 

Switchboard. 
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STANDBY CONDITION 
There are severa l Standby Conditions for the Gun Director 
M ark 37 System. These Standby Conditions and their names 
are determined by ship's doctrine. The Computer will be in 
one of the three following Standby Conditions, depending upon 
the System Standby Condition ordered. 

Initial standby 
Initial Standby is used onl y when there is little possibility of 
action. 
The Computer is in Secured Condition. 
Only the Stable Element gyro is energized. 
The Computer circuits and all other circuits. a re de-energized. 
This condition keeps wear of the Computer at a minimum. 

Standby for search 
The Stable Element gyro and fo llow-ups are energized. 
Level and Cross-level are set a t selected values. 
The Computer power circuit is energized. 
The synchro circuits a re not energized. 
The Standby fer Search Condition keeps the system in in· 
sta nt readiness to begin searching without causing needless 
wear of the Compute r parts. 

Standby during search 
All circuits in the Stable Element and Computer are energized 
except the Director Elevation Tra nsmission circuit to the Eb 
R eceiver. 
Level and Cross-level are set at selected va lues. 

Changing from secured to 
standby for search and standby during search 
At the Range Station: 
1 Turn the P ower Switch ON. 
2 Turn the Control Switch to SEMI·AUTO. 
3 Pull the Ship Course H andcrank OUT. 
4 Set in ordered value of I.V. 
The other Computer settings remain the same as for Secured 
Condition. 

The Computer Dials During Search 
With the Power Switch ON, and the Switchboard positioned so 
that the Computer is in Standby during Search, the fo llowing 
dials move: 
1 T he Compass Ring Dial shows Ship Course, Co. This value 

is received from the Gyro Compass because the Sh ip 
Course H andcrank is OUT. 

2 The Ship D ia l turns and Re lative T a rget Bearing, Br, 
changes as the Director trains in search of t he target. 

3 The Target Dia l turns as Own Ship changes course and as 
R elative T a rget Bearing changes. 

As soon as the type of target is known, additional settings may 
be made. 
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STANDBY FOR AN AIR TARGET 
Changing from standby during search 
to standby for air target 
At the Ra nge Sta tion : 
1 With the Genera ted R ange Crank OUT, match the "Y" 

indexes on the ring dial s to the pointers on the inner dials. 
Set the ring dials at 5000 ya rds until an accurate range 
can be determined. Leave the crank OUT. 

2 With the T a rget Speed Handcrank at HAND, set the esti
mated T arget Speed into the T arget Speed Counter. Leave 
the H andcrank at HAND. 

At the Elevation Sta tion: 
1 With the Ship Speed Handerank IN, set in the Ilpproximate 

So; then pull the handcrank OUT. 
2 With the Wind Speed Handcrank, set in Wind Speed, Sw. 

At the Bearing Station: 
1 With the Wind Direction Handcra nk, set in Wind Direc-

tion, Bw. 

At the Other Stations: 
1 Put the Stable Element at Continuous Aim. 
2 Connect, synchronize, and lock the Selector Drive. 
l Make sure that a ll the switches connecting the Director, the 

Computer, the Stable Element, and the guns a re ON a t the 
Fire Control Switchboard. 

4 Pull Spot Knobs OUT, noting that correct values of Rj, 
Vj, and Dj are indicated. 

Setting in estimates of A, Sh, and dH 
At the Range Station: 
1 With the T a rget Angle Ha ndcrank at HAND, set the esti

mated va lue of T arget Angle, A, into the T arget Dia l. Leave 
t he handcrank at HAND. 

OR 
Switch the T arget Speed a nd Target Angle Handcrank to 
AUTO. At the T arget Course Indicator press the IN
CREASE or DECREASE push-button until the estimated 
A is read on the T a rget Angle Dial. Return the handcranks 
to HAND posi tion. 

2 With the T a rget Speed H andcrank at HAND, set the esti 
mated Sh into the T arget Speed Counter. 

l With the Rate of Climb Handcrank in the IN position, set 
the estimated dH into the Rate of Cl imb Dial. Leave the 
handcrank IN. 

4 Turn the Control Switch to AUTO. 

At the Eleva tion Station: 
1 When the Director Sights a re on the T arget. push the Syn

chronize Eleva tion Handcrank IN and match the Synchro
nize Elevation Dia ls a t the index. 

2 See that Dead Time, T g, a nd Initia l Velocity. l.v ., are set 
at their ordered values. 
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When the D irector Sights are positioned on the T arget . the 
Pointer, Trainer and Range Finder Operator in the Director 
indicate they a re ready to sta rt tracking by closing their signal 
keys. When the signal keys are closed, the Range Finder Signal 
on the Computer turns to white, a nd the Pointer's and Trainer's 
Signals turn to red. 

RESTRICTED 

OPERATING INSTRUCTIONS 

o 

.... SET IN 

Co RECEIVED 

RECEIVED 

' ",~,,, . 

11 9 

www.tinyurl.com/slover


(OMPUTER MARK I 

NOTE: 
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AUTOMATIC OPERATION 
Changing from standby for an air target 
to automatic operation 
At the Range Station: 
1 Turn the Range Rate Control Switch to AUTO. 
2 Turn the Time Motor Switch ON. 
3 Shift the Target Speed a nd Target Angle H a ndc ranks to 

AUTO. 

At the Elevat ion Station : 
1 Pull the Rate of Cl imb H a ndcrank OUT. 

Tracking in automatic operation 
At the Range Station : 
1 Turn the Range R ate Ra tio Knob toward 5 as the problem 

nears solution. When the rate corrections become sma ll , 
the Genera ted Range Dials wi IJ osci llate if the Ra nge Rate 
Ratio Knob is positioned at too Iowa figure. , 

Making target corrections during 
automatic operation 
If a large correction to a T a rget value is need ed, it is always 
advisable to ass ist the Rate Control Mechanism by quickly 
setting in the new value by hand. 

At the Range Sta tion : 
1 When ordered, correct T arget Speed with the lever on 

the handcrank a t HAND. Switch the lever back to AUTO 
as soon as the correction has been made. 

OR 
Leave the T a rget Speed a nd T a rget Angle H andc ranks at 
A UTO. Correct T arget Speed by holding the T a rget Speed 
Switch at either INCREASE or DIVE ATTACK until the 
new value is read on the T arget Speed Counter. 

2 When orde red, correct Target Angle with the lever on the 
handcrank at HAND. Switch the lever back to AUTO as 
soon as the correction has been made. 

OR 
Leave the T a rget Angle and T a rget Speed H andcranks at 
AUTO. Correct T a rget Angle by pressing one of the push 
buttcns on the T a rget Course Indicator until the new value 
is read on the A Dia l. 

At the Elevation Station : 
1 Whe n ordered. make corrections to R a te of Climb with the 

dH H a ndcrank IN. Pull the handc rank OUT as soon as the 
ccrrection has been made. 

The Computer Crew now watches the Ship, T a rget, and Gen
erated Dials, and stands ready e ither to make hand corrections. 
to cha nge the method of operation, o r to cease t racking. 
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SEMI-AUTOMATIC OPERATION 
Changing from standby for an air target 
to semi-automatic operation 

BEARING At the Range Station: 

TlME MOTOR 
SWITCH ON 

RANGE FINDER RANGE 

SIGNAL _ ~DlAlS 

~);;-;;o 
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L-~-/----, 
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TURN RANGE CRANK 
IN THE IN POSITION 
TO KEEP RANG C 
orALS MATCHED 

1 Turn the Control Switch to SEMI-AUTO. 
2 Turn the Time M otor Switch ON. 
3 Shift t he lever on the Target Speed H andcrank to AUTO. 

At the Elevation Sta tion : 
1 P ut the Ge ne rated Eleva tion Crank IN. 

At the Bearing Sta t ion: 
1 Put the Generated Bea ring Crank IN. 

Rate control in semi-automatic operation 
In Semi-automatic Operation, rate-controlling should be done 
at all stations at the same time. 

At the Range Sta tion: 
1 M atch the Ra nge Dials. 

