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APPENDIX 

The Appendix contains the following two chapters : 

Limits of Accurate Computation 
Modification Differences 
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LIMITS OF ACCURATE COMPUTATION 

378 

If the Computer Mark 1 had been designed to produce uniformly 
accurate outputs for the whole range of values of every input, and 
for all possible combinations of input values, it would have been 
several times its present size. In order to keep its size within prac­
tical limits, and for other design reasons, a number of approximate 
solutions were accepted. 

The acceptance of the approximate solution instead of the true 
solution results in various errors, These errors are called "Class B" 
errors. 

In general, approximate solutions are chosen to keep the Class 8 
errors very sma ll throughout the usua l range of the input values, 
rather than to maintain a nearly uniform degree of accuracy for all 
input values. As a result, Class B errors are quite large in a few in­
stances when certain inputs reach unusua l va lues. The Trunnion 
Tilt Section of the Computer Mark 1, for example, computes highly 
accurate corrections when Land Zd are less than 10"' and £2 + L 
is less than 70", but when Land Zd reach the unusual value of 
20 ", the Trunnion Tilt Corrections may contain errors as high as 
several degrees. 

The Class B errors in a Computer are the result of deliberate dec i­
sions. These decisions are based on many considerations resulting 
from conditions at the time the instrument was designed or modi­
fied. The size of the instrument and the usual range of the .input 
values have already been mentioned. The degree of accuracy of the 
inputs is another consideration. For example, the re is no point in 
putting enough mechanisms into a Computer to handle I . V . correc­
tions with a maximum error of only one part in a hundred , if the 
I .V. input, itself, represents an estimate which is probably in error 
by at least ten parts in a hundred. 

The design characteristics of the equipment which uses the Com­
puter outputs are other important considerations in the choice of 
Class B errors. For example, the 5"/ 38 cal. gun mounts can move 
in train at a maximum rate of 30° per second and in elevation at a 
maximum rate of 15 ° per second. The mounts will fall behind any 
gun order signals which change faster than this. 
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The limita tions of the equipment using the Compute r outputs were 
considered pa rticula rly in designing the Trunnion Tilt Section of the 
Computer M a rk 1. 

The effect of trunnion tilt on the Line of Fire is removed by corfee· 
tions to Gun Train and Elevation. When the guns are at a high eleva­
tio n, such a s 80 0, the amount of movement in tra in required to 
counteract the effect of 15 D of Cross-level is about ± S6 degrees. On 
a destroyer the mounts would have to train 224 0 every nine seconds 
and reach a maximum rate of approximately 60 ° per second. It is 
clear that accurate Trunnion Tilt Corrections for Gun Elevation 
greate r than 70 ° would be largely wasted. Part ly for this reason, t he 
Compute r M a rk 1 Trunnion T ilt Sect ion comput es accura tely for 
va lues of Gun Elevation only up to 70 degrees. 

The same considera tion ente red into the decision to compute ac­
cura te Trunnion Tilt Corrections only when Level a nd C ross-level 
were less tha n 15 degrees. Accu rate stabiliza t ion of the guns for 
va lues of L evel and C ross- level greater tha n 15 <> would ofte n require 
highe r maximum ra tes of Tra in and Elevation than can be p rovided 
by the h ydraulic drives on the mounts. 

M ost of the Class B errors in the Computer M ark 1 ate so sma ll tha t 
for a ll practica l purposes t hey can be ignored by the Compute r and 
Director O pera tors. H owever, a few Class B errors can become la rge 
enough to be important considera tions in deciding when the Com­
puter Gun Orders are reliable enough to justify firing the guns. Com­
puter Opera tors should know under what conditions these Class B 
errors wilt become la rge enough to a ffect the accuracy of the Com­
puter outputs. 

This cha pter fi rst describes the Class B errors which may seriously 
a ffect the accuracy of t he Gun Orde rs. It then d iscusses a number of 
othe r Class B e rrors which cannot by themselves jeopa rdize the Gun 
Orders, but which may, under certain circumsta nces, become la rge 
enough to be ta ken into account by the Director and Computer 
Opera tors. 

NOTE: 
An accurate picture of t he Class B errors of the Compute r M ark 1 
cannot be obta ined from an inspection of the Class B errors in t he 
fifteen A T est Problems. These A T est Problems a re a m echa nical 
check of the Compute r, and not a representative set of opera ting 
problems. They show ne it her the la rgest possible Class B e rrors nor 
the average Class B errors. 
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THE LARGER CLASS B ERRORS 
In general, the accuracy of the Computer Mark 1 outputs will begin 
to decline very sha rply : 

1 When T arget Elevation exceeds 70 0 

2 When Level and Cross-level exceed 20° 
3 If Rate Control is continued when Present Range is less than 

1500 yards 

Errors caused by Target Elevation values 
greater than 700 

There a re cams in the Computer Mark 1 which compute the secant 
o f E and £2. The secant curve rises so steeply as the angle nears 90 ° 
that it was considered impractical to cut cams for values of E above 
70 degrees. 

One of the secant cams is in the Integrator GrouP. where it is used to 
convert the measurement of Generated Angula r Deflection from a 
slant plane into the horizontal plane. 

When E goes above 70 °, Generated True Bearing, 6 cB, and Gen­
erated R elative Target Bearing, 6 cBr, will be in error. If erroneous 
values of 6 cBr are used for Rate Control, they will result in fal se 
va lues of Sh, dH, and A. 

The jDd Computer of the Trunnion Tilt Section computes the se­
cant of £2 + L up to 70 degrees. Generally speaking, the jDd Com­
puter converts the measurement of Ds from a slant plane to the deck 
plane. When the va lue of £2 + L exceeds 70 ", the accuracy of the 
jDd computations will decline rapidly. 

If the guns are fired as T a rget Elevation increases above 70 ", the 
errors in the Gun Orders cannot be corrected by spotting, because 
the errors will increase at a rapid ly increasing rate as Target E leva­
tion increases. If spots are put in on the basis of bursts which were 
fired when £ was 75 ", and E has meanwhile increased to 80 °, t he 
errors in Gun Position and Fuze Time will have increased so much 
tha t the spots will be a lmost use less. 

If firin g is attempted with T arget Elevation greater than 70 ", it 
should be controlled so tha t the guns will fire a t t he midpoint of the 
roll . At this point, L and Zd will usually be a t low va lues and error 
from the Trunnion Tilt Corrections will be a t a minimum. 

Errors caused by large values of Eb and ld 
The Trunnion Tilt Section is designed to compute accurately as long 
as Cross-level is less than I S ", D eflection is less than 20 ", and Ele­
vation plus Level is less than 70 ". For greater va lues of these Quanti ­
ties, the Trunnion Tilt computation s a re partially in error. 

The D eck Tilt Computer also has a limited accuracy, but the maxi­
mum errors he re are smaller a nd are therefore discussed on the next 
page unde r the smaller C lass B e rrors. 
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Errors caused by rate-controlling with 
Range less than 1500 yards 
The Integrator Group in the Computer Mark 1 generates accurate 
changes of Target Position only when Range is between the values 
of 1500 yards and 22,500 yards. The errors introouced by rate-con· 
trolling with Range above.22.500 yards t:nay be ignored, since they 
are small and do not affect the firing of the guns. 
H Rate Control is continued when Range decreases to less than 1500 
yards, serious errors in Sh, dH, and A will result. 
When Range decreases to less than 1500 yards, the follower in the 
l / eR cam passes into the cam's outer constant Tadius. This cam fol­
lower positions the carriage of t he l lcR Integrator. The speed of the 
output roller of the 1 f eR Integrator will therefore remain constant 
for all ranges below 1500 yards. 
The output of the 1 f cR Integrator affects both Generated Bearing 
and Generated Elevation. If Rate Control is continued at ranges be· 
low 1500 yards, the Observed Elevation and Bearing Rates will be 
synchronized with false rates of Generated Elevation and Bearing, 
which can be speeded up only by fictitious increases in T arget Speed. 
and Rate of Climb. 

THE SMALLER CLASS B ERRORS 
Deck Tilt 
During the sharp turns required for evasive maneuvers, the roll of 
the ship can be as great as 20· due to the combination of heeling 
over and roll and pitch. The jB'r output of the Deck Tilt Computer 
under these conditions can be in error up to approximately one 
degree. 

Rate Control 
In -order to save mechanisms, the Rate Control Group gives a com· 
pletely accurate solution for a constant Range and constant Eleva­
tion. 
The correction inputs to the Rate Control Group are a ngular cor­
rections jE and jBr. The conversion of these angular corrections into 
the linear corrections required by the Rate Control Computing 
Mechanism would necessitate the use of a secant cam mUltiplier, a 
reciprocal range cam, and several other mechanisms. Instead, the 
angular corrections are converted into approximate linear correc­
tions by means of gear ratios. As a result of these and other approxi. 
mations, the Rate Control Computing Mechanism corrects the Tar­
get Motion setup by a series of successive approximations. 
Well-informed operators can speed up this process of approximation 
without running into danger of over.rate·controlling. 

Prediction 
The Prediction Section contains a great number of approximation!!., 
most of which have been discussed already in the chapter on the 
Prediction Section. 

Parallax 
The I f R2 cam in the Parallax Component Solver computes the re· 
ciprocal of R2 for values of R2 down to 1500 yards. When R2 is less 
than 1500 yards, the Parallax Corrections will be partially in error. 
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There are two groups of differences in the various Computers 
Mark 1 : Mod Differences and Des;~n Differences. A Mod Dif­
ference is a difference involving a major change in design or 
operation, or any change in design or operation which adapts 
the Computer to a different use. A Design Difference is a dif­
ference in design or operation which affects all mods, or any 
difference of a minor nature. 

Originally the Computer Mark 1 was designed (or the 5"/ 38 
cal. dual-purpose guns only. The mod differences in the early 
mods are those which adapt the Computer to the different 
mounts and different parallax needs of different installations. 
At the same time various other improvements were made, such 
as increasing the limits of various quantities, installing addi­
tional transmission units, etc. In later mods the Star Shell 
Computer was added, and in still later mods the Computer 
was adapted for the 5"/ 54 cal. guns, the 6 "/ 47 cal. guns, and 
the 8"/ 55 cal. guns. 

Each instrument has a mod number and a serial number. The 
mod numbers are assigned at the time the design work is done, 
and the serial numbers are assigned at the time of production. 
Because of this there is no retation between the mod number 
and the serial number of an instrument. An instrument with a 
higher mod. number may reach production before one with a 
lower mod number. As a result, an instrument with a higher 
mod number may have a lower serial number than one with a 
low mod number. For example, Mod 13 was in production be­
fore Mod 8; therefore some Mod 13 instruments have serial 
numbers lower than some Mod 8 instruments. 

This chapter describes the major differences characterizing each 
mod and lists the serial numbers of the first instruments 
which incorporate each of these and other differences. It also 
cont.ains lists of pertinent FORDAL T's, ORDALT's, and OD's. 
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MOD 2 

• MOD 1 

MOD 9 

MOD 3 

• MOD 10 

MOD 4 
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MOD OIFFERE,NCES 

MAJOR MODIFICATION DIFFERENCES 

The Computer Mark 1 Mod 0 (blank space on the name plate) 
was designed for DO's with single mounts and was assigned to 
00409 to 428 inclusive. Mod 0 had single-speed transmitters 
for V sand Ds, computed Train Parallax Corrections based on 
B'gr, and had IN values of Rj limited to 1800 yards. 

like Mod 0, was designed for DO's with single mounts. It was 
similar to the Mod 0, but differed from it in three ways: (1) 
An So Receiver was added and the upper limit of So was in­
creased to 4S knots. (2) Bearing and Elevation Correction 
Indicating Transmitters were added. Previously a single pair 
had been used for both Auto and Indicating. (3) The quan­
tity L + Zd/ 30 was added 'to the Elevation Correction output. 

was designed for cruisers and battleships with twin mounts. It 
differed from McxI 0 and Moo 2 mainly in that: (1) I t com­
puted T rain Parallax Corrections based on B'r instead of B'Ar. 
(2) Double-speed transmitters were used for Vs and Ds instead 
of single-speed transmitters. 

