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(The matter contained herein supersedes sections I, ITI, III, IV,
and V, and paragraphs 120, 121, and 122, chapter 2, part two, Coast
Artillery Fleld Manual, volume II, February 1, 1933.)

CHAPTER I
GENERAL

W 1. AutomaTiIc WEAPONS PrOBLEM.—Antiaircraft automatic
weapons have been designed and developed to attack aerial
targets below altitudes that can be covered effectively by anti-
aircraft guns and to supplement the fire of guns within auto-
matic weapon range. Such targets will usually be light, fast
combat airplanes engaging ground troops or installations
with fragmentation bombs, chemicals, or machine guns. The
approach of such targets may be very low, depending for pro-
tection upon speed, maneuverability, and diving tactics; or
above 1,500 feet, for protection against small-arms fire from
the ground. Therefore to be effective, antiaircraft automatic
weapons must be able to open fire quickly on low-flying high
speed targets and to deliver fire within the minimum ranges
of antiaircraft guns. Three weapons have been developed
for such work, the caliber .30 and .50 machine guns for local
protection and the caliber .50 machine gun and 37-mm auto-
matic cannon for defense by antiaircraft troops. This man-
ual deals primarily with the automatic weapons developed
for antiaircraft artillery but covers the use of the caliber .30
machine gun as well, as it will be used to a considerable extent
for training purposes.
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W 2. IniTiAL DEVELOPMENT.—Two sights, the “forward area”
and the “Peycru,” of British and French design, respectively,
were developed during the World War. The former was ac-
curate only for targets flying on the two courses for which
it was designed. The latter had more versatility but it re-
quired more continuous setting than could be managed in
the field.

B 3. CoMpUTING TYPE SIGHTS.—A succession of sights fol-
lowed the two described in paragraph 2, most of them being
of the computing type. With the computing sight, given the
range, altitude, and target speed, the taking of the leads is
performed on the gun. This sight may be used during pre-
liminary training to assist the gunners in estimating initial
leads. These sights are usually curves or graphs of com-
puted leads in metal or on xylonite for representative target
practice courses and speeds, mounted as the forward sight of
the gun in a manner similar to the forward area sight. Their
weaknesses are as follows:

a. It is difficult, if not impossible to know the target’s course
and speed.

b. The gunner has no definite means of knowing at what
part of the curve to take his point of aim for any given instant.

¢. No sight has been designed for war service conditions
because it is impractical to represent on one sight the many
leads that would be necessary to take care of service courses
and speeds.

M 4. INDIVIDUAL TRACER CONTROL.—There was a period when
development in the design of sights was stagnant. In this
period, emphasis was placed on fire by individual tracer con-
trol (ITC). In this method, the responsibility for hitting was
placed on the individual gunners. The fact that ITC is effec-
tive only at relatively short ranges has been proved by the
results of firing conducted at longer ranges.

W 5. CENTRAL ‘TRACER CONTROL.—@. Compared to ITC, it
would be a much simpler matter to train a gunner merely
to operate his gun and keep sights alined on a target. Setting
the sights could be done by other men situated some distance
away from the guns where vibration, smoke, and flare would
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not bother them. Such a system would have the advantage
of requiring only two trained sight setters per platoon, one
for lateral leads and one for vertical leads. Also they could
concentrate on the one task of setting the sights correctly.
This method of fire control is called “central tracer control.”
The idea of alinement sights, controlled at a station displaced
from the guns, is not new. Such a system was used in 1927
in the antiaircraft exercises at Aberdeen Proving Ground.
It appears now that the indifferent successes obtained were
due partially to crude equipment and partially to an insuffi-
cient knowledge of leads and observation.

b. Central tracer control requires the use of movable sights
controlled from a central station. These sights, attached
directly to the gun or carriage, may be either the tangent or
rotary type. The former is made up of two elements, a fixed
rear peep and a forward movable element. This forward ele-
ment is made to move perpendicular to the axis of the bore,
both horizontally and vertically, thus setting off the tangent
of the lead angles, lateral and vertical. This is the type of
sight used on the present standard M2 antiaircraft mount
for machine guns. In the rotary type sight, the deflection
angles are laid off from the axis of the bore by rotation of
the sight about fixed axes. This type of sight is the present
standard on the 37-mm antiaireraft gun mount. Long flexi-
ble shafts control the sights from the central station. By
this arrangement, any lead set at the control box appears
immediately on the sights of all guns.

W 6. CompuTors.—Concurrent with the use of centrally con-
trolled sights, there was a renewal of interest in the develop-
ment of computors that would give the correct leads. One
of the first developments was the T1 plow, a linear speed
instrument. Several computors employing the angular travel
method were tested without success. Development lagged
for a number of years after the Aberdeen Proving Ground
exercises were discontinued, as none of these instruments
offered much probability of obtaining hits.

M 7. ORIENTED CHART.—a. More recently, when renewed de-
velopment emphasized the controlled sight, interest in com-
putors was again aroused. This brought about a test of an

3
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oriented chart method of indicating leads which were pre-
computed. This method is an adaptation from the French
angle of approach firing data charts which were furnished
during the World War for antiaircraft guns. These charts
were furnished in sets with some particular combinations
of target course, altitude, and speed on each chart. When a
target appeared, the battery commander selected what ap-
peared to be the proper chart. He oriented it approximately
parallel to the target course. Then, along rays on the chart
corresponding to particular angles of approach, the appropri-
ate data were read and set on the sights.

b. An instrument was developed (based on the oriented
chart method) using a telescope and a universal joint.
This instrument was self-orienting and indicated leads in the
slant plane. It also contained a speed measuring device.
Later, a set of curves was developed that gave approximate
leads for future positions,

¢. The ahove-mentioned instrument, the T1 plow, and an
angular travel computor were tested. However, none of these
data computors possessed sufficient accuracy to place the cen-
ter of the bullet stream through the target.

M 8. TrasecTorY TUNNEL STUDIES—Because the above meth-
ods lacked the required accuracy, reliance had to be placed
on spotting by observation of the tracer stream. In order
to study the best methods of spotting, a “trajectory tunnel”
was built that represented to a certain scale the tracer stream
as it appears when firing at a moving target at about 1,700
yvards range. The trajectory was represented by white beads
strung on wires, A small airplane was suspended at 1,700
yards range (reduced scale) in such a way that it could
be moved laterally and vertically by the observer until it ap-

peared in the tracer stream. This device proved, without

question, that without stereoscopic vision one observer could
not consistently place the airplane in the tracer stream.
Also it was the means of determining the best positions,
within limits, for two adjusters, one for lateral and one for
vertical deflections.

ANTIAIRCRAFT AUTOMATIC WEAPONS 9

M 9. FUNDAMENTALS OF GUNNERY.—From the results of a
complete study of past investigations and tests the following
fundamentals are set forth:

a. Individual tracer control is a satisfactory method of
fire control for antiaircraft machine guns at ranges of 600
yards or less.

b. Although so-called computing sights may be used to
advantage on certain stereotyped courses (target practice
conditions), sights of this type are generally unsuitable for
service use.

¢. At ranges beyond 600 yards, the efficiency of individual
tracer control drops off sharply, largely because at these
longer ranges the gunner is unable to tell whether or not
the tracer stream is passing through the target.

d. The method of central tracer control, although superior
at the longer ranges (beyond 600 yards) to individual tracer
control, is in general subject to the same limitations.

e. At the longer ranges, better results are obtained by the
use of computed leads determined at some central point
and transmitted to the guns, adjustment being made from
two spotting stations continuously as the firing progressed.

/. Even though a theoretically precise computing instru-
ment is available, conditions of the moment, errors in deter-
mination of basic data (altitude, minimum horizontal range,
course and speed of the target), and errors in transmission of
data will generally be such that final reliance must be placed
upon spotting to direct the tracer stream on the target and to
keep it there throughout the course.

g. Spotting from a single position at or near the battery
Is not practical except at shorter ranges.

h. The ideal positions for bilateral spotters are:

(1) A lateral spotter approximately 100 yards from the
fire unit along the line of fire,

(2) A vertical spotter approximately 100 yards from the
fire unit, at right angles to the line of fire, and in the direction
from which the target is approaching,

i, All computing or lead indicating instruments tested to
date, take from 15 to 20 seconds to determine the necessary
basic data and start a flow of leads to the guns. A time 10ss of

239977 —40——2 5
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this magnitude makes such instruments practically useless
against the majority of automatic weapon targets.

4. The magnitudes of the lead errors resulting from small
errors in the measurement or estimation of one or more of
the basic elements are such that satisfactory results cannot,
be expected from such data alone.

# 10. ConcrLusioNs.—a. Individual tracer control is effective
only at short ranges. It will be used only when time or other
circumstances do not permit either the setting up of or the
operation of the central control equipment.

. Central control equipment, supplemented by flank
spotters connected to the adjusters at the control box by
telephone, will be the normal method of fire control for both
antiaircraft machine guns and 37-mm guns, at least until
such time as a standard computor or director is furnished
to the service.

¢. All antiaircraft automatic weapons batteries should be
trained on both individual tracer control and central tracer
control with as many men as possible receiving training in
both methods of fire at towed targets., Much of this train-
ing can be had using the caliber .30 machine gun mounted
as a subcaliber gun on either the M2 antiaircraft gun mount
or the 37-mm antiaircraft mount. Individual tracer con-
trol training should be conducted at ranges less than 600
yards. Central tracer control should be conducted at ranges
greater than 600 yards but not beyond a range at which
the tracer is visible.

d. The use of locally made lead computors of the oriented
chart variety is not considered a service condition, although
they may give excellent results at target practice.

CHAPTER 2
CALCULATION OF LEADS
Paragraphs
BecrioN I. Elements of data_ oo ___________________. 11-25
II. Leads, lead curves, and lead charts_______________ 26-33

SecTION I
ELEMENTS OF DATA

B 11, GeNerAL—a. A study of gunnery for automatic weap-
ons necessitates a careful study of leads and their charac-
teristics for type courses and speeds. Leads have not as
yet been computed for a sufficient number of different kinds
of courses to give a complete picture of all characteristics.
As leads for additional courses are computed, they will be
furnished to the service in the form of lead charts. Leads
for any other additional courses must be calculated.

b. Airplane flight, for which leads can be readily calculated,
must be rectilinear and at constant speed and can be divided
into two general classes, constant altitude and diving
courses. Both of these classes of flight can be subdivided
further, with respect to the target’s course and the gun
position, into crossing courses and incoming courses. The
method of calculating leads for each of these classifications
will be given, but the study of leads will include only those
for constant altitude courses.

M 12. ELEMENTS NECESSARY TO COMPUTE LEADS.—Figure 1,
which represents a typical set-up in space for a crossing
diving course, shows the elements of data that are necessary
to compute leads.
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Horizontal
projection of
course of targel

0]
GUN
FiGure 1—Elements of data, automatic weapon leads (oblique
projection).

T:):
, Angle of approach at present position of target (T,
20, Angle of a?)gmach at future position of target (T,).
pAngle of dive measured from the horlizontal.
B , Minimum slant range. In constant altitude D, =D,
Dz , Slant range to midpoint of course (T'y,).
Do,psmnt range to target at present position (7,).
D, Slant range to target at future position (T;).
" Angular height of target at future position (T}).
.., Altitude of target at midpoint (T,).
H,, Altitude of target at present. poﬁiuon(;'!‘,’,).
. ftude of target at future position (T,). .
gn’ SI;ta:ce measfgtrcd from midpoint of course (T,) to present
- position (T,) in the horizontal plane. It is positive if meas-
red in direction of flight.
L Dirtance measured from midpoint of course (7T,,) to future
e position (T,) in the horizontal plane. It is positive if meas-
ured in direction oi'ﬁﬂlight;.t i oy
erelevation under firing table :
ii‘,; S]rol?nimum horizontal range of horizontal range to target at
" " midpoint of course (Tm) -
R, Horlzol;tal range to target at present position (T,).
R,, Horizontal range to target at future position (T5).
S, Ground speed of target.
.S': XGtt,, l'..ineaiJ horizontal travel of target durl?g time of flight.
T, Midpoint.—Position of target where a-—90°.
T,, Present position of target (instant of firing).
T,, Predicted position of target (future position).
t,: Time of flight to future position of target (T,).

8
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M 13, ANGLE OF APPROACH (a) .—d. Angle of approach is the
angle between the vertical planes containing the line of posi-
tion and course of the target (never greater than 90°).

b. Computation of leads involves the present position of the
target. Angle of approach for the present position of the
target is ao.

c. Angle of approach for the future position of the target
is ap.

d. On an incoming course a is always zero degrees.

B 14, Tarcer PosiTioN (T)—a. T designates the position
of the target at some particular instant.

b. Present position of the target (To) is the position at
instant of firing.

¢. Fulure position of the target (T») is the predicted posi-
tion of the target. That is, the projectile should meet the
target at this point.

d. Midpoint of the course (Tm) is the point on the course
of the target where the angle of approach (a) equals 90°.

On incoming courses, Tw is directly over the gun; that is
e equals 90°.

M 15. SLANT RANGE (D) —Slant range is the distance from the
gun to the target. Slant ranges to each of the positions of
the target To, Tp, and Tm are called respectively Do, Dp, and
Dmp. Dm is the minimum slant range to target. In con-
stant altitude courses Dwn=Dmp.

B 16. HORIZONTAL RANGE TO TARGET (R) —Horizontal range
to the target is the distance from gun to projection in the
horizontal plane of the target position. Horizontal ranges
to each of the positions of target To, Tp, and Tm are called,

respectively, Ro, Rp, Rm. On incoming courses Rm is equal
to zero.

M 17. ANGULAR HEIGHT oF TARGET (¢) —Angular height is the
vertical angle from the horizontal to line of position. Angular
heights to positions of the target To and Tp are called respec-
tively e and ep.

B 18. ALTITUDE OF TARGET (H).—Hy is the altitude of the
target at the midpoint (Tw). H, is the altitude of the

9
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target at present position (To). Hp is the altitude of the
target at future position (Tp). For constant altitude courses,
Hwm=Ho=Hp. For diving courses
Ho= Hm— (Lo tan ')‘)
Hp=Hm— (Lp tan v).

Where Lo and Lp have the proper signs as explained in
paragraph 19, and v is the angle dive (par. 25).

W 19. L, anp Lp—These values are respectively the distances
measured in the horizontal plane from the midpoint (T'm)
to To and Tp. The values are positive if measured in the
direction of flight.

M 20. SUPERELEVATION (¢s) —As the trajectory of a projectile
is a curve, it is necessary that the axis of the bore be above
the line of position to the target in order that the trajectory
will pass through the target. Values of superelevation are
obtained from firing tables. Superelevation is always added.

™ 21. TiME oF FLicHT (fp).—tp is the time in seconds that it
takes for the projectile to travel from the gun to the future
position (T»). Values of time of flight will be found in firing
tables, using Rp and Hp as arguments.

B 22. GRoUND SPEED OF TARGET (Sg) —Ground speed of the
target is the velocity of the target with respect to the ground.
It is usually expressed in yards per second. For diving
course Sg=S cos y. (Where S is the speed of the target
along its path and v is the angle of dive.)

M 23. LaTERAL LEAD (5.) —This element of data is not shown
in figure 1. It is the angle measured in the slant plane con-
taining the axis of the bore and the trunnions of the gun,
by which the gun must lead the target laterally due to travel
of the target during time of flight.

W 24. VERTICAL LEAD (0r) —This element of data is not
shown in figure 1. It is the vertical angle by which the gun
must lead or follow the target vertically due to travel of
the target during time of flight, plus superelevation.

M 25. ANGLE OF DIvE (v).—When a target is diving, v is
the angle between the course of the target and the hori-
zontal.

10
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SECTION II
LEADS, LEAD CURVES, AND LEAD CHARTS

B 26. GENERAL.—@. Antiaircraft automatic weapons are
pointed by case I. This means that the gun is laid in both
direction and elevation by means of a sight. The sight is
mounted directly on the gun or carriage and traverses and
elevates with the gun. The line of sight is offset from the
line of the axis of the bore by means of tangent screws or
by rotating the sighting elements. The lateral lead (5L) is
defined in paragraph 23. The vertical lead (or) is defined
in paragraph 24.

b. Leads must be calculated for the future position of the
target (Tp), where ¢, and ¢s are applicable. PFuture posi-
tions are selected at convenient distances along the course
of the target and from them the present position as well
as the leads are calculated.

¢. The leads are then plotted against present positions.
As the position of the midpoint of the course can be more
accurately estimated than any other point, lead charts can
be made up showing the leads with respect to the midpoint.
Leads can be plotted by linear measurement along the course
or by angular measurement from the midpoint.

W 27. NECESSARY DATA FOR CALCULATION OF Leaps.—a. To cal-

culate leads for a course, the following basic data are
assumed:

(1) Minimum horizontal range (Rm).

(2) Altitude at the midpoint (Hn).

(3) Ground speed of target (S,),

(4) Various future positions of the target (Tp) along the
course are selected by assuming values of Ly,

b. In addition, certain data from firing tables are
extracted:

(1) Time of flight to future position ().

(2) Superelevation to future position (¢s).
Firing tables are so made up that these latter values can
be determined by knowing altitude and horizontal range to
the future position. Therefore, no slant ranges need be

11



28

ANTIAIRCRAFT AUTOMATIC WEAPONS

COAST ARTILLERY FIELD MANUAL

27-28

TT - TN| L og— ¢ ze | ¥ & L fii
+ “ . i “ | t* Vm. I N e e -N
%H _ [ 168°T |ese | ug T |oss'l " 09T | ae't | et | L E10T , T | 9T A .................... P4 D4d gz
_m&_ | 1021 _E: 56 68 | 200°T [ 8SI'T | ¥82'L | SEE'T Ama.m JiT e s e "1
oze | ozo: 3 | AT = - - e | St
0'g mo«: 38T | 29T fSN_ 0z 1 TE,. | ¥6T | oeL Loz | AR Mwwmuans.ﬁ
g H | |
- L [ 9 R T T S e 79 61
L LR _9 BL[LTPL  FOTT (I BETT [ (S0G (09T {0668 [Ogyg |ooonteemeemmseeoooeee 79 309 ‘g1
AL | 90 800 | g0 _ 2800 BR80T (1800 | TITT [ sprc  [mreemeesseseeeee “UXAX?S LT
M.mm.m oLz ﬁ aLT | 15071 _ 019" | s9F° 297 16817 | P0T | EEEE | SIgF |ooouremomesomees ST+FI #0r '9T
e 8 | W 62 80z a61- _ma. G| e 3 A “-e e ogrXgreury ‘o1
¢ Je0sT (w1 f@ws e ez e o | ogs _ woe | g "t IIXOT 9WT B
| |7 e ﬂ 198 | o00s” 1L9° SR R I < b
el T e S e (*e+93)us g1
L [s18° loest | zge | g6 U R [ e ("¢4-22)s00 *11
0sg 61c” BT 12961 | 612E | cusF TTTRHATT o1
,mmm.l _ r,.*.l m._m.m B il el R o =
| ee | 120 | V el | g8t S N R XS ]
L 611 % 1 @z [sog 1 R e e e L
1L A cz9 £5F 6. Tie | oLg 5 P49 °g
|9 |2 w: | st ke | 18 P i |
| 202 |19 TE | ¥ot 062 | 6€2 e g L
| £e8° | voo- (il e o e .@.tu._. B[ g
o1t leeor fzker 6ozt |ssom |t —HACTIMA=T T
000 Z+ | 009°1+ | 002 1+ | Smo.LSﬂ.i_%a ! o080 | 0080~ | o071~ | 009°1— | 000g— |mmmmeeeee W:.q T 4_.
B U} 210 §3)0UY  pyby jo uoieanp ay) ui aatjtsod §1 77 “§p4ufi jo spunsnoyy U} §20uD81p 35) <
a b=
X H
S % wrourtan A&+.q>,qv Uy =71 0100 1 009'T— 'S+ 93 47) =10 5
MWh ﬁ ol SIS T dnp “IXIX’g 2
4 +a-Vv-0801d . Cd XHIX(*+%3) WIS +("0+%) 500 X (FF+2T X°T) il
[es1noo Supssoa )]
SNOdVEM DILVIWNOLAV HOd SavaT JAVHOYUIVILNY 40 NOLLVINDTIVD
L
3 £ N
=
3] o5
4
8o
: 3
5
2 e
Sy
o

extracts

37-AA-N-1, 0.50-AA-E-4, and 0.30-AA-D-1 are given in

computed. For convenience,
chapter 7.