T o do th is, put the Generated Ra nge Cra nk in its IN posi
tion. W hen the Range Finder Signal shows white, pull the 
crank OUT aga inst spring pressure and turn it until the 
indexes on the G enerated Range Dia ls ma tch the indexes 
on the Observed Range Dia ls. T he dial s may also be 
matched with the c rank in its IN position. Whe n the crank 
is turned in its IN position. the amount of dial change for 
a given c ra nk rotation depends on the posi tion of the Ra nge 
Ra te R atio Knob. With this knob a t 1. a large crank move
ment ma kes a small dial change. With the knob at 5 , the 
same crank movement causes a much greate r dia l change. 
A good Range Rate Ratio Knob setting for beginners is 
2 1/ 2 . E xperienced opera tors will sense t he p roper setti ng. 

2 K eep the Gene ra ted R ange D ia ls rotat ing a t such a rate and 
in such a direction that they match the Observed Ra nge 
Dia ls whenever the Range Finder Signa l is white. 
T o do this, d epress the Range Rate Contro l M anua l P ush
button and turn the Ge ne rated R a nge Cran k in its IN 
position whi le the Range Finder Signa l is white. Turn the 
crank until the dial s match . T urning the crank in its IN 
position with the push-button depressed puts Range R ate 
Corrections into the R ate Control M echanism. 
T he ratio of the Rate Corrections to the Linear Corrections 
is determined by the position of the Range Rate Ra tio 
Knob. 
If there is a great diffe rence in rate of rotat ion between t he 
Gene rated and Observed Range Dials, it is advisab le to 
over-correct . T o over-correct , depress the R a nge Ra te Con
trol Manua l Push-button and turn the G enera ted Ra nge 
Crank in its IN position un til the index on the fine outer dia l 
passes the index on the fi ne inner dial. T hen release the 
push-button and turn the crank back to match the indexes 
on the dial s. 
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SEniNGS AT THE MOMENT THAT THE TIME MOTOR IS TURNED ON 
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CHANGES FROM STANDBY FOR AN AIR TARGET SHO WN IN REO 

The R a nge R a te Ratio Knob should be at the 1 position at the 
beginning of a proble m or whe neve r la rge rate correc.;tions l::I ce 
required . This knob should be t urned to its next higher-num
be red posit ion whe never t he re is any oscilla tion of the T a rget 
Speed, Sh, Counte r. As the problem progresses a nd the ra te 
of rota tion of the Genera ted Dia ls nears the ra te of rota tion of 
t he Observed Dia ls, turn the Ra nge R a te Ra tio Knob towa rd 
its 5 posi tion. 

When the Genera ted Dials match the Observed Dia ls each time 
the Ra nge Signa l turns white, Generated R a nge a nd Ra nge 
Rate a re correct. 
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Rate -controlling at 
the elevation and bearing stations 

At the Elevation Station: 

1 With the Gene rated Elevation Crank in the IN position, 
turn it until the G enerated Elevation Dial rotates with the 
fine Observed Elevation Dia l. Over-correcting Elevation 
will cause false values of Rate of Climb and Range Rate 
to be computed. 

When the Gene rated Elevation Dial and the fin e Observed 
Elevation Dial rotate together, the Elevation R ate is correct. 

At the Bearing Sta tion : 

1 With the Genera ted Bearing Crank in the IN position 
turn it until the Generated Bearing Dial rotates with the 
fin e Observed Bearing .Dia l. 

Whe n the Generated Bearing Dia l and the fi ne Observed 
Bearing Dial rotate together, the Bearing Rate is correct. 

NOTE: 
The speed With which rate corrections can be made will be 
determined by the skill of the operators. With expencnce the 
operators can Judge the amount of crank rotation needed for 
any correction and make th~ whole correction qUickly. 
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TARGET ANGLE 

In Automatic or Semi-automatic Operation, a large fast change 
in T arget Angle may cause the Rate Control Mechanism to 
compute a solution based on an incorrect T arget Angle. When
ever this occurs, the reading on the Target Speed Counter 
drops rapidly to below 80 knots and all the dials showing gen
erated values slow down, In Semi-automatic Operation, the 
Generated Bea ring Dia ls rotate in the opposite direction to the 
Observed Bearing Dials. Finally the T a rget Angle Dial starts 
to vibrate. 

T o avoid a false solution, watch t he Target Speed Counter. 
As soon as the reading on this counter drops below 80 knots: 

1 Hold the T arget Speed Switch at INCREASE until the 
former value of Target Speed shows up on the counter. Let 
the switch spring back to NORMAL. The Computer will 
then compute the correct T arget Angle. 

OR 

2 When the report of a large change of T arget Angle is re
ceived, switch the T arget Angle Handcrank to HAND and 
make the correction to T arget Angle whi le holding the 
T a rget Speed Switch at INCREASE. Hold the switch at 
INCREASE until the former va lue of T arget Speed shows 
up on the counter. Switch the T arget Angle H andcrank 
back to AUTO. 

OR 

3 When a report of a large change of T arget Course is re
ceived, leave the T arget Angle Handcrank at A UTO. Press 
one of the buttons on the T arget Course Indicator. It is not 
necessary to hold the T arget Speed Switch at INCREASE, 
but a quicker so lutio"n will be obtained if this is done. 

If the T arget Angle Dial is vibrating, the T arget Speed Switch 
must be held at INCREASE whi le the Target Angle is being 
corrected at the T arget Course Indicator or after Target Angle 
is corrected by the T arget Angle Handcrank. 
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MANUAL OPERATION against an Air Target 
Changing from standby for an air target 

A HANOCRANK 
AT HAND. SET IN 
ESTIMATED VALUE 

A HANDCRANK 
HAND 

Sh HANDCRANK {) I 
HAND /0 
TURN TIME / 
MOTOR SWITCH ON 
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to manual operation against an air target 
At the Range Station: 

A DIAL 1 Turn the Control Switch to SEMI~AUTO . 

I 

;J 

2 With the T a rget Speed Handcra nk at HAND, set the esti· 
mated T a rget Speed. 

At the Elevation Station: 

1 Wit h the R ate of Climb Ha ndcrank IN, set the estimated 
value for dH into the R ate of Climb Dial. Leave the hand
crank IN. 

At the Bearing Station: 

1 With the T a rget Angle Ha ndcrank a t HAND, set the esti
mated T arget Angle on the T arget Dial. Leave the hand
crank at HAND. 

Manual control of rates against an air target 
In Manua l Operation for an a ir target , the Rate Control M ech
a nism is not used. Control of rates is handled from the Range 
a nd Elevation Stations. The T a rget Speed, T a rget Angle, and 
R ate of Climb H andcranks are used to correct the speed and 
direction of rotation of the Generated Dia ls. 

At the R ange Station: 

1 Turn the Time M otor Switch ON. 
2 With the T a rget Angle and T arget Speed H a ndcranks at 

HAND, make corrections to these values until the GeneT· 
ated Range, Generated Elevation, a nd Generated Bearing 
Dials rotate at the same rates and in the same directions as 
the Observed R ange, Observed Elevation, a nd Observed 
Bearing Dia ls. 

At the Elevation Stat ion: 

1 W ith the Rate of Climb H andc rank IN, make corrections 
to dH until the Generated R ange and G enerated Elevation 
Dials rotate at the same rates and in the same directions as 
the Observed Range and Observed Elevation Dials. Cor· 
rections to Rate of Climb have little effect on the Bearing 
Dia ls. 

At the Bearing Station: 

1 Stand by fo r instructions. 

T a rget Elevation, E, and T a rget Angle, A , a re used to determine 
which one of the t hree target va lues (Sh, A , or dH ) to correct, 
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CONTROLLING THE GENERATED 
DIALS IN MANUAL OPERATION 

FIXED INDEX 

f iXED IN DH 

In gene ra l, M a nual Contro l of rates aga inst fast-moving a ir 
ta rgets is d ifficul t. K nowled ge of t he fi re control proble m a nd 
practice in Computer o pe ration a re necessary because a ny COf 

rection to Sh, dH or A t usuall y affects more tha n one of the 
generated qua ntit ies. . 