A spare Mod 1 became Mod 9 by ORDALT 1182, which 
added single-speed transmitters for V sand Ds. 

like McxI I, was designed for cruisers and battleships. It was 
similar to the Moo 1 with the following major differences I ( 1) 
The upper limit of Generated Present Range was increased 
from 22,500 to 35,000 yards. (2) Provision was. made for con­
trol of main-battery A.A. projectiles. (3) The Vs, Ds, F, and 
Ph transmitters were increased in size from 6 G's to 7G's. 

The changed limits of other quantities are shown on the chart 
of Principal Differences, Ordnance Drawing No. 210535. 

A spare Mod. 3, Ser. No. 100, became Moo 10, a lso by 
ORDALT 11 82. 

was essentially the Moo 3 with the addition of a Star Shell 
Computer. 
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MOD S 

MOD 6 

MOD 7 

"UNIVERSAL" 
MOD 7 

MOD 13 

MOD 11 

MODS 8 
and 12 

MODS 14 
and 16 

MOD lS 

OP 1064 

was the Mod 2 with the addition of a Star Shell Computer and 
the equipment for the computation of Elevation Para llax for 
a horizonta l base. Only two Mod 5 's were made. They were 
Sec. Nos. 58 and 59, and both were assigned to the USS 
Hornet (CV8). 

was essentially the Mod 2 with the addition of a Star Shell 
Computer. 

was designed for the Essex Class carriers having both single 
and twin mounts. The Mod 7 differed from the Mod 5 in that 
it had both single~speed "and double-speed transmitters for 
Vs and Ds. 

To speed production of Computers Mark 1, the limits and 
features of Mods 4. 6, and 7 were incorporated into one instru­
ment. This instrument was designated Mod 7, but is called the 
"Universal" Mod 7. The first "Universal" Mod 7 instrument 
had Sec. No. 216. It differed from the "old" Mod 7 in that it 
had the larger limits of Rj and F as in Mod 4 and also had a 
shift gear with which to select either B 'r or B' gr for use in the 
Parallax computations. 

A series of alterations were then made to the "Universal" Mod 7 
without changing the Mod number. 

ORDALT 2116A later ordered all existing "Universal" Mod 7's 
changed to become Mod 13 'so 

is like the "Universal" Mod 7 except that the Range Receiver 
has been changed from values of 36,000 and 2000 yards to 
72,000 and 2000 yards, and the Radar Range Receiver has 
been eliminated. Both these changes were made by ORDAL T 
2116A. 

was like the Mod 7 except that Elevation P a rallax was com­
puted for a zero vertical base. All Mod 11 '5 were ordered 
changed to Mod 13's. 

a re for the 5"/ 54 cal. dual-purpose gun. Mod 12 has a zero 
vertical base. 

are for the 6"/ 47 cal. gun. 

is for the 8"/ 55 cal. gun. 
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MODIFICA nON DIFFERENCES IN THE 
STAR SHELL COMPUTER MARK 1 

Star Shell Computer Mark 1 Mods 0 and 1 are used with 
Computer Mark 1 Mods 4 , 5 , 6, 7, 11 , and 13. 

The Mod 1 supersedes the Mod O. In the Mod 1, E levation 
and Deflection Handcranks and Elevation and Deflection Spot 
Dials were added. The Gun Order Dia ls and the Fuze Counter 
are on the front where they can be observed through a large 
window. The Range Spot limit is changed to IN 2857 - OUT 
1500. The first Star Shell Computer Mark 1 Mod 1 had Ser. 
No. 621. 

Star Shell Computer M a rk 1 Mod 2 is like the Mod 1 except 
that it was designed for the 5"/ 54 cal. guns. T he Match Star 
Shell Range Dia ls are ca librated differently and the Range Spot 
limit is IN 2700-0UT 1500. The Mod 2 is used with Com· 
puters M ark 1, Mods 8 and 12 . 

MOO DIFFERENCES 
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PERTINENT SERIAL NUMBERS 
Computer Mark 1 
Serial Numbers 

58 

101 

101 

101 

216 
234 

311 

390 

390 

Star Shell Computer Mark I, Ser. No.1 . was installed with 
Computer Mark 1 Mod 5, Ser. No. 58. 

First instrument originally equipped with a Bearing Filter and 
a modified Ship Course Receiver. ORDALT 1172 equipped 
Mods 1 through 6 below Ser. No. 101 with the Bearing Filter 
and modified Ship Course Receiver (004178), 

First instrument equipped with AUTO Range Rate Control. 
Alteration of Rate Control on instruments below Ser. No. 101 
is ~iven on 00 4185. 

First instrument originally equipped with a Radar Range Re­
ceiver in place of the Battle and Shell Order Annunciators. 
ORDAL T 1080 made this change on instruments below Ser . 
No. 101. The Radar Range Receiver was later removed by 
ORDALTS 2116 and 2116A. 

First "Universal" Mod 7 instrument. 

First instrument originally equipped with a Target Course 
Follow-up instead of a Target Angle Follow-up. Instructions 
for making this change on all instruments below Ser. No. 234 
are contained in 00 4239. 

Instruments with Ser. Nos. 371, 373 and above are not 
equipped with Powder Fuze Ballistic Cams. 

First instrument origina lly equipped with a n IY. lower limit 
of 2350 f.s. instead of 2450 f.s. Instructions for making this 
change on a ll instruments below Ser. No. 390 are contained in 
OD 5106. 

First instrument to have Target Elevation, E, lower limit of 
- 25 degrees. First instrument to have a n intermittent drive 
added in the E line to the sec E cam. Instruments below Ser. No. 
390 were not altered. 
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421 

435 

435 

435 

501 

518 

568 

781 
811 
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First instrument originally equipped with a Target Course 
Transmitter instead of a Target Angle Transmitter. A-232 was 
replaced by A·2 58. Instructions for making these changes in 
instruments below Ser. No. 421 are contained in ORDALT 
1995 and OD 5108. 

Set. No. 421 was also the first instrument supplied with a 
Target Course Indicator instead of a Target Angle Repeater. 
Instructions for changing the Target Angle Repeater to a Tar­
get Course Indicator are contained in ORDAL T 1994 and 
005107. 

First instrument with larger shaft verniers on the 1 f eR and 
sec E lines. A·148 and A- ISO were eliminated. Instructions for 
changing to the new sec E shaft in Ser. Nos. 1-434 and new 
Il eR shaft in Ser. Nos. 220-434 are contained in FORDALT 18 . 

Target Control signal lamp, resistor, and relay were omitted 
from Ser. No. 435 and up. 

First instrument equipped with two indicating E Counters, one 
located in the Computer Section and one in the Corrector Sec­
tion. A-259 and A-260 were added. 

First instrument with the original relocation of the Eb Receiver 
resistor. ORDALT 2123 ordered the relocation of the resistor 
in instruments with Ser. Nos. 500 and below. 

Last instrument supplied with Solution Indicator Generators. 

First instrument originally designated Mod 13. Previous Mod 
7 instruments were modified by ORDALT 2116A to change 
them to Mod 13. 

First instrument designed for more accurate Fuze computation. 

First instrument with I .V. Correction going into the TI/ R2 
Ballistic Computer. 

MOD DlffiRENCES 
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List of FORDALT's 
5 

6 

Frame No. 66 Damper. Redesign using 2 bearings to prevent 
wobble. 

Frame No. SO Damper. Redesign using 2 bearings to prevent 
wobble. 

8 a Change A Transmitter to Ct Transmitter. 

b Design Target Course Indicator to be mounted on Star 
Shell Computer. 

C Connected by local cable. 

Began with Ser. No. 420. 

10 Spot Transmitter Mark 1. Change for red light illumination. 

11 

12 

18 

26 

30 

32 

35 
36 

Star Shell Spot Transmitter Mark 1. Change (or red light iIlu· 
mination. 

Range Spot Transmitter Mark 2. Change for red light illumi. 
nation. 

Redesign vernier adjustments on shafts 44-842 and 44-844 
to prevent breaking of shaft. Began with SeT. No. 435. 

Photographic type dials. Began with Star Shell Computer Ser. 
No. 521. Began with Computer Mark 1, SeT. No. 751. 

Change in value of Range Receiver and removal of Radar 
Range Receiver. Mod 7 to become Mod 13. 

Removal of Solution Indicator Generators. Began with Ser. 
No.SI9. 

Redesign Time Motor Regulator. 

Relocation of Eb Receiver Resistor. Ser. No. 501. 
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42 

44 

79 

96 

106 

108 

126 

129 

156 

161 

176 

Redesign 5-inch integrator to provide a more rigid mounting 
for disk bearing. 

Star Shell Computer Mark 1 Mod 1 to incorporate ftH1ction 
of Star Shell Spot Transmitter. Began with SeT. No. 621. 

Change of Range Receiver Mark 1. Add 4 Mfd Capacitor to 
increase torque of output. 

Oldham Couplings. Shaft extensions longer to prevent disen­
gaging from shock. 

Star Shell Computer Mark 1 Moo 1 to receive spots from Star 
Shell Spot Transmitter. 

New Fuze computation. Ser. No. 781 up of Mod 13, as in Mods 
8 and 12. 

Guard to protect jB'rand Vz Follow-up contacls. 

Improve performance of Servo Motor Control by increasing 
spring pressure and designating specific oiling points. Change 
wire diameter from 0.020 to 0.026. 

Improve Class B errors by correcting T f/R2 for effect of vari­
ation of I.V. 

Add Range Spot Dial to Vj Dial IN 180 - OUT 342.5 
( = 24,600 yards). 

Relocate B ' , Resistor to prevent overheating of Dd Friction. 

RESTRICTED 
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List of ORDALT's 

1080 

1172 

1182 

1224 

2116 

2116A 

2117 

2123 

2125 

2126 

2127 

2266 

2283 

2321 

5224 

Radar Range Receiver replaces Battle and Shell Order An­
nunciators. Later removed by ORDALT 21 16A. 

Bearing Filter and modified Ship Course Rec.eiver added. be­
low Sec. No. 101, except Mod O. 

Add V sand Ds single-speed transmission to spare Mod 1 then 
designated Mod 9 . and to spare Mod 3 then designated Mod 10, 
for CV3. 

Addition of Selector Drive Mark 1 replacing Cross-level shaft. 

Change all Mods to receive Range at 2000 and 72,000 yards 
per revolution. 

Change Mod 7 to Mod 13. 
Remove Radar Range Receiver. 
Add ORDALT record plate. 

Star Shell Computer. Increase lower limit of Rjn to accommo­
date control of smoke projectiles. 

Relocate Eb Receiver Resistor to prevent overheating of gear­
ing. 

Replace Synchronize E levation brake springs with springs giv­
ing approximately twice the pressure. 

Change So Receiver to 30 knots per revolution on Ser. No. 627. 

Add Deflection scale to Generated Bearing Crank. 