W 28. CaLcULATION OF LEADS, CONSTANT ALTITUDE, CROSSING
Courses.—a. The formulas for calculating lateral and verti-

cal leads on crossing courses for the tangent type sight are
quite involved, the derivation requiring the use of the method

of rotation of coordinates to arrive at correct results.

following formulas have been derived for the computation:

Sy Xty X R

L
o= (u-+ep+s) —1600 71 where .u==tan—1(~ “HXR,

(Lo X L+ R2) X cos (ept¢a) + sin (e 460 X (HXR,)

=cot™

8y,

b. These formulas appear complicated but with the proper
grouping of terms the computation is simplified. The most

convenient method of computation is with a calculating ma-

However, a good slide rule will obtain an accuracy in

most cases of within 2 mils. The formulas can also be solved
by logarithms but the process is more difficult. The following

chine.

form illustrates a convenient method of calculation by slide

rule,

12
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c. The formulas in a above were set up for the tangent
type sight as used on the M2 anfiaircraft machine-gun
mount and are not strictly true for the rotary type sight
as used on the 37-mm gun. The correct constant altitude
formulas for leads for this sight are:

s il sy?flr?fji’,‘_‘il')
&7 = s8in D,
S, X t,, X cos a, Xsin e
L tan—l(D,,-:L-yS,,;t,,X co; 7a',,><c;ts_:,—.) Fda

d. The formulas in ¢ above may appear less complex but
it has been found that the tangent type sight formulas (a
above) lend themselves more readily to computation and
are within a few mils of being correct for the rotary type
sight under extreme conditions.

e. For convenience in computing, it will be found advan-
tageous to select values of Rm, Hm, and Ly in even hundreds
of yards and values of Sy in even 10 yards per second. A
table of squares and square roots, such as given in TM
5-236, will be found to be very convenient in computing Rp.
Tables of natural functions of angles in mils are used.
Sce FM 4-155 for tables of natural functions of angles.
These functions to three places are sufficiently accurate if
the computation is made by the slide rule.

M 29. CALcULATION oF LEADS, DIviNG, CROSSING COURSES.—.
The tangent type sight lead formulas given in paragraph
28a can be used readily for the computation of leads for div-
ing, crossing courses. One other factor enters the computa-
tions, the angle of dive v. Minimum horizontal range (Rm)
and altitude at the midpoint (Hm) are assumed as well as
the angle of dive (y). Either the speed of the target (8) or
ground speed (Sy) is assumed; if the former, it must be multi-
plied by cos 4 to obtain ground speed Sy) which is used in
the formulas. The assumed values of horizontal distances
from the midpoint to the future positions (Lp) multiplied by
tan vy give the difference in altitude between the midpoint
and the future positions. Hp=Hm—(Lp tan v) (Lp has the
proper sign as explained in par, 19.)

b. Hp is required to compute the value of future angular
height (ep). Likewise, Ho=Hm— (Lo tan %) (Lo has the

14
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proper sign as explained in par. 19) gives the altitude at
the present position and is used for the H value in the
formula (line 13 of form in par. 28b). The form for com-
putation need only be expanded to cover the calculation of
these two additional altitudes.

B 30. CaLcULATION OF Leaps, CONSTANT ALTITUDE, INCOMING
Coursgs.—a. True incoming courses are only those that pass
directly overhead (Rm=0) but all crossing courses of Rm less
than 100 yards can well be considered incoming courses for
the lateral leads are small until the target gets very close,
then change so rapidly that even if a gun could be elevated
to this angular height and follow the rapid angular travel, it
would be impossible to transmit the rapidly changing lead to
the sights, The vertical leads for crossing courses within
these limits are practically the same as for a true incoming
course of the same altitude and speed.

b. The formula for vertical lead for a true incoming course
is: oL~ ep— et ¢ps.

c. As in the case of crossing courses, altitude and ground
speed are assumed and values of horizontal distance of future
positions from the midpoint (Lp) now become horizontal
ranges to the future position (Rp). Likewise Lo becomes Ro
and the computation consists only of determining the angular
heights ¢p and e, superelevation being added to the difference
to give the vertical lead. The receding leg of such a course
although never fired upon in target practice can be calculated
in the same manner.

B 31. CALCULATION OF LEADS, DIVING, INCOMING COURSES.—The
leads for diving, incoming courses, can be computed in a
manner similar to that given in paragraph 30. As in other
diving courses, the value of Hm is assumed and Hp and Ho
are calculated from the formulas Hy=Hm—(Rp tan ) and
Ho=Hm—(Ro tan v). The signs of Rp» and R. are positive if
measured in the direction of flight. From the values of R
and H, the angular heights are computed and the formula
oL=ep— o+ s gives the vertical lead for that future position.

B 32. Leap CURVES, PRESENT PosiTION.—Paragraphs 28 to 31,
inclusive, describe the methods of determining the leads for

15
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future positions for various types of target courses. If the
leads thus determined are to have any value, they must be re-
ferred to the present position of the target which is the posi-
tion of the target at time the gun is pointed and fired. In the
computation, it is necessary to determine the present position
of the target in terms of Lo or Re for each future position
assumed. Plot the leads in terms of present position. Figures
2 and 3 show lead curves plotted for both crossing and incom-
ing courses. The abscissae are the present position of the
target (Lo or Ro) and the ordinates are the lateral or vertical
leads corresponding to values of Ly or Rp. The individual
points are connected by a curved line giving the lead curves
as shown. These lead curves are not only necessary for ob-
taining leads for various present positions, but are convenient
for the study of lead characteristics. A series of courses
plotted for varying target courses and speeds, as well as for aEah
the various antiaireraft automatic weapons, gives an idea of paiit T
the manner in which the leads vary with different courses and HEETTEE W T EE T +H
guns. Differential effects of changes in the various basic ele- SEEEEEREEEE f T HRawad HAAa

ments involved can be determined readily. -

® 33. LEAD CHARTS—a. From the lead curves (figs. 2 and 3, REERES _ii S HH
lead charts can be made. The simplest and most practical THH
form yet devised is illustrated in figures 4 and 5, one for T N H
lateral and one for vertical lead for a constant altitude cross- N A T mEs
ing course. Similar charts can be made up for incoming and T R R A
diving courses. The method of construction is to project the N R
lead values in mils to a straight line representing the hori- T
zontal projection of the target course. As shown in the T ghe
figures, two speeds can be plotted for each course, any num- TR e T N
ber of minimum horizontal ranges (Rm) can be put on one PR
chart, but the whole chart can be for only one altitude. This R A
necessitates different charts for different altitudes. For in- PR R
coming courses, all altitudes can be included as no Ruw's are TN
involved. TR gammgsamnaiene §

b. These charts are valuable for a study of lead character- S N R R R
istics and especially for the study of rates of change of leads. ; H A T H j:
They also can be used for initial instruction during actual e Y AH
firing to select initial leads and to approximate the lead
changes.

c. Additional lead charts are found in chapter 7.
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FIGURZ 5.—Vertical lead chart.

CHAPTER 3
CHARACTERISTICS OF LEADS

Paragraphs
BECTION I, Qenerflace o cccmncnc i ctm s e mtc e m b 34-35
II. Effects of ground speed of target._ . __.___.________ 36-37
II1. Effects of course of target.._________.____________ 38-40
IVi Ballistic effects .o oo ianiannn o s 41-44

SEecTION 1

GENERAL

M 34. GENERAL—From a study of lead curves or charts for
various target courses and speeds, certain conclusions can
be drawn as to their general characteristics. For example on
crossing courses, the lateral lead starts with the least lead
on the approaching leg, reaches a maximum at approximately
the mid-point and then decreases on the receding leg. Verti-
cal leads are at their maximum on the approaching leg, then
decrease past the mid-point to a minimum where the lead
change reverses and the lead starts to increase. Lateral leads
and vertical leads (less the superelevation) are approximately
proportional to the ground speed of the target. Correct leads

S L for various target speeds can be obtained by interpolation
= % between calculated leads for two different speeds.
4§ $ W 35. UNDER SERVICE CONDITIONS —The effects on leads of a
5 £ 3- change from target practice conditions to service conditions
f L L should be studied. Firing cannot be conducted under service
4 R fh : conditions of speed and diving courses.
§ o] Frslg All antiaircraft artillerymen should know what differences
5 83 55 2 can be expected under such conditions. This study will show
] 1853 2. to some degree what effectiveness may be expected under
T - E:ﬁ service conditions considering what is now obtained under
& LR & target practice conditions.
$ Y 8
38 i

239077°—40—4 21



36-40 COAST ARTILLERY FIELD MANUAT, ANTIAIRCRAFT AUTOMATIC WEAPONS

SecTION II
EFFECTS OF GROUND SPEED OF TARGET
B 36. EFFecT oN LEaps.—Of all the elements that affect leads,

target speed is the most variable and the hardest to estimate.

)

Travel leads increase in proportion to an increase in speed.

_, 60yds./sec.
150yds. /sec.
eii0yes

The limitation of towing a target keeps target practice
speeds at less than 150 miles per hour whereas airplane

| +2d00

speeds of over twice that amount can be expected. Fortu-
nately, target speed affects such leads more consistently

~OSS——560yds /séc |

600 Yds.
60 yds/sec.

= 500 Yds.
LateralLead (b,
1
[——050yds

= I50 yds/sec.

than any of the other basic elements. Figure 6 shows the
relative lead curves for target speed of 60 yards/second and

}J o\\

R,
H
Sq

'
+1500

o1
I~ Direcfion of fiight —e

AA LEAD GURVES
== ——Verticol Lead (0, )

FT 050-AA-E-4

-

150 yards/second.

-

M 37. RATE oF CHANGE OF LEaps.—The factor of the rate of

460

change of leads is of even more importance than the values a
of the actual leads. With present equipment, the initial /

(L)

leads must be estimated and the adjusters must keep chang-
ing these leads by the rate they consider appropriate, add-

iy
™~

500

appearance of the tracer stream. It will be noted from fig-

0,
ing adjustment corrections deemed necessary from the [ &
ure 6 that this rate of change of leads increases greatly for o] L

(+]

the higher speeds. \ \ 5 ) /

SecTION IIT \o\ ,)g /'

| —sbo

EFFECTS OF COURSE OF TARGET ‘“-\ /

PRESENT POSITION %\

B 38. EFFEcTs OF HORIZONTAL RANGE TO MIDPOINT (Rm) — Y—?
The differential effects of Rm on the vertical and lateral leads

=000

are shown in figure 7. The effects are complex and vary , \

FIGURE 6.—Effect of ground speed of target on leads.

considerably. Direction and magnitude of the effects do not
follow any set rule.

~— o |
o

—i500

—
—t

on the vertical and lateral leads are shown in figure 8. It 2
will be noted that vertical leads are affected to a consider-

40
=80

W 39. ErFect oF ALTITUDE (H) —The differential effects of H i
2
|

F—< 120

able extent. Lateral leads are not greatly affected,

W 40. ErrFect oF DIRECTION OF MIDPOINT.—Estimation of di-
rection of the midpoint of the course is important if using
a lead chart for selection of initial leads. 'The estimation

29 23
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can be made fairly accurately, at least within the limits of
the estimation of the other basic elements, such as target
speed. However, this measurement or estimation must be
made very accurately if an oriented chart is to be used to
obtain leads. The variation in leads caused by such an
error in measurement or estimation was one of the deciding HH
factors in eliminating the use of oriented charts for anti-
aireraft automatic weapons firing, ‘The reason for this is 1
that such an error causes the leads to vary in an erratic H
manner. This is the only element whose differential effect ssk
upon lateral lead reverses in sign during a normal course.
The differential effect upon vertical lead reverses sign twice. f
Lead variations for this course are not so great near the 8
midpoint but increase greatly at the ends of the course. =
(See fig. 9.) R R
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M 41, Errect oN LEADS OF A CHANGE IN MUZZLE VELOCITY.—AS fans
previously shown, leads for any particular gun and ammuni-
tion depend upon two ballistic factors; time of flight and
superelevation. The time of flight of the bullet is of special 2 : T : AERE Ewn
importance. Since the target is moving rapidly, a slight PR AT N TR e R
variation in the time of flight will cause a hit or a miss on EEEH R R EEEE EE S R ¥
such a target. These values are obtained from the firing e s i g
tables for a certain standard muzzle velocity. The firing U
tables also give the effect on time of flight and superelevation S T e e F T e T
for a variation in muzzle velocity. Leads can be calculated T R
for other muzzle velocities, using corrected time of flight and : A
superelevation. In a few test cases, it has been shown that
a loss of 200 f/s of muzzle velocity for the caliber .50 machine
gun and 37-mm antiaircraft gun necessitates an increase of
approximately 10 percent in the leads.

i A8 (mits) ;
" A O (mils) EH—H
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e —— - I Direction of Flight —= : ]
Ficure 9.—Differential effect of direction of midpoint.
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B 42. EFrect oF BARREL WEAR oN DEVELOPED MV.—The de-
veloped MV of a gun decreases as the gun is used. This de-
crease in muzzle velocity has been proved fairly definitely
by the Ordnance Department to be due to barrel wear, both
by the advance of the forcing cone and by the wear of the
lands., Empirical formulas for larger caliber guns that esti-

T+
Emmm
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mate this loss of velocity in terms of rounds fired are in use,
although this method is not considered the most accurate.
This is especially true of automatic weapons due to the un-
equal wearing caused by variations in rates of fire, length of

bursts, use of tracers, and other minor factors.

B 43. BreecH Bore GaciNG.—a. Gaging of the advance of the

[

forcing cone and wear of lands at the breech is considered
the most accurate method of determining this loss of muzzle

velocity. Breech bore gages have been devolped for both the
caliber .30 and caliber .50 machine guns although they are

not issued to the service. However, bullet seating gives a fair

approximation of this gaging and therefore of the muszzle
velocity to be expected. A simple breech bore gage may be

Gun cal.0.30 and ¢cl050 M 2—

Ammunition, M |

\l\

made by fastening a stiff wire or rod to the base of a bullet
of the proper caliber, Insert the bullet in the breech of a

is from base of bullet{ball) to foce

breech end of barrel measurement
of breech .
\

BARREL WEAR

new barrel and mark an index on the rod or wire flush with

LOSS OF MUZZLE VELOCITYDUETO
Note: Bullet dropped,not forced into

AA Mochi

the face of the breech. Mark this index 1.9"" for the caliber
.30 gage and 3.0"" for the caliber .50 gage. With this index

6

as a starting point, lay off on the rod or wire a scale gradu-

ated in tenths of inches with the graduations decreasing 1
toward the bullet. The wear of a barrel is then determined >

cal. 0 30M-1917
T

5

by dropping the gage into the breech end of the bore and ] /
reading the value on the scale at the point flush with the

face of the breech.

™

4

il

b. The graph shown in figure 10 must be used in conjunc-
tion with the breech bore gage. Select a point on the proper /

-

BULLET SEATING IN INCHES

curve whose abscissa is the bullet seating in inches obtained -

3

FicUrRE 10.—Loss of MV due to barrel wear.

by using the breech bore gage. The ordinate of the point
selected is the variation in MV from standard. The stand-

ard MV for a new 36-inch caliber .50 barrel is 2,700 f/s. The o -
standard MV for a new 45-inch caliber .50 barrel is 2,800 f/s.

V. flls

Figure 10 shows curves of variation in MV with respect to
bullet seating for both the .50 and .30 caliber barrels.

variation

from FT
00f/s
—200fss

+100fs
0

=300f/s

¢. It will be noted from the curves in figure 10 that a new

caliber .50 M2 barrel has a bullet seating of 3 inches and
develops the standard firing table MV, On the other hand,

a new caliber .30 barrel has a bullet seating of 1.9 inches and
develops an MV considerably in excess of the standard firing
table value., Leads for the caliber .30 gun equipped with a

28 239977 ¢ —~-40-—3 29
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new barrel will be too great if firing table data are used in
the computation of the leads.

d. The loss of MV due to wear of the barrel is not of rela-
tive importance to antiaircraft automatic weapons firing as
long as individual tracer control is used. However, it is of
great importance in the study of dispersion, observation, and
adjustment of fire. (A further discussion of variation of MV
is found in chapters 4 and 5.)

M 44, ErrFect oF WIND AND DENsITY oF AIR—The effect of
wind and air density on antiaircraft leads can be calculated,
as the firing tables give these effects in change of time of
flight and superelevation, but they can he of little value
to the unit firing by individual tracer control. These effects
should be approximately known and considered in selecting
initial leads and when lead charts are used for instruction.

30

CHAPTER 4
DISPERSION
Paragraphs
SecrioN I. Gun polnting —— 45-49
II. Variation in time of fllght._____________________ 60-562
I DIsperilon. oo anite S ie s cnnnpe Son e 53-68
Secrion I

GUN POINTING

M 45. GENERAL.—Fire control and adjustment of fire of anti-
aircraft automatic weapons depend upon the observation of
the tracer stream. It is important that the tracer stream
or cone of fire is as compact as possible. A large cone of
tracers cannot be accurately observed nor can it be seen
easily. It is especially important at the longer ranges that
this cone of dispersion be kept as small as possible. Many
factors enter into dispersion, some of which cannot be elimi-
nated, but most of which can be reduced by careful training
and care of equipment. Gun pointing, vibration of the gun,
and variations in muzzle velocity between shots and between
guns cause dispersion.

M 46. IMPORTANCE OF TRAINING.—AS all antiaircraft automatic
weapons are fired by case I, gun pointing becomes a most
important factor. This is especially true of machine guns
since one gunner points both laterally and vertically with
a free mounted gun. Rapid changes of direction or eleva-
tion cannot be made smoothly if the gunner is not well
trained. He should have the back rest and sight fitted to
his stature and have firm footing. He should also have
much practice in tracking to accustom and train his muscles
to act smoothly and instinctively. His eyes should be excel-
lent and not sensitive to smoke, atmospheric conditions,
flash, and glare. Many of these difficulties of the pointers
are eliminated on the 37-mm antiaireraft gun as one gunner
points laterally and the other points vertically by means of
handwheels. The sights are mounted so as to eliminate

31
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much of the annoyance due to the smoke and flash from
the gun. However, the gunner must be constantly trained
as the high speed tracking requires excellent coordination
of eyes and hands.

W 47. VisraTioN.—The gun pointers of automatic weapons
must be constantly on the target. The gun, being auto-
matic in action, vibrates continually, making accurate point-
ing difficult. This vibration can be overcome to a great ex-
tent by proper adjustment of the gun and mount, especially
the recoil mechanism and the buffers. Each individual gun
will be found to have its own cyclic rate at which vibration
is least. Everything possible should be done to discover that
rate and try to maintain it.

W 48. Bore SiGHTING.—a. To reduce the dispersion between
guns of a firing unit, accurate bore sighting is necessary. An
empty shell with a small hole bored through the exploded
primer serves very well for bore sighting. Cross hairs should
be used on the muzzle, a ring plug or cap being made to
contain these cross hairs. If possible, the same machine
gun should always be used on the same mount and even in
this case, the bore sighting should be checked frequently.

b. In bore sighting, point the gun at a datum point by
looking through the bore. Aline the front and rear sights
at the same time by rotating the connections inside the cable
receptacles. The sight scales should now read zero. If they
do not, record the difference from zero as a bore sight cor-
rection. On the 37-mm mount, after the sights and bore
are alined, set the counters to 500 (normal).

M 49, SyncHRONIZING.—Synchronizing of all guns with the
control box must be done carefully. Synchronization should
be accomplished simultaneously for all guns immediately
after bore sighting. With all guns bore sighted and the
control box spot dials at normal, match pointer dials at
normal (300 for machine gun, 500 for 37-mm gun) and
connect all cables. Any setting on the control box should
result in a corresponding setting, plus or minus bore sight
corrections, on the sight scales. Synchronism should be
checked at least once in each direction from normal. (A
further discussion of bore sighting and synchronizing is
found in FM 4-135.)
32
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SecTION II
VARIATION IN TIME OF FLIGHT

M 50. BETWEEN SHoTts.—In ordinary firing at fixed or slowly
moving targets, slight variations in time of flight cause little
difference in the fall of the shots. With an increase in
target speed, this slight variation takes on added significance.
This can best be illustrated by a problem. Consider a target
moving at right angles to the line of fire at 150 yards per
second, At 1,000 yards range, the time of flight of a caliber
.50 machine gun bullet is 1.37 seconds. Assume that two
bullets were fired at this target at the same instant and one
of them, due to the ballistic qualities of the bullet itself or
to a loss of velocity in the gun, took 0.10 second longer to
reach the target than the other. During this 0.10 second
the target will have moved 15 yards. Theoretically, these
two bullets would have gone through the same hole in a
stationary target, but in a moving target they make holes
15 yards apart. On most automatic weapon targets, both
shots could not have been hits. This dispersion is also dis-
cernible to the observer whose eyes are following the target
and sees these two shots as 15 yards apart as they pass the
target. Such variation in time of flight causes a large dis-
persion, poor observation, and therefore poor adjustment
and a smaller percentage of hits. This is a practical illus-
tration, as a variation in time of flight of 0.1 second is
caused by a variation in muzzle velocity of 170 feet per
second. Tests of velocities of ten shots fired consecutively
from a single barrel show muzzle velocity variations of as
much as 100 f/s.