While practicing, sk ill can be acq uired by correcting each gen
erated dia l in t urn, st a rt ing with t he one showing the most 
e rro l. In o p e l-a t ion, a skilled opercttuf can oft e n CQlTec t two or 
mOTe of the gene rated q uantities a t once. 

The information which fo llows desc ribes t he correction of each 
generated quantity separa te ly, by showing t he cha nges in Sh, 
dH or A t ha t will have t he greatest effect on that quantity. 

The effect of a cha nge in Sh , dH or A on the generated dia ls 
depends on two t hings: 

1 T a rget Eleva tion, E, the vertical a ngle between the Hori
zontal a nd the Line of Sight. 

2 T a rget Angle, A, the horizonta l a ngle between the d irec-
tion in which the T a rget is moving and the Line of Sight. 

The T a rget Elevation Dia l is d ivided by a n imaginary line into 
two sections: one section conta ining va lues from zero to 45 " 
a nd the other section conta ining values from 45 ) to 90 degrees. 

On the window of the T a rget Angle Dia l, a n imagina ry line 
representing the Line of Sight is extended across the dia l 
through the fixed index. Another imagina ry li ne known as the 
Cross Line is drawn at right a ngles to the Line of Sight t hrough 
the center of the T a rget . 

The T arget is sa id to be toward the Line of Sight whe n the 
bow of the T a rget is nearer the Line of Sight. 

The Target is said to be toward the Cross Line when the bow 
of the Target is neare r the Cross Line. 

The position of the T arget on the T a rget Dia l in rela tion to the 
Line of Sight and t he Cross L ine, togethe r with t he value of 
T a rget Elevation, determines which T a rget va lue h as to be 
changed to control the genera ted dia ls in M anua l Opera tion. 

A genera ted dia l may be tu rning in the same d irection as the 
corresponding observed d ia l, but a t a faster or slower speed, 
or it may be turning in the opposite direction to the observed 
dial. The instructions which fo llow give t he correction fo r each 
of these cond itions. 
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OPERATING INSTRUCTIONS 

Controlling the generated range dials 
When target elevation is below 450 

and the target is toward the line of sight 
To increase the speed of the Generated Range Dials, in
crease Sh. 

To decrease the speed of the Generated Range Dials, de
crease Sh. 

1 To reverse the direction of rotation of the Generated 
Range Dials, change A until the Target is on the other side 
of the Cross Line. 

When target elevation is below 450 

and the target is toward the cross line 
2 T o increase the speed of the Generated Ra nge Dials, move 

the T arget away from the Cross Line . . 

3 To decrease the speed of the Generated Range Dials, move 
the Target closer to the Cross Line. 

4 T o reverse the direction of rotation of the Generated 
Range Dials, change A until the T arget is on the other side 
of the Cross Line. 

When target elevation is above 450 

To increase the speed of the Generated Range Dials, in
crease the numerical vall!~ of dH. 

To decrease the speed of the Generated Range Dia ls, de
crease the numerical value of dH. 

To reverse the direction of rotation of the Generated Range 
Dials, change dB from a positive to a negative, or a negative 
to a positive value. 
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Controlling the generated elevation dial 
• operation • In manual 
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When target elevation is below 45° 
To increase the speed of the Generated Elevation Dial, 
increase the numerical value of dH. 

To decrease the speed of the Generated Elevation Dial, 
decrease the numerica l value of dH. 

T o reverse the direction of rotation of the Generated Ele
vation Dial, change dH from a positive to a negative, or a 
negative to a positive value. 

When target elevation is above 45° and 
the target is toward the line of sight 

To increase the speed of the Generated Elevation Dial, 
increase Sh. 

T o decrease the speed of the Generated Elevation D ial, 
decrease Sh. 

1 To reverse the direction of rotation of the Generated Eleva
tion Dial, change A until the Target is on the other side of 
the Cross Line. 

When target elevation is above 45° and 
the target is toward the cross line 
2 T o increase the speed of the Generated E levation Dial, 

change A to move the Target farther away from the Cross 
Line. 

3 To decrease the speed of the Generated Elevation Dial , 
change A to move the Target closer to the Cross Line. 

4 To reverse the direction of rotation of the Genera ted 
Elevation Dial, change A until the Target is on the other 
side of the Cross Line. 
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Controlling the generated 
• operation • In manual 

In making corrections to the Generated Bearing Dial, the value 
of T arget Elevation may be disregarded. 

When the target is toward the line of sight 

1 T o inc rease the speed of the Ge ne rated Bearing Dia l, 
cha nge A to move the Target farther away from the Line 
of Sight. 

2 T o decrease the speed of tne Generated Bearing Dia l, 
cha nge A to move t he T a rget closer to the Line of Sight. 

3 T o reverse the direction of rotation of the Generated Bear· 
ing D ia l, change A to move the Target to the other side oj 
the L ine of Sigh t. 

When the target is toward the cross line 

T o inc rease the speed of the Generated Bearing Dial, in· 
c rease Sh. 

T o decrease the speed of the Genera ted Bearing D ia l, de· 
crease Sh. 

4 T o reverse the direction o f rotation of the Gene rated Bear
ing Dial, change A to move the T a rget to the other side of 
the Line of Sight. 
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STANDBY FOR A SURFACE TARGET 
Changing from standby during search 

TARGET ~ ~~ IN to standby for a surface target 
DIAL ;]~ ~WIND At the Range Station: 

~~l ~ # • _ ' \~ _ ~g:!iCT'ON 1 With the Generated Range Crank OUT, set the expected 
. _~ l) ~ Range into the R ange Dials. Leave the cra nk OUT. 

~~ IN ~\' ~~ICOUNTER 2 With the T a rget Speed H andcrank at HAND, set the esti-
v ~ ~ :"'-;:0 mated Sh into the Target Speed Counter. Leave the hand-

PUll ou ",__ .'S( . 
So HANDCRANK ...---::: crank at HAND. 

SET IN ~ 0
00 At the Elevation Station: 

Sh ~ 

RDIALS ~ ~ 

\ 

~ SET IN 
SET IN ~EXPECTED 
~ RANGE 

• 
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1 

2 

3 

With the Rate of Climb H andcrank IN, check that the 
Rate of Climb Dial is at zero. 

Set in Wind Speed by turning the Wind Speed Handcrank. 

With the Ship Speed H a ndcrank IN. set the approximate 
speed; then pull the handcrank OUT. 

At the Bearing Station : 

1 Switch the Target Angle Handcrank to HAND and set 
in the estimated Target Course or Angle. Leave the hand
crank at HAND. 

2 Set in Wind Direction by turning the Wind Direction 
Handcrank. 

At the Other Stations: 

1 Put the Synchronize Elevation H andcrank IN and match 
the Synchronize Elevation Dials at the fixed index. 

2 Pull the Spot Knobs OUT, noting that correct va lues of 
Rj, V j, and Dj a re indicated. 

3 Put the Stable Element at Continuous Aim. 

4 Make sure that all the switches connecting the Director, 
the Computer, the Stable Element, and the 5" guns are 
ON at the Fire Control Switchboard. 

When the Range Finder, P ointer's, and Trainer's Signals indi 
cate that the Director is tracking the Target, and the Target 
comes within tracking range, the Time M otor Switch is turned 
ON to commence tracking in Manual Operat ion. 
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MANUAL OPERATION AGAINST A SURFACE TARGET 
Changing from standby for a surface target 
to manual operation against a surface target 

CROSS LINE 

, 
CRO SS LI NE 

3 

CROSS LINE 

4 

CROSS LINE 

, 
CROSS liNE 

• 
CROSS liNE 

7 

( ROSS LINE 

l. O f S.- ' , 

• 
CROSS LINE 

L. Of S. -
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At the Range Statio n : 
1 Turn the Time M otor Switch ON. 

Rate-controlling in manual operation 
against a surface target 
When Observed Range is correct, the Generated Range Dials 
must be matched and kept rotating at the same speed. The 
Generated Bearing Dials must fotate at the same speed as the 
Observed Dials. 
At the Range Station : 
1 Use the Target Speed and Target Angle Handcranks to 

keep the Generated Range and Generated Bearing Dials 
rotating a t the same rates and in the same directions as the 
Observed Range and Observed Bearing Dials. 

