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1. Ordnance Pamphlet No. 1081 contains a description of the Computer Mark 12. Mod. 1 as

well as instructions for its use. This computer is to be mounted directly on the sight yoke of all
37/50 caliber guns, and is designed to furnish the sight setter of the gun with the proper values of
sight angle to maintain a line of sight barrage on a horizortal or glide bomber that is attacking
the ship on which the gun is mounted. This computer is considered stand-by equipment for those

guns having directors. .)

2. This pamphlet should be used by all gun crews and others interested in the use of the

ar

3”/50 caliber gun as a defense against bombing.
3. This pamphlet does not supersede any existing publication.
I. This publication is RESTRICTED and should be handled in accordance with the provi-

sions of Article 760, U. S. Navy Regulations, 1920.

W. H. P. Bra~py,
Rear Admiral. U. S. Navy,

Chief of the Bureau of Ordnance
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INTRODUCTION

The computer, Mark 12, Mod. 1. is a device
which is mounted directly on the sight yoke of
a 3 inch /50 caliber gun. and which furnishes
the sight-setter of the gun with the proper val-
ues of sight angle to maintain a line of sight
barrage on a horizontal or glide bomber that
is attacking the ship on which the gun is
mounted.

The computer is designed to furnish sight
angle only, for either a glide or horizontal
bomber which is attacking your own ship. It
will not furnish data for a glide or horizontal
bomber which is attacking any other ship. It

will not furnish data (except in a very approxi-
mate form) for a dive bomber or a torpedo
plane which is attacking any ship. The com-
puter does not furnish any data for deflection.
Deflection must be computed or estimated
separately, and then the bursts spotted on in

deflection.

The use of this computer requires no com-
munication between the gun and any other
point. Therefore it is suitable as a standby
means of control on ships having directors and
as a primary means of control on ships having

no directors.

LINE OF SIGHT BARRAGE

Before finding out just how the computer
works, it is necessary to have clearly in mind
just what is meant by a line of sight barrage.
and how such a barrage is fired.

A line of sight barrage is a series of rounds
fired as quickly as possible from a gun, all of
them with the same fuze setting, and all of
them properly aimed so that they burst directly
along the line of sight from gun to target. Since
the computer will only solve the problem for a
horizontal or glide bomber attacking your own

ship. we shall consider that type of target only.

Consider Figure 1. The target. T. is making
a horizontal bombing run on the ship. moving
alone the line AB. As it moves along line AB
the line of sight from the gun. G. to the target.
changes as shown by the series of lines from the
aun to the line AB. If a large number of shells
are fired. each with the same fuze setting, and
ecach with the correct sight angle to burst in the
line of sight. the bursts will move upward as
shown. forming a curve which is almost a cir-
cle. At some point in the plane’s flight. the
range to the plane will equal the range of the
burst: that is. the curve described by the bursts
will intersect the plane’s path, and the plane
will be hit. Now it is relatively simple for the
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pointer to keep following the target as it fol-
lows the line AB. so that the line of sight to the
target is established. The problem then is to
know the correct sight angle at each instant
so that the sights may be set correctly to make
the bursts lie in the line of sight. It is the duty
of the computer to inform the sight setter of
this correct sight angle so that he may set it

into the sights.

In order to understand how the computer
does this. let’s look at another drawing. (Fig.
2). similar to the first. The target is again
attacking along the line AB. Now whenever
we fire at a target the projectile takes a certain
time to get to the point at which it bursts. Dur-
ing this time the target is moving. Thus if we
fire while the target is at T the burst (A) will
not occur until the target has moved to T1 and
if we fire when the target is at T1 the burst (B)
will not occur until the target is at T2. So in
order to cause the burst to occur in the line of
sight we must not fire the gun at the plane but at
some point ahead of the plane. The angle ahead
of the plane at which we must fire is called
“lead” angle. Of course to cause the burst to
occur at a definite point we must elevate the

gun an additional amount to compensate for
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the pull of gravity on the projectile. This addi-
tional elevation is called “superelevation.”
Then the total amount which the gun must be
elevated above the line of sight to the target is
the sum of the lead angle and the supereleva-
tion, and is known as sight angle.