Change Bearing Correction Transmitter from SG to 6G and 
Elevation Correction Transmitter from SG to 6DG on Mod 0 
machines. 

F or CL55 type. Instructions for 6"/ 47 A.A. fire incorporating 
use of Computer Mark 28. FICO Drg. No. B-4147. 

Relocation of B ' r Resistor to prevent damage to Dd friction by 
overheating. 

Change Mod 11 to receive Range at 72,000 and 2000 yards 
per revolution. 
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List of OD's 

4178 

4185 

4233 

4236 

4239 

5106 

5107 

5108 

5116 

5117 

5127 

5146 

5158 

RESTRICTED 

Computer Mark 1 Mods 1 through 6. Installation Instructions 
for Modified Ship Course Receiver and Bearing Fitter. 

Computer Mark 1 Mods 0 through 6, below Ser. No. 101. Alter­
ation of Rate Control System. 

Computer Mark I , Ser. Nos. 1 tiJrough 100. Instructions for 
changing T arget Angle Follow-up shaft. 

Selector Drive Mark 1. Instructions for Installation and Opera­
tion. 

Computer Mark 1. Instructions for converting Target Angle 
Follow-up to T arget Course Follow-up. 

Computer Mark 1 and Modifications. Instructions for altering 
I .V . limits from 2600 and 2450 to 2600 and 2350 f.s . 

Target Course Indicator Mark 1. Conversion from Target 
Angle Repeater Mark 1. 

Computers Mark 1 Mod 4 , 5, 6, and 7. Below Sec. No. 42l. 
Alteration to provide for mounting of, and operating with, Tar­
get Course Indicator Mark 1. 

Computer Mark 1 Mod 3 and 10. Alteration to provide for 
mounting of, and operating with, Target Course Indica tor 
Mark 1. 

Computer M ark 1 Mod 0, 1, 2, and 9. Alteration to provide for 
mounting of, and operating with , Target Angle Control Switch. 

Instructions for providing red illumination on Ford instru­
ments. 

Computer Mark 1 Mod 4 , 5, 6, and 7. B elow Ser. No. 519. In­
structions for removal of Solution Indicator Genera tors and 
connecting material. 

Computer Mark 1 Mod 7. Instructions for converting to Mod 
13. 

MOD DiffERENCES 
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DETAILS OF MODIFICATION DIFFERENCES 

392 

Vf + Pe Ballistic Computers 

In Computers Mark 1, Mods 0 through 10, 13, and 15, Pe is 
computed for a vertica l base of 30 feet. 

In Computer M ark 1.Mod 14 the vertical base is 40 feet. I n 
Mod 16 the base is 15 feet. 

Computers Mark 1 Mods 11 and 12 were designed for ships on 
which the Directors were located at approximately the sarr.e 
height as the guns. There was no need for a computation of 
Elevation Parallax, Pe. In these Mods, therefore, VI Ballistic 
Computers replace the VI + Pe Ballistic Computers. The out­
put of the Vi Ballistic Computer is simply Supereievation, VI. 

Fuze Computation 

. On Computers with Ser. No. 78 1 and up, more accurate com­
putation of Fuze Setting Order was incorporated. 

The Fuze Setting Order is actually a va lue computed in ad~ 
vance for the value of Time of Flight at the instant of firing. 

The output of the Dead Time P rediction Multiplier is RTg. 
The old equation was RTg = K X dR X Tg. T he new equation 
is RTg = K ( dR + dRxe) ( Tg + F - Tf). For convenience of 
design, the factor (dR + dRxe) is computed as (dRs - dRm). 
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The time e la psed be tween the insta nt the projectile is re moved 
from the shell hoist and the instant of firing is known as D ead 
Time, T g. Added to Dead Time is the difference between Time 
of Flight when t he projectile is rem oved from the shell hoist 
a nd Time of Flight at the insta nt of firing. This difference is 
expressed by ( F - TI ). Thus the tota l time correction is 
( T g + F - T /). The correct ion to T ime of Flight is then the 
product of T ota l R a nge R a te a nd this tot a l time correction. 

The subtraction of Initia l Velocity Correction, dRm, from Pre­
diction R a nge R a te, dRs, produces Tota l Range R a te for the 
computa tion of RTg. 

The va lue RTg is added to R 2 to form R 3 which is the Fuze 
Ra nge. 

Furt he r accuracy of computation is accomplished by turning 
the Fuze Ba llistic Cam by F ra ther than R3. The ca m output, 
jF, is added to R3 to form F . 

I. V. OIAL 
INITIAL 

MUlTIJ'LI ER fUlE BAlliSTIC 
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394 

Rate Control on Computers Mark 1 
with Serial Numbers below 101 

On Computers below Ser. No. 10 1, t he Rate Control System 
was a ltered fo r the purpose of improving the action a nd increas­
ing t he speed of solution of the R a te Control System. The in­
st ructions for making t his a lte ra tion a re given in 00 41 8 5. 

The wiring connecting the Range Rate Control Time Clutch 
was disconnected so tha t the R a nge R a te Correction Integra­
tor carriage remains at the 5-second offset. 

Origina lly, with the C hange of R ange Switch a t ON RANGE 
F INDER, the R ange Motor was energized only when the 
Range Opera tor in the Director closed the signa l circuit. When 
altered, the power supply to t he R a nge M otor was d isconnected. 
from t he signal circuit a nd connected to the R ange Switch. 
Wit h t his a rrangement the Range Motor drives whenever the 
switch is at ON RANGE F INDER. 

W ith t he T ime C lutch to t he R a nge R ate Correction Integrator 
disconnected, it becomes possible to match Generated Ra nge to 
Observed R a nge continuously. When the signal to commence 
tracking is received , the Computer Opera tor should turn t he 
Change of Range Switch from ON RANGE F INDER to OFF. 
If t he Observed Range Dials and the Range Finder Signa l in­
dicate t ha t the correct Ra nge is being received cont inuously, 
the Computer Opera tor should turn t he Generated R ange 
Handcrank in its IN position and continuously match Gen­
era ted R ange with Observed R ange. 

If the received values of R ange a re intermittent, it may be­
come necessary to over- or under-rat e-control. The Genera ted 
R ange Dia ls should be matched to t he Observed R ange Dia ls 
only when the R a nge F inder Signal is on. When the ra te of 
divergence between Genera ted and Observed Ra nge IS large, 
that is, when the Dia ls move re la tively fa r out of synchronism 
in a re la tively short time, the Opera tor should over-correct . 

OP 1064 
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To over-correct he should do the following: 

1 With the Generated Range Crank IN, turn until the index 
of the fine ring dial passes and overtakes the arrow on the 
inner dial. 

2 Turn the ring dial back until the index matches the arrow 
on the inner dial without putt;n~ in any rate correction. 
This can be done either by shifting the Range Switch to ON 
RANGE FINDER until the dials are matched and then 
shifting it back to OFF, or by pulling the Generated Range 
Crank OUT against spring pressure, and turning it in the 
OUT position. 

If the rate of divergence between the Generated and Observed 
Dials is small, the Operator should under-correct in a similar 
manner. 

The wiring was further changed to enable the Computer Oper­
ator to cut out Bearing and Elevation Rate Corrections by 
means of the Target Speed Handcrank while the Control 
Switch was at AUTO. The new connections are such that the 
jE and jEr clutches will open when the Target Speed Hand­
crank is put in HAND, 

If the Operator desires to discontinue rate control from the 
Director while in Automatic Control, he shifts the Target Speed 
Handcrank to HAND. Shifting the handcrank back to AUTO 
restores Director rate control. 

If the Control Switch is at SEMI-AUTO and the Operator de­
sires to change to AUTO control, he should do the following: 

1 Shift the Target Speed Handcrank to HAND. 

2: Turn the Control Switch to AUTO until the Generated 
Dials are synchronized. 

3 Shift the Target Speed Handcrank to AUTO. 

It the Control Switch is at SEMI-AUTO and the Operator 
wishes to shift to LOCAL, he should do the foHowing: 

1 Shift the Target Speed Handcrank to HAND. 

2: Turn the Control Switch to AUTO, until the Generated 
Dials are synchronized, 

3 Turn the Control Switch to LOCAL. 

MOO DIfFERENCES 
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Remote control of Target Angle 

Sta rting with Mod 4, the Computer M a rk 1 was equipped 
with a set of relays to effect remote-contro l s lewing of Target 
Angle. The system was completed with an a uxilia ry unit called 
the T a rget Angle Repeater Mark 1 which was mounted a t the 
Co nt rol Officer's Station in the Director Mark 37, a nd a Target 
Angle Tra nsmitter within the Compute r. The purpose of the 
system was to permit a quick setup of estimated Target Angle 
when shifting to a close target. 

Soo n the need for a Target Course Indicator developed. Start­
ing with Ser. No. 421 , the Target Course Indica tor replaced the 
T a rget Angle Repea ter and a change in gearing changed the 
T a rget Angle Transmitter to a T a rget Course T ransmitte r. 
ORDALT 1995 ( OD 5108 ) a ltered the transmitters on Com­
puters M ark 1 below Ser. No. 421. The T a rget Angle R epeaters 
were c ha nged to T arget Course Indica tors by ORDAL T 1994 
( OD5107 ). 

M od 3 instruments were modified by 00 5116 for T a rget 
Course contro l. 

00 5117 insta lled a Target Angle Control Switch to slew 
T a rget Angle on Mods 0 , 1, 2 and 9. 

Lower Limit of I. V. 

The Computers below Ser. No. 390 had a lower limit of 2450 
f.s. for I .V . It was found that o ld rifles at cold tempera tures 
ca lled fo r a lower I .V . The present limit is 23 50 f.s. Computers 
below Se r. N o. 390 were to be a lte red, as per 00 5106. On the 
Computens not altt:red, it is necessary to introduce Range Spots 
whenever the I .V . is below 2450 f.s. 

OP 1064 
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MOD DIFFERENCES 

Control of Star Shell Fire without a Star Shell Computer 

On insta lla tions not equipped with the Star Shell Computer, 
a Sta r Shell Data Plate supplies the necessary information. The 
Sta r Shell Data Plate gives Sight Angle and Fuze Setting 
Orders for fi ring Star Shells at various values of Adva nce 
Range. 

firing a Search Spread 

When firin g a search spread, all guns are used to fire star shells. 
With the Sight Angle and Fuze Handcranks in the IN position, 
set the counters a t the values given opposite the value of Ad­
vance Ra nge to tra nsmit gun orders from the Computer to the 
guns. Approximations are necessary for uneven values of Ad­
vance R a nge. A plotted curve may be employed to obtain 
these approximations. 

firing Star Shells from only part of a baHery 

When firing star shells from one or more guns and firing regular 
service projectiles from the remainder of the batte ry , another 
method is employed . Sight Angle and Sight Deflection must be 
left undisturbed in the Computer so that regular gun orders are 
transmitted to the guns firing service projectiles. The Search­
light Corrector may be used to transmit gun orders to the star 
shell gun. The Searchlight Corrector normally transmits Direc­
tor position plus Level and Cross-level corrections. Spots intro­
duced into the SearChlight Corrector would make its output 
correspond to the proper va lues for firing star shells. The Ele­
vation Spot would be Sight Angle given on the Sta r Shell Data 
Plate opposite the Computer value of Advance R a nge, minus 
2000 minutes. The Deflection Spot would be the va lue of 
Sight Deflection as read on the Computer Ds Counter, minus 
500 mils and converted into degrees a nd minutes. A chart may 
be laid out to speed this computation. These spots a re tele­
phoned to the Director for introduction into the Searchlight 
Corrector. Additional spots may be added to the Searchlight 
Corrector to correct for wind and other errors if necessary. Fuze 
Setting Order from the Star Shell Data P la te may be tele­
phoned to the gun mount firing the star shells. 
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COMPUTER MARK I 

Elevation Lower Limit of - ·5 Degrees 

On Computers below Ser. No. 390 the lower limit of L- 12 is 
- S degrees. Extra precaution must be exercised in the opera­
tion of these Computers to avoid slamming into the Elevation 
limit stops while slewing the Direct or. On these instruments, 
the Director Slew Sight is secured at a minimum value around 
- 2 0 degrees. Since the Computer lower limit is - 5 0. there is 
considerable danger of slewing into the lower limit in the Com­
puter if the slew key is closed after all the circuits have been 
energized but the Slew Control has not been brought up to the 
horizontal position. 