Controlling the ' generated range dials 
When the Target is toward the Line of Sight 

T o increase the speed of Jhe dials, increase Sh. 
T o decrease the speed of the dials, decrease Sh. 

1 To reverse the direction of rotation of the dials, move the 
Target to the other side of the Cross Line. 

Vw'hen the Target is toward the Cross Line 

2 To increase the speed of the dials, move the Target farther 
from the Cross Line. 

3 To decrease the speed of the dials, move the Target closer 
to the Cross Line. 

4 T o reverse the direction of rotation of the dials, move the 
Target to the other side of the Cross Line. 

Controlling the generated bearing dial 
When the T a rget is toward the Line of Sight 

5 T o increase the speed of the dial, move the Target away 
from the Line of Sight. 

6 T o decrease the speed of the dial, move the T a rget closer 
to the Line of Sight. 

7 T o reverse the direction of rotation of the dial , move the 
Target to the other side of the Line of Sight. 

When the Target is toward the Cross Line 

To increase the speed of the dial, inc rease Sh. 
To decrease the speed of the dial, decrease Sh. 

8 To reverse the di rection of rotation of the dial, move the 
Target to the o ther side of the Line of Sight. 
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OPERATING INSTRUCTIONS 
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SYNCHRONIZE elEVATION 
HANDeRANI( OUT 
TURN TO KEEP VALUE 
OF R2 ON OIP DIALS 

DIP DIALS 

TARGET ANGLE 
HANDCRANK AT HANO 
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OP 1064 

LOCAL OPERATION 
Local Operation is used against surface targets only, when the 
Director is not operating, or when specified by ship's doctrine. 

Changing from standby for a surface 
target to local operation 
At the Range Station: 
1 Turn the Control Switch to LOCAL. 

At the Other Stations: 
1 Put the Synchronize Elevation Handcrank at CENTER, 

set the E Dials at zero; then pull the Synchronize Eleva
tion Handcrank OUT and set Dip Range into the Dip Dials. 

CAUTION: In setting Dip Range into the Dip Dials, be 
sure that the wide index on the coarse dial is 
set at the fixed index. 

2 Put the Spot Handcranks IN. 

To start tracking turn the Time Motor Switch ON. 

Tracking in local operation 
Range, R, Relative Target Bearing, Br, Target Angle, A, and 
Target Speed, Sh, are continually observed from some point on 
deck and phoned to the plotting room. The Computer Crew 
puts these values into the Computer. The Crew then corrects 
the Target estimates until no further corrections are needed 
to keep the computed values of Generated Range and Bearing 
shown on the dials equal. to the phoned values of Range and 
Bearing. 

At the Range Station: 
1 With the Generated Range Crank OUT, set the phoned 

values of Range into the Generated Range Dials. 
2 With the Target Speed and Target Angle Handcranks at 

HAND, correct Sh and A until the Range and Bearing Dials 
turn in agreement with the phoned values. 

At the Bearing Station: 
1 With the Generated Bearing Crank OUT, set the phoned 

values of Bearing into the Bearing Dials. 

At the Other Stations: 
1 Turn the Synchronize Elevation Handcrank in the OUT 

position to keep the value of Dip Range on the Dip Dials 
in agreement with the Advance Range reading on the R2 
Counter. (R2 is used instead of cR for convenience in set
ting the D ip Range.) 

2 With the Spot Handcranks IN, set in any Spot Corrections 
that are ordered. 

The problem is solved when no further Target value correc
tions are necessary to keep the values of Range and Bearing 
shown on the dia ls in agreement with the phoned values. 
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Summary of SPECIAL TYPES Of OPERATION 

~ 
TARGET DIVING SPE'Y0 J VERTICAL 

COMPONENT 
GREATER THAN 
MINUS 250 KNOTS 

HORIZONTAL 

OWN SHIP GUNS DO NOT FIRE TARGET 

--.~ 
OWN SHIP GUNS FIRE TAIIGET 

TARGET 

ACTUAl ld 
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SptcUII Dive Attack PrOCt~ure is a special 
type of operation used against air targets 
diving at Own Ship along the Line of Sight. 
Special Dive Attack Procedure is neces
sa ry only when the vertical component of 
dive is greater than - 250 knots. 

Selected Level Fire, Level Angle selected 
"at the Director, is a method of operation 
lIsed aga inst surface targets when Contin
uous Aim cannot be used. The P ointer in 
the Director selects a fixed value of Level 
and fires the guns when actual Level equals 
the Selected Leve l. If the Director is not 
operating, the Selected Level is set at the 
Stable Element. and the firing of the guns 
is handled by the Stable Element Cre w. 

Selt"Ctcd Cra -l·vel Flr(.. a lso is used only 
against surface targets when Continuous 
Aim cannot be used. Selected Cross-level 
is always set a t the Stable Ele ment, a nd 
the firing of the guns is handled by the 
Stable Element Crew. 

SElECTED ld 

ACTUAL ld 
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MAIN BATTERY COMPUTER COMPUTE" MARK 1 

Main Batt )- Barr ~e Flf' is a method of opera tion that per
mits the use of the main battery guns aga inst on-coming a ir
craft. The normal outputs of the Computer Mark 1 are COf ' 

reeted by spots to compensate fo r the difference in ballistics 
between the 5" guns a nd the guns in the main battery. 

Star Shell Ftrt- is used at night to illuminate surface targets. 
A sta r she ll bursts 1500 feet above and 1000 yards beyond tne 
T a rget. When the she ll bursts, it releases a parachute flare that 
burns for sixty seconds. A defl ection correction is required to 
place the fl are directly on the Line of Sight behind the Target 
after the flare has burned for thirty seconds. 

A Star Shell Computer is mounted on the right side of the top 
of the Computer Mark 1. The Star Shell Computer receives 
data from the Computer and adds the corrections that a re 
needed to p lace the star shell above and beyond t he T arget. 
The Star Shell Computer outputs are electrically t ransmitted to 
anyone gun used to fire the star shell s. The firing of the star 
shells does not interfere with the firing of service shells by the 
other guns. When a Sta r Shell Computer is not suppl ied, a 
Star Shell Legend Pla te is mounted in its place. This legend 
plate gives the va lues of Sight Angle and Fuze Setting Order 
required for different va lues of Advance R ange. These values 
a re phoned to the gun used to fire the star she ll . 
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DIVE ATTACK AGAINST OWN SHIP 
The type of Computer operation used against diving aircraft 
depends on the nature of the dive attack. 

In Auto or Semi-outo Operotion 
When Vertica l Target Speed, dH, is numerically less than -250 
knots, dive a ttacks against Own Ship can be handled by the 
Computer in Automatic or Semi-automatic Operation. 

SPECIAL DIVE ATTACK PROCEDURE 
When the dH Dial reaches ~250 knots, SPECIAL D IVE 
A TTACK PROCEDURE must be used aga inst Targets diving 
at Own Ship. 

Chonging to Special Dive Attack Procedure 
At the Range Station: 
1 Turn the Target Speed Switch to D IVE ATTACK and 

leave it there. 
2 Shift the Range Rate / Diving Speed Handcrank to HAND. 

Set the estimated Diving Speed into the Diving Speed Dial. 

At the Elevation Station: 
1 Put the Rate of C limb Handcrank IN. Ze ro the Rate of 

Climb Dia l. Leave the handcrank IN. 

Rate-controlling in Special Dive Attack Procedure 
At the Range Station: 
1 With the Range Rate Diving Speed Handcrank at HAND, 

continue correct ing the Diving Speed estimated until the 
Generated Range Dials turn at the same rate as the Ob~ 
served Range Dials and remain matched at the same value. 

At the Elevation Station: 
1 The Eleva tion Dials remain almost stationary because the 

Target is coming down the Line of Sight. 

At the Bearing Station: 
1 Any movement of the Bearing Dials is due to motion of 

Own Ship. 

The sol ution is reached when the Generated Range, Elevation, 
and Bearing Dials rotate at the same rate as the Observed 
Range, Elevation, and Bearing Dial s. 