Now consider that another plane (Fig. 2) is
making a bombing run along the line CD, and
moving faster than the first target, so that the
line of sight will elevate at the same rate as
before. If we fire while it is at t the burst will
occur when it has reached t1, which is directly
in line with the point at which the first plane
was when the burst occurred. Obviously then,
we want to fire the burst (B), when either of the
two targets is at T or t, and the sight angle
necessary to fire the round is the same for both
targets. Thus it is the speed with which the line

of sight is changing that determines the proper
sight angle. Therefore to fire a correct barrage,
we do not need to know the plane’s altitude or
its speed, but merely how fast it is causing the
line of sight to elevate.

The design of the computer assumes several
different conditions of target motion, that is,
several different speeds at which the line of
sight is elevating. To each of these speeds is
assigned a class letter, as A, B, etc. Then the
proper sight angles are computed for each of
these classes for different position angles, and
for different fuze times. It is these sight angles
which the sight setter obtains from the com-
puter and cranks into the sight.

It is now possible to study the computer
itself and see how it furnishes the proper sight
angle.

DESCRIPTION OF THE COMPUTER

The computer consists essentially of a plate,
in the shape of a quadrant, mounted on the sight
yoke of the gun. Figure 3 shows a front view of
the computer, as the sightsetter sees it. Pivoted
at the point of the quadrant is an arm with three
small windows along its edge. The arm can
move along the quadrant, and the data printed
on the plate may be viewed through the win-

dows of the arm. A thumb screw is provided at

the left of the plate to lock the arm when not
in use.

The plate itself is mounted on a backing
plate, and can be moved relative to the back-
ing plate. This relative movement is used to set
into the computer the value of glide angle of
the target. A slot and scale along the bottom
of the plate are used for this setting, and a
thumb screw at the right holds the plate in any
desired position.

DESCRIPTION OF THE DATA PLATE

The data plate itself varies according to the
gun and fuze for which the computer was de-
signed. The only difference however is in the
actual values of sight angle and fuze time, the
principle remains the same.

The chief portion of the data plate is the
sight angle scale for the various types of bomb-
ing run and fuze time. These are arranged in
parallel rows along the quadrant. Each row is
designated by a number and a letter, the num-

ber representing the fuze time in seconds, and

the letter being the class letter previously men-
tioned. Along the bottom of the sight angle

scales is a scale of position angles.

Above the sight angle scales. are approxi-
mate data for dive bomber and torpedo bomber
targets. For each of these types of target the
data consists merely of one arbitrary value of
sight angle which is set into the sights and used

during the entire barrage.

At the bottom of the quadrant is a scale for

setting in glide angle of the target.
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OPERATION

The operation of the computer is extremely
simple. The control officer, or gun captain, ob-
serves the target and determines what fuze and
class letter to use. Methods of determining
these will be given in a later section of this pam-
phlet. He calls out a number and letter repre-
senting these two quantities. The pointer gets
on the target and elevates the gun so as to keep
his horizontal cross-wire on the target as it
approaches. The sight setter observes the posi-
tion of the arm on the computer and reads
through the window of the arm the sight angle
on the data plate which is opposite the proper
letter and number on the arm. Thereafter, as
the pointer keeps on the target and the gun
elevates, he keeps changing the sight angle to
agree with that shown on the plate opposite the
proper point of the arm. The arm of course
stands still, and the data plate moves under it as
the sights elevate. Therefore the arm is always
opposite the proper value of sight angle cor-
responding to the target elevation. The sight
setter must constantly change the sight angle,
cranking sln\\’l_\' g0 as to agree with the value
on the plul«' as soon as he gets to the value.
This is the only difficult part for the sight setter.

As long as the pointer tracks the target prop-
erly and the sight setter keeps the sights set to
the proper value as shown on the quadrant the
problem is theoretically solved and every burst
should obscure the target; that is, should burst

in the line of sight.

If the arm swings violently due to shock of
gun fire or lurching the ship it must be stead-

ied by hand.

If the bursts do not lie in the line of sight,
the original determination of the class letter
was wrong and the control officer should order
a new letter. If the burst was low, order a new
letter earlier in the alphabet. If the burst was
high. order a new letter further along in the
alphabet. As soon as one burst obscures the
target the problem is theoretically solved and
all bursts should thereafter lie in the line of

sight.

The computer does not furnish any data for
deflection. The deflection must be figured sep-
arately and put into the sights before firing.
Then the bursts should be spotted directly onto
the target in deflection.