Another precaution must be exercised. The Computer should 
not be set up to receive Director E levation if either the Com­
puter is in LOCAL or if Level is not feeding into the Computer. 
In either case there is danger of slewing into the ends of the 
limit stops. 

Suppose that Level is not feeding into the Computer and that 
the Level angle is 15 0 at the instant that the Control Officer 
slews the Director down to an angle of 5 degrees. The resulta nt 
angle would then be -10 degrees. The Computer E levation 
line would sla m into the _ 5 0 lower limit with the possibility of 
damage to the gearing, or, as usually happens, of causing A·59 
to slip. A-59 is a n inaccessible assembly clamp which was re­
designed in la ter instruments to prevent slippage. 

Again suppose that Level is feeding into the Computer but that 
Director Tra in is not being received either because the Com­
puter is in LOCAL or because B 'r is shut off at the switchboard. 
Further suppose that the Director is trained 180 0 from the B'r 
input to the Stable Element. In such a setup, Level of the oppo· 
site sign would be measured and the situation would be doubly 
as dangerous as not having Level feed in at a ll. 

T he following preca utiona ry measures a re recommended: 

1 Loosen the Synchronize Elevation Knob holding friction 
until t here is just enough friction to hold the Synchronize 
Elevation Dia ls matched. Then E will back out of the syn­
chronizing differentia l D-12 whenever either limit of L· 12 
is hit. 

2 Leave Director DC turned OFF unti l the Control Offi-cer 
has t he Slew Sight released from t he secure position and is 
ready to slew to the T a rget. 

3 Do not receIve Director E levation unless Director T rain 
a nd Level are also being received 
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In t he M a rk 3 7 System, those qua ntities which can be rigid ly 
defined have fire control symbols. 

A quantity may be broken down into a basic quantity and 
modifying qua ntities. F or example, the qua ntity "Own Ship 
Speed" consists of the basic quantity "Speed" and the modi­
fy ing qua ntity "of Own Ship." 

The fi re control symbols may be broken down in the same way: 
into basic symbols for the basic qua ntities and m odify ing 
sym bols for modify ing qua ntities. 

Cap ita l lette rs a re used for the basic symbols, sma ll le tte rs for 
the modifying symbols. F or example, the symbol for "Own 
Ship Speed" is So; capital "5" is the symbol for the basic qua n­
t ity "Speed", a nd small "0" is the symbol for the modify ing 
qua ntity "of Own Ship." 

This cha pter lists separately the basic symbols and the modify· 
ing symbols used in building the sym bols for the Gun Director 
M ark 3 7 System . Fa milia rity with the meaning of these ind i­
vidua l letters will make the memorizing of the sym bols much 
easier. 

In the d efinitions given here, the following terms a re under­
stood : 

a The term "L ine of Sight" is used to d esignate the Line of 
Sight from t he D irector to the T arget. 

b The term "deck plane" m eans the sta nda rd reference p lane 
of Own Ship. 

e The term "horizonta l p lane" refers to t he horizontal pla ne 
through the Director sights. The solu t ion given by the 
Com puter is based upon this pla ne. 

d The term "plane through the Line of Sight ( or F ire)" refe rs 
to the plane containin~ the Line of Sight (or Fire). 

GLO SSARY 
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COMPUTER MARK 1 

BASIC SYMBOLS 
A T arget Angle 

8 Bearing (of Target, unless modified). 
measured in the horizontal plane 

B' Same as B , but measured in the deck 
plane 

C Course, measured in the horizontal plane 

D Lateral Deflection (angular measure) 

E Elevation (of Target, unless modified), 
measured in the vertical plane 

E' Same as E, but measured in a plane per-
pendicular to the deck 

F Fuze Setting 

H H eight of T arget ( normally in feet) 

K K ,. K 2• etc. Constants 

L Level Angle, measured In the vertical 
plane 

p Parallax 

R Range 

5 Speed 

T Time 

V Elevation Prediction (angular measure) 

X Horizontal deflection component of ve-
locity perpendicula r to the vertical plane 
through the Line of Sight 

Y H orizontal range component of velocity 
in the vertica l plane through t he Line of 
Sight 

Z Cross-level Angle 

NOTE: In general, a prime after a basic sym­
bol indicates the quantity is meas­
ured in the plane of the deck of Own 
Ship, or in a plane perpendicular to 
the deck of Own Ship. 

OP 1064 
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MODIFYING SYMBOLS 
b 

c 

d 

e 

f 

9 

h 

j 

m 

o 

r 

5 

t 

v 

w 

z 

f () 

/', 

l 
:I 

3 

Of Director 

Before a quantity means the value of that quantity as 
generated by the mechanism, as opposed to the observed 
value of the same quantity. After a quantity means rela­
tive to rate control. 

Before a quantity means a time rate of change of that 
quantity. After a quantity means in Of relative to the deck 
plane or plane perpendicular to the deck. 

Elevation 

Due to standard trajectory 

Of Gun 

Horizontal projection of 

Before a quantity means a correction or partial correction 
to that quantity, usually generated by the mechanism. 
After a quantity means arbitrary correction (spot) to that 
quantity, 

Loss of Initial Velocity 

Of or due to Own Ship 

Relative to Own Ship 

Relative to the Line of Sight, or in a slant p lane. (Since 
several slant p lanes may be used, each definition should 
specify the plane used.) 

Of or due to Target 

Vertica l projection of 

Of or due to Wind 

Of or due to Cross-level 

Function of the quantity in parentheses 

Before a quantity means change in tha t quantity during 
some specific time. Increment of a quantity. 

Before a qua ntity means the integral of that quantity 

After a quantity indicates that it is the predicted value 
of that quantity for advance position; i.e., for the instant 
a projectile, which is fired at the present time, hits (bursts 
for anti -a irc raft fire). 

After a quantity indicates that it is the predicted value of 
that quantity for fuze position ; i,e., for the instant a pro­
jectile, fired dead time seconds from the present time, hits 
(bursts for anti-aircraft fi re). 

GLOSSARY 
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THROUGH DIRECTION 
OF TARG ET MOTION 

OP 1064 

A TARGET ANGLE 
The a ngle between the vertica l pla ne through 
the direct ion of T arget M otion a nd the ver· 
t ica l plane through the Line of Sight, meas­
ured in t he horizonta l p la ne, clockwise from 
the direction of Target M ot ion. 

A = 1800 + B - Ct 

B TRUE TARGET BEARING 
Compass direction of the Line of Sight. 

B = Br + Co 

A 180" I B - CI , 
B - Br + Co 

N S 

ileB INCREMENT OF GENERATED 
TRUE BEARING 

Cha nge in True Bearing computed by the 
instrument. 

jBe LIN EAR D E Fl EC T ION 
RATE CORRECTION 

R ate Control Correction a ffecting Linea r D e­
flection R a te. 

RESTRICTEO 
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8'gr GUN T R A I NOR D E R 
The ordered angle between the fore and aft 
axis of Own Ship and a plane through the 
Line of Fire at right angles to the deck, meas­
ured in the deck plane clockwise from the 
bow, without correction for horizontal par­
allax. 

B 's' = B ' , + Dd 

8r RElATIVE TARGET BEARING 
The angle between the vertical plane th rough 
the fore and a ft axis of Own Ship and the 
vertica l plane through the Line of Sight, meas­
ured in the horizonta l pla ne clockwise from 
the bow of Own Ship. 

Br = 8 'r + i8'f 

8'r DIRECTOR TRAIN 
The angle between the vertica l plane through 
the fore a nd aft axis of Own Ship and the 
vertical plane through the Line of Sight, meas­
ured in the deck plane clockwise from the 
bow of Own Ship. 

c8r G ENE RA TE D R El A T I V E 
TARGET BEARING 

Rela ti ve Target Bearing computed by the 
instrument. 

cBr = jBr + 6 eBr 

c8'r GENERATED DIRECTOR TRAIN 
Director Train computed by the instrument. 

cB ' r = cBr - jB' t 

lu8r INCREMENT OF GENERATED 
RELATIVE TARGET BEARING 

Changes of Relative Target Bearing com ­
puted by the instrument. 

6.eBr = !::l eB - Co 

AcB'r INCREMENT OF GENERATED 
DIRECTOR TRAIN 

Changes of Director Train computed by the 
instrument. (Bearing Correction. ) 

!:::. cB 'r = 6 eBr - jB' t 

RESTRICTED 
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VERTICAL PLANE 
THROUGH 

OF F1RE 

VERTICAL PLANE 

SIGHT 

LINE OF SIGHT 

sow OF 
OWN SHIP 

VERTICAL PLAN E 

tiNE SIGHT 

VERTICAL ptANE 

AfT 

PLAN E 
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jBr INITIAL OR CORRECTIVE 
SETTING OF GENERATED 
RElATIVE TARGET BEARING 

jB'r DECK TIlT CORRECTION 
Correction to Director Train, B'r, for the ef· 
feet of Deck Tilt, used to refer Director Train 
to the horizontal plane. 

dBs BEARING RATE IN SLANT 
PLANE 

Bearing Rate measured in the slant plane 
through the Line of Sight and at right angles 
to the vertical plane through the Line of Sight . 
(Does not exist separately in the mechanism.) 

Bw WIND DIRECTION 
The compass direction from which the Wind 
is blowing. 

Bwg PREDICTED WIND ANGLE 
The angle between the direction from which 
the Wind is blowing and the vertical plane 
through the Line of Fire, measured in the 
horizontal plane clockwise from the direction 
from which the Wind is blowing. 

Bws WIND ANGLE 
The angle between the direction from which 
the Wind is blowing and the vertical plane 
through the Line of Sight, measured in the 
horizontal plane clockwise from the direction 
from which the Wind is blowing. 

RESTRIC1£O 
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Co SHIP COURSE 
Compass heading of Own Ship. 

Cr TARGET COURSE 
FORE AND AfT 
AXIS Of 
OWN SHIP 

Compass Direction toward which the Target N . . 
IS moving. 

Dd DECK DEFLECTION 
VERTICAL PLANE 
THROUGH 

5 

N 

, , , , 
/ 

/ , 

GLOSSARY 

\ 

c. 

, 
DIRECTION 
OF TARGET 
MOTION 

The angle re presenting total D e flection in 
the deck plane; it is added to Director Train 
to obtain Gun Train Order, B ' gr. 

LINE OF FIRE - - +\ ",--- VERTICAL PLANE 

Dd + B 'r = B'sr and 
Dd = jDd + Dz 

jDd PARTIAL DECK DEFLECTION 
One te rm of a mechanism equation used in 
computing tota l Deck Deflection, Dd. 

Dfs DRIFT CORRECTION 
The la tera l D e flection a ngle to compensate 
for drift of a projectile, measured in the slant 
plane through the Predicted Target P osition. 