M 51. BETWEEN GuNs—a. The developed muzzle velocity of
an individual gun depends mainly upon the amount the barrel
has been worn. Available data indicate that from 3,000 to
3,500 rounds fired from the caliber .50 machine gun M2 will
cause it to lose 200 f/s in developed muzzle velocity. In terms
of bullet seating (pars. 42 and 43), if the .50 caliber bullet
seats 6 inches by the gage (3 inches beyond the index), it
will indicate a loss in muzzle velocity of 200 f/s. For this
reason, machine-gun barrels of each fire unit should be
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matched to within 1 inch of the same bullet seating. Caliber
.30 barrels should be matched even closer. The 37-mm anti-
aircraft gun barrels should be matched to within 1 inch of
each other in bullet seating measurements. If spare bar-
rels are not available, the guns of a fire unit should be fired
so as to keep the measurements of bullet seating within close
limits.

b. Although it is improbable that two barrcls showing the
same amount of wear, as determined by the breech bore gage,
will give exactly the same average velocity from a study of
the graph (fig. 10), the muzzle velocity or time of flight can
be determined with a reasonable degree of accuracy. With
new barrels and a given lot of ammunition, there is consider-
able variation from shot to shot. The average mean variation
in velocity for a group of shots normally is in the neighbor-
hood of one-half of 1 percent of the average velocity and
average maximum variation about 2 percent. Differences in
atmospheric conditions may cause the average velocity for a
given barrel and ammunition to fluctuate as much as 1 per-
cent from day to day.

M 52. EcoNnomIc LIFE oF BarRreL.—The 6-inch mark (on the
breech bore gage) indicates that the barrel (cal. .50 M2) has
been fired 3,000 to 3,500 rounds and that the practical life
of the barrel is ended. A study of gun barrels has indicated
that in most cases they are used long after they have passed
the limit of economic life, This is especially true of anti-
aircraft automatic weapons, as this loss of velocity not only
enters into dispersion but also affects observation and ad-
justment of fire and therefore is a most important factor in
the percentage of hits to be expected.

SecTtioN III
DISPERSION

B 53. TEST OF DISPERSION OF FREE MOUNT ON STATIONARY
TarceT—In addition to the dispersion caused by differences
in developed MV, other factors cause the small percentage of
holes in a sleeve target. Dispersion tests have been con-
ducted with a caliber .50 gun, M2 mount, on a stationary
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target. The hits obtained on the target and on the B-9
silhouette may be summarized as follows:

Range 800 yards, 98 percent holes in target, 43.8 percent
hits on B-9 target.
Range 1,300 yards, 70 percent holes in target, 20.0 percent
hits on B-9 target.
Range 1,800 yards, 60 percent holes in target, 10.6 percent
hits on B-9 target.
M 54. ErRrORs 1IN POINTING.—The pattern of holes in the above
target did not follow the laws of dispersion probably because
of the shift in point of aiming that an automatic free gun
will always produce. Experience has shown that in spite of
the vibration of the mount, a gunner can keep the sleeve
target in view in a ring sight that subtends 10 mils. This
indicates that the total dispersion of pointing is about 10
mils.

B 55. VARIATION IN TIME OF FLIGHT BETWEEN BALL AND TRACER
AmMMUNITION.—Paragraphs 53 and 54 do not explain all the
dispersion that may be expected when firing on a moving
target. A difference of time of flight between shots causes
an apparent dispersion when fired on a fast moving target.
A maximum dispersion of 0.10 second may be expected from
any lot of ammunition at ranges over 1,000 yards. It is
known that the time of flight of ball and tracer ammuni-
tion varies slightly at different ranges. The 37-mm ammu-
nition has no variation as all shots are tracer.

M 56. RELATIVE PROBABILITY OF HITTING.—Another point to
consider in studying dispersion is the relative probability of
hitting laterally and vertically. Although a complete dis-
persion test firing has never been made against a large mov-
ing target, the data obtained from firing at a stationary
target and the appearance of a target in the forward ring
sight, lead one to believe that the dispersion of a gun will
be in the shape of a circle somewhat greater than 10 mils in
diameter. With a four-gun unit firing at a fast-moving tar-
get and with each gun developing a slightly different muzzle
velocity, this circle would be expanded to an oval with the
longer axis in the direction of target flight. Considering the
target (crossing course) which has its greatest length in the
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direction of flight, it is seen that while hits can be made even
though an error of several mils in lateral lead exists, a few
mils error in vertical lead will prevent hits. Therefore, it is
essential to control vertical leads more accurately than lateral
leads.

W 57. SprEADING GUNS.—A study of dispersion shows how un-
necessary it is to spread the guns in order to increase the
size of the cone of fire, Spreading the guns serves only to
make observation and adjustment of fire more difficult.

H 58. Concrusions.—The study of dispersion shows the diffi-
culties in obtaining a high percentage of hits on a fast mov-
ing antiaircraft target. The difficulty of obtaining hits in-
creases somewhat if the target maneuvers., The automatic
weapon battery must limit this dispersion by understanding
the problems and by drill. Limiting the dispersion increases
the accuracy of observation and should result in more hits
per guns per minute.
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CHAPTER 5
OBSERVATION AND ADJUSTMENT OF FIRE

Paragraphs

Secrion I, Individual tracer control
IL. Central tracer control
III. Fire adjustment________ o
IV, Two-station spOtting ..o oo

SECTION I
INDIVIDUAL TRACER CONTROL

W 59. GENERAL.—Individual tracer control is a method of fire
control whereby the individual gunner points his own fire
by observing the tracer stream. As shown in figure 11, he
does this by selecting a point on the curved trajectory which
he considers to be at the same range as the target and alines
this point with the target. If he selects a point at less range
than the target, such as point b, and alines that with the
target (line gun-B), his tracer stream will actually be behind
the target. Similarly, if he selects a point at greater range
than the target, such as point ¢, and alines it with the target
(line gun-C), the tracer stream will be in front of the target.
It is only when the point on the trajectory which he selects
is at the same or very near the same range as the target that
the tracers will pass through the target.

M 60. DepTH PERcEPTION.—The gunner must select a point
on the trajectory at the same range as the target and then
aline this point with the target. Ability to select this point
with sufficient accuracy to pass the trajectory through the
target is dependent on depth perception. In exercising this
ability, the gunner is taking advantage of a number of phe-
nomena of sight which have become known to him largely
through experience. Stereoscopic vision plays an important
part, especially at the ranges under 500 yards. Other fac-
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FIGURE 11.-Tracer control.
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tors are the apparent size of the target and the amount of
detail which can be seen. Experience and training will help
the gunner to place the trajectory close to the target.

M 61. SELECTION AND TRAINING OF GUNNERS.—EXperience as a
gunner with central tracer control equipment is excellent
training for individual tracer control. During firing, the
gunner learns to visualize the appearance of tracer streams
with respect to the target. Past experience has proved that
a fair percentage of hits can be made by individual tracer
control at ranges not exceeding 600 yards. Tests made with
individual tracer control for the 37-mm antiaircraft gun
indicate that it is not a satisfactory method of control for
this weapon. For selection of good individual tracer con-
trol gunners, the battery commander must depend chiefly
upon competitive shooting at towed targets.

M 62, CoacHinGg SETs.—Individual tracer control is not con-
ducive to outside fire adjustment. <Coaching sets, signals,
and coaches beside each gunner have been tried. The fir-
ing time of a course is so short that none of these methods
have proved satisfactory. They will more than likely con-
fuse the gunner who is preoccupied with a vibrating gun,
stoppages, pointing the gun, and watching the target and
tracer streams. Any method of coaching between courses
will be beneficial. The gunner should have explained to him
that the initial leads were low, high, in front, or behind,
cr that the tracer stream went off the target in one of these
directions as the firing proceeded. If it is desired to use a
coaching set for training purposes, the platoon commander
or the most capable noncommissioned officer should conduct
the coaching. The coaching sets consist of helmet type tele-
phone headsets, one for each gunner, hooked in parallel to
the coach’s phone. The best type is the sound power headset,
as it allows the voice to be heard over the noise of firing.
The helmet tends to eliminate firing noise and helps the
gunner to concentrate on his firing and coaching.
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SecTtION II
CENTRAL TRACER CONTROL

M 63. GENERAL.—Central tracer control is the control of fire
from a central position by the observation of the tracer
stream. Such a system requires that the movement of the
sights on the guns be controlled from the central position.
The present standard equipment for central tracer control is
the automatic gun antiaircraft equipment set, M1.

It consists of flexible shafting driven from a central con-
trol box and can be used either with the M2 antiaircraft
machine-gun mount or with the 37-mm antiaircraft gun.

M 64. Equipment—The control box consists of two mecha-
nisms, one for lateral and the other for vertical sight control.
Each mechanism consists of one input flexible shaft connec-
tion, four output flexible shaft connections (four used for
machine guns, two usced for 37-mm guns), a spotting scale
with knob, and a pair of matching indexes with dual hand-
wheel drive. Data from the input flexible shaft (if used with
an oriented chart) and the spotting scale are combined by a
differential and offset the inner matching index. Operators
of the matching handwheels match the data indexes thereby
positioning the gun sights.

W 65. ApvanTAacEs.—Advantages of central control can be
seen. All of the guns shoot together as their sights are offset
the same amount. This results in a smaller cone of fire which
is easier to observe and to adjust. The lateral and vertical
leads are handled separately, giving the adjusters a chance to
specialize on one lead. The adjusters can be placed away from
the guns to avoid the smoke, flash, and vibration of the gun.
They are not handicapped by handling a gun. They can be
more carefully selected than gunners as there are only two of
them. Naturally, such an adjuster can do much better than
the individual tracer control gunner both in estimating the
initial leads and keeping the tracer stream on the target.
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M 66. RESULTS OBTAINED.—Past experience and records are
the only means of evaluating the effectiveness of this method.
These show that a satisfactory percentage of hits can be
obtained with the caliber .50 antiaircraft machine gun at
ranges not exceeding 1,200 yards. The selection of adjusters
for this method of firing must be done in about the same
manner as for individual tracer control gunners. In addi-
tion, selected candidates must be capable of studying and
understanding characteristics of leads.

SectION ITI
FIRE ADJUSTMENT

M 67. AppLYING LEADS TO CONTROL Box.—The use of central
control equipment necessitates thinking of leads in terms of
lateral and vertical angles instead of distance along a tar-
get’s course and above or below that course. This requires
a knowledge of lead characteristics. The adjusters at the
central control box must have not only a thorough knowledge
of how to estimate initial leads, but also a knowledge of how
these leads change in terms of “rate of turning” of the hand-
wheels. Instinct cannot cause them to move the tracer
stream in the proper direction without training and actual
firing. Firing at balloons drifting with the wind will help
teach them the direction and amounts to turn the hand-
wheels to accomplish certain results, but this does not teach
them the rate of turning required for a fast-moving target.
Even target practice, because target speeds are limited, gives
only basic training in this phase of the problem. A study
of the effects of the increased speed of service targets upon
leads is the only method of training at the present time for
such targets.

M 68. RATE oF CHANGE OF LEADS.—a. In connection with the
adjustment of fire, it is well to discuss briefly the task of
applying leads and corrections to the central control box.
For example, a caliber .50 antiaircraft machine gun is firing
at a 300 m. p. h. target on a crossing course. (Rm=600 yards;
H=500 yards.) COMMENCE FIRING is given at the instant the
target is 1,000 yards from the midpoint and continues until
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it is 1,000 yards past the midpoint, giving a 2,000-yard firing
course of 13% seconds, The initial leads should be: Lat-
eral=-+118 mils, vertical=-4-80 mils. The leads and rate of
change per second are as follows:

At th 1 of Rittlﬂ of Riut;s of
it . (mils) | ehange oL changoe
(sccond) Ak ! (mils/see) (milsfsce)
120 +11 478 g
1st. : sevitLsLsEe g :
2d L e e 142 +13 +73 -0
- 160 418 +66 -
e—— D ——— 85| 42| 456 =
e v 106 +12 +35 -20
[ 1] R R e S e S
Gth i e 109 +3 -12 —47
;Lh SR S R o R = 196 -3 —4( -3
S maa V 160 -5 ] -17
1] - R LA ey
170 =11 —ib —12
gth ST S s < .
s 163 —15 =81 —6
R cosssusissanus S &
11th i N i 148 —15 —R3 -
!22:]\ 137 —11 —80 +3
13th S T = e 128 ] 76 -+

b. From the above tabulation, it is evident t;ha:t the rate
of change of leads for a fast moving target varies from a
425 to a —15 mils per second rate of change in lateral lead
and from a —47 to a -4 mils per second rate of change
in vertical lead. The lateral rate of change increases and
then decreases on the approaching leg, reaching zero and
reversing sign at about the mid-point, then increasing
negatively until the 11th second when it starts decreasing
again. The vertical lead of such a course decreases, changes
sign, increases negatively until the last 2 seconds and de-
creases again,

M 69. Lac IN ApJusTMENT—Rapid change in leads, lag %n
spotting, and lag in application all tend to create a lag in
adjustment. In the problem given in paragra?h 68, tt!e
time of flicht at the beginning of the course is approxi-
mately 1'% seconds. By the time the tracers reach the
target, the adjustment made, and the corrected tracer
reaches the target, 3 or more seconds have elapsed and
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the rate of lead change has varied considerably. The ad-
Jjusters must be taught to anticipate this delay and adjust
accordingly. For example, if at the beginning of the course
the tracers appear ahead of the target, the lateral adjuster
stops his handwheel an instant and the tracer stream will
move back on the target. If he turns his handwheel back-
ward to correct for this observation, the tracer stream will
2o behind the target and he will have difficulty in catching
up again. The same is true of the vertical adjuster if the
initial lead is low. If the initial lateral lead is behind and
the vertical lead is high, the adjusters must, without hesi-
tation, rapidly increase their rate for an instant. Only a
study of rates of change of leads and experience will teach
these adjusters how long this instant should be.

SEcTION IV
TWO-STATION SPOTTING

® 70. GENERAL—It has been demonstrated that it is imprac-
ticable to adjust a tracer stream from one station unless
complete reliance is placed on depth perception. A study of
the most advantageous positions for spotters with respect to
target course and guns has been made. The investigation
showed that two spotters were required, each in a certain
fairly definite position, one to observe the lateral deviation
and one to observe the vertical deviation of the tracer stream.
Such a method of spotting is now standard practice.

M 71. MeTHOD.—The method of two-station spotting is some-
what like bilateral spotting as used in antiaircraft gunfire
adjustment. It depends upon the intersection of each line
of vision through the target with the tracer stream. The
tracer stream appears curved to an observer. The spotters
are placed on the concave side of the curve. The vertical
spotter should be on the flank of the fire unit from which
the target is coming. The lateral spotter should be in front
of the firing unit. The spotters for .30 caliber machine guns
should be about 100 yards from the unit, for .50 caliber about
150 yards, and for 37-mm guns about 200 yards. Certain
mechanical aids have been found helpful. The use of red
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glasses or filters cut out some of the excess light yet allow
the observer to see the red tracer distinctly. Red filters on
field glasses are excellent to view the tracer stream but are
inconvenient for an adjuster or spotter to use when han-
dling a handwheel or telephone. Sun glasses with red lenses
are practical aids in the daytime.

M 72. Use UNnDER SERVICE ConbpITIONS—FOr a normal target
practice set-up, one spotter is sufficient to observe latgral
deviations but two spotters are necessary to observe vertical
deviations if courses are flown in both directions. For
incoming courses, the lateral spotter should be directly under
the course of the target; either of the observers on the
flanks can observe vertical deviations. For service condi-
tions, it is contemplated that four spotters will be placed
around the fire unit 90° apart and at distances depending
upon the type of gun. As soon as the approximate target
course is known, the appropriate spotters are selected and
proper telephone connections are made to the adjusters.

MW 73. PrESENT UsSE oF SpPOTTERS.—With present equipment,
spotters are connected by telephone to the adjusters at
the control box. The spotters continually call off the sense
of the tracer stream as they see it. In reality these spotters
are coaches, as they tell the adjuster on which side of the
target the tracer stream is appearing. The adjusters apply
the initial leads and the change in these leads by their own
observation of the tracer stream. They select a point on
the trajectory and aline it with the target. They use the
spotter’s reports to verify their own observations. These
verifications from the spotters aid the adjusters somewhat
in selecting a point on the trajectory at the same range
as the target.
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TRAINING
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VI. Care and preservation of central control equip-
{170 e L e e TR -3
SectIoN I

USE OF CALIBER .30 MACHINE GUN

W 74, CALIBER .30 MACHINE GUN AS SUBCALIBER—Due to the
large amount of ammunition necessary to train a fire unit
of antiaircraft automatic weapons for both central and in-
dividual tracer control, it is contemplated that most of the
preliminary training of such units will be done with the
caliber .30 Browning machine gun, M1917. Special adapters
are being provided to mount the caliber .30 machine gun on
the M2 antiaircraft machine-gun mount or the 37-mm gun
mount as a subcaliber gun.

M 75. RaNGE SECTION TRAINING.—TFire control sections will
function as usual, adjusting fire by the tracer stream. The
use of the caliber .30 machine gun will limit materially the
ranges that can be fired. Minimum horizontal ranges
should be kept to less than 600 yards on crossing courses
and altitudes to less than 600 yards on incoming courses
in order to remain within tracer range. Lead charts for
the caliber .30 gun (ch. 7) should be studied by the adjust-
ers and used for training. Additional charts should be
constructed if necessary.

Secrion I1
INDIVIDUAL TRACER CONTROL

M 76. GenERAL.—In small-arms firing with an individual arm,
the soldier can be coached after each individual shot. Fir-
ing at a towed target or an enemy airplane introduces fea-
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tures and conditions that are difficult or impossible to repro-
duce in preliminary training; regardless of the amount and
intensity of his preliminary training, when a gunner actually
opens fire on the towed target he meets conditions that are
new to him, for then only does he see the tracer stream in its
relation to a fast-moving object.

M 77. EsTIMATION OF LEADS.—~Training should begin with
classroom work in the fundamentals. Necessity for taking
adequate leads should be emphasized from the beginning.
Every sportsman knows how difficult it is to train himself to
shoot ahead of a flying bird. The greater the desire to hit,
the stronger is the beginner's tendency to shoot directly at
the moving bird. Experience has demonstrated that it is
easier to adjust fire smoothly when the initial lead is too
great than when it is too small, Another pertinent point is
that hits on the forward part of an airplane are more destruc-
tive than those on the tail of the airplane due to the location
of the pilot, machinery, and gasoline tank. Therefore, a
cone of fire, the center of which is slightly ahead of the tar-
get, is likely to be more destructive than a like cone of fire,
the center of which is at an equal distance in rear of the

target.

H 78. MANIPULATION OF GUN AND MoOUNT—a. The gunner
should be practiced in assuming a proper position, so as to be
able to pick-up quickly, and follow smoothly and accurately,
targets in any part of the sky. Play in the mount should be
carefully eliminated and the mount should be kept well lubri-
cated to provide ease in traversing and elevating:

b. When firing at antiaircraft targets, the gunner places
his eyes so that his line of sight is about 20 inches above the
gun barrel as mounted on the M2 mount. With training, the
gunner gains intuition in pointing the gun.