DETERMINATION OF THE PROPER CLASS LETTER

Two methods are possible for determining
the proper class letter. They are the tracking
method and the spotting method. The tracking
method is the most accurate and should solve
the problem with the least number of rounds
fired. but it can be used only when there is
sufficient time to track the target for some time
before opening fire. The spotting method must
be used when there is not sufficient time to track
the target before opening fire. The methods of
]u-rfnrminj_' the two methods are as follows:

Tracking Method. Have the pointer and
trainer track the target. While tracking. meas-
ure the position angle of the target at any

moment and then measure how long it takes for

the position angle to increase ten degrees. Posi-
tion angle may be read off the position angle
scale below the sight angle scales of the

compuler,

Each gun captain or control officer is fur-
nished with a table, a copy of which appears as
Table 1 in this pamphlet. Enter the table with
the position angle at the beginning of the meas-
urement and with the number of seconds re-
quired for position angle to increase 10 de-
grees, and take out the class letter from the top
of the table. Commence firing with this class
letter.

Spotting Method. Commence firing imme-
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diately when the target is sighted, using class
letter H. which is the central class. Then spot

the bursts onto the target by a change in class
letter as explained above.

DETERMINATION OF THE PROPER FUZE SETTING

The computer supplies data for firing bar-
rages with either of three different fuze settings.
FFor the three inch gun these are 4, 6. and §
seconds. It is necessary to determine just which

barrage to use before opening fire.

The proper fuze setting depends on the range
of the target. The range corresponding to each

fuze setting is given in Table 2.

If some means of obtaining range is avail-
able the fuze setting can be easily obtained
from the range. Each control officer should
know the range corresponding to each of the
three fuze settings. As soon as he finds out the
range he knows to begin firing at that fuze
setting which gives a range lower than the
target range. Thus if on a 3 inch/50 caliber
gun. he finds out that the range is 4000 yards
he commences firing with a fuze 6 seconds

GLIDE

All of the above data is given for horizon-
tal bombing targets. The engraved plate should
be set at zero angle of dive under such condi-
tions. However, the data shown on the plate is
approximately correct for glide bombers. If
the angle of glide is estimated at approxi-

because the range is between the two ranges of

6 and 8 second fuzes.

In the majority of cases, however. no means
of determining range will be available. Then
the first barrage should be fired with the long-
est fuze setting, which it is estimated will pro-
duce bursts short of the target. If, while firing,
it becomes apparent that the target has pene-
trated the barrage, the fuze setting should be
changed to the next lower setting and firing
continued. When changing to the next lower
setting it is not necessary to change the class
letter, merely change the fuze setting. Thus if
you are firing a barrage of 8H and it is evident
that the target has penetrated the barrage, the
correct order is “6H. Resume firing,” or “4H.
Resume firing.”” Do not hold up fire while the
fuze setting is being changed but continue to
fire as fast as possible.

BOMBERS

mately 20°, set the engraved plate at 20° angle
of dive and use as before. The important thing
is to make all bursts cover the target. If using
Tracking Method, to find the class letter, enter
Table 1 with first position angle minus the
angle of glide which is set into the computer.

DIVE BOMBERS AND TORPEDO PLANES

In firing a line of sight barrage at either a
dive bomber or a torpedo plane, the problem
is somewhat different from firing at a level or
glide bomber. In the case of either the dive or
torpedo plane, the target is attacking along the
line of sight. so the line of sight remains fixed
instead of moving as in the level bomber.
Therefore the sight angle need not be changed
as the target approaches, but may remain fixed.
An approximate sight angle for each of these

two types of planes has been computed and
engraved on the face of the computer.

If the target is diving at you, use the data
shown in the small engraved circle in the upper
left corner of the predictor. If the target is mak-
ing a torpedo run, set data as indicated in the
engraved square. This data is not exact and
should be corrected by spotting when bursts
appear. Never check fire to spot.

10 RESTRICTED
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MOUNTING

The computer is mounted on the sight yoke
of the gun by means of a mounting bracket
which is behind the backing plate of the com-
puter. This bracket cannot be seen in Figure 3.
Two adjusting holes are provided so that the
plate may be adjusted with respect to the
bracket and hence with respect to the sight
voke. Minor adjustments should be made with
shims.

The computer may be easily mounted by the
ship’s force. The mounting. particuarly the two
final steps, should be done while the ship is in
very calm water, preferably anchored.