D18 = K ( VI + Pe + Vlm - K ,) 

Dj DEFLECTION SPOT 

NOTE: 
The term "deck plane" does not mean the 
plane through the deck, but a plane at the 
level of t he Director Sights para lle l to the 
Director roll e r pa th . 

RESTRICTED 

THROUGH 
LINE OF SIGHT 

TARGET POSITION 

TARGET 
POSITION 
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408 

PREDICTED 
TARGET 
POSITION 

~~;;;;:::;;;i:PRESENT 
TARGET 
POSITION 

OP 1064 

Ds SIGHT DEFLECTION 
The a ngle between the vertical plane con­
taining the Line of Sight and the vertical 
p lane through the Line of Fire, measured in 
the plane at right a ngles to the vertical plane 
contain ing t he Line of Sight, at a ngle V tw 
above the Line of Sight. D s is positive when 
the gun is trained to the right of the Line of 
Sight. 
(This is an approximation of Ds as defined 
in OD 3 447.) 

D s = Dtwj - D is 

Df RELATIVE MOTION 
DEFLECTION PREDICTION 

Deflection Prediction to compensate for Rel­
ative M otion of Own Ship a nd T arget dur­
ing T ime of Flight. ( Does not exist separately 
in the mechanism.) 

Dw WIND DEFLECTION PREDICTION 
Deflection Prediction to compensate for the 
effect of Apparent Wind on the projectile. 
(Does not exist separately in the m echanism. ) 

Dfw RElATIVE MOTION AND WIND 
DEFLECTION PREDICTION 

HERE 01, Ow, Dlw, AND Os 
ARE NEGATIVE Dtw == Dt + Dw 

.. 
IfQIIIZONl At 

Dtwj TOTAL DEFLECTION PREDICTION 
Dtwj == Dtw + Dj 

Dz 
One te rm of a mechanism equation used in 
computing Dd; it represents approximately 
t he Trunnion Tilt Trai n Correction to com­
pe nsa te for Cross-level. 

Dz + jDd = Dd 

E TARGET ELEVATION 
The angle between the horizontal p lane and 
the Line of Sight, measured in the vertical 
p lane through the Line of Sight. 

E = Eb - L 

Eb DIRECTOR ELEVATION 
The angle between the d eck plane and the 
Li ne of Sight, measured in the vertica l plane 
t hrough the Line of Sight. 

RESTRICTEO 
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cE GENERATED 
TARGET ELEVATION 

Target Elevation computed by the instru­
ment. 

L;cE INCREMENT OF GENERATED 
TARGET ELEVATION 

Changes of Target Elevation computed by 
the instrument. 

L;cEb INCREMENT OF GENERATED 
DIRECTOR ELEVATION 

Changes of Director Elevation computed by 
the instrument. 

L;cEb = 6 cE + L 

L;cEb + IdJ 30 
ELEVATION CORRECTION 

Computed Changes of Director Elevation 
compensated for the roll of the Director 
Sights in Cross-level. 

dE ANGULAR ELEVATION RATE 
(Does not exist sepamtely in the mecha­
nism.) 

jE INITIAL OR CORRECTIVE 
SETTING OF GENERATED 
TARGET ELEVATION 

jEc LINEAR ELEVATION RATE 
CORRECTION 

R ate Control COfI:"ection primarily affecting 
Linear Elevation Rate. 

E'g GUN ELEVATION ORDER 
Ordered Elevation of gun above the deck 
p lane, measured in a plane through the Line 
of Fire and at right angles to the deck plane. 
Includes Parallax Correction for a vertical 
base, but not for a horizontal base. 

E'g = Eb + Vs - Vz 

RESTRICTED 

VERTICAL PLANE 
THROUGH 
LI NE O F FIRE 

GLOSSARY 

,.,.- :'~:g~~~'PlANE 
tiNE OF SIGHT 

LINE SIGHT 

DeCK PLANE 
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PREDICTED 
TARGET POSITION 

PRESENT 
TARGET POSlTION 

410 

OP 1064 

E2 PREDICTED TARGET ELEVATION 
Approximate Elevation of the Target at the 
end of the Time of Flight. 

E2 = E + V 

F FUZE SmlNG ORDER 

H TARGET HEIGHT 
Vertical distance between the T arget and the 
horizontal plane through the Director sights. 

H = cRsinE 

dH RATE OF CLIMB 
Vertica l component of Target Velocity. 

jHc RATE OF CLIMB CORRECTION 
Rate Control Correction primarily affecting 
Rate of Climb. 

I. V. INITIAL VELOCITY OF 
PROJECTILE 

K, K" K2, etc. CONSTANTS 
Two or more constants in the same expres­
sion are distinguished by numbers. 

RESTRICTED 
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L LEVEL ANGLE 
The a ngle between the horizonta l p lane and 
the deck pla ne, measured in the ve rtica l plane 
through the Line of Sight. L is positive when 
the deck toward the T arget is tilted down. 

Pe ELEVATION PARALLAX 
CORRECTION FOR 
VERTICAL BASE 

Ph TRAIN PARALLAX 
CORRECTION FOR 
HORIZONTAL BASE 

Pv ELEVATION PARALLAX 
CORRECTION FOR 
HORIZONTAL BASE 

R OBSERVED PRESENT RANGE 

RESTRICTED 

BASE 
POINT 

lOO.YARD HORIZONTAL BASE 

GLOSSARY 

VERTICAL "lANE 
THROUGH 
liNE OF SIGHT 

I OF SIGHT 
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RElATIVE MOTION 
IN VERTICAL PLANE 

412 

• 

RElATIVE MOTION 
IN HORIZONTAL PLANE 

OP 1064 

eR GENERATED PRESENT RANGE 
Present Range computed by the instrument. 

l/eR RECIPROCAL OF GENERATED 
PRESENT RANGE 

~eR INCREMENT OF GENERATED 
PRESENT RANGE 

Changes of Range computed by the instru­
ment. (Range Correction.) 

dR DIRECT RANGE RATE 
The Line of Sight component of relative mo­
tion between T arget and Own Ship. 

jdR DIRECT RANGE RATE 
CORRECTION 

The Rate Control Correction primarily af­
fecting Range Rate. 

jR INITIAL OR ' CORRECTIVE 
SETTING OF 
GENERATED RANGE 

jRe LINEAR RANGE CORRECTION 
Applied t o Generated Range. 

RdBs LINEAR DEFLECTION RATE 
The horizontal component of relative motion 
between T arget and Own Ship, a t right angles 
to the verti ca l plane through the Line of Sight. 

REITRICTEO. 
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RdE LINEAR ELEVATION RATE 
The component of re la ti ve motion between 
T a rget a nd Own Ship, at r ight a ngles to the 
Line of Sight a nd in the vertical plane through 
the Line of Sight. 

dRh HORIZONTAL RANGE RATE 
The horizontal com ponent of relative motion 
between T arget and Own Ship, in the vertica l 
pla ne through the Line of Sight. 

jdRh HORIZONTAL RANGE RATE 
CORRECTION 

R ate Control Correction prima rily affecting 
Horizontal Ra nge R ate. 

Rj RANGE SPOT 

Rm 
Correction to Range P red iction for a change 
in IY. from 2550 f.s. 

dRm 
Alte ration to P rediction Ra nge R a te fo r a 
change in l'v. from 2550 f.s. 

RESTRICTED 

RElATIVE MOTION 
IN VERTICAL PLANE 

GLOSSARY 

RElATIVE MOTION )t: IN HORIZONTAL PLANE 

fHE THREE RELATIVE 
MOTION IIA lES ARE 
USUAll Y SHOWN 
UKE THIS 
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414 

PRESENT 
TARGET 
POSITION 

OP 1064 

dRs PREDICTION RANGE RATE 
Direct R ange Rate corrected for the effect of 
Deflection and Elevation Rates, and for a 
change in l.v. from 2550 f.s. 

dRs = dR + dRxe + dRm 

Rt RELATIVE MOTION RANGE 
PREDICTION 
Compensates for t he R ela tive M otion of Own 
Ship and Target during the Time of Flight. 
(Does not exist separa tely in the mechanism.) 

Rw WIND RANGE PREDICTION 
Compensates for the effect of Apparent Wind . 
on the projectile. ( Does not exist separately 
in the mechanism.) 

Rtw RELATIVE MOTION AND 
WIND RANGE PREDICTION 

( Does not exist separately in the mecha­
nism .) 

Rtw = Rt + Rw 

Rtwm TOTAL RANGE PREDICTION 
Rtwm = Rtw + Rm 

dRxe RANGE RATE CORRECTION 
Correction to Predict ion R ange R ate for the 
effect of the Defl ection a nd Elevation R ates. 

RT9 
Correction in Fuze Range for Dead Time. 

R2 ADVANCE RANGE 
(OR PREDICTED RANGE) 
R 2 = cR + Rtwm + Rj 

R 3 fUZE RANGE 
R 3 = R 2 + RTII 

RESTRICTED 
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Sh TARGET SPEED 
Horizontal ground speed of Target. 

So OWN SHIP SPEED 

Ss DIVING SPEED OF TARGET 
Speed along the Line of Sight, or Direct 
Range R ate. 

Sw TRUE WIND SPEED 

T TIME 
Generated by the regulated Time M otor. 

TlcR TIME DIVIDED BY 
GENERATED PRESENT RANGE 

Tf TIME OF FLIGHT 

Tf/R2 TIM! OF FLIGHT DIVIDED 
BY ADVANCE RANGE 

Tg DEAD TIME 
Time in seconds between the setting of the 
fuze and the firing of the projectile. 

RESTRICTED 

GLOSSARY 

415 

www.tinyurl.com/slover


COMPUTER MARK I 

416 

PREDICTED 
T AFlGEl POSITION 

PRESENT 
TARGET 
POSITION 

PREDICTED 
~_, TARGET 

POSITION 

--\ , 
1(1 PRESE NT 

TARGET 
POSITION 

OP 1064 

v TOTAL ElEVATION PREDICTION 
The approximate amount that Targe t E leva­
tion changes during the Time of Flight. 

V = Vtw - Vx + Vj 

VI SI:IPERELEVATION 
The angle the gun must be elevated above 
the Predicted Line of Sight to compensate for 
the curvature of trajectory in the vertica l 
ola ne. 

Vfm 
Correction to Superelevation tor a change in 
lY. from 2550 f.s. 

Vj ElEVATION SPOT 

Vs SIGHT ANGLE 
The di fference between the e leva tion of the 
Line of Fire above the horizonta l plane and 
the e leva tion o f the Line of Sight above the 
horizonta l pla ne , measured in the vertical 
p la ne through the Line of Fire. ( P ositive 
whe n the Line of Fire is above the Line of 
Sight.) ( This is an a pproximation of Sight 
Angle as defined in OD 3447.) 

V s = V + ( VI + Pe l + Vim 
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Vt RELATIV 
'V TlO 

TIO 

P ED C 0 
Compensates for the Relative Motion of Own 
Ship and Target during the Time of Flight. 
(Does not exist separately in the mechanism.) 

Vw D EVATIO PREDICT ON 
Compensates for the effect of Apparent Wind 
on the projectile. (Does not exist separately 
in the mechanism.) 

• 

Vtw ATIVE MOTION AND 
ATiON PREDICTION 

Vtw = Vt + Vw 

Vx COMPLEMENTARY ERROR 
CO (I 

Correction to Elevation Prediction to com4 
pensate for Deflection Prediction. 