As soon as the Dive Attack order is over, turning the Target 
Speed Switch to NORMAL returns the Computer to Auto
matic Operat ion. Put the Range Rate Diving Speed Hand~ 
c ra nk at AUTO. 

DIVE ATTACK AGAINST OTHER SHIPS 
No special procedure is avai lable for dive attack aga inst other 
ships, regardless of the diving speed. The Computer should be 
placed in Automatic or Semi~automatic Operation. 

SPECIAL DIVE ATTACK PROCEDURE CANNOT BE 
USED AGAINST PLANES D IVING AT OTHER SHIPS. 
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SELECTED LEVEL FIRE 
Selected Level Fire is used only against surface targets. The 
guns can be fired only when the deck has tilted to the Selected 
Level Angle. 
There are two types of Selected Level Fire: one in which the 
Selected Level is set by the Pointer in the Director, and another 
in which the Selected Level is set at the Stable Element. The 
second type is almost always used, and must be used when the 
Director is not operating. 

'I- - 'N I}: El I S ... J 1;[ -II D ~CTO the 
operation of the Computer is exact ly the same as for regular 
M anual Operation against a surface target, except that the 
Synchronize Elevation Handcrank is put in the CENTER po
sition a'nd the Elevation Dials are set at zero. 

The P ointer fires t he guns whenever his crosshair is on the 
T arget. 

NOTE: 
The Director Mark 37 is not well adapted to Selected Level 
Fire from the Director because the Trainer's and Range 
Finder Optics and the R adar Antenna cannot be elevated in· 
dependently of the Pointer's Optics. When the Pointer's Line 
of Sight swings off the Target the Trainer's and Range Finder 
Optics and the Radar beams also swing off the Target. This 
makes ranging and traininsz impossible under most conditions. 

L 'F 
the operation of the Computer is exactly the same as 

for either regular M anual or Local Operation, except that Dip 
is set in by the Synchronize Elevation H andcrank in the OU 
position. 

The Stable Element Crew puts the Stable Element firing se
lector lever at ,I' ~,C TED LEVEL position and se lects the 
value of Level desired. Either AUTO or HAND firing can be 
used. Whenever the deck tilts so t hat the actual Level equals 
the Selected Level , the firing contacts complete the firing cir· 
cuit allowing the guns to be fired. 

SELECTED CROSS-LEVEL FIRE 
Selected Cross· level Fire is used only aga inst surface targets. 
The guns can be fired only when the deck has tilted to the 
selected value of Cross-level. 

Selected Cross-level Fire can be used with or without the Di
rector. The Cross-level value is always selected at the Stable 
Element. The guns can be fired whenever the Stable Element 
firing contacts complete the firing circuit . 

'} ld: the Computer is operated for Se· 
lected Cross-level Fire in Manual Operation. 

~ He T THI DII :CI 0 ~ the Computer is operated for 
Selected Cross-level Fire in Local Operation. 

RESTRICTED 
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MAIN BATTERY OPERATION 
Many of the Directors and Computers controll ing main battery 
guns solve surface problems only. By using the Gun Director 
Mark 37 and the Computer Mark I , the main battery guns 
can be adapted for barrage fire against on-coming aircraft . 

The Computer Mark 1 normally computes solutions for the 5 " 
guns. These solutions can be adapted to main battery guns by 
the addition of the proper Range, Deflection, and Elevation 
Spot Corrections for each size of gun and projectile. 

The spots that are required are given in a Table of Corrections 
for each size of gun. A Table of Corrections looks like this: 

SAMPLE TABLE O F CORRECTIONS 

4000 FEET 
TARGET HEIGHT 

MIN. RANGE ElEV. DEFt. 
08S. FUZE SPOT SPOT SPOT 

RANGE IN DOWN RIGHT 

"""" " 1080 " a 0 
0 

12900 " 1140 17 \ 
~ 

0 
~ 

13400 17 \\90 \8 \ 

"'00 \8 1250 20 \ 

14400 19 1310 21 \ 

14900 20 1370 23 \ 

15400 21 1421 " ~ 

, 
~ 

~ """ 
This table is a sample and does not apply to any particular 
combination of gun and computer. 

The Director Mark 3 7 and Computer Mark 1 track the Target 
by the same methods used when controlling the 5 " guns. The 
guns are elevated and tramed continuously by the Mark 1 
Gun Orders. The Parallax Corrections are not used. 

When a solution is reached, the Spot Corrections that are 
shown on the Table are applied. A Fuze Setting Order is se· 
lected and phoned to the guns. The guns are fired when the 
computed Fuze Setting Order equals the Selected Fuze Set· 
ting Order. 

When the Computer Mark 1 is used for main battery operation, 
its solution can be used by only one size of gun and projectile 
at anyone firing. If the 5" guns are to be fired in the same bar. 
rage as the main battery guns, a separate Computer Mark 1 is 
required to operate the 5" guns, because the Spot Corrections 
made to suit the main battery guns would p lace the 5" gun
bursts short of the Target. 
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Using a TABLE OF CORRECTIONS 
The Table of Corrections is based on o ne problem: a T arget 
flying at a constant speed, a t a constant height, directly toward 
Own Ship. 

OPERATING INSTRUCTIONS 

COMPUTED f UZE ORDfR 
EQUALS SELECTED fUZE ORDER 
GUNS ARE flREO 

POSITION OF TAIIGfT 
AT TIME Of 
SHECTING fUZE 
SHTING ORDER 

" 

" .,-, 
HORIZONTAL RANGE AT TIME Of IUltS' TARGET tRAVEL CURINe lIME Of fL IGHT 

HORIZONTAL RANGE .... T TIME GUNS ARt fiRED 

HO RIZO NTAL RANGE AT TIME Of SELECTION ~ FUZE SHTlNG O RDER 

The guns are fired a t a Selected Fuze Setting Order determined 
by the T arget H eight and Range. The H eight of the Target is 
obtained from the Computer Height Dials. The Observed Pres
ent Range is obta ined from the Generated Range Dia ls. After 
the Height a nd the P resent Range are d e termined, a Minimum 
Observed Range is obta ined from the table tha t is less tha n 
the Computer R ange Dial reading. This a llows for Target M o
tion between the time of se lecting the Fuze Setting Order and 
the firing of the guns. 

The Selected Fuze Setting Order depends on the Minimum 
Observed Range obta ined from the table. 1n the column 
headed "Fuze," next to t he column headed "Min. Obs. Range," 
is the value of the Selected Fuze Setting Order for the particu
la r Height and R ange of the Target. This Selected Fuze Setting 
Order is phoned to the guns. 

The R a nge, D efl ection, a nd Elevation Spots given in the table 
are set into the Computer to adapt its o utputs to t he ballistics 
of the main battery guns. With the Spots entered, the guns a re 
fired as soon as the Fuze Setting Orde r transmitted from the 
Computer equals the Selected Fuze Setting Order previously 
phoned. 

Using alternate tables 
T ... ItGE T reS/lION T ... R<;;ET I"OSI TION 
... NO .UItST Of WHEN COMPUTEO 

l WIT ... c SHEU WITH lSI fun EOU"'LS 
It N( fUZE SETTING 1NO SElECT£O 

I fuze OROfR 

I 

TARGet POSITION 
WHEN COMPUTEO 
fUZE EOU"'l 
1ST SElECTED 
fun ORDER 

I 

, ... RGET I"OSITION 
WHEN f UZE 
OIIOfR IS 
SElEClfO 

, / '" 1 

PRfP ... R ... llQN 
TIME fOR 
SECONO S ... lVQ L ~-""'I( l2 E ~,,;---------------~---.... 

T wo tables may be used to permit the firing of two salvos in 
close succession. Using this method, two Fuze Setting Orders 
a re selected for two d iffe rent ranges. The first range is longer 
tha n the second by a time sufficient to a llow for the prepa ration 
of the guns for the second sa lvo. 
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THE MAIN BATTERY CONTROL 
Changing from standby for an air target 
to main baHery control 
At the Range, Elevation, and Bearing Stations: 

1 Make the changes required to go into Automatic, Semi
automatic, Of Manual Operation. 

At the Other Stations: 

1 At the Fire Control Switchboard, connect the Gun Direc
tor Mark 37 and the Computer Mark 1 to the main bat
tery guns. 

2 Set the Dead Time Dial at zero. 

3 Set the Initial Velocity Dial at a value that is equal to 
the actual I .V. of the main battery guns minus the value 
given on the Table of Corrections. 