Figure 4 shows the computer properly
mounted on a 3 inch/50 caliber gun. The pro-

cess of mounting is as follows:

1. Adjust computer on sight yoke for most
convenient position for sightsetter.

2. Make sure that no interference exists he-
tween the computer Mark 12 and the gun
mount.

3. Using the computer mounting bracket as
a template, drill the three mounting holes in
the sight yoke. Care should be taken to have
the long edge of the mounting bracket parallel
to the axis of the gun.

4. Mount the computer on the sight yoke
with the mounting bolts provided.

91}

. Boresight the gun.

6. With the sights kept on the horizon by the
pointer. adjust the computer by means of the
two mounting holes in the backing plate or
shims under the mounting bracket until the
pointer on the arm is at zero on the position

angle scale.

The computer should now be ready for use.
The only care it needs is an occasional oiling
of the arm to keep it swinging freely. The arm
should be kept in the locked position at the lef
side of the data plate when not in use.

DISCUSSION

Regardless of whether the Tracking Method
or the Spotting Method is used it must be borne
in mind that the objective is to establish a line
of sight barrage in which every burst is intend-
ed to obscure the target. In any solution (as-
suming perfect pointing. sightsetting and fuze
operation) wherein the first burst appears low
all subsequent bursts will appear low. and they
will continue to draw lower. The solution is to
spot up to a higher line on the data plate. When
one burst obscures the target. every succeeding
burst should obscure the target if the target
maintains course and speed. Any maneuvers of
the target must be countered with an appropri-
ate change of class letter. Thus it appears that
either method will ultimately depend upon
spotting.

In case it becomes impossible to get on the

target because the engraved data is all too high
or too low, this situation may be corrected by
altering the angle of dive on the computer to
an arbitrary setting which will produce the
desired results. This should be done with very

small and cautious changes of angle of dive.

The computer is suitable only against a
bomber target which is actually attacking your
own ship. It has limited application only and
should never be considered as a cure all for all
the problems of gunnery. It will not solve the
problem against bombers attacking some other
ship. It will not solve deflection against a
homber target attacking vour own ship. Deflec-
tion must be spotted separately and must be
spotted directly to the target. Spotting drill is
necessary for any gun’s crew whether they use
this predictor or not. All types of gun drill are
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just as necessary as without the use of this unit.
It will not solve the problem against a torpedo
plane. It will not be of any value unless the
sightsetter receives a great deal of drill in its
use.

The computer solves the problem for targets
having relatively high elevation rates. The rates
chosen were values which it was believed might
be met in battle against planes of modern de-
sign. In some cases the computer may not
achieve a rate sufficiently low to effectively con-
trol fire against a very slow-moving high-flying
target, for example a towed sleeve making 80
knots at 6000 ft. However, it will generally
take care of plane speeds in excess of 100 knots.
A burst target. now in popular use by auxili-
aries of the fleet, has an elevation rate of ap-
proximately zero. The computer positively will
not solve this type of fire. If used, it should
cause the shots to go radically above the burst
target. The autogyro and the balloon are about
the only types of aircraft which can remain sta-
tionary in the sky. Military targets will nor-
mally have high elevation rates, and it there-
fore seems desirable to point out that the gun’s
crew which has spent all of its time firing on
stationary targets is very likely to be baffled

in action. Practice firing against towed sleeves

or towed flares is recommended at every oppor-

tunity.

Altention is invited to the following which
should be stressed once more: When a target
passes through one barrage, the proper pro-
cedure is to shift to a closer barrage, that is
use ammunition with lower fuze settings. If
you were firing successfully using an 8-H bar-
rage with the bursts actually appearing on the
line of sight to the target and possibly silhouet-
ting the target and you decide to shift to a
4-second barrage, the proper procedure is to
order 4-H resume firing. That is, the same class
letter will apply in any of the three barrages.
The class is a characteristic of the type of run
which that particular target is making. It
should be further noted that ships not mount-
ing stereo antiaircraft rangefinders may ex-
perience considerable difficulty in determining
when a target has transmitted the barrage. If
you are positive that you can see bursts actually
obscuring the target from your view, then the
barrage is perfect and you should let it ride
that way. If you are positive that you can see
bursts silhouetting the target then the target is
inside and your barrage has now become
worthless. Bursts must be short in order to pro-
duce hits. If in doubt, come all the way in to the
4-second barrage.