Vz TRUNNION TILT ELEVATION 
CORRECTION 

Correction to Gun Elevation to compensate 
for the effect of Cross-level. 

RESTRI CTED 

A SUMMARY OF 
ELEVATION QUANTITIES 

GLOSSARY 
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THE THREE WIND RATES 
ARE USUAllY SHOWN 
THIS WAY 

418 

OP 1064 

WrD DEFLECTION WIND RATE 
The component of Apparent Wind Velocity 
affecting Deflection Prediction. 

Wr( ElEVATION WIND RATE 
The component of Apparent Wind Velocity 
affecting Elevation Prediction. 

WrE = Ywgr sin K-E2 

WrR RANGE WIND RATE 
The component of Apparent Wind Velocity 
affecting Range Prediction. 

WrR = Ywgr.cos K·E2 

Xo 
Horizontal component of Own Ship Velocity 
at right angles to the vertical plane through 
the Line of Sight. (Deflection component.) 

Xo = So sin Br 

Xt 
H orizontal component of Target Velocity at 
right angles to the vertica l plane through the 
Line of Sight. ( Deflection component.) 

Xl = ShsinA 

RESTRICTED 
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Xwg 
Horizonta l component of True Wind Veic)(> 
ity. at right a ngles to the vertical plan"e 
through the Line of Fire. ( Deflection com­
ponent.) 

Xwg = Sw sin Bwg 

Yo 
H orizonta l compone nt of Own Ship Velocity 
in the vertica l plane through the Line of 
Sight. ( H orizontal range component.) 

Y o = Socos Br 

Yt 
Horizontal component of T arget Velocity in 
the vertica l plane through the L ine of Sight. 
( H orizontal range component. ) 

Yt = ShcosA 

Ywg 
Horizonta l component of True Wind Ve­
locity, in the vertica l plane through the Line 
of Fire. ( Horizonta l ra nge component.) 

Ywg = Sw cos Bwg 

Ywgr 
Horizonta l component of Apparent Wind 
Velocity, in the vertical plane through the 
Line of Fire. ( Horizonta l range component.) 

Ywgr = Yo + Ywg 

Id CROSS-LEVEL 
The angle of roll of the deck about a line 
which is the intersection of the deck plane 
with the vertica l plane through the Line of 
Sight. The correction for Zd is positive if, 
when one faces the T arget, t he deck at the 
left is tilted down. 

RESTRI(T£D 
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ADVANCE RANGE. R2 274ff .. 414 
counter 105 
follow-up 276 

AIM, CONTINUOUS 138, 331 . 334. 369 
AIR TARGETS 22 
ANGLE 

Lead 19, 266 
Repeater Mark I, Target 396 
Sight (see Sight Angle, Vs) 
Target (see Target Angle, A' 

ANGULAR 
bearing rate, dBs 406 
elevation rate. dE 409 

APPARENT WIND 292.294 
components 294 

APPENDIX 376 
ATTACK, DIVE 22.138. 140, 182 
AUTOMATIC 

fire control 24 
fuze setter 17, 25 
operation 120 ff. 
rate control 204,240,258, 261A 

BALLISTIC COMPUTER 269. 272 
Fuze, F 289 
Superetev8tion plus Parallax , VI + Pc 

283.35 1 
Modifi ca tion differences in the 392 
Time of Flight, Tf 274, 277 , 283 
Time of Flight divided by Advance 

Range. Ttl R2 282 
BALLISTIC VALUES 272 
BASIC MECHANISMS 11 ff. 
BEARING 

14,24.88, 100,164,176, 194, 196 
component integrators 224 
crank 100,205,234 
dials 88, 234 
during operation 131, 134 

RESTRICTED 

ALPHABETI(AL INDEX 

BEARING - (cont'd.) 

during rate control 209, 21 7. 245 
filter 198 
Generated, cSt 209, 405 
Increments o f 194, 197,404,405 
integra tor 196 
rate corrections 234,235 
Relative target, Br 88, 164,1 76, 196,405 
solution indicator 245 
True target , B 176,194,404 

BUTTONS, Increase and Decrease 106 

CAM 
I l eR 191 
Sec E 195 

CIRCUITS 
Control switch 258, 259, 262 ff. 
Range rate control switch 260 , 261 
R a nge receiver 250 ff. 
T arget course indicator 254,255 
Target speed switch 256,262 ff. 

CLASS B ERRORS 378.380 ff. 
CLIMB, RATE OF 

(see Rate of Climb, dH) 

CLUTCH, jBr, jE, and jdR 
240.247.258.259 

COMPLEMENTARY ERROR 281 
correction, V x 280,417 
corrector 268, 280 ff. 

COMPONENT 
D e flection , XO and Xt 179,4 18 
integrators 221 ff. 
of apparent wind, WrE and WrR 

294,4 18 , 419 
of horizontal target velocity, Xt and Yt 

178 
of own ship ve locity, Xo and Yo 

178,294,4 18 
of true wind velocity, Xwg a nd Ywg 293 
Range, Yo a nd Yt 179,4 12 

421 

www.tinyurl.com/slover


COMPUTER MARK I 

422 

( -(cont'd.) 

COMPONENT SOLVER 
Deck tilt 167 
dH 181 
dRI1 180 
Elevation wind 295. 296 
Horizonta l wind 293 , 294,296 
Parallax 3-14 
R elative motion 176, 178 ff. 
Ship 178,292 
Target 178.227 

COMPUTED 
star shell gun elevation order, E'~n 

364 
sta r shell gun train order, B'Arn 

360 
COMPUTER 

B allistic (see Ballistic Computer ) 
Height 184 
Parallax 345 
Trunnion t ilt le vel co .... ect ion , jDd 

320.322 
Trunnion t ilt train correction . D z 

320. 322 

COMPUTER MARK 1 
Conditions of III 
D esign fea tures o f 76, 77 
Functions of 16 ff. 
Inputs 18,69,70, 71A. 176 
Outputs 69. 70. 71. 7 1 A 
Sche mati c diagra m s o f (at e nd o f 

pamphlet) 
Star shell 68,356 ff. 
Summary of 

CONDITION 
Secured 11 '1 
Standby 11 6 ff. 

data 72 

CONSTANT, K 279.299,4 10 
CONTINUOUS AIM 138,331. 334, 369 
CONTROL 

Automatic fire 24 
M a in battery 144 

switch 96,210.241 , 258 (f.. 262 ff. 

CONTROLS, OPERATING 80 ff. 
COUNTERS 80 

Advance range, R2 105 
Fuze. F 105, 289 
Location o f 109A 
Range spot, R j 104.3 12 
Sight angle. V s 105,285 

COUNTERS -(cont'd,) 

Sight deRection , D s 105 
Star shell ra nge, R 2n 107 
T arget speed, S h 86 

COURSE 
Ship (see Ship Course, Co) 
T a rget (see TarAet Course, Ct) 

CRANKS 

OP 1064 

Generated bearing 100,205.234 
Generated e levation 101 ,205,233 
G enerated range 98, 205, 236, 238 
Location of 109A 
Time 100. 156,200 

CROSS-LEVEL, Zd 165,3 19,368,419 
Continuous 369 
dial 320, 368 
Selected 368 
S elected fire 138, 14 1 

D 
DEAD TIME, Tg 25,288,415 

correction. RTA 4 14 
dial 93.289 
knob 93, 289 
prediction multiplier 289 

DECK 
d eRectio n . Dd 3 15.322,407 

fo llow · up 323 
Tracking cycle for a ho rizontal 30. 31 
plane 40 1 

DECK TILT 27 , 40,42, 164 ff. 
class B errors 381 
com pone nt solver 167 
correction. j B 'r 164 fr .. 170, 196.406 
eq uation 166. 167 
follow ·up 169 
group 26, 170 
in local control 171 
m echanism 166 
multipli ers 168 

sche matic diagram 168 

DEFLECTION 
co mponents. X c, Xl 179 , 4 18 
D eck , D d 315, 322 , 407 
multiplier 36 1 
prediction. Dr 273. 286, 408 

multipli er 286.306 
Linea r rate, RdBs 172, 178 ff .. 4 12 

correct ion . j Bc 245. 404 
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DEFLECTION - (cont'd.) 

Sight (see SiAht D e flection , Ds) 
spot. Dj 104,3 12,407 
wind rate, WrD 306,418 

DESIGN DIFFERENCES 382 
DIALS 90.91, 109A 

Bearing 82,88.206.2 16.2 18.245 
Compass ring 84. 85 
Cross -level 320.368 
Dead time 93 
Deflection spot 104,3 12 
Dip 102,326,336 
Elevatio n 82.89,206,2 16,2 18,243 
Elevation spot 104,3 12 
Generated 128 

range 129 

elevation 130 
bearing 13 1 

Gun elevation order transmitter 324 
Gun tra in o rde r transmitter 324 
H eight 87, 185 
Initia l velocity 93,308 
Level 320 
Own ship course 84. 85 
Own sh ip speed 84,85 
Radar range 87 
Range 82.87,206,2 16,2 18,236 fr. , 247, 

248.250 
Rate of climb 86 
Ship 82,84,85, 108,206 
Star shell fo llow-the · pointer 358 
Star shell r ange 107 , 109. 116 
Sta r shell range spot 107.109 
Synchronize elevation 102 , 326 ff. 
T arget and ship 82,84 
T a rget course 106 
T arget diving speed 86 
T a rget speed 86 
Time 86,200 
True wind ring 85 
Wind speed 84, 85 

DIFFERENCES 
D esign 382 
Modification 382 

DIP 330.336 
dial 102 , 109,326,336 
schematic diagram 337 

DIRECT RANGE RATE, dR 
172, 180.274 ff.. 4 12 

correction , jdR 222,4 12 

RESTRICTED 

ALPHABETICAL INDEX 

D -(cont'd, ) 

DIRECTOR 
e levation, Eb 19, 177,327 ff ., 335, 408 

receiver 326,334 
gun (see Gun Director) 
operators 151, 241 ff. 
slew sigh t 398 
train , B'r 14, 19.33, 36,38,42 , 164, 167, 

170,405 
follo w· up 2 17.258 
receiver 43, 167,2 17,258 

DIVE ATTACK 22,138, 140, 182 
DIVING SPEED, Ss 182,4 15 
DRIFT CORRECTION, Dis 286, 407 

E 
EAST-WEST CORRECTION 22 1 ff. 
ELECTRICAL CIRCUITS 

(see Circuits) 
ELEVATION, E 24,89,130,190,408 

co m ponent integrators 222 
crank 101 ,205,233 
dials 89, 130,232 
differential 326,330,333 
D irector (see Director Elevation, Eb) 
during ra te control 2 16,232,243 
Generated , c E 89, 130, 190, 409 
integrator 191 
Increments o f 193 
multipli er 364 
parallax correction, Pe 284 

Pv 4 11 
Predicted target. E2 280,410 
pred ict ion, V 273,280,284, 316 

follow· up 28 1 
multiplier 280, 303 

rate, RdE 172,273 
rate correctio ns, jEc 233,242 
solution indicator 89, 243 
Synchron:ze (see Synchronize 

ElevtJtion) 
spot, Vj 312 ff ., 4 16 

dial 312 
handcrank 3 12 
receiver 3 12 

T a rget (see Target Elevation ) 
wind rate, W rE 305,418 

EQUATION, MECHANISM 
290, 299, 303, 304 
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F 
FIRE 

Main battery barrage 139 
Selected cross-leve l 23 
Selected le vel 23 
T ypes o f 23 

FLIGHT, TIME OF 
(see Time of FliAht, Tf) 