W 79. INpIvIDUAL FIRING—a. Preparatory firings should be
held to instruct the gunner in the operation and maintenance
of the gun. Major emphasis should be placed on the preven-
tion and reduction of stoppages. Continuous fire is essen:
tial to successful tracer control.

b. Firings at free balloons released in a wind should then

be held.
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c. Firir}g should be held on towed targets at different ranges

?rogress_,mg from straight flight to maneuvering targets. At:

u;lst, firing should be limited to bursts of about five rounds in

Zv ich a large proportion of tracers is used, until the gunner

¢ ;g::::s;;ates his ability to estimate the initial leads Firing

en progress to longer bursts i fust

e s s in which adjustment of

d. Opportunity should be t
aken of the terrain t
the approach of unexpected targets. © simulate
¢. Guns should be separated sufficiently to enable the gun-

ner and observer isti
s {o distinguish the tracer trajectory of each

bsp. SELECTION OF GUNNERS.—q. In selecting gunners, it is
vious that good eyesight, alertness, and good physique
essential qualities. e e
b. Some of the t i
e ests which serve as a guide to selection
(1) Keenness of vision.
(2) Freedom of the eyes from sen
sit
P ivity to cold, sunlight,
(3) Lack of nervousness when
'hen sub,
P kb jected to sound and
¢. Actual firing at towed tar i
gets using painted bull -
vides the best test for the selection of gunners. S

SEcrIiON III
ADJUSTERS AND SPOTTERS

K 81, G'r?NnRAL.—Much training can be given to adjusters and
spotters in preparation for firing at towed targets. Miniature
ranges can be set up, with points along the cours;a marked i
such a way that the instructor knows the correct lead to br;
taken. At these points, he may check the adjusters who a
estimating the initial lead and lead changes. e

W 82. Stupy OF LEAD CURVES AND CHARTS—The adjuster
should have sufficient intelligence to grasp the meaning of
lead curves and charts and should be required to study them
frequently. He should be required to be familiar with th

correct leads for several type courses and target speeds, ang
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the rate of change of these leads. Preliminary training can
be given in this manner for the high speeds expected under
service conditions.

B 83. MINIATURE TRAINING DEVICE—There is great need
for a training device for adjusters and spotters that can be
used indoors throughout the year. The following device
may be constructed locally: The trajectory of one of the
antiaircraft automatic weapons is constructed to the scale of
1 foot equals 200 yards. Beads suspended by wires are used
to represent the relative position of tracers at one instant.
The target, a miniature airplane to scale, is mounted so
that it can move laterally or vertically with respect to the
trajectory. The movements of the target are controlled by
the instructor’s handwheels. By means of the handwheels,
the target is moved away (both laterally and vertically)
from the trajectory the amounts of the actual leads required
on successive positions of the target for an assumed course
and speed. The leads may be obtained from a lead chart.
Each adjuster is furnished with another control which
positions the target either laterally or vertically through a
differential. The adjuster, operating his control, attempts
to offset the deviation of the target from the trajectory
caused by the instructor’s control and keep the target in the
tracer stream at all times. The adjuster's handwheel, if
properly connected, has the same mils per turn ratio as the
handwheel on the control box. Thus the adjuster receives
training not only in spotting but also in the estimation of
the rate of change of leads and the application of adjust-
ments. A number of variations are possible. For example,
the spotter may observe and notify the adjuster who then
makes the adjustment. The effect of actual conditions may
be simulated by introducing a time lag between the spotting
and the adjustment. Small electric bulbs may be substituted
for the beads of the trajectory. By making the electrical
cireuit through a rotary switch, the appearance of the tracers
can be simulated, The whole device is enclosed in a light-
proof box. Single peepholes are provided for the observa-
tion of the target and trajectory so as to limit the vision
to one eye, thus getting the effect of ranges beyond stereo-
scopic vision.
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SECTION IV
PLATOON HEADQUARTERS AND RANGE SECTION

|

gu:t.l rfiEF;:A;'I-ﬁnt; pr?;e?t, both the antiaircraft machine
- antiaircraft gun fire units

fire control equipment, th B b o
» the central control equipment. Th
- ¥ e
?:tlrlr::x pI{Iatoon_may employ a lead computor in the near
v 5 ; ence in the table in paragraph 85, men in excess
e actual requirements of the central control equipment

are provided in the 37-m
ol e m gun platoon headquarters and

:Iost. g;:;:{xzanon. Pratoon HEADQUARTERS AND RANGE SEec-

em‘, . ATIC WEAPON-S BarrERIES —This table has been
af: ed from the pertinent Tables of Organizati

pertains to machine-gun and 37-mm gun batteries ale.";-dd?

tion, organization for both
o] mobile and semimobile batteries

Organization, platoon headquarters and range section, auto-
matic weapons batteries ,

Machine-gun battery 37-mm gun battery

T o ——

Unit Mobile [Semimobile| Mot il i
(T/0O 4-27) (10 4-197) | ('I‘/('.) 4)—38) ?’T‘Iﬁ;rﬁf}?jﬁ

P w P W P w P w

First or second licutenant . . 1 1 1 1 : -
s 1 1 1 1
Sergeant, including......__. - I
Chief ufsuul.ion......_.__.:,-: : g . - (2 ; : .
e s i semmefonaias 1 M (1
e 1
Corporal, including. __________ (l) (;) i o S 8 . .
Communieation.__________ ' ) (3 : . .
Imstrument, . 1ol w T o 4 L 5
i S 1 :
(.)hsurvur (height finder). .. ,,( o S o 0 il
Private, Istelassy, | | e freeee o - . 5
rivabi .. _}Including_.., 10 10 7 8 12 18 10
Chautfeur....___.____. : ’
Inslrumcnt“,,,.._....jn.—j ,(2) ,.,,QJ ------ e & o
Observer and spotter. . ____ ©)  (® 7 (ﬁ) (G) g; gg g; g;

Operator, telephone

......... @ @ o @ w @ W @

Total enlisted

__________ 12 12 9 10 17 23 15 20
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TERS AND RANGE SEC-
HINE-GUN PLATOON HEAI?QUAR 2
. 86-—-1\';A(;7'01‘mat10n for the machine-gun platoon h(f&dgt::;e
:;g: .and. range section of a mobile battery is shmi.vnogi)le ;]; R
: i t included in semim -
. Members of the section no '
te2ries are shown in dotted circles. (See table in par. 85.)

@@@@@

40

J\ Irf--\
@200 (@ @ O ) (0 d
headguarters an
3 i r machine-gun platoon
TRIRE 12-_Formn:;%réerzectlon. mobile battery.

Y in the
b. Duties of members of the range section are found in

i le in section V, chapter 7.. ‘ .
“ ﬂ] ;?Igmbers of the section pertaining to a mobile bhattery ar

designated as follows:

_____ vertical spotter

v UM platoon sergeant (chief gg: g: N i Bpt?;.‘t;g;

% :‘;%%Jen:)t corporal No. T.__.-- tclep{m:g gggi‘ator

o S vertical adjuster No. 8- telepho! e

_________ lateral adjuster  No. Bﬁ__-_______:__ it
V"”_:Pvertical matcher No. 10cccccaaana

4. —oo...- lateral matcher o
d. There are no chauffeurs (Nos. 9 and 10) 1Ifl a S?:[r::;r‘zobile
uection In the peace strength organization od as
:;ection. telephone operator No. 8 is eliminated. . -
' ARTERS AND RANGE -
7-mM GUN PLATOON HEADQU -
.1 81;{ —:?a Formation for the mobile 37-mm gun p}ato;rg\;mza -
; or't,ers. and range section at war strength s B i
(I}'luire 13. Personnel not included in the pca.t,e‘s i
ofganization of a semimobile section are shown in
circles. (See table in par. 85.)

@@@@@@w®@@

40
@w@@®@®06®@@@@

toon headquarters and
- n for 37-mm gun pla
BRI For:x;;tglé) section, war strength, mobile.
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b. Duties of members of the ran
drill table in section V, chapter 7.

¢. Members of the mobile S
designated as follows:

ge section are found in the

ection at war strength are

| - platoon sergeant No.8._____________ instrument
5 Bl chief of range section o B oiomnnacais g instrument
E | i O instrument corporal No. 10 -~ instrument

CC... communication corporal No. 11

________ -- chauffeur
HF____ height finder corporal No.12 . ____ -- chauffeur
NOLYomzp = vertical adjuster No.13___________ 7 chauffeur
)[R lateral adjuster No.14______ telephone operator
MNOEG o - vertical matcher o o7 (. Instrument
NOdecuciecaas lateral matcher Lo te 30 1 1 Instrument
No.b5._________ vertical spotter L A spotter
NOBecvvanzmass lateral spotter g i ;DO spotter
NOT e telephone operator

d. In the peace strength organization of a mobile section,
Nos. 13 to 18, inclusive, are eliminated.

€. In the war strength organization of a semimobile
tion, Nos. 11, 12, and 13 are eliminated.

J. In the peace strength organization of a semimobile
section, Nos. 11 to 18, inclusive, are eliminated.

s5ec-

SECTION V
RECORDS AND RECORD SECTION

M 88. GENERAL.—TM 4-235 (now published as TM 2160-35)
prescribes in general the duties of the record section and
the records required for antiaircraft automatic weapons tar-
get practice. This section is intended to supplement those
instructions.

a. The officer in charge of the record section is responsible
for the training and efliciency of the section. He is also
responsible for the securing of accurate and complete
records.

b. The individual firing units should not be required to
plot the courses and determine such important factors as
average slant range and speed of target. All this should be
accomplished by the record section and should be the re-
sponsibility of one officer. From these completed data the
firing unit has only to compute the score,
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, or
¢. Accurate plotting boards with arms of glet;:‘l;’ :rgggsm—
xylc.mite should be constructed. These boards

erable time in computing ranges.

i ill be experi-

MW 89. Use oF INSTRUMENTS.—Some difficulty Wt, e
ope at the 01 and 02 sta :
;Tcgdrxggftgﬁgﬁ: ?f:gelpzf the target makes it dlfﬂcl::lt. 1;(;
. zimuths or angular heights at the camm&.md TAK 't, 5

:f;idnﬂ telescope is used, it will usually be macess,aryi tcta seThg
a t;ase line some distance in rear of t,h(fi1 i:n;;r é); ntf;e i
necessitates offset plotting to get t,hedi auon et v
position, It also requires closer coordina
record section and the firing unit.

ization of the record section
. ORrRGANTIZATION —The organ . -
:; ggpcndent upon local conditions. A suggested organizatio

follows: "
. Officer in charge. .
; Asﬂ:istant to officer in charge—~In charge of record
; i il.
c. Communication deta
1 noncommissioned officer in charge. _ i
1 time interval operator (If no time interv T
vailable, this man performs the duties of telepl -
2perator‘at 0: and times the recording system by
means of a stop watch.)
Linemen

d. Observing detail. -
01 station 0: stati

1 noncommissioned of-
cer in charge

1 observer

1 reader (azimuth)

1 reader (angular
height)

1 recorder (azimuth
and angular height)
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1 noncommissioned of-
ficer in charge.

1 cbserver

1 reader (azimuth)

1 reader (argular
height)

1 recorder (azimuth
and angular height)

(One of the readers at
0: will be the tele-
phone operator for
the station.)

ANTIAIRCRAFT AUTOMATIC WEAPONS 90-92

e. Plotting detail.
1 officer or noncommissioned officer in charge.
1 assistant and computor,
(1) Horizontal plotting detail.
1 plotter and recorder
2 arm setters (0, and 0.)
(2) Vertical plotting detail,
1 angular height setter and slant range reader

1 horizontal range setter and altitude reader
1 recorder

I. Timekeeper's section.
Chief timekeeper (officer)
Assistant timekeepers (one for each gun)

W 91. Duries of MEMBERS OF RECORD SECTION.
of each member of the record section, organize
paragraph 90, are indicated by their titles.
may be attached during target practice seaso
boses as umpires, timekeepers, recorders,
personnel, and assistants,

—The duties
d as shown in
Other members
n for such pur-
communication

SECTION VI

CARE AND PRESERVATION OF CENTRAL CONTROL
EQUIPMENT

M 92. ConTROL Box.—a. Lubric

at long intervals, should be done by ordnance maintenance
personnel.  All moving parts of the control box are mounted
on ball bearings which are lubricated at the time of assembly,

b. The protective covers should be kept screwed on the

shaft receptacles at the control box except when the flexible
shafts are connected,

c. A steel packing chest is
control box when not in use.
d. The stiffness with which the matching handwheels oper-
ate will increase with the length of the flexible shafts at-
tached to the control bhox. Cold weather also increases the

stiffness of operation, The handwheels should never be
forced.

ation, which is needed only

provided for the storage of the
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B 93. PLEXIBLE SHAFTS.—(. The flexible shafts are sturdy in
: intenance.
truction and require little main .
cogs ';‘he covering being synthetic rubber, the shafts stho:llltz
be étored in a dry, dark, cool place. 0il is injurious to
rubber covering.
¢. Packing chests are provided for the
when not in use. ’ -
d. The receptacles at each e
clean and the protective covers screwed on ex

afts are actually in use. _
she The shafts should never be laid over a hard .sw;n'fa.ce 1‘2
it c'an be avoided. Stepping omn, or running a vehic elogep;or
shaft may be injurious to it. The shafts may be burie
ipermanent set-ups.
ser;l ‘;;mfts should never be dragged over the grom:id. i'I'l;gi
sho.uld be laid in place. Avoid making sharp bends 1n

shafts.

storing of the shafts

the shafts should be kept
s cept when the
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SECTION I
GLOSSARY OF SYMBOLS

B 94, SymBoLs.~a. The prescribed symbols used with anti-
aircraft automatic weapons are given in the list below, ar-
ranged in alphabetical order.

b. Both English and Greek letters are used as symbols and
as prefixes to symbols. The former are also used as subscripts
to symbols. Numbers are used as subscripts only.

c. The prefix d is used with a symbol to indicate a cor-
rection to the element of data. The prefix A (delta) is used
to indicate a change in the element of data.

d. The subscripts 0 and p are used with T to indicate re-
spectively the position at the instant of firing (present
position) and the predicted (future) position. These sub-
scripts are used similarly with 4, «, D, ¢, H, R, and t to
indicate the particular element corresponding to these two
positions of the target. The other subscripts used have, in
general, a special meaning, depending upon the symbol with
which they are used.

8 o Pronounced Definition
v P [ O Se es ceeevn..| Azimuth.,
W N | RS Firing azimuth,
Ao | ABUbO...ooonciiiiia Azimuth of target at instant of firing (present, posi-
tion).
Ay | A P aam Azimuth of target at its predicted (future) position.
Ae |Asubw__.____... ... | Wind azimuth,
G| Alpba......__.___....._.| Angle of approach.
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94 COAST ARTILLERY FIELD MANUAL
8 IH' Pronounced Definition
ae | Alphasubo..... Angle of approach of target at instant of firing
(present position).
ap Alphasubp...........| Angleof approach of target at its predicted (future)
position,
B Beta Wind fire angle.
¥ Chnnma Angle of dive, that is, angle between course of target
and the horizontal,
P | D iciiciaezaa--..| Blant range.
D | Dsubmassiisaa Slant range to target at mid-point of course.
D, | Dsubo._. ... _ | 8lant range of target at instant of firing (present
position).
Dy | DU Pacanaciiaoea Slant range of target at its predicted (future)
position.
AA | DeltaA...oooooeooo..-| Changein azimuth,
Ae | Deltaepsilon ... 3 Change in angular height.
AT | Delta 11 AT Change in altitude,
AR | Delta R .ocoonaaes Changre in horizontal range.
QI | @ H i creincamsbadamms Altitude eorrection,
dp | dphlcceccacees __| Quadrant clevation correction.
[ L 1] | N Sy e 'ime of flight correction.
AV | dV.ccsocmacimmnrcao- _| Muazzle velocity correction.
& Delta . —————..| Lateral deflection angle.
oL Deltasub L...........| Laterallead, (This includes lead necessary for
travel of target during time of flight.)

€ Epsilon. ... - -...| Angular height,

@ Epsilonsubo. . ... Angular height of target at instant of firing (present
position).

ep | Epislon sub p. .| Angular height of target at its predicted (future)
position.

H | Hooiiiamaneanaaaaaa| Altitude.

Hw | Hsubm... ... Altitude of target at midpoint of course,

i, | Wsubo. .......... .| Altitude of target at instant of firing (present posi-
tion).

) 5§ o PN Altitude of target at its predicted (future) position.

L i cidds i At v Distanee in horizontal plane measured from mid-
point of a crossing courso to a point on the eourse.
Positive if measured in diroction of flight.

Le | Lisubo..... Distanco in horizontal plane from midpoint of
course to present position of target (at instant of
firing).

Ly | Lisubp................| Distance in horizontal plane from midpoint of
course to predicted (future) position of target.

b7 2| B ) b e S SR Lateral defloction setting.

m Mils. ... Mils.

REVE | MY S samesasisesnmibisis Muzzlo veloeity.
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Pronounced

Phisubs ... .
Phi sub sa
R

Baubi g i,
Sigma.. .. .__.
Sigmasuba
Sigma sub ¢
Sigma ...
Sigmasub L_____

Taubo.........
Tsubp.. ... ...
R e s
tsubo_____
tsubp.

VD..

Definition

e ===

Probable error,
3.1416.
Quadrant elevation,
:upunellcva!,iun under firing tablo conditions
Superclevation under conditions actunlly kit
Horizontal range, Bl
Mlu-imulm horizontal range or range to target at
m_u]pomt of course (where a equals 90°).
Horizontal range to target at instant of firing
(present position),
Horizontal rango to tar i
4 et at its predicte v
ey predieted (future)
S[lmed of target along its path,
Air speod of target,
Ground speed of target.
Angular velocity,
Angular velocity in azimuth,
Avuuu]ur velocity in angular height,
Vertical deflection anglo.
V [t-ruca‘l l;:ml. (This includes lead necessary for
ravel of target during time of fligh HDa
el ght plus super-
Position of target.
Position of y
v target at midpoint of courso (a equals
Position of target at inst i
8 ant of firi P8O
o ng (presont
]‘Twllclml (future) position of target.
Time of flight.
m
]{mu of flight to present position of target,
Time of flight to futuro position of target,
Vertical deflection setting, .

Velocity of ballistic wind,
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SEectION II
TABLES

W 95. TimMe oF FLiGHT, 37-MM GUN, FIRING TABLE 37-AA-N-1
(EXTRACT) .
AUTOMATIC, 37-MM, M1A2
SHELL, HE, (:'EI:JM M54, WITH SUPERSENSITIVE POINT
' DETONATING FUZE
AND
SHELL, PRACTICE, 37-MM, M55
MV=2,700 {/s

["Time of flight () in seconds]

[ Altitude (1) in yards

llorlm?}{s;l | o it AR ’__
i 7 1 | 00 | 700 | 8O0
Yards | g 1 100 ! an | a0 | a0 | soo | o0 | 70 | 0
| - s | it S F— i
R T " e -
a00| o1t | 023 0.35] 0 -u-;l 0.61 | o ;: | u.::: }gd
i ; . é H2 | I . .
P 1 Jdg| 28| a8y B0 .62 7| 4 W
iy : -2'1 28 35 .44 . .66 .78 ! ol i e
o "slr‘ 8| . 52| .61 2| .88 .u{- 1.".
o ' -17 o 1 @l .70 .sof .w| L3 1.2‘;
e 60 63 67| .74 | .s0| .80 100 | 1L :
. : ; | .
S I | 1.2 1.32
73 76| .19 .84 .0 49| 1,00 120 1.‘42
i :47 wo | Lo2| .u7| resf nn| n2| 131 1'";
o 1-m ll‘llii .06 110 118 1.2:} 1,:;3 1: -:2 11:5
o=l 6| 18] v | t2a| vso) 187 ) 1454 106 e
o ll"n vas | onas| vaw| vnaa| s | onoe | 18 1,
1,000 4 ; e g
e | | : =
W 7 1.02
5 L5 1| 17| L83
| 147 1.49 1.51 1.5 ; e
. ne4| 16| ne7| n70| 175 182 LBY 12.1;: sl
g Ler| 12| tes| ne7| 292 100 2.06 -] e
o 1,99 g00| 2oz| zos! 2w 2.|f'1‘ 2.23 :;;:) e
o B ' - s a3t 241 ; :
1.5{10 2181 219 | 221 2.24| 228 |
,600_
; | 9
our| 298| 2.40| 243 247 | 252 2.80 2 ‘:.f. ; 795
< 2 'rr.' o8 | 260 203 | 267 2.2 z 79 z “, . ].5
o 2. w270 | zs| 284 288 203 2900 3 ,; 3 -
0 01 : : 7 3.2 ;
:;01?) ----- .00 | 301 | 3.03| 306 3 12 Js l;; .1 i'la : <
00 3 a3zl 6.2 3.4
92 | 323 3.25| 3.28| 3.
2,000 ... 3
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GUN, AUTOMATIC, 37-MM, M1A2

95

SHELL, HE, 37-MM, M54, WITH SUPERSENSITIVE POINT

DETONATING FUZE
AND
SHELL, PRACTICE, 37-MM, M55
MV=2,700 f/s.—Continued

[Time of flight (t) in seconds]