4 Put the Range Spot Handcrank and the Deflection and 
Elevation Spot Knobs IN. 

The computer is then operated in automatic, semi
automatic or manual control until a solution is reoched 
After the solution is reached: 

1 Read the H eight Dials. Apply this .value to the nearest 
thousand feet on the Table of Corrections. 

2 Read the Range Dials. Select a Fuze Setting Order on the 
Table of Corrections fo r a shorter Range than is shown on 
the Range Dials. 

3 Phone the Selected Fuze Setting Order to the guns, and 
at the same time, 

4 Set in the Range, D eflection, and Elevation Spots given 
in the Table of Corrections for the Selected Fuze Setting 
Order. 

At the Computer, the Fuze Setting Order Counter is watched 
carefully. The in~tant that the Fuze Setting Order Counter 
reading equals the phoned Selected Fuze Setting Order, the 
guns are fired.· 

STAR SHELL FIRE 
Star Shell Fire is controlled in three ways: 

1 By the Star Shell Computer Mark 1. 

2 By orders for Fuze and Sight Angle taken from the Star 
Shell Legend Plate and phoned to the guns. 

3 By orders for Fuze and Sight Angle taken from the Star 
Shell Legend Plate and transmitted to the guns through 
the Computer Mark 1. 
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THE STAR SHELL COMPUTER 
The Star Shell Computer is mounted on the top of the Com
puter M ark 1. 

Operating the star shell computer 
1 At the Fire Control Switchboard, connect t he Star Shell 

Computer to the gun that is to fire the star shells. 

2 Turn the Star Shell R ange Spot Knob to match the index 
on the R a nge Spot Ring Dial with the arrow on the inner 
dia l. 

3 Push the Star Shell Ra nge Knob IN and set the inner 
Star Shell Range Dial to the Star Shell Counter reading. 
Pull the knob OUT and set the ring dial to the counter 
reading. Return the knob to its IN position. 

CAUTION : The transmission system of the Star Shell Com
puter is designed to control only one gun. 

THE STAR SHELL LEGEND PLATE 
When there is no Star Shell Computer, a Star Shell Lef!;end 
Plate is attached to the Computer Ma rk 1 in its place. 

The Legend Plate has four columns. The first column shows 
Advance Ra nge at intervals of 2,000 yards, from 4,000 to 
14,000 yards. T he next two columns show the Fuze Setting 
Orders for powder and mechanica l fuzes corresponding to the 
va lues of Advance R ange given in the first column. The last 
column lists the values of Sight Angle corresponding to the 
values of Adva nce Range in the first column. 

Using the legend plate 
1 Read the Advance Range Counter, on the Computer. Apply 

this va lue to the Advance Range Column of the Star Shell 
Legend P late. 

2 Read the Fuze Setting Order and Sight Angle va lues 
appear ing opposite the Advance Range selected, and phone 
these va lues to the gun fi ring the star shell s, or if the 5 " 
battery is being used to fire star shells only, send the Fuze 
and Sight Angle data to the guns by setting the va lues into 
the Computer Mark 1. To do this, put the Fuze and Sight 
Angle Handcranks IN and turn them until the va lues desig
nated on the Star Shell Legend Plate show on the Fuze and 
Sight Angle Counters on the Computer. 
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STAR SHEll DATA FOR 2500 F.S. l.V. 