FOCUSING KNOB 18,29,246 
FOLLOW-UP 

B 'T 217.258 
Ct 228, 230, 254 ff 

Dd 320, 323 
dR 18 1 
dRh 179 
j Sr 241,245,758 
jB'r 169 
jE 24 1 ff .• 245 
RdBs 179 
RdE 181 
R 2 276 
S Il 227,256 
Tf 277 
TI/ R2 283 
V 28 1 
Vz 321 

FORDAL T', 388 
FUZE 

G 

Automatic setter 17 , 2S 
B a llistic computer 289 
counter lOS, 289 

handcraok 105.289 
Modification differences in . computa ­

tion 392 
setting order, F 10, 14,25,266, 288,290, 

4\0 
range, R3 289,4 14 
transmitter 289 

GENERATED 
bearing , cBr 209. 405 

crank 100,205.234, 26 1A 
dial 46, 131 

changes of true bearing, ~cB 194,404 
director e levation , 6 cEb ( + Zd/ 30) 

46,409 

director train , 6 eH', 48,405 

OP1 064 

GENERATED -( cont'd.) 

ch anges of 
e levation , 6c E 47,409 
range,6cR 46, 189.4 12 

director train . cB'r 405 
elevation. c E 89, 130. 190, 409 

crank 101. 205. 233 
dial 89, 130 

range,cR 236 , 279,4 12 
crank 98 , 205 , 236 

dial 87 
re la tive target bearing , cBr 405 

GUN 
director 14.16, 18.40. 164, 34 1. 352 ff, 

mark 37 syste m 10. 14, 16, 18.20 
slew sight 398 

elev ation order, E'g 3 14,3 15, 318,324, 
409 

dials 324 
transmitters 324 

mounts 10. 14, 16. 340 
o rders 10. 14, 324 
power drives 17 
tram order, B 'gr 314, 3 15,3 17, 324,405 

dials 324 
transmitters 324 

GYRO COMPASS 14 

H 
HALF -SECOND DIAL 86,200 If. 
HANDCRANKS 

80 (see also Cranks and Knobs) 
Fuze 105 
in secured condition 11 4 
Location of t09A 
Range spot 104,312 
Range rate/ diving speed 99, 158, 183 
R ate of climb to I 
Ship course 94 
Ship speed 94, 183 
Sight a ngl e 285 
Sight deflection 105 
Synchronize elevation (see Knobs) 
T arget angle 94 
T arget speed 94 
used in rate control 206 
Wind direction 94 
Wind sPl!!ed 94 
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H -(cont'd.) 

HAND WHEEL CORRECTIONS 
29,3 1,42,242,244 

HEIGHT, H 172. 185,4 10 
computer 184 

schematic diagram 18SA 
dials 87. 185 

HORIZONTAL 
plane 40 1 
range components 179 
range rate, d Rh 178 ff., 413 

component solver 180 
correction, jdRh 223.4 13 

wind component solver 293 

INCREMENTS OF 188 
generat@<:!. director e leva tion, LcEb 409 
generated director tra in . 6 cB', 405 
generated present range, 6cR 189.4 12 
generated target e levation, 6 cE 193.409 
generated true bearing, 6 cB 194. 196, 

404 
relative target bearing, 6 cBr 405 

INITIAL SETTING OF 
gene rated range, jR 209 ff.. 236 ff., 4 12 

crank 98 , 205 ,2 36,238 

generated re lative target bearing , jBr 
209 fr. . 234, 405 

crank 100,205,234 
follow-up 24 1,245,258 
loc k and clutch 258,259 

generated target elevation , jE 232 ff., 
409 

crank 101. 205, 233 
follow -up 241. 241 ff.. 258 
lock and clutch 258,259 

INITIAL VELOCITY, [y , 

272. 290. 308 If, 
corrections 308, 310 
dial 308 ff. 
knob 308 ff. 
Lower li mit of 396 

INTEGRATOR 
Beari ng 196 
Beari ng com ponent 224 
Elevation 192 
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INTEGRATOR - (cont'd.) 

Elevation compone nt 222 

group 46, Hi6 ff .. 20l A 
m echa nism 187 
schematic diagram 49,20 1A 

l l eR 191 
Range 20 lA 
R ange correction 207,238 ff. 
Sec E 195 

IRREVERSIBLE WORM 324 

K 
KNOBS 

D ead t ime 93 
D eRection spot 104,312 
Elevation spot 104.312 
F ocusing 18,29,246 
Initial velocity 93, 308 
LoCAtion of I09A 
R a nge rate ratio 99, 158,238 
S tar she ll range 107 
Star shell range spot 107 

Synchronize elevation 109, 156,326 If. 

l 
LAND TARGETS 23 
LEAD ANGLE 19, 266 
LEVEL, L 165.3 18,327,4 11 

Selected fire 138, 14 1 

LIMITS OF ACCURATE 
COMPUTATION 378 

LIMIT STOPS 73 
Lower limit of Elevation 

LINE OF FIRE 
398 

27.32 ff., 266, 3 14 ff .. 40 1 

LINE OF SIGHT 
14.27, 172. 174,3 14 ff., 40 1 

LINEAR 
deflection rate, RdBs 4 12 
deflection rate correction, jB e 404 
elevation rate, RdE 413 
elevation rate correction, j Ee 409 
range correction , j Re 412 

LOCAL OPERATION 136 
rate control 204,208 ff. 

LOCK, j Br a nd j E 258, 259 
LOG, PITOMETER IS. 18 
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M 
MAIN BATTERY OPERATION 

142 , 144 

MANUAL OPERATION 126 fl .. 134 fl. 
Control of rates 204.2 14 

MATCH STAR SHELL RANGE 
DIALS 358 

MECHANISMS 
Basic II ff. 
Deck tilt 166 
equations 290,299,303,304 
I ntegrator 187 
Parallax correctio n 342 
Prediction 268 
Rate con trol 207 
Relative motion 175 
Synchronize elevation 328. 332 
Trunnion tilt 320 

MINUTES DIAL 86. 200 If. 
MODIFICATION DIFFERENCES 

382 fr . 
Table of 399 

MULTI-DIRECTOR SHIPS 20. 348 
MULTIPLIERS 

N 

Deck tilt 168 
D efl ectio n 361 
DeAectio n prediction 286, 307 
E le vation 36 1 
Ele vation predict io n 280. 303 
Prediction 268 ff " 307 
R a nge pred iction 276.279 
Zd.Ds 32 1 
Zd:: tan (Eb + Vs) 321 

NORTH-SOUTH CORRECTION 
221 ff. 

o 
OBSERVED PRESENT RANGE, R 

4 11 

dial 87 

OD's 391 . 
OFFSET CLAMP 301 
OPERATING 

controls 80 ff. 
cautions 156 
sta tions 83.94. 100, 101, 110, 124 

O - (cont'd.) 

OPERATION 79 
A utomatic 120 ff.. 159 
Local 113, 136, 1 S9 
Main battery 142 
M anual 113.126 ff.. 134 
Se mi · automatic 11 2, 122 , 159 
Star she ll compute r 107 

OPERATORS, DIRECTOR 151 
J ob in ra te control 24 1 ff. 

ORDAL T's 390 
OWN SHIP SPEED, So 

18.28.34,176. 178 

p 
PARALLAX 26.338 fl. 

Class B errors in 38 1 
component solver 344 
correct ions 10, 26. 66 

elevation . Pe 338, 350. 411 
Pv 339.346, 4 11 

train. Ph 339, 343. 4 11 
Ele vation computer 347 
equation 343 ff" 354 
mechanism 342 
schematic di agram 347 A 
shift gears 348 
Tra in computer 345 
transmitters 35 1 

OP 1064 

PARTIAL DECK DEFLECTION, j Dd 
407 

P ITOMETER LOG 15. 18 
POINTER 134. 151. 242 

signal 89. 15 1 
signal key 29, 88. 134, 151 , 258 

POWER DRIVES, GUN 17 

POWER SWITCH 92 
PREDICTED 

range (see Advance R ange) 
target e le vation. E2 280. 4 10 
target position 27 1 ff" 300 
wind a ngle. Bwg 293. 406 

PREDICTION 
26 ff .. 32 . 34. 36. 40. 42. 62. 266 ff. 

C lass B errors in 38 1 
D eflection 273,286 
Elevation , V 273 
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PREDICTION - (cont'd.) 

mechanism 268 
multipliers 63,268, 273 
Range 273 
R ange ra te, dRs 414 

schemati c diagrams 289A, 313A 
values gro up 105 

PROJECTILES 
Se rvice 10. 17, 32, 62, 266 ff .• 290 ff., 396 
Smoke 367 
Star shell 68, 356, 396 

PUSH-BUTTON 

Q 

Increase. decrease 106,254 ff. 
R ange rate control manual 98, t09A 
T arget course indicator 106. 2 54 ff. 

QUANTITIES 401 

R 
RADAR RANGE DIAL 87 
RADIAN 190 
RANGE 19. 25 

Adva nce. R2 274,276,278, 41 4 
com ponen ts 179 

correction integra tor 55,238, 247 

cra nk 98, 205. 236 
d ial group 87. 129. 134,236. 248 
during rate control 209.2 16,236 
fi nder ( see RanAe Finder ) 
Generated , cR 236.279.4 12 
Incre ments o f 189 
Initia l 189 
opera tor 29 , 15 t . 246 

signa l a nd butto n 29, 151. 246, 260 
prediction 272 

mUltiplier 276, 279.298 ff. 
R adar d ia l 87 
receiver 247. 248 ff. 
spot . R j 104. 3 13.4 13 

counte r 3 12 
ha ndcra nk 312 
I"ece i ve l" 31 2 

wind ra te. WrR 4 18 

RANGE FINDER 151. 246 
focusing knob lB . 29. 246 

R£STRICTED 

ALPHABETICAL IND£X 

• 

RANGE FINDER -(cont'd.) 

signal and button 29, 151, 246 
RANGE RATE 

contro l manual push-button 9B 
control switch 97,24 1, 260 ff. 
correction . dRx~ 54, 279,414 
corrector 269. 277 ff. 

D irect (see Dir~et Range R8 t~ , dR) 
d iving speed handcra nk 99, 158 . 182 

H ori zonta l (see Horizontal Range R ate) 
ratio 238 
ratio knob 238 ff., 247 

RATE 
control ( see Rate Control) 
correctio ns 202 ff. 

D eflect ion , jBe 233, 245 
Ele va tion . jEe 222 , 233.242 
H orizontal ra nge . jdRh 223 
Range. jdR 222,236 

D e liection, RdBs 172, 178 If .• 4 12 
E le vatio n , RdE 172.273 
o f climb, d H 56. 177 , I BI . 183, 410 

component solve r 181 
correction , jH e 4 10 
d ial 86 
ha ndcrank 101 

Range (see Range R ate ) 
RATE CONTROL 19, 202 ff. 