Horizontal Altitude (/1) in yards
range (/) s S = ik
¥ards 0 | 100 | 200 [ 300 [ 400 | 500 | a0 | 0 | soo
8.45 | B.47 | 349 | 252 | 856 %00 366 373 .82
870 | 371 | 373 | 276 | 270 | a8 | 3.00| 3.07| 4.06
396 307 3.98| 4.01| 4.04| 4.00| 415| 4.22| 43
422 4.28) 424 | 427 430 | 435 | 441 | 1.48| 4py
440 | 460 | 450 454 | 457 462 | 468 475 483
AT ATB| 470 4.81| 486, 4.89 | 4.95] noz| 500
5.05 | 506 ( 507 609 513 | 617 6.2 | 530 | b7
584 535 | 536 | 538 | 542 | 546 | ns2| seo| seo
564 | 5.64| 565( 5.07( 57| 55| 58| sss| 55
594 504 595| 597 601 | 6o5| 61| 61| 625
6.24 ( 6.25 | 6,27 631 635 | 6.41| 648 665
6.55 | 6.66 | 6.5 | 6.62| 6.66| 6.72| 679 o.86
6.80 | 687 | 6.8 6.93( 6.97| 7.03| 7.10| 717
78| 79| v2t| 26| 12| 7.5 | 7.42| 7.40
6| a2 ne | s | 76| 7er| 2w 7s
3,000...._... T84 7.8 788 | 767 | 700 | 704 | 800 | Bo6| 813
8,700 .. 8.17 | 8.17 | 8.18 | 820 | 823 | Bor| 833 839 846
B,800......._.. 8.50 | 8.61| 8.52| 8.64 | 867 | 8.61| 866 | 872| a0
8,000, 0 8.841 8.85| 8.86 | 8.88 | 8.91| 895( 0.00| p.06| 913
4000l 018 0.19 | 020 | 0.22( 9.25| 9.20| 0.94 | 9.40| 947
00 0.53 | 9.54 | 0.65( 0.57| 0.60 | 0.64| 0.68| 0,74 9.8
L 0.88 | 0.89| 9.00 | 0.02| 0.96( 0.90 | 10.03 | 10.00 | 10,16
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i ER .50 ARMOR-PIERCING M1, BALL M1
, FIRING ALIB ,
M 96. TiIMeE oF FLIGHT, CALI)BER 50 MACHINE GUN C 2 B
TaBLE 0.50-AA-E—4 (EXTRACT). M1, CALIBER, BROY TRACER

MV=2700 f/s—Continued
CER
CALIBER .50 ARMOR-PIERCING M1, BALL M1, TRA

i G [Time of flight (¢) in seconds]
OWNING MACHINE GUN —
M1, CALIBER .50 BR
* MV=2700 £/s Tlorizontal Altitude (1) in yards
range (R) (==
|
[Time of filght (1) in seconds] Yards | o | 100 | 200 | 300 {400 500 |00 [700 | s00| 900 |1,000
g Altitudo (I7) in yards S 2,100 4010 4010 402 408 408 414 422 43 442 £ 460
Horlzontn S T T S SRR 2,200 4.30] 4.30) 4.31) 4,34 4.8 .44 4.52) 461 471 482 404
8 e | 00 ll.cum 200 .| 430 4.30 4. ; ; : 52| 4, 71| 4. :
Ee o | 1o | 200 | 300 | 400 | 500 | 6oo | i R R S 2300 4,00 4.600 4.61) 4.64 468 174 482 4901 501 51| 523
oo ————— 2,400 40U 401 4,92 4.05 499 505 513 521 53] 54| 563
ool 0.1 o.23l o35 048 062 0.76 0.91] 107 1.24 ::; 2600 5220 5220 6,23 520 531 537 5.44] 552 562 572 584
B i Q. g y £ % o4 7 L02] 1L08) 1. 25 )
‘ L .61 . L " 4
18 spusne e e .1;2 :; sl Lesl s o) 112 Les 145 2,600 o[ 854 654 565 558 5.63) 560 576 5.8 504 604 615
.y R 270 .80 anl sl Leal .7a] .7 vozl La7| 188 lﬁJ 2700 ... 5.8 586 588 5.91 506 6.02 6.08 6.17 .98 636 647
300 ...0o00] 39 .":' wo| ezl . .s2| Los| now| n2afonae 1.5 2800.._| 6190 6.19) 6.21 6.24[ 6.2 0.35 642 650 6.5 6 6 6. 80
400 oo o m-; Tl mi| ezl nos| nas| ns2l oL Lo 2,000 . 6.5 6.53 6.65 .58 6.63 6.60) 6,76 6.8 6.92 7.02 7.13
S0 S04 : - 3,000 ﬂ.s?l 6.8 6.90 6,03 M?‘ 7.080 7000 78] 726 735 748
: ; 5| 1,28 141 156 L7 i
A 81 LRG L9380 1038 1, 15 i : . z S e, RTINS ES Il SRR NI i =) S (O ol (I
00 oo 76 T8 g5 voo| 107 Lao| 1.27| 1a| 152 166 1.82
700........| .89 .02 ol 1asl L] nao] r4o] 1s2| 104 178 103 100 ... 7.220 7.23 725 728 7320 798 7.45 753 761 770 7.81
800 e Lo 107 :zé Lat| 17| vas| 185 1o 1.7 Lol 206 3200 ... 7.58 7.50) 7.61) 7.64| 7.68) 7.74] 7.81 7.88] 7.06 808 817
e (5 '4‘;. 1'45 noal o2l | o181 Les| 2060 220 3,300, ..... 7.04) 7.050 7.97 8.000 .04 810] 817/ 8 24 8.33) 8.43| 8.5
1,000 ... L37) 1.40f 1.43) 1 ] | T, | SRS S I BA00 ... 8311 8.32 B.34| 837 841 847 854 862 871 880 801
—_—t - 3800 .| 808/ 8.70 872 8.75 870 8.85 8 g2 0.00) 9.09( 9.18 9,20
2 2.00( 222} 2.3
6o| 172 1.79) 188 1.98 4
i "Z', ]1'54 1.00| 1.07) 2,06 216 2.27 230 2.53 B0 .| 9.06 9.08) 0.100 013 0.18) e.24) 0.31] 0.3 0.48] 9 58] 0.0
G 1'00 901 200 216 225 235 240/ 2.58 2.72 3700 .| 0.45 0.47) 0.49) 9.53 9.58| 0.64 0.71 0.70| .88 9 08| 10,00
1.06| 1.07 2*21 2.25| 2.30] 2.7 2.45| 2.55 2.66| 2.78| 2.02 3800, .| 0.85 9.87) 0.00 0.04] 0.09] 10,05 10.12| 10.20] 10, 20| 10. 39| 10, 50
| B 2'44 247 252 250 207 270 287 a.00| 3.13 HI00_ .| 10.26| 10.20| 10.32) 10,36 10. 41| 10, 47| 10, 54] 10. 62| 10.71] 10.81! 10, 92
2.41| 243 2. : b 5 4,000 __| 10,68 1071 10.75) 10.70/ 10.84/ 10.90( 10.97| 11,05 11.14] 1124 11.36
: - 2| 2.00) 2900 3.10| 3.2 8.0 ) ot S TN DI OO SN || | _
| 200 2670 2.70| 275 2.8 ek 3.47| 3.6 -
LO0O . .- - ,2“'“ J,,,’ -“;2 2,95 3.000 3.06 3.14) 3.23 3.34] 3A7 'i:‘;
1700 .....| 2.01] 2 18| a.21| 8.26] 3.32) 340 3.40| B.600 3.72 3. 4100 . JLUL L6 11 10f 11.23) 10,28 1034 11.41) 10.49) 11, 58] 11 60| 10,81
1,800 .....] 317} 3.17 3'.,5 .48 3.58 a.50| 3.07| s.76| 3.87| 3.08 411 H,200 | 1155/ 11.50| 1063 10.68| 10.73] 10, 79| 10. 86| 11.04] 12, 04| 12 15 12,27
L900_ _....| #.44 fi.‘i" 2'7'1 '3'-,-(5 3.80| 3.86 3.04| 4.03 4.14] 425/ 4,38 4,300 .| 12.00) 12.04] 12,08! 12.13] 12, 10] 12 25| 12,32 12. 41 12, 51| 12.62] 12,74
2000 .....| 372 3.72) 3.7 3 P e 4400 12.46G) 12,50 12, 55| 12, 60( 12.66| 12,72 12.79| 12.88( 12.99] 13. 11| 13.23
AR |- e e 4,500 ... 12,93 12.97) 13,02 13.08{ 13. 14| 13.20] 13, 28] 13.37] 13 48] 13,60 13,73
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MW 97. TiME oF FLiGHT, CALIBER 30 MacHINE GuUN, FIRING
TapLe 0.30-AA-D-1. Tables of the following form will not
be found in Firing Table 0.30-AA-D-1. This table was pre-
pared from data contained in that Firing Table.

BROWNING MACHINE GUN, CALIBER .30, M1917

BALL, TRACER, AND A. P. AMMUNITION, M1
MV=2700 {/s

[Time of Might (¢) in sceonds]

Horizontal Altitude (I1) in yards
range (R) [— — L T = e
Yards 0 | 100 | 200 | 300 | 400 | 500 { Go0 | o0 | 800 | 900 | 1,000

o | oo 012 0.25 089 0.54 0.70] 0.88] 1.0 .27 1L60[ 1.76
100 : pol .22l .s2| .48 .6w) .7 .02 L10| L.30] 1.58) 178
0. .| .es| a8l .40 .52 .0a .80 .98 1.15 1.350 1.68] 1,83
300 . Caal Las) a0l ool v .ss| no6| L22| 1420 165 100
400 3 st| Lo8 Lol Lro| Lms] L8] Lag) L LA L7419
500 ool .72l Lma) .wa|l oLus| ro0) L) 14y 1620 .86 210
000, sl .89 o1 o8] Li1o| 1.24] 1420 156 175 1.08 2.23
700 ... | 1o7| LO8 111 1.6 128 141 L8 L7l 1.000 213 2.38
RO ... Lozl n2e| naal naz| nas) nel nve| 100) 2.0 2.30) 2.65
LL([| N— Lol 1620 57| el n7o] nsslonee] 201 2.2 2.49) 274
1,000 1,76 177 182 187 1.04] 2,07 219 2.84| 2.60f 270f 2.05
L100_ .. oo1 28| zos| 2.14) 220 22| 244 25| 274 208 4 18
1,200 .| 2.20| 2.300 2.35) 242 2.48) 2,58 2.70 2,85 3.000 3.18] 3.42
1,300 o sl 2500 264 2o71| 277 2.86| 2.48] 3.13) 8.28) .45 3.68
1,400 .. o.a8| 200 294 8.0 307 316] 3.28) 3.42f 3.57) 874 3 95
LE00 | 20| 3.2 3.26 332 808 3.47 359 3,72 3.87| 4.04] 4.24
1,600 . 3 nal 355 858 3.61) a0l .70 s.01] 404 410 436 4. 65
1,700 ax7| 3.8 ao2 208 404 4.3 425 4.38 4.5 4.09) 4.8
1,00 . a2 4.24) 4.27] 433 480 4.48) 4.60] 473 488 503 5 22
1,900 455l 4000 463 400 a7a 481 406 600 524 538 55T
2,000 | 405 497 noo| sos|l soa2f 52| 5.3 6.46) 561 574 5.94
2,100 . a3l 6.36) 5oa8| 44| sosel Bose| 571 B84 599 6.13 G342
2200 | moy2l 574 5.77] AK3| 600 508|610 6.2 6. 38] 6.53 6.71
2,800 ___. 6.12] 6.14] 617 623 6.31) 638 6.50f 6,63 6, 78] 6.04] 7.11
2,400 . 6,53 6660 6.8 605 6.72) 6.80 ( 7.04] 7.19) 7.36) 7.52
2,600 . soo6l Gous| 702 7.00] 7160 7240 v.86] 7.47] 7.0 TG 7.04
2,600 . 740 7.48] 7.46] 7.5a| T.e1| 790 781} 7.02( 8.05 8.23) 8.38
2,700 . 7 sl 788 7.02| oo w07 87| 826 8.30[ 8.61] 80K B84
D800, s g 1| s34 B 40| 847 855 86| 874 887 B.OO| 0.14) 0.32
2000 .| 878 881 888 895 003 0.13) 9.22] 0.35 9. 47 0.62 0.80
3,000 .| 0.200 9.20| 9.36| 0.43] 0.51 9.00{ .70 .82 9.96 10. 10| 10.28
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B 98. SuPER
oy ELEVATION, 37-MM GUN, FIRING TABLE 37-AA-N-1
GUN, AUTOMATIC, 37-MM
SHELL, HE, 37-MM, M54, WITH SUPERSII\EZII}IQ?'I'IVE POI
DETONATING FUZE -
AND
SHELL, PRACTICE, 37-MM, M55
MV=2700 f/s

[Superelevation ¢, in mils]

Harizontal Altitude
Horlsonta .. itude (I7) in yards
Yards 0 . T T T 7
o = 100 200 300 400 500 600 700 800
0 K 5 s 5 .
R 2,3 2.3 2.3 2.7
100 . : : ; ¢ & o > ' )
o ,,,,,,, :;l i 0 d 0 41 3.1 3.1 jg ?2{ g
= ;<4 3 Z 18 8.0 3.9 4.0 4.0 :1‘! L
o o r,lz 4A:n 1.6 4.7 4.7 4.8 4.8 4ln bl
ey ;';u ﬁ 3 ’» 3 54 5.4 5.5 54 '1. 7 f'ﬂ
; 6.1 6.1 2 6.2 6.3 6.4 h 5 l.'::
600 _ | 6.8 i | .
1 6.9 6.0 7.0 7
o : 2 [N 7.0 7.1 7.2 J
g ] ;z’ 7.5 7.8 7.0 7.0 8.0 ;{l Z; o
o -,:gl :;’ ;.'.; KK BN L] 0.0 1!:1 ::
o ! ; ; 08 w8 09 104 -
A 107 108 108 | 109 | a0 10| 11 l) l"l]; )
. g 2 11.4

1.9 | 1Lg| 12,0 120 [ 12 1222 12,3 12.5
. . . 4]

13.0 ] 130/ 13 1
g | o B30 3.2 133 135 w7
AW 154 | 155 185 ::? 1“ 3| M4 16| 8| 150
1,500 | v 5611561 157 | 159 16
_____ 16.8 [ 1691 169 17.0| 170 17.1 1_; 5 :f_'i :h..;
) Y 7.h 7.
1,600 18.2 :
: 183 183 184
L700. . : ; 64| 185 15
e — i‘j‘j Im. 81 1.8 199 10| 200/ 20 ; ;:!: -m. 2
190 | 2.4 214 25| 28] 26| 208 2o i
Sl s 0L 2.0 21| 22 ol ma| gss| o 22.3
! o] B MBI 2.8 200 209/ 250 “ r'f 24,0
— e SN SN N v o) 25. 5 25,8
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COAST ARTILLERY FIELD MANUAL

GUN, AUTOMATIC, 37-MM, M1A2

SHELL, HE, 37-MM, M54, WITH SUPERSENSITIVE POINT

DETONATING FUZE
AND
SHELL, PRACTICE, 37-MM, M55
MV=2700 f/s—Continued

[Superelevation ¢, in mils]

Horizontal
range ()
Yards

2100..... -

2,200...._.
2,300, ...

= \ 2.7 2.7 W7 | W7 20,8 | 26,9 27.1 204 27.3

2,400.........

2,600 ...
2,600
2,800

2,000
3,000

3,000
4,000

4,100
4,200

Altitude (IT) in yards

0 . 100 200 300 | 400 500 600 700

|
|

28.7| 28.7| 287 | 24.7 28| 200 20.2( 20.5 20.8
a8 | so.s| 30.8| 0.9 | 30 3121 314 3.7 32.0
331 331 3.1 33,2 43.3| 33.5) 33.7| 340 RER
anb5 | 35.5| an6| 856 857 359 6.1 36, 4 w7

38.0 [ 98,0 380 381 8.2 | 38.4 | 880 389 30,2
40.6 | 40.6| 40.6| 40.7| 40.9| 411 | 4.3 410 11.9
13.4 | 43.4 | 43.4 43.5 ] 43.7] 43.9) 44.1 14. 4 14.7
16.3| 46.3| 46,3 46.4| 46.6| 40.8| 47.0| 47 3 17.7
49.3 1 49.3 | 9.3 40.4 | 49.6 | 49.8| 50.1 50, 4 M8

52.4 |° 524 | 5204 s25| 527 ARO[ 533 | 536 M0
55.7| 65.7| 557 s5.8| s0.0| 56.2| 50.5) 56.8 57.2
69.1 | 50.1 50,1 50.2| 59.4 50.6 | 59.9 | 60.2 60. 6
627| 627 627 | 62.8| 629| 63.1| 63.4| 63.7 64. 1
G6.4 | 66.4| 66.4| 66.4| 66.5| 66.7| 67.0| 673 67.7

70. 1 70.1 0.1 70,2 70.3| T0.5) T0.8( TL1 71.5
40| M0l O] ™I .2 74| T 750 75.4
79| ol 770 80| 2| B4 T8T| I 79.5
82,0 | H20 | B20 [ RB21 2.3 ] B2.H | H2.8} RL2 836
86.2 | 86,2 [ HO.3| K64 BB | 868 | ST L 7.4 7.8

00.5 [ 00.5| 90.6| 90.7] 9.9 911 oL.4 | 0.7 92.1
ot.9| 050 950 051 | 053 95.5| 95.8| 962 9B, 6
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N 99, SUPERELEVATION, CALIBE

R .50 MacHIN
TABLE 0.50-AA-E-4 (ExTrACT) E GUN, FIRING

CALIBER 50 ARMOR-PIERCIN
# G M1, BALL M1, TRAC
M1, CALIBER .50 BROWNING MACHINE GUN -
MV=2700 f/s

[Superelevation @ in mils)

———————

Horizontal Altitude (I 1 :
rangn (lrf) e ————— EE '_—("')-n ynrd‘s T
Yards o | 100 | 200 | 200 | 400 | 500 | 600 | n;r;--f_ f --l~+---
ot _{ s i i , ! | 800 | 900 | 1,000
0 [ o ol ol ' T e e
s | ] ! ] ' ; (I: ! til 0 0 0 , (] 0 ]
200 2 21 2 'if 2 | 11; ]| | : :
: ‘ 2| o 2 2 2| 2 2| 3 g
{1::; 2 2 3 3 3 3] 8 3l 3 :: :
i a3 e &l A} Y &F 4
500 4 4 i 5 5 5| 5 3 : :
! I 5 | 5 il 5 5 6
600 gl o 5 !
i L3 [ 6 0 6 7 7 i
;on. 6 6 6 6 7 7 7 8 ¥ " /
Wovowwsst 2] 1 gl ‘gl g | L5 ;
x . : i 8 % 9 9l 9 9
- « { |
Loo0 | 9 o w! g n: | ; . ¥ 1 4
s e T a1 | nl az| g2 12
L1oo ! 0| 10 | 1 | ol ot r 12 ‘! 5
! ‘ ] Tho1al w4 ;
1,200 | 22| | 1) il 13 1] 13 | 1 1: If i
1,500 ‘ Bionl oy wl el ael agl 5i) B B B
i . o 5 i
1,400 I 15 15 16| 16| 16| 19 | R 4
s ol Ly R b Ak 9l 18
! l 17 ! 7)) 7] 18 | 19| 19 ' 19 20
llnl«:: | .1,-.- [ 1 W10 el .| | o J M| N o
)i 21 21 2y 2 21 22 2| m ;'s v 21
},H"u BB oW om| om| oy 2 s il .
i Bl B n 2 25| 95, oy o)
i ,':" a5 a1 ws) w| op | = l 97 z;' 1 ": ":
X @y W oa) omioeslomy| gl s I 2 | 3 il
Wiy Thon s e R T | ; ¥ ¥



99 COAST ARTILLERY FIELD MANUAL
TRACER
CALIBER .50 ARMOR-PIERCING M1, BAIJ;ngl (,} e
M1, CALIBER .50 BROWNING MACH
' MV—2700 f/s—Continued
[Superelevation ¢ in mils]
[Superelevation (IT) in mils] B o
Horizontal ) e R I e
. : | 700 | 800 | voo | 1,000
Yards | o | 100 | 200 | 300 | 400 | 500 | 600 | 700 | 8OO |
N B h i : " 0} 14
: ; 42| az| 33| 83|
awl so| 2| s : ‘ o
i g.g 3“: sl as| sa| 34| 35| 35 ::; ';!r; B
ddleceal Bl | we| ml | | & :s: | ml
el ol el B B | a A ap @ 4
s SV | wal aa| w| a] ] w8
2,500
; 49 50
wl 40| 46| 46| 40| 47| 47 ;!lt ;*s) Wl o
22‘0,3 T 40| ae| 40| so| o) o ?1 ol o) 8y
800......| 5 ss| sl s st| ss| sl b j o
o &; :; o es| ss| 8| m| w0 m; :)'L, o
ot i g1 ol 6| o2| 2| o2 | o3| @ :
3,000 % i g s Wi Wi W
e el el ; ; | ool o0
wl| oo eo| er| or| @ :
: 65| 66| 65| 6o w5 =
- 0; w| | w| w| 0} n ;? ;3 o
i w| w| w| m| al m| wi o) W) E
2t Bl ) | m| m]| wl ow® sl ow) @ 8
o gl m3| ma| 4| ma| 85| 85| 86
3,600 : : | .
; o
ga| ss| sol so| sol 0| oo} ol :J; ?w %
iy a3l o3| ea| 01| o] 5| 05 ]i;tl, ") n -
ks ¥ . ! oo 101 X )
{ a | | | L
i ::8 nﬁ i | 105 | 05| 06| 06| 107 nllz: ;]r: i
T 111:1 o | me| | | uz| nzloas| o
4,000 .. B i B 1B T
R a0 | 10| 12
s | 117 ns | ns| e | 120
w| ve| nz| n7 . 0| Aw| 4
i e 1.],5 :2.; 1":; 123 | oz | oa2a | 124 ] 125 ﬁl: r:; o
b 1'-:" 128 128 124 120 130 131 |:‘H l:;; 1-4” oty
T ;zt R I I A R Bl Hod el B
S eeeel U Sl ws | sl s 2| B s
4600 .| 11| 12| 192 | e
P . < — -
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| 100, SUPERELEVATION, CALIBER .30 MACHINE Gun, FIring
TABLE 0.30-AA-D-1.—Tables of the following form will not
be found in Firing Table 0.30-AA-D-1. This table was
brepared from data contained in that firing table.