DRILL PROCEDURE

The gun captain conducts the drill. He
directs the pointer to follow some specific tar-
get or to elevate the gun at some suitable rate.
He then orders a class letter and number. After
ten or fifteen seconds he commands “Stop.”
Upon this command the pointer is required to
stop elevating and the sightsetter is required to
stop setting sights, The barrage sight angle
data showing through the window of the pendu-
lum is read and recorded. The existing sicht
angle set on the sights is also read and recorded.
If the two figures agree within ten minutes the
sightsetter is considered to have performed
well. Continual practice will enable the sight-

setter to sense the proper rate at which to crank
his dial to get a high score using any class let-
ter. This drill should be held quite frequently,
preferably three times weekly or oftener. It
should be pointed out that the sightsetter can
not be (‘\p(‘('l(‘d to have his eyes on the com-
puter data plate and on his sights simultane-
ously. He must sense a certain rate at which to
crank the sights in order to keep them matched
against the data plate. His eves should continu-
ally rove back and forth from sights to com-
puter and he must continually check the two in
order to insure that his hand is cranking the
sight angle at the proper rate. Drill over a long
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period of time on various ships of the fleet has
established the fact that this procedure is prac-
ticable. Any sightsetter who continually exhib-
its an incapacity to solve the problem by arriv-
ing at a proper rate at which to crank his sight-
angle hand wheel should be replaced by a per-
son with quicker reflexes. It is doubtful that

¢

there is any value in stationing one person Lo
read and call off the sight angles, while a sec-
ond person sets them. In fact, this procedure
defeats one of the objectives sought in the de-
sign of the predictor, namely. extreme sim-

]llil'il).
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3”7/50 cal. AA Gun

TABLE 1

TIME IN SECONDS TO INCREASE POSITION ANGLE 10°

|

Class Letter

First ‘
Pos. | A\ B|C D E F |G H 1 J |[K
Ang. | l _' | [ | . .
10° |29 (32 (37 42 49 53 538 65 |73 84 97
11° 25 28 (32 (36 |42 (46 |51 |57 |64 (73 85
12° 22 |25 (28 (32 |37 |41 (45 |50 |56 |64 |74
13° 20 22 |25 (28 (33 (36 (40 (44 |49 |57 |66
14° /18 (20 (22 25 29 32 35 39 44 [50 59
15° 16 18 20 23 26 29 32 35 40 45 53
16° 14 16 18 21 24 26 29 32 36 41 48
17° 13 (14 (16 (18 22 (24 126 29 32 (37 43
18° 112 13 15 17 20 22 24 26 30 134 40
19° 111 12 14 15 (18 20 22 24 27 31 36
’ 20° (10 (11 12 14 (17 (18 20 22 125 (29 34
21° 19 110 12 13 (15 (17 119 21 23 27 131
22° 19 10 11 12 14 16 17 19 22 25 29
23° '8 |9 10 11 13 15 16 18 20 123 27
24° 17 |8 |9 11 12 14 15 17 19 22 25
25° |7 [8 [9 10 12 13 1414516 (18 120 |24
26° [ 6 |7 |8 |9 (11 (12 13 |15 |17 (19 22
27° [6 |7 |8 |9 |10 |11 (12 (14 16 |18 |21
28° [6 |7 [8 |9 10 |11 |12 13~ 115 |17 120
29° 5% 6%/ 7 |8 |9 (10 111412 (14 |16 19
30° | 5% 6 | 6% 714 9 110 11 12 |13 |15 |18
31° |5 |51 6% 7%/ 8 |9 (10 |11 |13 |14 |17
32° |5 [5%/7 (7 |8 19 10 11 12 114 16
33° |4%/5 16 | 6% 8 |81 9 10 /11 13 15
34° 45 514/ 6% 7 |8 |9 10 111 13 |13
35° |45 [5%16 |7 '8 19 10 11 |13 14
36° 14 [4%[5 6 |7 715 8 '9 10 '11 13
37° 14 14%/'5 5% 6 |7 |8 |9 10 11 13
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TABLE 2
Ranges Corresponding to Fuze Setlings

3 INCH 50 CALIBER GUN

Fuze Range
O sec. 1650 vards
0O 3600

4 2800
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