Autom a tic 52, 205.240, 258, 26 1A 
Class B e rrors in 381 
Computer ope ratio n in automatic 52 
Co mputer o peration in local 136 
Computer operation in m a nual 126, 134 
Computer operation in semi -a utom atic 

53. 122. 132 
com puting mecha nism 207, 220 
corrections 54 
group SO, 58 ff ., 202 
H a ndcra nk s a nd dials used.in 206 
in Computers be low Se r . N o. 10 1 394 
in d ive attack 140 
Local 204.208 ff ., 259 
M anua l 204 , 2 14, 2 16 ff. 
schemati c d iagra ms 

Au to matic, simpl ifi ed 240 
Auto m at ic a nd semi -a uto matic 26lA 
Se m i-auto mati c 239A 

Se mi · auto m a tic 52. 205. 21R ff .. 236, 239 , 
259. 26 1A 
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R -(cont'd. ) 

RECIPROCAL 
of generated present range, ti eR 412 
cam 191 

REFERENCE POINT 
340,348,349,352 

REGENERATION 274, 283 
RELATIVE MOTION 172 ff. 

and W ind Deflection Prediction , Dtw 

408 
and W ind R a nge P rediction, Rtw 4 14 

components 174 

compone nt solvers 178 
deflection prediction. Dr 408 
e levation prediction , Vt 4 17 
for air target 180 
for surface target 178 
group 26 ff ., 172 ff. 
mechanisms 175 
range prediction. Rt 299.414 
rates 26,29,44. 172. 174, 186 ff., 270 
schem a tic diagram I BSA 
t arget bearing, BT 88, 1M , 176, 196, 405 

SAMPLE PROBLEM . 48 ff. 
SCHEMATIC DIAGRAMS 

Complete Computer Mark 1 (at end of 
pamphlet) 

Computer M ark 1 inputs and outputs 
71 A 

D eck Tilt Group 168 
Dip 337 
H eight Computer IBS A 
I litegrator group 49,201 A 
Parallax 347A 
Predictio n 2S9A,3 IJ A 
R ate Control 60 

Automatic. simplified 240 
Automatic and semi· automatic 261 A 
Semi ·automatic 239A 

R elative motion solvers 185A 
Stabilizing sections with othe r sections 

40 
Star Shell Computer M od 0 69,365A 
Star Shell Computer M ods I a nd 2 367 A 

OP1064 

SCHEMATIC DIAGRAMS -(cont'd.) 

Synchronize Ele va tion 334, 335 
Trunnion Tilt Section 325A 
Wind R ates 296 

SEARCH 366.367 ,397 
SEARCHLIGHT CORRECTOR 397 
SECANT E CAM 195 
SECONDS DIAL 86. 200 ff. 
SECURED CONDIT.ION III. 11 4 
SELECTED 

cross · level with Se lector Drive 369 
cross · le vel fire 23 
level fi re 23, 328 ff" 335 

SELECTOR DRIVE MARK 1 368 ff . 
dials 368, 370, 372 
handcrank 374 
sh ift lever 368,370 ff. 

SEMI-AUTOMATIC OPERATION 
122,232 

Rate control in 205.2 18 ff. , 239 , 258, 
261 A 

SERIAL NUMBERS 382.386 
SETTER, AUTOMATIC FUZE 17. 25 
SETTING ORDER, FUZE 

10.14.266.288.290. 392, 4 10 
SHIFT GEARS, PARALLAX 348 
SHIFT 1 EVER, Selector Drive 

368, 370 ff. 
SHIP 

com ponent sol ve r 178,292 
course: Co 85, 176. 407 

handcrank 95 
receiver 198 

dia l group 85. 108 
speed. So 18, 28. 34, 176. 178 

d ia l 84 
handcrank 94. 183 

SIGHT ANGLE, V s 
266,284.287,290,302 .311 

counter 105, 285 
ha ndcrank l OS. 285 
tra nsmitter 285 

SIGHT DEFLECTION, Ds 
19. 266, 287, 290. 293, 306. 3 11 , 408 

counter 105, 287 
handcrank 287 
transmitter 287 

SIGNAL 
button 29. 151. 260. 261 
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SIGNAL -(cont'd.) 

key 29. 150, 15 1,258 
Pointer's, Trainer's, and Range 

Operator 's 150, 15 1 
T arget light 106 

• 

SINGLE-DIRECTOR SHIPS 21, 348 
SLEW SIGHT, DIRECTOR 398 
SMOKE PROJECTILE 367 
SOLUTION INDICATOR 88, 151 

B earing 88, 15 1 
Elevation 89, l SI, 243 

SPECIAL TYPES OF OPERATION 
138ff. 

SPEED 
::Jhip (see S hip) 
T arget (see Target ) 
Wind (see W ind) 

SPOT 104.3 12 
Deflection, D j 104,3 12.407 
Elevation, Vj 104.3 12 ff. , 4 16 
handcrank and knobs 104, tOgA , 312 
Range. R j 104.3 13,4 13 
Star shell 366 

SPREAD, SEARCH 397 
SPRING RELIEF DRIVE 325 
STABLE ELEMENT MARK 6 

14, 17.18.40. 165 
STABILIZATION 36 ff. 

schematic diagram 40 
STANDBY CONDITIONS 

111, 11 6 ff .• 132 ff. , 146 

STAR SHELL 356 
Computed gun elevation order, 

E'gn 364 
Computed gun train order, S 'grn 

360 
data plate 397 
deflection 360, 366 

mUl tiplier 357,361 
rate 360 
spot, 8 'jn 361. 364, 366 

dial and handcrank 366 
elevation 362 

correction 362. 363 
multiplier 357 , 364 
spot, E'jn 362,364.366 

dia l and hand crank 366 
fi re 139, 144 

fire with part of battery only 397 

RESTRICTED 

ALPHABETICAL INDEX 

STAR SHELL - (cont'd.) 

fire w ithout a star shell computer 397 
follow -the -pointer dial 358 
fuze setting order, Fn 357, 358, 362 

dial 359 
transmitters 357 

gun elevation order, E'Ajn 362 , 365 
transmitters 356, 364 

gun trai n order, B'grjn 356,361 
tra nsmitters 356, 36 1 

legend plate 145 
match range dials 359,36 1 
range, R 2n 358 

counter and dial 107,357,358 
range spot, R jn 358 

dial , knob, receiver 358 
spots 364 ff. 
train correction, D/own 360 

STAR SHELL COMPUT ER MARK I 
68 ff .. 356 If .. 365A 

Control o f fire withou t a 397 
Mod 0 356 If .. 365A 
Mod I 366 , 367 A 
Mod2 367, 367A 
Modification differences 366, 385 
Operation 107 
schematic diagrams 69 , 365A, 367 A 

SUPERELEVATION, VI 284 
plus Para ll ax, VI + Pe 285 

ballistic computer 285, 35 1, 392 
follow-up 285 

SURFACE TARGETS 23 
SWITCH 80. 109 

Control 96, 109 
Power 92 , 109 
Range rate control 97 , 109 
T arget speed 96, 99, 109, 112. 113 
Time motor 92, 109 

SYMBOLS 402 
SYNCHRO TRAN SMISSION 15. 186 
SYNCHRONIZE ELEVATION 

26 ff .. 40, 326 ff . 
brakes 333 
dia l 109, 326 
differential 331 ff. 
knob 109, 156, 329 , 331 , 334 
mechanism 328 , 332 
p ush · button switch ·333 
schematic diagram 334, 335 
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T 
TARGET 

Air. surface. land 22. 23 

angle. A 56, 125. 176. 177.404 
hand crank 109. 177 
R emote control o f 369 

Angl e R epeater Mark 1 396 
compone ntsolver 177.227 
course, Ct 106, 177.228 ff ., 254 , 407 

indicator 254 ff. 
follow-up motor 255 
transmitter 255 

dials 82 ,84.86.90,94.106, 109. 125 
diving speed, 5 s 182,4 15 
ele vatio n , E 176,3 16,326 fL , 408 

pred icted (see Predicted Tar~et 
Elevation. E1) 

height (see H eight , H ) 
motion 19,24,202 ff .. 208 
positio n 202 fr. 

predicted 27 1 ff ., 30 1 
rate o f climb (see R ate of Climb) 
rela tive bea ring, 8T 88, 164. 176, 

196.405 
signal light 106, 151 
speed.Sh 19.56, 177 , 230, 415 

counter 86 
fo ll ow -up 256 
handcrank 95 
switch 97,256 ff ., 262 ff. 

Types of n 
velocity 174 

TIME, T 4 15 
crank 100. 109, 156,200 
dials 86, 100. 109, 200 fr . 
line 200 ff. 
motor 189, 191 .237 

regulator 189 
switch 92 

TIME OF FLIGHT, Tf 
267 , 274, 288, 298. 4 15 

ballistic computer 274 , 277, 283 
follow -up 277 
divided by advance range, TI/ R1 4 15 

ballistic compute r 282 
fo llow· up 283 

TOTAL 
de flection prediction . Otwj 408 

e leva tion prediction , V 4 16 
ra nge prediction. Rtwm 414 

T - (coot'd.) 

TRACKING 26 If .. 40. 134 
in Automatic Operation 120 
in Loca l Operatio n 136 
in Local Rate Control 2 11 
problem 2 11 ,2 13 

OP 1064 

TRAIN PARALLAX CORRECTION, 
Ph 339 

TRAINER 88. 151. 244 
signal 151 
signa l key 29.88, 258 

TRAJECTORY 266.270.291 ff .. 303 
TRUE TARGET BEARING, B 

176. 194, 404 
TRUE WIND 292 

Components of 293 
speed. Sw 293. 4 15 

dial and handcrank 293 
TRUNNION TILT 

26.39. 40. 64.314 If .. 325A 
eleva tion correct ion , Vz 3 15. 321 , 4 17 

follow· up 32 1 

v 

eq uation 320 
level correction , jOd 322 

compute r 323 
limits o f computation 379 
mechanism 320 
multipliers 321 
schematic diagram 325A 
train correction , Oz 31 5 

computer 320 

VECTOR SOLVER 226 ff .. 257 
VELOCITY 174 

w 

defl ectio n components 4 18. 419 
Ini tial (see Initial Ve locity) 
lag fo llow -up 277.283 

WIND 290 If. 
angle . Bws 406 
Apparent 292. 294 
components. 29 1. 293 . 294 
component solvers 292 
de fl ection 

prediction. Ow 408 
rate. WrO 292 . 294.306.418 
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WIND - (cont'd.) 

direction. Bw 293. 406 
handcrank 293 

elevation rate. Wr£ 292 . 295. 302 . 4 18 
Elevation component solver 295 
Predicted angle . Bw~ 293.406 
range prediction. Rw 414 
range rate, WrR 292 , 295.298, 418 
rates 292 

schematic diagram 296 

RESTRICTED 
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WIND - (cont'd .) 

ring dial 85 
speed. Sw 293, 41S 

components 29 1 
dial and handcrank 85. 293 

T rue 292 . 293.415 
WIRING SCHEMATICS 

(see also Circuits) 
Control switch and target speed switch 

262 fr . 
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nn of the Standard Navy Distribution List, or from the reverse 
side of NAVORD FORM 1. 

DISTRIBUTION : 
Sta ndard Navy Distribution List No. 28 ( C ) and 32 ( R ) 
2 copies unless otherwise noted. 

1.a, b,d, e, h, i, j , I; 2.f, k, r ; 3 ,· , h, m, t, ll, V, X, Z, tt, vV,zz,ggg, 111, 
000, www,eeee; 3.* ( 5 copies), b, m ; S.b (London only); 6.a; 
7.1, h, j , I; 7. ( 5 copies), b, c; 7. ( 10 copies) , a; 8.n ( SPECIAL 
LIST K, 0 ,), Xj IO.mm, qq, 5S; 10. ( 25 copies), nn · ; l1.a 
( CNO, Comdt Mar Corps ); 12.a, b ( Revision 1 ) *; 13.c(3), 
( 4 ), (6); 14.a,b, i, q 

:) Applicab le Addressees 

OP 1064 

www.tinyurl.com/slover




i! ..... 
I; f! 

" 

www.tinyurl.com/slover

	Button1: 
	Button3: 