BROWNING MACHINE GUN, CALIBER .30, M1917
BALL, TRACER, AND A. P, AMMUNITION, M1
MV=2600 f/s

[Superelevation in mils]

Altitude (I) in yards

Horizontal
range (k)
Yards

0 100 | 200 | 300 | 400 | 500 | 600 | 700 BOO | 900 | 1,000
0.0 0.0 0.0 00| 0.0/ 0.0 0.0 0.0] 0.0 0.0 0.0

.8 .8 .8 .8 .8 9 10| Lo Lo 1.1 1.3
L6 L6) 16) 1.7 1.7] L8 200 21| 2.1 2.4 2.6
25 25 26 27| 27| 20/ a1 32| 33| 8.7 4.0
36 3.6 36| 28| 390 41| 4 3] 46] 4.7| 6.1 5.5
47| 47) 48] 50| 52| 5.4 56 50| 6.2 6.6 71

60 60| 61| 63| 66/ 68| 7.0 74| 77| 8.1 8.7
7.6 75| 7.6 7.8 81| 83 86| 9.0 0.4 99/( 105
0.1 0.1 93| 95| 0.8 100/ 104 10,8 ) 1L.3 | 1.9 | 12,6
100 1109 | 11 [ 14 12,7 1.0 12,4 120 [13.5 | 14.1 | 14,9
12.9 | 12,9 1311134 113.7 [ 14.1 | 14.6 | 15,2 15.8 ) 16.6 | 17.4

16,5 | 16.8 | 16.1 | 16.5 | 17.0 | 17.7 18.4 [ 10.1 | 20,0
181 [ 18.4 [ 18.7 [ 19.2 | 10,7 | 20.5 | 21.2 21,9 | 228
20.8 (208210 21,3 | 2.6 | 22.1 | 222 23.5 | 24.2 250 269
240 | 24.0 | 24.2 | 24,5 | 24.8 | 25.3 | 25, 01267 |27.5]238.3/ 20.3
27.4 1 27,5 | 27,7 1 27.9 | 28.2 | 28.7 | 20.4 30.2 ] 31,0 | 31.9 | 329
1.4

31.1 ] 312 31, 3L.7 (820 325|332 24.0 34, 81357 36.8
35.1(35.235.4 (367|861 |3606 37.3 | 38.1 [ 38.8 | 30.8 [ 40.9
39.4 1 30.56 | 30.7 | 30.9 1 40.5 | 41.0 41.6 (425 1431 [44.2 ] 45.3
43.9 [ 441 [ 44.3 | 40.5 | 451 | 45, G 46.2 | 47.1 (477 | 48.9 | 500
- 48.8 | 49.0 | 49 21 40.5 | 60,0 [ 50.4 [ K11 | 51,0 | 52,6 63.8 | 650

53.9 1 54.2 | 644 | 607 | 55.2 | 55.6 | g0 3 67.0(57.8] 50,0/ 60,3
59.3 | 69.6 | 50.0 [ 60.2 | 60.7 | 61,1 61.7 1 62.5 | 63.3 | 64.5 | 650
65.0 [ 65.2 | 65.6 | 65.9 | 66.4 | 66.9 67.4 1 68.3 [ 60.1 | 70.3 | 71.7
70.9 1701 | 705 [ 7187 72.3 | 72,0 4| M350 76.3] 7.7
71.2 (77.8 | 77.6 | 77.8 | 78.4 70.1|79.6 | 80.5 | 81,3 | 82.5 | 83, 9

80005 .. .. B3.7 | 83.8 | 84.0 | 84.2 | 84.8 | 85.5 | 86.0 86.9 | B7.7 [ 88.9 | 00.3
27000 ... 90.5 [ 90.6 | 90.8 | 910 | 01.5 | 92.1 92.7 | 93.6 | 04.4 | 95.6 | 97.0
2800.....|97.7 | 97.8 | 98.0 [ 98.2 | 98. 6 990.1 | 99.8 [100.6 [101. 5 [102,7 | 104.1
2,900 ... _1105.2 [105.3 [105.5 [105.8 [106. 2 [106. 6 107. 4 [108.1 [109.1 [110.2 | 111.6
3,000 . [113.0 [113.1 [113.3 |113.6 114.2 1114. 6 [115.5 [116.3 |117.3 [118. 4 119. 8

NorE.—This table was obtained by multiplying ground ¢s by cosine of angular
height and is therefore approximate only.
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101 COAST ARTILLERY FIELD MANUAL

SectioN IIT
LEAD CHARTS

—Lead charts for certain courses and auto-
¢ included in this section. AS additional
tructed, they will be issued to the
however, any additional lead
be constructed locally, (See
n and construction.)

M 101. GENERAL
matic weapons ar
lead charts are cons
service. In the meantime,

charts required will have to
chapter 2 for method of computatio
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ANTIAIRCRAFT AUTOMATIC WEAPONS

102

W 102. LaTERAL LEAD CHART, CALIBER .50 MACHINE GUN

CrossiNG CoUuRrses.—See also figure 4
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ANTIAIRCRAFT AUTOMATIC WEAPONS

COAST ARTILLERY FIELD MANUAL

103
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M 104. VERTICAL LEAD CHART, CALIBER .50 MacHINE GuN, IN-

v
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W 103. VERTICAL LEAD CHART, CALIBER 50 MacHINE GUN,

CrossiNGg Courses.—See also figure 5.
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ANTIAIRCRAFT AUTOMATIC WEAPONS

COAST ARTILLERY FIELD MANUAL

105

W 106. VErTICAL LEAD CHART, CALIBER .30 MACHINE GUN, CROSS-

ING COURSES.

M 105. LATERAL LEAD CHART, CALIBER .30 MacHINE GUN, CROSS-

1nG COURSES.
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107 COAST ARTILLERY FIELD MANUAL

Gun, IN-
M 107. VerTICAL LEAD 'CHART, CALIBER .30 MACHINE
coMING COURSES.

38 I8 5
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RAYS OF PRESENT ANGULAR HEIGHT (€.) » 200 MILS

PRESENT HORIZONTAL RANGE (R.)

AMMUNITION M |
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ANTIAIRCRAFT AUTOMATIC WEAPONS 108

SEcTION TV

COMPUTED LEADS
W 108, GENERAL—The following tg

vertical leads which have been computed for Various courses
and different antiaircrafi automatie weapons. From these
tables lead charts can be constructed. (See ch. 2,)

bles contain lateral ang

75



109 COAST ARTILLERY FIELD MANUAL
ANTIAIRCRAFT AUTOMATIC WEAPONS

109
M 109. LATERAL AND VERTICAL LEADS FOR 37-MM GUN, CROSS- GUN, AUT
1nG Courses, TARGET PRACTICE SPEEDS. SH ! OMATIC, 37-MM, M1A2
ELL, HE, 37-MM, M54, AND SHELL
GUN, AUTOMATIC, 37-MM, M1A2 PRACTICE, 37-MM, M55
SHELL, HE, 37-MM, M54, AND SHELL MV =2700 f/s—Continued
PRACTICE, 37-MM, M55 -
MV=2700 £/s o [Antiuircraft leads in mils]
Bm (vds.). ; N
[Antiaireraft leads in mils] 11 (yfis.) 9,::; g:{ ',J':'“ 400 800 600 600
Sy (¥/s) . , 50 60 ‘ T)g 523 5(03 4% 600
= e G S 60
peme | de | | i
5 5 5 B 5 } rtical Ie
L!,(;,!S)')“'_ ' 60 70 0 60 60 o (N - == B h' ":"f"’ teads (a1)
T ramdealy el o .
g ; o L = 2,060 42 45 48 45 15 a0
1 T 1 1 L':'?"" 40 13 16 J 13 o 8 :;‘
By frde) —1’41:: ¥ = 4 12 42° | gy 16
—2,000 2 29 33 19 37 28 29 —1, 200 s 10 ’ 14 a | a0 | s 16
~1,800 25 31 86 21 30 30 81 i 36 10 " il , i Sl
~1,600 27 32 38 22 41 32 33 ' 36 0y 2| 3 % u
~1,400 30 | 35 | 4 25 5| 3 T 3B | 39 | I IJ a1 i 42
~1,200 3 30 15 27 9 38 30 —400 s 47 0| 0| sl 5
—1,000 36 44 1 3 54 43 44 2?_3 41 l 34 | 40 24 el
—B00 11 50 58 36 60 19 50 =20 17 l 18 20 P | o
~000 a1 57 o [ 44 6 57 5 . 4 i1 3 el s % } i
—400 55 66 i 56 7 o o8 200 B = ] sl | osg _Ii
—200 62 7 87 70 78 ! 76 ol s A B SO i e
0 64 77 90 id 80 7 78 600 =15 | - —2 , ol | =18 | oty | o
200 61 73 85 08 7 74 4 800 el e R S
400 56 65 76 o4 72 05 65 s R (R S ) B s
600 17 57 66 13 66 56 57 1200 B el ko | ser | o
800 41 19 58 36 50 19 50 1400 =4 | =8 | -2 | ;| —4 l’ il :H’
1000 a7 4 51 32 55 M 45 1’::]’" Lt A i
1200 43 10 a7 28 60 40 40 g 6 2 e 0| s | il
1400 0 | | | w| 4| | @ 200 1 8 j 1 ‘ 5| 0| 2] g
1600 20 3 10 2 14 34 34 i, x E J i '
1800 27 32 37 2 12 32 32 ——
2000 2 30 a6 21 10 81 3l
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110 COAST ARTILLERY FIELD MANUAL ANTIAIRCRAFT AUTOMATIC WEAPONS -

W 110. LATERAL AND VERTICAL LEADS FOR 37-MM GUN, CROSS- GUN, AUTOMATIC, 37-MM, M1A2
ING COURSES, SERVICE SPEEDS. SHELL, HE, 37-MM, M54, AND SHELL,

PRACTICE, 37-
GUN, AUTOMATIC, 37-MM, M1A2 MV =2700 f/sh-ggm.l rl:ﬁzz
SHELL, HE, 37-MM, M54, AND SHELL,

PRAC'TICE, 37“MM, M55 | Antiaireraft leads in mils]
MV=2700 f/s TR e P e
Tem (yds) | 600 600 | 600 {1,200 | 1,200 [ 1,200 1,000 | 1,400 [ 1.
[Antiaireraft leads in .Ti?SI_,_ - {‘i({B""};“? -;!88 ?}m ;{:}) llg]gl!' 1_(:'%, l‘(lﬁg l‘?% ]'% .% }:i(%)
I v el i [l |
! : 200 | 1,000 | 1,400 [ 1,200 | 1,200 > W WS AE | i et
ﬁ"(,s?i’:l)s) S0 | 200 | 500 |1:500 i’ﬁgﬁ }:(2133 i&‘ﬂ 1,000 'mfnu 1100 Vertical leads (o7)
Se /s | 100 | 150 | 200 | ‘mo| ‘s | 60| 150 [ 180 | 150|150 & S i SO
e I s e ‘ Ly (yds) l
Ll Taseh ) =2 000 51 71| 85| e8| 13| w6 107 o8| es| mo
T i T T 1,800 561 71 86 [ 95 99| 13| 08| o4 03| 107
ds) e | B 2 sl et o w| o w04] se| e 109
f_';."'[x;, | e8| o) 12| 17| we| n7| 15| ws| w0 —1:;00 ;’;’ jé 34' :; ’ :; r 9: 01| 8 85| o7
-1, 500 | 7| o) 15| 15| 1| a2s| ae| w2 147 o il « o o M| osf 70| 7] w0
—1,600 g3 | 80| 07| 1z | uss | we2| am | 17| 150 | s s w| w| Bl @ ouiw @ o o oW
—1,400 ss | sw| ns| st | a7z | 1at| 180 | 10 | e s il A ! ol my | 2l o8 e
—1,200 oo | o7 | wm| ower| ams | oase| sz | w0 | 12| e e sl wl B Z oea 8w el e
—1,000 w2l no| | oazz| sz | owee | oam| 200 | 84| a0 i S kR 13 % 7| au| w
—500 3| 126 | wes| 1ss | 20| 22| 1% | 20| 196 | 2m % | cbleml el ' 0 3| of -1 -
— 600 o7 | 147 | 20| wwe| 20| z2m| 200 | 22| 207 26 50 | )| | omal g —;14 =34 | 18| -2 |
—q00 | mz| we| ww| zoa| 29| 2ss| 22| 20| 27| 22 rrodll ot o - el Bl B B T
—o00 | 125 | 11| os3| zoo | 22| 200 27| 23| 220 | 228 e e e :;: =80 | ~53 | 58 | —72
0 | 120 10| 22| 20| 226 | 20| 27| 2w | 22| 2w g T T R B e e B B R
o00 | 122 | ws1| 2us| 205 | 2w | 25| 20| | 20| 223 St S el e ol M W B B
400 | 108 14| zo| ws| 24| 27| 20| 227 m3| 26 na0 | a3 | Zoe| eo| (%] o[ =100 %70 | o0
000 ot | 11| 1so| 190 | 205 | 20| asv | 22| w5 | 207 o el Buod o Bl Bt B B B
800 83| 126 | 10| 82| 106 | 20| 175 | 24| 108 | 107 el e -_—:; —03 [ —v2 | —73 | —ou2
1,000 74| 13| 55| 175| 188 | 202 | 166 | 208 | 188 | 1w9 ool o] Bt o il B B | B
1, 200 o7 | 04| 130 108 | 1s | s | 8| 203 | 181 | 1s2 1 e o ] R BT A
1,400 g2 | or| 1es| wez| a7 | 1se| s | w8 | 176 | 176 ; =2 =2 IR A g ey
1, 600 s | w2 22| as7| a7 | 14| me| 13| 170 | 1M S S T e e Whex il il it
1, 800 56| 80| 12| wsg| w7 | 80| wo | e | 16| 17
2,000 g3 | 85| 124 10| 163 | 176 | 135 | 185 | 163 | 164
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COAST ARTILLERY FIELD MANUAL

W 111. LATERAL AND VERTICAL LEADS FOR CALIBER .50 MACHINE
GUN, CROSSING COURSES, TARGET PRACTICE SPEEDS.

BROWNING MACHINE GUN CALIBER .50, M2
BALL, TRACER, AND A. P. AMMUNITION, M1

MV=2700 f/s
[Antiaireratt leads in mils]
R (yds) .. | 600 600 600 600 0 100 200 400 800 1, 000
Hyds) .| 500 | 600 | 500 | 500 | 500 [ Goo | 500 | 800 | 60O | 500
Sy (y/s)--. 10 b0 G0 70 60 60 60 60 60 60
Lateral leads (5¢)

L, (pds)
—2, 000 22 27 32 37 0 f 1 21 42 52
—1, 800 22 20 3 39 0 (] 12 23 44 54
—1, 600 24 30 36 42 0 ] 1: 24 46 57
-1, 400 26 hH 30 45 0 7 13 26 50 60
=1, 200 28 36 42 4% 0 7 15 29 63 64
—1,000 31 39 47 55 0 9 17 33 H8 68
—R00 36 44 53 62 0 11 20 38 064 73
- 600 40 51 61 72 0 13 26 16 70 79
—400 45 58 69 B2 0 20 a7 8 77 83
- 200 b 64 7 01 0 37 i) 72 B2 87
0 63 67 80 RLE] 0 72 0 7 B4 88
200 %3 04 76 KO 0 30 ] 09 82 88
400 47 67 69 KO 0 18 3 55 70 84
600 41 60 6l 71 0 14 25 45 bl il
800 35 45 h4 63 0 11 20 48 66 75
1, 000 32 40 48 o 0 1) 18 a3 G0 71
1, 200 29 36 44 52 0 8 13 30 56 67
1, 400 2 34 41 40 0 7 14 28 53 65
1, 600 26 33 30 46 0 G 13 26 50 62
1, 800 24 31 48 44 0 (1] 13 25 48 59
2, 000 23 30 36 42 0 6 12 24 47 57

80

ANTIAIRCRAFT AUTOMATIC WEAPONS

BROWNING MACHINE GUN CALIBER .50, M2
BALL, TRACER, AND A, P. AMMUNITION, M1
MV=2700 f/s—Continued

Ry, (yds
H (ﬁl.«)?fﬁf ?38 233
Se (¥/8)....| 40 | &0
|
Lo (yds)
-2, 000 44 48
-1, 800 40 45
-1, 600 37 42
-1, 400 35 39
-1, 200 33 37
=1, 000 32 37
—800 0 | 35
=600 28 33
400 23 7
=200 M| 16
0 3 2
'- ~7 [=11
400 (=11 |—16
600 |-11 [—17
800 =10 [-15
1, 000 -7 =13
L200 | —4 |-10
1, 400 0 | =5
1, 600 ] 1
1, 800 11 7
2,000 18 14

G600 | 600

500 | 500
60 70

Al it
18 51
45 19
43 17
42 16
41 46
40 45
a7 41
30 33
8 19
0 | -1
=15 |—=10
—-21 |=27
-23 (=20
_2] =l
—-19 [-25
=15 [-20
=9 [-14
. -7
ERE S |
11 7

0
500
60

Vertical leads (ar)

[Antiairerart leads in mils]