ADV. FUZE SIGHT 
RANGE PWDR. MECH. ANGLE 

AOOO 11 8 2.570 
6000 \6 13 2630 
8000 " 19 2800 

10000 " 27 3050 
12000 35 35 3<00 
1<000 " " 3880 

F COUNTER Vs COUNTER 

./? STAR SHEll 
~~~EGEND PLATE 

~ V. HANDCRANK IN 

' ~~7~ 
~'xF H .... NDCRANK IN 

R2 COUNTER 
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ALTERNATIVE STANDBY CONDITIONS 

146 

The following Standby Conditions may be used when great 
speed is needed in shifting to full operation. 

Standby Condition 
All the Computer, Stable Element, Director, and gun trans
mission circuits are energized. 

The Stable Element Level and Cross-level Switches are at 
MANUAL. 

The Selector Drive is in LOCK position. 

At the Computer: 
1 The Power Switch is ON. 
2 The Ship Course Handcrank is IN. 
3 The Control Switch is at SEMI·AUTO. 
4 The Range Rate Control Switch is at MANUAL. 
S The Ship Speed Handcrank is OUT, with So synchronized. 
6 The Time Motor is OFF. 

PIlOTE: 
To eliminate constant setting of fuzes in the bottom of the pro
jectile hoist, the Fuze Handcrank on the Computer may be 
locked in "its IN position with Fuze set at 2 seconds. 

Standby during search 
When Search begins, turn the Stable Element Level and 
Cross-level Switches to AUTO. 

At the Computer: 
1 Pull the Ship Course Handcrank OUT. 
2 Pull the Fuze Handcrank OUT. 

NOTE: 
The only time the Selector Drive should be unlocked is when _ 
the equipment is in a Standby Condition and Own Ship is 
rolling more than 20 degrees. Under these conditions the Stable 
E lement Level and Cross-level Switches must be at AUTO to 
prevent tumbling of the gyro. The plotting room crew must be 
alerted to shift to LOCK when Search begins. 
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Changing from standby during search to 
air target expected 

At the Range Station: 

I Switch the Target Speed and Target Angle Handcranks 
to AUTO. 

2 With the Target Speed Switch, set Sh at approximately 
200 knots. 

3 With the Generated Range Cra nk OUT, match Generated 
Range to Observed Range. 

4 Turn the T ime Switch ON. 

5 Switch the Target Speed Handcrank to HAND. 

6 Turn the Control Switch to AUTO. 

7 After approximately 2 seconds, switch the Target Speed 
Handcrank back to AUTO. This may be done by the 
Elevat ion Operator while the Range Operator keeps the 
Range Dials matched. 

8 Report "Plot set." 

9 Push the Generated Range Crank IN. Press the Range 
Rate Manual Push· button and keep the R a nge Dials 
matched. 

At the E levation Station: 

1 Put the Synchronize Elevation Handcrank IN and match 
the Synchronize Elevation Dials. 

2 Set Ra te of Climb on zero and pull the Rate of Climb 
Handcrank OUT. 

3 Pull the Spot Knobs OUT. 

At the Bearing Station : 

1 At the Target Course Indicator, set Target Course as 
ordered. 
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A man standing in the plotting room watching the Fire Control 
Switchboard and the Computer Mark 1 can obtain a very ac
curate .picture of the fire control problem and of the activity 
throughout the Gun Director Mark 37 System. 

The positions of the switches on the Fire Control Switchboard 
and the Computer show him the condition of the Computer 
relative to the other parts of the fire control system. 

The positions and motion of the Computer dials give a good 
picture of the actual conditions existing between Own Ship and 
Target. 

Indicating signals from various parts of the system show the 
action being taken there, 

This chapter describes a sample fire control problem. It is not a 
typical combat problem but is designed to show how the action 
above deck can be visualized in the plotting room. 
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· Action is expected 
At the start of this problem, the switches on the Fire Control 
Switchboard and the Computer show that the Computer is in 
Standby during Search. Standby during Search usually indi: 
cates that action is expected. 

At the Computer, Own Ship Course is being received from the 
Gyro Compass. The Compass Ring Dial reads 40 0 against the 
zero index of the Ship Dial. The only other dials showing actual 
values are the Initial Velocity Dia l, which has been set at 
2590 f.s., and the Dead T ime Dial, which has been set at 4 
seconds. 

The Radar Range Dial and Relative Target Bearing Dials are 
moving, showing t hat the Director is searching for a ta rget. 

After a few moments the Radar Range Dial and Relative T ar
get Bearing Dials steady down and move gradually, indicating 
that radar search has picked up a target. The Radar Range 
Dial shows a little under 75,000 yards. 

The Bearing Dials steady down around 34 degrees. 

There is no reading for Target Elevation because the Director 
Elevation R eceiver is not yet energized a t the Fire Control 
Switchboard. 

The reading on the Radar Range Dial is decreasing, showing 
that the Target is approaching Own Ship. The high rate at 
which the reading is decreasing indicates an air target. 

The problem so far can be visualized like this: 
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An • IS expected air target 
The Computer is ordered to Standby for an A ir Target. The 
Range Dials are set at 35,000 yards, the maximum Range at 
which the Computer can start tracking. 

The Ship Speed Dial now shows 35 knots. The value of this 
quantity is being received from the Pitometer Log. Own Ship 
Course still reads 40 degrees. 

Reports of Wina Direction and Wind Speed are now received. 
Bw is quickly set at 270 °, Swat 20 knots. 

A moment later, estimates of Target Course and Target Speed 
are received by phone. Ct is set at 270 0 and Sh is set at 240 
knots. dH is set at zero. According to these esti~ates, the Tar
get is heading due West, flying at a steady a ltitude. The posi
tion of the Target in relation to Own Ship can now be seen on 
the Ship and Target Dials. 
The Director Elevation Receiver is now energized and E can be 
read on the E Dials. 
The Ship, Compass, and True Wind Dials, and the Observed 
Relative Target Bearing Dials turn slowly as Relative Target 
Bearing changes. The Radar Range Dial shows Range steadily 
decreasing. 

The target is sighted 
Wh~n Range has closed to less than 39,000 yards, and Br is 
30 0 30', the Trainer's Signal turns to red. The Trainer now has 
his crosshair on the Target. 

A few seconds later the Pointer's Signal also turns to red. Now 
the Pointer has his crosshair on the Target. 

The Range Finder Signal turns to white, showing that the 
Range Operator in the Director has the Target in focus. 

For a while all three signals from the Director continue to show 
these colors, indicating that the sights are being held on the 
Target by the Director Operators. 

With the Director Sights and Range Finder on the Target, and 
all the necessary information available, tracking can be started 
at the Computer the moment that Range reaches 35,000 yards. 
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Reviewing the signals and indicators 
in automatic operation 
When the Computer is in Automatic Opera tion, the signals and 
solution indjcators play a large pa rt in visua lizing the Gun 
Director operation. Because the Computer may be ordered into 
Automatic Opera tion when the maximum tracking range IS 

reached, it is well to review the function of these controls. 

Elevation 
The Pointe r closes his signal key a nd causes the P ointer's Sigpal 
at the Computer to show red whenever his crosshai r is on the 
T arget. If the Elevation Solution Indicator rota tes while the 
P ointe r's Signal is red, the Pointer is putting angular and rate 
corrections to Elevation into the Computer. If the Indicator 
rota tes while the Signal is black, the P ointe r is putt ing in a ngu· 
la r corrections only. 

Bearing 
The Bearing Solution Indicator a nd t he Tra iner's Signal have 
the same relationship to Bearing corrections as the Elevation 
Solut ion Indicator a nd the P ointer's Signal have to Elevation 
corrections. 

Range 
The Ra nge Operator depresses his signal button a nd causes 
the R ange Finder Signa l at the Computer to show white when· 
ever t he R a nge is correct. If the indexes on t he Genera ted 
Range Dials a re not matched to t hose on the Observed R ange 
Dia ls a t t he t ime that t he signa t turn s to white, the Genera ted 
Range D ials immedia tely turn unti l the indexes match. A 
linear and a rate correction to R a nge a re made automatically. 

If the indexes on the R ange Dia ls are al ready matched a t the 
time t ha t the R a nge Finder Signa l turns to white, no correc· 
tions a re made to Ra nge. 
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TRACKING BEGINS 
When the Radar Range Dial reads 35 ,000 yards and Range is 
coming in smoothly and accurately, the Computer is ordered 
into Automatic Operation. The Control Switch and the Range 
Rate Control Switch are set at A UTa and the Time Switch is 
turned ON. The Generated Range, Elevation, and Bearing 
Dials spin and then synchronize with their Observed Dials. 

The sights are kept on target 
As the Elevation Dials synchronize, the Pointer's Signal turns 
to black, showing that the P ointer's crosshair has moved off 
the Target. The Eleva tion Solution Indicator rotates as the 
P ointer turns his handwheels a nd sets in a correction to Ele
vation. The P ointer's Signa l turns to red as the Indica tor turns, 
showing that the Pointer is now setting in both angular and 
ra te corrections to E levation. After a moment the Indicator 
stops turning, and the Signal remains red. The Generated 
Changes of Elevation are now raising the Director sights a t the 
correct rate to keep the Pointer's crosshair on the Target. 

The Trainer's Signal remains red as the Computer is put into 
Automatic Operation. The Bearing Solution Indicator remains 
stationary, indicating that the Generated Changes of Director 
Train are training the Director correctly, and no rotation of 
the Trainer's handwheels is required to keep the Trainer's cross
hair on the Target. 

With Range just under 35 ,000 yards, Relative Bearing has de
creased to 29 °. The E levation Dials now show less than 1", Tar
get Course is still 270 ", and the Rate of Climb Dial still reads 
zero. 

These dial readings show tha t the Target is flyin g low at a con
stant height and that it will pass ahead of Own Ship if both Ship 
::lnr! T::lrget rema in on thei r present courses. 
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A SOLUTION IS REACHED 
At the time tha t the Computer is put into Automatic Opera tion, 
the R a nge Finder Signa l is white, indicating that the Ra nge 
Opera tor has the Target in focus. The Generated and Observed 
R ange Dials turn t ogether as the Generated Changes of Range 
from the Computer al ter the Range Finder focus. 

After a few seconds, the Range Finder Signa l turns to b lack. 
The T a rget is now out of focus because the Genera ted Cha nges 
of Range are not correct. The Observed R ange Dia ls turn faster 
than t he Generated Range Dia ls and the indexes are no longer 