100
500
60

51

46
46

48
5l
57
62
a8
—d44
-2
—bi
—45
—a7
-20
-22
=15
-8
|
7

200
500
60

51
48
45
15
45
46
18
53
55
45
=25
=19
—49
—42
—36
-21
—14
—8
=1

81
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112 COAST ARTILLERY FIELD MANUAL
ANTIAIRCRAFT AUTOMATIC WEAPONS

112
M 112. LATERAL AND VERTICAL LEADS FOR CALIBER .50 MACHINE BROWNING MACHINE G
GuN, CRrossING COURSES, SERVICE AND TARGET PRACTICE BALL, TRACER - PU1: CALIII\?:IER .50, M2
» AND A. P, AMMU
SPEEDS. MV=2700 £, e TION, M1
BROWNING MACHINE GUN CALIBER .50, M2 = [Antinirerart leads in mils]
BALL, TRACER, AND A. P, AMMUNITION, M1 e —
| bm (ydS)
MV=2700 {/s ,;[ (yds) I';Vf:: ﬂ:{ 2:':’] 600 00 on
g S (V). 60 & | e | M [ w0 | s
[Antiaireraft leads in mils] S ) 60 100
.
R (yds). .| 6o | eoo | eon | eoo | coo | 600 | ocoo | oo —_— Vetlallude o)
IT (yils) 300 400 500 | 600 700 500 | 500 500 — st
Sy (v/S). . 60 60 60 60 60 100 150 200 Lo (yrs)
PN W N -2 000 40 14 5l "
Lateral leads (1) iy I]:G:IOK(: ::: :1: 48 52’ :g ::-:
SR SO 2= e~ N e 3! : : .
~1,400 P 5 :; :3 56 e
Lo (yds) =1, 200 n e i 54 59
—2, 000 32 32 32 32 33 52 76 101 1,000 s 5 o a7 5 o
—1, KOO 34 33 34 43 35 i 81 107 — K00 o s Vi 4 51 i
—1, 600 36 36 36 36 7 5 7 115 —600 3 5 s 15 1 e
—1,400 38 38 30 38 40 63 95 126 — 100 21 e o 10 45 52
=1,200 41 41 42 42 44 70 105 140 —200 14 18 Il?( 32 15 il
- 1,000 16 46 47 47 49 78 118 167 0 5 : . 19 % e
—B800 52 52 53 54 56 %9 134 177 200 - i T iy -1 2y g
—600 50 50 61 62 6 102 15 | 210 100 g uz':' ~18 | 19 | 33
—400 67 68 69 72 73 116 185 252 600 ol | i b ~28 | —20 [ g3
—200 kil 76 7 &) 82 131 108 263 800 —10 <ip = = 28 -33 —47
0 7 70 80 83 &5 134 197 263 1,000 ) i e T
200 74 75 76 78 7 127 190 256 1, 200 = b By e —20 | —4g
400 67 67 [} 69 il 13 174 234 1, 400 1 4 5 ; -19 | —25 | _a5
600 60 60 61 61 61 100 152 206 1, 600 " h g —14 —19 | —og
800 I 53 I ™ 54 80 137 188 1, K00 —13 4 . =8 [ weqa | gy
1, 000 47 47 48 48 40 81 125 176 2,000 sl s -1 =7 | —13
1, 200 44 44 44 44 45 7 118 171 I : 1 6 2 iy
1,400 1 41 41 41 42 7 14 | 170 - peclingpindlt L.
1, 600 30 38 30 49 10 67 110 173 ———
1, 800 6 36 38 %7 37 65 107 179
2,000 35 35 36 36 36 62 104 188
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AST ARTILLERY FIELD MANUAL
113 co ANTIAIRCRAFT AUTOMATIC WEAPONS 113
8 113. LATERAL AND VERTICAL LEADS FOR CALIBER .30 MACHINE — "
ACHINE GUN, CAL
URSES, SERVICE AND TARGET PRACTICE g IBER .30 M1917
Gun, Crossing Co BROA ,NIN e 3 aun 30 hais

SPEEDS. MV=2700 /s—Continued

BROWNING MACHINE GUN, CALIBER .30 M1917
BALL, TRACER, AND A. P. AMMUNITION, M1

[Antiaireraft leads in mils]

MV=2700 {/s Ruvasie| w6 —
i‘l ((w;:)) 300 5‘53 §'£ ;‘gg ﬂ;’ gf{m 1,388 "2{3 1.%}
[Antiaireraft leads in mils] “ o (¥/8)....| 50 100 50 100 50 i n 300 | 300
" 5 0 | 800 | 800 | 800 | 1,000 | 1,000 | L.OOO P
ﬁ"ifrﬁ?;) %00 1 %00 | 500 | 300 wo | 70 | s 0 | "0 R OL ... -
8, (yfs)....| B0 | 100 50 | 100 fi_.___; b ! i
RN S| | S . | & | =
Lateral leads (31.) _]:ﬁ ;g g,;; 2? :; ;‘: ?l - " o
it et e y . 2
| 5 - _:'g :; g: 18 68 59 60 53 $ :;;
-, s 54 | 54| 63| 45
I: z( ﬁ;} 36 o8 | 47 89 47 48 | 10 | 169 = : g 28 il - = " - o g;
o 38 72 | 49 9 49 50|60 16 | 167 o 85 50 [ 34 47 45 64 | a5 b i
—i i 40 70 | 62 09 62 5| 63 121 | 177 =50 a1 vl % 5 9 Hoe ; o
_1'.400 42 #1 54 105 56 57 | G 1?23 187 g 7 i s s o - AE
—1,200 45 BT | 5 112 59 62 | 60 135 | 109 4 29 % 1 - - u 5l Wl ow
—1,000 18 94 | 62 121 64 6 | 73 142 | 212 0 14 el " - 2| a :
—800 53 | 104 6 131 60 72| 78 151 | 226 - 3| g 7 i ; o 1]
—600 60| 7| m 141 71 | 82 161 | 241 e g 5 . 1 B
—400 68 | wr| 7 152 80 85 | 86 171 .256 e 18 |38 | oy | T | S | o 7 | 3 =
—200 4| 150 | 81 162 85 90 | 90 178 | 270 0 -10 -85 | 23 | Za| cac | o B
0 71| 151 83 166 #7 02 | o 162 79 o e B Bl e e ‘ 18 |
200 74 | 147 82 166 85 90| m 183 | 283 igio g, | g i o ol
400 68 | 138 | 70 166 81 85 | 88 181 283 o g S i Sla s |-
600 o1 | 126 | T 153 70 79 | 85 176 :aso fins i 3 % o e e
800 56 | 16| 146 i K il 27 100 ;,‘ | 5 > 5 A 8|
1,000 62 109 66 139 67 68 8 165 273 2,000 6; 3:! a“ s = 4 7 n -
1,200 49 | 104 | o2 133 03 64| 7 ursl 212 f i | = 28 4= @/ .
1,400 a6 | 103 | 60 120 60 60 | T8 156 | 275 B
1,600 44 % 57 125 51 st | 70 108 | e i . -
1,800 48] . 55 122 56 55 | 67 '
2,000 ] 53 120 53 2] o4 LT3 [
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114 COAST ARTILLERY FIELD MANUAL

B 114, VERTICAL LEADS, INCOMING COURSES, TARGET PRACTICE
SPEEDS, FIRING TaABLES 0.30-AA-D-1, 0.50-AA-E-4, and 37-
AA-N-1.

H(yds) | 300 | 300 | 300 | 400 | 400 | 500 | 500
S, (y/5) 50 [ 60 | 70| 50| 70 | 50| 70

Caliber .80 machine gun

R, (yds)
-2, 400 72 72 73 78 81 83 89
—=2, 200 63 65 67 71 75 76 83
—2, 000 57 59 61 63 69 70 78
1, 800 i} 54 56 A7 64 65 73
—1, 600 46 49 52 63 61 59 70
—1, 100 42 45 49 44 58 hé 67
-1, 200 39 43 47 47 57 53 67
—1,000 37 41 46 406 57 53 08

=800 37 41 46 45 i) h4 73
=600 39 4h 51 19 65 57 82
e L)) 46 55 63 57 77 65 04
=200 62 72 B4 66 92 70 99

0 66 o 93 G9 06 72 09

Caliber .50 machine gun

—2, 400 45 40 48 50 54 64 61
-2, 200 41 43 45 45 50 50 67
—2,000 37 39 41 41 48 47 64
-1, 800 34 37 39 39 45 45 52
=1, 600 32 35 37 37 43 42 51
=1, 400 31 34 37 36 13 41 5l
=1, 200 30 33 37 35 44 a1 52

—1,000 30 33 38 36 46 42 bt}
—R00 41 S0 41 b 49 45 58
- 600 35 40 40 41 56 49 G5

—400 42 49 57 49 68 55 75
—200 it 6 74 i3 B0 62 84
0 60 2 84 Gl K 63 89

86

ANTIAIRCRAFT AUTOMATIC WEAPONS

! 300 | 300 | 400 | 400 [ 500 [ 500
fs{((%fr:; 3% 60 70 50 70 50 70
87-mm antiaircraft gun
Ro (yds)

—2, 400 40 41 43 44 47 44 b1
-2, 200 37 38 40 41 45 43 50
-2, 000 34 36 38 38 43 42 49
-1, 800 32 34 7 36 42 40 48
—1, 600 30 33 35 35 41 39 47
—1, 400 29 32 34 34 42 39 48
-1, 200 20 32 35 34 43 39 49
-1, 000 29 33 30 35 45 41 53
—800 31 35 39 38 49 43 57
—600 a5 41 46 42 60 48 64

— 400 43 51 59 50 66 55 74
=200 55 65 75 58 79 61 84
0 63 74 B7 64 90 65 90

87
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SECTION V

DRILL TABLE

Automatic gun antiaircraft control equipment, set M1

Details

FPREPARE FOR ACTION

DETAILS, POSTS

TARGET

CEASE TRACKING

MARCH ORDER

Instrument corporal

Repeats the command and supervises work of entire
detail. Indicates position of control box. Assisted
by squad leaders of each gun, synchronizes control
box and guns before flexible cables are attached to
guns. After cables are attached, verifles tho syn-
chronization, When communication is established
with all spotters, reports to range oflicer, “*Sir, range
section In ordor.”

Has no fixed post. Repeots
the command and moves
around control box so that
he may supervise operation
of the entire section.

Repeats the command, glving such nec-
essary instructions in addition so that
the adjusters quickly pick up the
target.

Repeats the command..

Repents the command and supervises
waork of placing all equipment in proper
chests. Replaces equipment as  di-
rected by platoon sergeant.

No. 1 (vertical ndjuster) -

Removes sections of flexible cable from packing cases
and stretches cables for vertical leads from control
hox to Individual guns. Connects two lengths of
cable together if necessary. Conneets cables to ver-
tical output connections on control box. Tests func-
tioning of vertical spot knob. Sets vertical spot in-
dex to zero. Connects his telephone to fleld wire to
No. 5.

Takes post facing fleld of fire
beside vertical spot knob,

Estimates initial vertical lead and sets
it on vertical spot scale, Thereafter
changes vertical leads according to his
own observation and verification by
No. 6§ on flank from which target Is
coming.

Censes adjusting vertical leads but re-
maing at post. Sets vertical spot
Index tozero. Repeats command to
No. 5.

Disconnects vertical lead cables from con-
trol box. Replaces flexible cable in
packing chests. Disconnects telephone
and replaces tlephone as directed.

No. 2 (lateral adjuster)

Removes seetlons of flexible eable from packing cases
and stretches cables for lateral leads from control box
to individual guns. Connects two lengths of cable
together if necessary. Conncets cables to lnteral out-
put connections on control box, ‘Pests functioning
of lateral spot knob. Bets lateral spot index to zero.
Conneets his telephone to field wire to No. 6.

Takes post facing fleld of fire
beside lateral spot knob.

Estimates Initial Interal lead and sets it
on laternl spot scale. Therenfter
changes lateral leads according to his
own obscrvation and verlfication by
No. 6.

Censes adjusting lateral leads but re-
mains at post. Sets lateral spot in-
dex to zoro. Repeats command to
No. 6.

Disconnects Interal lead cables from con-
trol box. Replaces flexible cable in
packing chests. Disconnects telephone
and replacey telephone as directed.

No. 3 (vertical matcher).

Assisted by No. 4, removes control box from packlng
case and sets control box at position indicated by
instrument corporal. Tests functioning of vertical
matching handwheel.  Bets vertical matching index
to normal (300 for machine gun, 600 for 37-mm gun).
Removes proteetive covers from vertical output con-
neetion.

Takes post on seat facing ver-
tical matching indexes,

Matches Indexes of vertieal deflection
scalo and carcfully koeps them matched
thereafter.

Ceases matching Indexes but remains
at post. Sets pointer to normal (300
for machine gun, 500 for 37-mm gun),

Replaces protective covers on vertical
output connections. Assistec. by No.
4, replaces control box in packing chest.

No. 4 (lateral matcher) ..

Assists No. 3 in removing control box from packing
case and setting control box at position indicated by
instrument corporal. Tests functioning of lateral
matching handwheel. Sets lateral matching index
to normal (300 for machine gun, 600 for 37-mm gun).
Removes protective covers from lateral output con-
nections.

Takes post on seat facing lat-
eral matching indexes.

No. 5 (vertical spotier)

Receives instruction as to where his statlon will be

Matches indexes of lateral deflection
scale and carefully keeps them matched
thereafter,

Ceases matehing indexes but remains
at post. Sets pointer to normal (300
for machine gun, 600 for 37-mm gun).

Replaces protective covers on lateral
output connections. Assists No. 3 in
replacing control box in packing chest.

1t direction of course Is such that ho is

Ceases telephoning observation of ver-

Disconnects telephone. Returns to con-



Details

PREPARE FOR ACTION

DETAILS, POSTS

TARGET

CEASE TRACKING

MARCH ORDER

istrument corporal. . .

Repeats the command and supervises work of entire
dotail. Indlcates position of control box. Assisted
by squad leaders of each gun, synchronizes control
box and guns before flexible cables are attached to
guns. After cables are attached, verifies the syn-
chronization. When communication is established
with all spotters, reports to range officer, **Sir, range
seetlon in order.”

Has no fixed post. Repeats
the command and moves
around control box so that
he may supervise operation
of the entire section.

Repeats the command giving such nee-
essary instructions in addition so that
the adjusters quickly pick up the
target.

Repeats the command....... . .

Repeats the command and supervises
work of placing all equipment in proper
chests. Replaces equipment as di-
rected by platoon sergeant.

0. 1 (vertical adjuster) .

Removes sections of flexible cable from packing cases
and stretches cables for vertical leads from control
box to individual guns. Connecls two lengths of
eable together if necessary. Connects cables to ver-
tical output conneetions on control box. Tests func-
tioning of vertical spot knob. Sets vertical spot in-
dex to zero. Connects his telephone to field wire to
No. 6.

Takes post facing fleld of fire
beside vertical spot knob.

Estimates initial vertical lead and sets
it on vertical spot scale. Thereafter
changes vertical leads according to his
own observation and verification by
No. b on flank from which target is
coming.

Ceases adjusting vertical leads but re-
Sets vertieal spot
Repeats command to

mains at post.
index to zero.

No. 5.

Disconnects vertical lead cables from con-
trol box. Replaces flexible cable in
packing chests. Disconnects telephone
and replaces telephone as directed.

[0. 2 (1ateral adjuster) .

Removes sectlons of flexible cable from packing cases
and stretches cables for lateral leads from control box
to individual guns. Connects two lengths of cable
together if necessary. Connects cables to lateral out-
put connections on control box. Tests functioning
of lateral spot knob. Sets lateral spot index to zero.
Conneets his telephone to field wire to No. 6.

Takes post facing fleid of fire
beside Jateral spot knob.

Estimates initial lateral lead and sets it
on lateral spot seale. Thereafter
changes lateral leads according to his
own observation and verlfication by
No, 6.

Censes adjusting lateral leads but re-
mains at post. Sets lateral spot in-

dex to zero. Repeats command to

No. 6.

Disconnects lateral lead cables from con-
trol box. Replaces flexible cable in
packing chests. Disconnects telephone
and replaces telephone as directed.

Jo.3 (vertical matcher).

Assisted by No, 4, removes control box from packing
case and sets control box at position indicated by
nstrument corporal. Tests functioning of vertical
matching handwheel.  Sets vertical matching Index
to normal (300 for machine gun, 600 for 37-mm gun).
Removes protective covers from vertical output con-
nection,

Takes post on seat facing ver-
tical matching indexes.

Matches indexes of vertical deflection
scaloand carefully keeps them matched
thereafter.

Ceases matching indexes but remains
Sets pointer to normal (300
for machine gun, 500 for 37-mm gun).

at post.

Replaces protective covers on vertical
output connections. Assiste¢ by No.
4, replaces control box in packing chest.

lo. 4 (lateral matcher) .

Assists No. 3 in removing control box from packing
ease and setting control box at position indicated by
instrument corporal. Tests functioning of lateral
matching handwheel.  Sets lateral matching index
to normal (300 for machine gun, 500 for 37-mm gun).
Removes protective covers from lateral output con-
nections.

Takes post on seat facing lat-
eral matching indexes.

Matches indexes of lateral deflectlon
seale and carefully keeps thern matched
thereafter.

Ceases matching indexes but remains
at post. Bets polnter to normal (300
for machine gun, 600 for 37-mm gun).

Replaces protective covers on lateral
output connections. Assists No, 3 in
replacing control box in packing chest.

fo. 5 (vertical spotier)

Receives instruction as to where his station will be
loeated. Secures hig telephone and tests it.  Takes
end of a field wire from reel and proceeds 1o his sta-
tion, unreeling fleld wire as he proceeds. Connects
his telephone to fleld wire and tests communication.

It direction of course Is such that ho is
tho vertieal spotter, observes firo with
respect to vertienl leads and telephones
his observations to No. 1. Otherwlse
none.

Ceases telephoning observation of ver-
tical leads.

Remains at post.

Disconnects telephone. Returns to con-
trol station. Winds up field wire on
reel.  Replaces telephone as directed.

‘0. 6 (lateral spotter)

Recelves instruction as to where lateral spotter will be
located. Secures his telephone and tests it. Takes
end of a field wire from reel and proceeds to his sta-
tion, unrecling field wire as he proceeds. Connects
his telephone to field wire and tests communication.

Observes fire with respect to lateral leads
and telephones his observations to
No, 2.

Ceases telephoning observation of lat-

eral leads.

Remains at post.

Disconnects telephone. Returns to con-
trol station, Winds up field wire on
reel. Replacestelephone as directed.

0. 7 (telephone opera-

tor).

Connects telephone to line laid to platoon headquar-
ters from battery heatlquarters. (In target practico
set-up, the telephono operator is utilized as an addi-
tional vertical spotter on the flank opposite No. 5.
In this case, his dutles are the same as for No. 5.)

N wmasssassnas T e
14 [ R T e S
NONG. . ccccccisnnncncacananss.

1f direction of course Is such that he is
the vertleal spotter, observes fire with
respect to vertical leads and telephones
his observatlons to No. 1. Otherwise
none.

Ceages telephoning observatlon of ver-

tical leads,

Remains at post,

Disconnects telephone. Returns to con-
trol station. Winds up field wire on
reel. Disconnects platoon headquar-
ters telephone. Replaces telephones as
directed.

23997740 (Fuce p. 88)
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FM 4-115
c1

COAST ARTILLERY FIELD MANUAL
ANTIAIRCRAFT ARTILLERY

OPERATION OF MATERIEL AND EMPLOYMENT OF
PERSONNEL, ANTIAIRCRAFT SEARCHLIGHT UNITS

C'HANGES WAR DEPARTMENT,
No. 1 Wasnineron, JuLy 15, 1041,

I'M 4-115, June 20, 1940, is changed as follows:

B 1. Scope—This manual * * * Drills and instructions
given pertain especially to the later types of matériel, but
may be applied with slight modification to all matériel of

searchlight units,
[A, G, 062,11 (5-2-41).1 (C 1, July 154, 1941.)

B/ 9. Sounp Lac—Sound travels * * * At 30° F. this
relocity is 1,083 feet per second, and at 100° F. it is 1,160
feet per second. The velocity changes * * * lag time in
seconds.

[A. G, 062,11 (5-2-41).] (C 1, July 1B, 1941.)

W 70. Arc LoAD VOLTAGE ADJUSTMENT.
* * * * * *® *

¢. The power plant * * * The engine automatically in-
¢reases speed to 1,200 revolutions per minute when the are load
is applied, and decreases to 875-900 revolutions per minute
when the are load is removed. Are load * * * for tem-
perature variations,

[A. G. 062,11 (5-2-41).] (C 1, July 15, 1941.),

B 71. MANUAL CONTROL.
* * * * * * *
¢. With throttle ((11), fig. 12) set at listening speed (900
r. p.m), t]u_a are should be struck and at the same time the
throttle adjusted to obtain the correct arc load speed of 1,200
evolutions per minute, Satisfactory * * * in paragraph
0.
L * * * L] L] L
[A. G. 062,11 (5-2-41),] (C 1, July 15, 1941.)
B &4 NorMAL SeT-Up For LATER Mobmr, SEArRcHLIGHT UNITS.
* * * * - * -
¢. When a little-used road pointing in the direction of the
target’s expected approach is available, the equipment may be

327641°—41
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located as shown in figure 19® . The equipment * * *
if practicable.
[A. G. 062,11 (5-2-41).] (C 1, July 15, 1941,)

B 85, NorMAL SET-UP FOR OLDER MODEL SEARCHLIGHT UNITS.
* * * L L] L ] *

¢. As with the later models, when a little-used road is avail-
able, the unit may be set up as shown in figure 19 @.
* . *

* * L L]
@ Unlit along a road.
* * * L] L] » L]
Fiaure 19.—Set-up of antiaircraft searchlight units,
L] » ® L] L L »
[A. G, 062,11 (5-2-41).] (C 1, July 15, 1941.)
W 97. ORIENTING IN AZIMUTH ON DISTANT POINT,
* * * L] L] L] -
b. The details of the operation follow:
* *® * * L] L ] ®
(2) Sound locator, M2,
® * * * * ». -

(/) Push down declutching gear ((9), fig. 6) and rotate the
parallax cam (8) until the arrow on top of the cam points
directly at the searchlight. Then remesh the gearing.