matched as the R a nge Opera tor turns his Range Knob to bring 
the T a rget into focus. 

The Ra nge Finder Signal turns to white again, a nd the dials 
jump to match at their indexes, The dials turn together as 
linear a nd rate corrections to Range a re set into the Computer. 

The Range Finder Signal now remams white. The P ointer's 
a nd Tra iner's Signals remain red. All three operators in the 
Director a re now on Target a nd the Generated Changes of 
R ange, Elevation , and Bearing are keeping the sights on Target, 
and the Range Finder in focus. A solution has been reached , 
a nd t he Computer is transmitting correct orders to the guns. 
Firing can begin as soon as the Target is within shooting Range. 

At the time that the solution is reached, the R a nge Dia ls show 
that the Range has closed to 25,000 yards. 

The R elative Target Bearing Dia ls, which showed 29 0 at the 
beginning of tracking, now show 26 0 40 '. 

The Rate Corrections put in by the T rainer and R ange Opera
tor have been used by the Computer to correct the estimated 
value of Target Speed. T he T arget Speed Counter now reads 
230 knots. 
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The PROBLEM PROGRESSES 
The Range Finder Signal remains white and the Pointer's and 
Trainer's Signals remain red for several minutes after the solu
tion is reached, indicating that the Target is continuing in a 
straight line at a constant speed. 

When the Range Dials read 14,000 yards, the Relative Target 
Bearing Dials show 20 ° and Elevation is 2 degrees. 

Twenty seconds later the dials are read again to check that the 
problem is progressing smoothly. At this reading, Range has 
decreased to 11 ,2 23 yards, Relative Target Bearing has de
creased to 16° 10', while Target Elevation has increased to 
2 0 30'. 

The order "Commence firing" is given. 

The Target is still approaching Own Ship and will cross in front 
of Own Ship if Target Course does not change. The dial on the 
Target Course Indicator is at present fairly steady at 220 de
grees. The Target Speed Counter shows the Target to be flying 
at a steady speed of 230 knots. 

The Range Finder Signal still remains white and the Pointer's 
and Trainer's Signals still remain red as the Target approaches, 
showing that the values generated by the Computer are keep
ing the Range Finder focused and the sights on the Target. 
Twenty seconds after the last dial reading, the dials show 
these new values: 

Range is down to 8 531 yards and Relative Target Bear
ing is only 9" 51 ' ; Elevation continues to increase slowly 
and is now 3 " 17 '. 
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FIRING CEASES 
When Ra nge reaches 6038 yards, an order is received to "Cease 
firing." This is the usua l order given when a T arget is brought 
down. The Computer is ordered back to the original Standby 
during Search, indicating that further action is expected. 

The moment t ha t the "Cease firing" order is received in the 
Plotting Room, the dia ls show that the fo llowing changes have 
taken place: 

Range has d ecreased to 6038 yards. 

The T arget has now crossed in front of Own Ship, causing 
Relative Target Bearing to move to 3580 0 1 '. 

T arget Elevation which has been increasing continuously, 
is now 4 0 38', 

A SUMMARY OF THE PROBLEM 
Here is a summary of the sample problem as it has been visual
ized from the Computer Dials: 

: :~: :~::' 
, _' ·'0' 
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OPERATING CAUTIONS 
To avoid faulty operation of the Computer Mark 1, caution 
should be used in operating the instrument. Instructions are 
given here for avoiding some of the most usual sources of 
damage and faulty operation. 

Use of the Time Crank 
The Time Crank should never be turned counterclockwise in 
the OPT position. Although friction drive A-161 is adjusted 
to slip when the Time line is turned counterclockwise, this 

·Criction may be too tight and damage to the Time Motor Reg
ulator may result if the Time line is turned backwards. In the 
IN position the Time Crank is connected to the Seconds Dial 
only and may be turned safely in either direction. 

Elevation Limit Stops 
Various units may slip out of adjustment if the Director Eleva
tion Receiver drives at full speed against the end of the Eb limit 
stop, L-ll, or the E limit stop, L-12. 

Operating instructions are designed to avoid hitting L-l1, 
which may cause clamp A-50 to slip in instruments having 
serial numbers 1 to 290. In changing from Standby durin~ 
Search to Standby for An Air or Surface Target, make sure 
that the Director Pointer's sights are not at either limit of travel, 
because the operating limits of Eb in the Computer are nar
rower than in the Director. Then, when the Eb transmission 
circuit is completed, the servo motors will not drive into L-l1. 

One possible result of hitting the end of L-12 is slippage at 
assembly clamps A-56 and A-59 in instruments having serial 
numbers 1 to 290. Such slippage usually occurs when the Di
rector Pointer's sights are slewed beyond the limits of the Com
puter, or while the Synch E Handcrank is being returned from 
the OUT position to the normal operating position at IN. Slip
page due to the latter cause may be avoided by synchronizing 
as follows: 

1 See that the correct value of Level is being received. 
2 Put the Synch E Handcrank in the CENTER position. 

Wait until the Eb Receiver has synchronized on the signal. 
3 Put the Synch E Handcrank IN and match the Synch E 

Dials. 
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Preventing faulty 
synchronization of Receivers 

Due to the heart-shaped relief cams, synchro-receiver units 
will run toward synchronization in the direction of shorter 
travel. Under certain conditions, instead of driving to the de
sired synchronization point, certain receiver units may drive 
into the end of a limit stop in the opposite direction. 

These units are: 

The Range Spot Receiver (4000 yards per revolution) 
The Elevation Spot Receiver (360 mils per revolution) 
The Deflection Spot Receiver (360 mils per revolution) 
The Ship Speed Receiver (40 knots per revolution, usually) 
The Director Elevation Receiver (180 0 per revolution) 

For a n example of a condition under which a unit may drive 
into t he end of a limit stop, consider the E levation Spot R e· 
ceiver. The limit stop travel is ....L 180 mi ls, tota ling 360 mils. 
This value, 360 mils, is equal to the va lue per revolution of the 
synchro motor. If the instrument setting were UP 150 mils 
a nd the transmitted value were DOWN 150 mils when the 
circuit was energized to receive the signal , the receiver unit 
would run into the UP 180 mils limit instead of driving back 
through zero to the desired DOWN 150 mi ls position. 

The Ship Speed a nd Range Spot R eceivers may synchronize 
a full revo lution out. On most installations the So limit is 0 to 
45 knots and the So Synchro has a va lue of 40 knots per revo· 
lution. When the Pitometer Log is on ° knots, the So line in the 
instrument may therefore drive either to ° or to 40 knots. In 
the same way, on modifications of the Computer M ark 1 having 
the IN 12,OOO·yard limit, when the Range Spot Transmitter 
is on 0. the Range ' Spot Receiver may synchronize on 0, IN 
4000, IN 8000, OT IN 12 ,000. 

T o prevent both fault y synchronization and running into limit 
stops, the units should be set at the approximate transmitted 
values, or held at zero position until after the transmission 
circuits have been completely eneraized. 
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Setting t.V. 
The I.V. correction is actually three corrections: a powder 
temperature correction based on average magazine tempera
ture, an erosion correction based on average erosion, and an 
air density correction based on air temperature and barometric 
pressure. 

The standard [Y. value of 2550 e.s. for which zero correction 
is put into the Computer Mark 1 for 5"/ 38 cal. guns, is taken 
as an average I .V. for a rifle of average age and for average 
atmospheric conditions. It has no relationship to the standard 
I.V. of the particular ammunition being used. The I .V. setting. 
however, must a llow for the standard [Y. of the projectile. For 
example, suppose the ammunition has a standard [Y. of 2600 
f.s. If powder temperature and barometric pressure are such 
as to necessitate a + 10 correction, and erosion necessitates a 
- 20 correction, the [Y. setting will be 2600 + 10 - 20 =: 2590. 
The Computer dial (or dials on Serial Nos. 811 up) must be 
set at 2590, NOT at 2550 + 10 - 20 = 2540. 

The Range Rate/Diving Speed 
Handcrank 
The handcrank labeled Range Rate/ Diving Speed should be 
set at AUTO during normal operation of the Computer. It is 
used at HAND only during certain DIVE ATTACK problems. 
Since this handcrank is often set at HAND during testing, the 
operator should check to make sure that it is at AUTO during 
normal operation. 

The Rrr Knob 
The Range Rate Ra tio Knob engages at only one position. To 
make sure that the knob is engaged, turn the knob in a de
c reasing direction to Ratio 1, and check that the limit of 
travel is reached. 
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Shifting from Semi· automatic Operation 
to Automatic or Local Operation 
It is sometimes desirable to shift to Automatic Operation after 
reaching a solution of an air problem in Semi-automatic Oper
ation. Since there is no definite matching point between Ob
served and Generated values of Bearing and Elevation in 
SEMI-AUTO, as there is in AUTO and LOCAL, the solution 
can easily be upset by shifting to AUTO without special care. 
H the Computer operator shifts to AUTO while the Pointer 
and Trainer have their signal keys closed, the jE a nd jBr 
Motors will drive the inner Elevation and Bearing Dia ls up to 
as much as 20 " travel and will put in corresponding amounts 
of rate corrections. The solution wi ll be considerably upset. If 
the Generated Elevation and Generated Bearing Cranks are 
left in the IN position when control is shifted to AUTO, the 
solution will be even more upset. 

If a solution has been reached or even partially reached in 
SEMI-AUTO a nd it is desired to shift to AUTO, the following 
procedure should be followed: 

1 Set the Genera ted Elevation and Generated Bearing 
Cranks in the OUT position. 

2 Shift the Target Speed Handcrank to HAND. 

3 Turn the Control Switch to AUTO. 

4 Wait until the jE a nd jBr Motors drive the inner dials to 
synchronization; then shift the Target Speed H andcrank 
back to AUTO to resume Rate Control. 

]f it is desired to shift to LOCAL while tracking a surface target 
in SEMI·AUTO, synchronize Generated Bearing with Ob
served Bearing before making the shift t o LOCAL. 

Synchronize Generated Bearing with Observed Bearing as 
fo llows : 

1 Shift to AUTO until the dials a re synchronized. 

2 Shift back through SEMI-AUTO to LOCAL. 

]f this is not done, Observed Bearing will run off the correct 
value by some amount up to 20 degrees. 
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