* * * * * * =

[A. G, 062,11 (5-2-41).] (C 1, July 15, 1941,)

W 112, CompPoSITION.—a. The antiaireraft searchlight battery
(T/0 4-18) consists of a battery headquarters section, a main-
tenance section, and three searchlight platoons. The search-

light platoons are the tactical units of the searchlight defense.
* * * * * * *

[A. G. 062,11 (5-2-41).] (C 1, July 15, 1941,)

M 116. ComposiTion.—The searchlight section consists of
* * * power plant, and vehicles. The mobile section is
organized as follows:
* * * * * * *
¢. The searchlight squad consists of the searchlight com-
mander who acts as the control station observer, and Nos.

* * * L] * * »
8. Operator, power plant, and chauffeur, truck No., 2.
- * * * » L] L]
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10. Basic, assistant to No. 8. No. 10 rides in truck
No. 2.
Nore.—Reseinded,
[A. G. 062,11 (5-2-41).] (C 1, July 15, 1941.)
N 130. Scope.—This section and the drill table (ch. 8) out-
line a drill for an antiaireraft searchlight section (T/0 4~18).

[A. G. 06211 (5-2-41).] (C 1, July 15, 1941.)

B 131, PREPARE FOR ACTION.
* * * * & * *

e. Truck No. 1 * * * to the locator. No. 2 removes the
pantograph from its case and connects it in place on the locator.
Under the supervision * * * other lights (fig. 27).

* * * * * * L]

f. No. 8 drives truck No. 2 to the indicated power plant posi-
tion. Under the supervision of the searchlight commander, Nos.
3, G, 8, and 10 unload the power plant and place it in its operat-
ing position. No. 8 removes the automatie rifle from the truck
and places it in a location convenient to the power plant operat-
ing position. No. 10 remains at the power plant, holds the
yellow eables when cables are unreeled, and then connects them
to power plant.

* * » *+ * * -

j. The searchlight commander returns to his post at the con-

trol station, and No, 8 drives the truck to a position on the road

near the searchlight and awaits orders.
[A. G, 062,11 (5-2-41).] (C 1, July 15, 1941.)

N 132. ExAMINE EQUIPMBNT.
* * ® ® * * *

b. Nos. 1 and 2 examine the locator * * *  Nos, 1 and 2
then examine their helmets for proper fit and adjustment.
No. 2 checks cut-out switch which reduces the noise caused
by the hum of the data transmitters.

* * * * * * *

d. The searchlight commander * * % in the proper direc-
tion. Me assures himself that the buzzer between the con-
trol station and sound locator, and the buzzer between control
station and searchlight operate satisfactorily.

* * * * * * *

¢. No. 8 (power-plant operator) drives truck No. 2 to the

parking place designated by the chief of section and insures
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that the truck is concealed from ground and air observation.
He examines the power plant, * * * i3 on hand.

h. No. 9 drives truck No, 1 to the parking place designated
by the chief of section, and insures that the truck is concealed
from ground and air observation. No. 10 proceeds to truck
No. 2 where Nos. 8 and 10 inspect the trucks, seeing that the
supply of gasoline, oil, and water is correct, and that the trucks

are in proper operating condition.
* * * L] L * *

[A. G. 062,11 (5-2-41).] (C 1, July 15, 1041.)

M 136. IN AcrioN.—a. The command 1N ActioN i8 given by
the chief of section (or received over the phone from the platoon
command post), who signals the searchlight commander by a
prearranged buzzer signal. The chief of section continues to
supervise * * * to the searchlight commander.

b. The searchlight commander repeats the command 1IN
ACTION, signals No. 7 by a prearranged buzzer signal, and
causes Nos. b and 6 to commence an immediate search for the
target, using their respective handwheels. He observes
* * * qyup the target.

¢c. Nos. 1and 2 * * * on the mirror.

NoTE.—Resecinded,

* * * * * L] L
A, G, 062,11 (5-2-41).] (C 1, July 15, 1941,)

N 139. MArcH ORDER.
* * » * * L] L]

f. When truck No. 1 starts for the locator position, truck
No. 2 ig moved to the control station position by No. 8, where
he picks up the searchlight commander and No, 6, and then
proceeds to the locator position. At the locator * * * by
means of the hold-down devices.

* * * * » * *

i. The searchlight commander posts No. 10 as automatic rifle-
man in the rear of the truck body. The searchlight commander
and Nos. 3, 4, 6, and 8 enter the cab, and the truck takes its

place on the road behind truck No. 1, ready to move.
L] * * L] * - L]

[A. G. 062,11 (5-2-41).] (C 1, July 15, 1041,)

M 140. DRI, FOR SEARCHLIGHT SECTION, Mosme, WaR

STrRENGTH.—Rescinded.
[A. G. 062,11 (5-2-41).] (C 1, July 15, 1941,)

4



CHAPTER 8
DRILL TABLE
Drill of the searchlight section

BTAND BY

XAMINE EQUIPMENT

CHANGE TARGET

IN ACTION

MARCH ORDER

TRACK

ouT OF ACTI

etuils |

REST

Chief of seetion (wlso | Commands: Commands: AMINE EQUIP- | Afterreporting “Inorder,” | Givesorrepeats: STANDBY | Glvoa command: | Repeatsor glves command.] Repeats or gives command by | Repoeats or gives com- | Repeats or gives commiand: MARCH
sound loestor et | TTON. T MENT. vises oxnm nation of it no warni [0 tongel that all menibers of TRACK, to sound lo- Causes  sound  loeator voice or signal.  Continues mand by voiee or ORDER,  Bupervises  knocking
and in charge of loeator, eul = cquiptie capecinlly that of sound has been  recelvi ‘Elll are  alerted uull at eator squad when thoy crow to point loeator in to supervise loeator crew as signal.  Canses lo- down and loading of sound locator at
tritek No. 1) and power | o parking plaee | Joeator squids, Directs orientiog and eommands: R their  posts. Bupervises report  “On  target,” direotion of new target, they track targel, Looks for eator erew to con- locntor position; of control station at

for the 2 Conduets frock ‘ synchronizing of equipment. When tadls one Hsten preparations Lo go into ac- When ho estimates that It new target is not al- target and reports il Hinn- tinue tracking tar- contral  station  posit ad of
wigipient s fonnd eorr ol orie tele, thon.  When reports from the most time [ ready i d,enuses | tion or Mlicks to searchlizht getuntilanow target | senrchlight at lght position,  Checks

wdvaneed lstening post or for going Into setion has

rernandn on the plert. Ar- commander, Hot I8 nsslgned  or to see that all hold-down deviees In

oo pleled, e di

phatoon commuand post come

artived, he reports Lo the

porsonnel to search for
ond pick up target in

| Lo contral posi- | ¢ operator (No. 4) W orepeort, ranges for relief of men | REST (s given. truck No, 1 are properly fastened.
supervises unloading amd | N e orcler, on duty at hourly or half- in, direets logator in proper commend  post, “'No, usual manner, | ‘When all equipment has beon seeured
| wtting up eontrol and o | Nore—Pamllax corrections are des hourly intervalg, Shares direction and directs locator e pondy," 1 in traveling position, he gives instruc-
I sound leeator posit termined aned sl on the aconstie eor- | watehes with searehlight crow to search.  Estimates i tions ns to next move Lo searchlight
sunloading and setting npsound  eeetor at this time. | commander, speed (o receives from com- l communder (who is in eommand of
l nentor. Assures himuelf the bugzors operate. mand post the estimated | truck No. 2) and causes crews to get
speed) of target and gives it | on teucks,
‘ to acoustie corrector oper- t
ators, Reports “No, ———
] on target,” when target has
¥ been definitely loeated by
| | listeners,

;-z:ruhil;:hl oo ‘ Hopents command,  Supervises ane | Sapery s examination of searehlight, | Repeats commund. | Repeats command of chief of | Hepeats command und | R nlpu ts command, | Repents command of chief of | Repeats of | Repeats d. Is picked up by
mander (ulso con- | onding of power plant al po ation, I power plan Shares  watches  with setion,  When power is on eauses azimuth and elo- Causes erew of control [ section -_nd signals No. 7. ehief of section and truck No, 2 and taken to sound lo-
ol “atadlon: et ! position. Superviie ay g . Assists i orlenting and chief of snation, ! all T and hlight, vation o con- station to eonter zero Causes Nog, Sand 6 to com- signals Nn,'.'-,(!num; cator position, Supervises pleking up
il in charge of | ne of power (yellow) synehronizing searchlight and con- | eontrol station, and power Ler zero rondors contin- roader pointors, thereby mence ao hmmediate search contral station crow of sound  locator-searchlight (l-}um
truck No, 2). I feom power pland posttion to sed on from searchlight. s + plant are rendy for action, he uously. poiuting light In diree- for target, using their rospee: Lo continue tracking cablo and control station searehlighit

light gw s Supervises power put on and tests functioning reports * Light standing by" tlon of new target. If tive hundwhees. Observes target until directod (rod) cable by truck No. 2. Super-

| and connecting of wht sound of distant eleetrieal control aud zero ti ehief of seotion. When target is not already il light benrn though binoeu- otherwise, vises picking up of scarchlight power
b Jocator (hlued eahl 1 searehlighit render system,  Assures himself the “NO, —==~ on targt” has Juminated, he searches Iars, Calls *Data’* when ha plant (yollow) eables by truck No, 2
| eonteol statlon (red) eable. e buzzers operate. W hien corect he I been reported, he muses for it and pleks it up In wishes Noa, 5 aud 6 to contor supervises londing of power plant i
wevils (o eontrol reports Searchiipit and control sta- elevation and aelmuth con- tho customary manner, zovo readers exaotly.  When truck Checks to see that hald-
tion In order™ o the ehiel of seetion. | trollers to direet soarchlight the target Is flicked, ho com- down deviees are fastened, Canses

by means of distant clectrie
eontrol, so that polaters of
eero reader system are ol
tinuously centered,

mands; FLI and takes
over operation of control sta-
tion, following target until
out of pange or nntil directed
wtherwlse,  Fle carries target
in side of light beam closest
to gun battery firlng. If
command IN ACTION 5 re-
eeived before sound locator
s on target, he senrches near
intersoction of other beams
until target is Mumisated or
locator 13 on target,

men assigned to ride in truck No, 2t
take places on command from chief of
section.  Confers with ehief of section
08 to next move of unlt,

R T Y, s RERTER TN o o i B e —— R e L e S R 4 -
:Jn:m_h—ll;m i Assist in unloading erify Jevel of loentor, functioning of | "Tako turns on duty e lis- [ Take posts and put on hel- | Track target, centering | Cease teacking old target | Nos, | snd 2 continue to track | Nos. 1 and 2 continue | Assisted by Nos. 4 and 9, knock down
e SHA0E. searchlight, control elovating  and  tray i meehi- tener, Muon on duty re- mets,  Maove locator horng sound by means of hand- and point loeator in di- target. Lo track target. and load sound loeator. No., 1 veri-
e l". 12; Ride sonnd locator frd roek No. Lo No, i and assist foorienting loeator, muins alerl, either on s direeted by chiel of seo- wheels. No. 1 gives chiel rection of new target, as fes that locator parts are properly
::o::'ur:“;,-,,_'-l_ 1 gonneets blue cably to loeator, No. eat helimets foe condfort and tit, sud lm:uL:‘hr or in immedinte tion.  When definitely on of section, In low voice, directed by chief of soe- fastened by hold-down devices, As-
2 removes pantograph from box and ake sure that they are connected vielnity, On eling target, No. 1 reports “On such dotails as to num- tion, Liston for, pick sisted by Nos. 4 and 8, knock down

places it on sound locntor and drives
atnkes to show direction to OP'sand

ather four searchlights of the pla-
Livom.,

progerly  (not  reversed). Ne. 2
chechy cut-out awitch which reduces
naiwe from the data transmitters,

presence of aircraft he
notifies chief of section,

target” to ehief of section,
No. 2 pushes button ((31),
fig. (200} ta decreass A, ',
hum,

bers and typos of planes
und directlon of flight,
a3 he may deteriming
from thme to time, No,
2 releases button on lo-
wator o that data trans-
mitters will aperata at
full voltags,

up, and track target (by
sonne) in nsual manner,

and load contral station. Assisted by
Nos. 4, 5, 7, and 0, knock down and
lond senrchlight.



oorredt
Na

ACCHTEN
aperitor,

LB
vides in truek No.

places it on sound locator and drives

utakes 1 «direction to OF'sand
other rhlights of the pla-
toon.

Vusiste in nnloading power plant froin
trick No. Auslsted by N
mioves power eable (yellow) reel to
rear cid of triek.  Pays out eables
as truck goes from power plant o
seorchlight,  Assisted by No,
mioves Hght locetor {blued and light
control station (red) enble reels (o
rear end of truck. Pays out blue
eable as truck goes from light to con-
trul station and loeator.

s

properly (not  reversed).

noise from the dats transmitters.

N3 ehecks (unetioning of aconstic
vurreetur, wsdists norlenting by wero-
g paralloy and target spocd sealos
atel sighting on data point. After
orienting and synchronizing hive
been comploted, sets in parollax cor-
rection,

No. 2
cherks cut-out switch which reduces

presence of oircralt ho
notifies chiof of section,

Takes turns an duty as
Hatener.  Mun o duty
remains alert, either on
loentor or In Immediate
vicinity,  On detecting
preseniee of aireraft, he
notifies chief of seetion,

Telephone vperator,
No. 4; rides
truck No. 2.

Arimuth eontroller.
atlon eantral-
Now. 5 and 6;
Ride in truck Nos.
1 and 2, respec-
tively.

! Leaves truek No. 2 on arrival at posi-
tion and goes immediately 1o tele-
phone wire connection. Connects
telephone and places it near sound
loeator,  Caolls platon eontmand
post to see that telephone line s fune-
tioning.  Keports conditlon of tele-
phone line to ehief of section as soon
as he arrives at locator |)0:Il1(=ll

functioning of telephone with
platoon comnmand post,

Kemaing at phone until
relieved.  Watehos for
uppearanee  of  other
searchlights.  Repeats
messnges to chiof of see-
tion, Iunforms chiel of
section of appenranes of
adjncent searchlights in
netion,

target” o chief of section,
No. 2 pushes butten ((31),
flg. (M) to decrease A, O,
B,

Takes post at aeoustic evrree.
reetor nnd gots In estimated
speed of target as reeeived
Tromn ehlef of sectlon,

Repeats command and stands
by for further telephone
INESENReS,

N ts o unloading and settin
up senrchlight.  Assisted by No

and 2 unloads and sots up eontr
station,  Removes automatie rit
from truck und places it in conyon-
fent |m:«l||(m near control station.
Rem
neets red ml
| l\u 6 nasists in unload
wer plant,
low eable reel (o re
ng off yellow cables as
from power plant to
Assista No. 3 in moving blug

light,
and red eable recls to rear of truek,
Pays out red coble as truck moves

from light to control station,  lte-

\ mining at eontrol stution,

Nos. hand 6 together ummino control
station and test distant electrie gon-
trol by clevating sud  Umversing
searchlight, o th nssist the search-
light wmmander to orlent and syn-
chronize the control station and
seurchlight.  After entire unit hns
been otiented and synehronized they
verily that moven of nzimuth

o handwheels produce

tof the zero reador neodlos

in proger direction,

No. 5 tukes automatio
rifle o telephone oper-
ator's post,  (Thore it
will be fired by whoever
is on duty at thme of
attack.)  Both Nos, 5
and 6 take turns in re-
lieving telephone oper-
ator as direeted by chief
of seetlon.

"l-'ucmlgh!uluu.-r
No. 7; rides in
truck No. 1.

Power plant operator
und chuuffear, No.

2 truck. No. 8.

Chauileur,  No.
truck. No. 9.

un.llt. ansistant

in truck Neo. 2.

to | Auwists in
No. 8, No, 10;vides |

Ly |\lum|-1 senrchileht lmm truck No. 1,
nesisted by Now. 1, 2, 6, and 9. Sets
||g,n|n-ll\ ol seare I|i|;.hl: nssisted by

cand 0. Uonnec

Exariines sourehlight and verifies eloe-
trical emneetions,  Hees thot fresh
carbans (positive with preformed
crater) are In place in light mecha-

bl ml rod cablos, Ro . nism. Verifies that spare carbons
tended hand eontrol from truek. are onhand.  Assists inorienting and
Prepares  searchlight  for  action. synehron If allowable, tests
Procures wina ma- | Jight by turning on are,
terlnls, NOTE~In many situations it

R

wise 1o test light meehsmism by

ing on are ut lght position. This dif-

fleulty may be overcome by covering

front of light with tarpaulin, picee of

eunvas, ele.

Vorifies that extended hand control Iy
cloge to light and ready for netion,

Diriver truck to power plant position.
Assigted by Nos, 3, 6, aud 10, unloads
windl places power plant in tion.
Removes antomatie rifle from track
and pla In eonvenlent location
near power plant, Drives truek suc-
cesaively (o searchlight, control sta-
tion, and locutor positions, laying
cables en route.

(N !)rl\t“il.rll\k tu|mn|llnun1m\lm for
| searchlight, control station, and lo-
entor.  Asslsts In unlonding light

| and sound loeator.

unloading  power  plant.
Holds ends of pawer (yellow) cables
while they are heing laid 1o light.
Connects power cables to power
plant.

nee pb)

Dirives truck (o indlented parking posi-
tion. Sees (hat truck is properly hid-
den from uir or ground obuervation,
Proceeds (o power plant, where he
sees that gasoline, oil, und water
wupply is correct, Starts inotor and

builidgup voltage torequired voltage.

NoOtE - See Operator's Manual for
eorrect procedure. If permissible, the
suarchlight is lighted (0 make the
necessary nljuumn-nul.

| l||Iuﬂ:l:rkhuu-lwnud|n|rk| uum-d |

tion, Cheeks on truek to see it hns
anple ras, 1 water, and ls In
proper operating eonclition,  Sees
that truek 15 adequately hidden from
alr or|m||n:| observation.

wus, oll, and water, and is In proper
aperating eondition,

o truek to see it has mlluh |

Turng off are, if on. Re-
lieves No. 8 at power |
plint as directed by ehief
of section,  Fires auto-

matle rifle {f attack ove-
enrs while on duty dur.
g rest poriod.

Opens switches and shuts
off motor.  Takes turn
with No, 7on duty dur- |
ing rest period, Mans |
automatie rifle if attnck
weeurs at the time.,

Nos. 6 and 6 stand at thele
posts awalting ordes,

Btands h) at post slagside
searchlight, Notes that valt
meter rends proper vatage,

Hinrts motor, bullds up vlt-
age to proper no-load value,
closes switches, and rports
“Power plont ready’ to
searchllght commander,

und direction of fight,
ns he may determine
from time to time. No.
2 releases button on lo-
Cator 8o that data trans-
mitters will aperate at
full voltagn,

Operates nooustic correce
tor 80 as L0 Keep puntos
eraph pointer canternd
in eross on mireor.

Stands by fur further mes-
SARES,

Nos. § and  continuously
center wro readers by
turning azimuth and el-
ovation handwheels in
proper direction.

bers and types of planes

up, and track umieﬁhy
sonnd) in usunl manner,

Upemes nmu!tlc eorroe-
tor In usual maooer py
800N NS pew target i3
pleked np by listeners,

Repeats command and
stands by for further
miessages.

Continues 1o operale nmusllw
eorrector by Keeping panto-
graph pointer ln center of
cross on mirror.

Repeats all messages.  Lool
for target, and reports illu-
minstion or Oicks to chiel of
section.

Continues to operate
nealstle corrector,

and load control station. Assisted by
Nos. 4, 5, 7, and 9, knock down nglnl
load searchlight.

Places blue cable reel at rear end of
truck No, 2. Reels in blue enble s
fed in by other men on ground. ke
places full blue reel fn front of truck
body, aces power enble reel at rear
end of trnek body, and reels in yellow
eables ns fed in by other men on
ground.  Replaces full yellow real In
front end of truck body, Assists in
loading power plant in truck No. ¢

kmnds by for luulwr
Imessagos.

I)mmuuecls telephone and places it on
truck No. 1. Assists Nos. 1 and 2 in
knocking down and loading locator,
control station, and light, ' Leaves
truck No. 1 at lght and goes (with
telephone) to truck No. 2 at power
plant.  Assists In loading power
plant.

Noa. 5 and 8, at direcilon
of searchlight com-
mander, ocenter Eero
reader polnters, thereby
pointing lght In direc-
tion of new target. Op.
erate in usual munner
during seareh, plek-up
and carry,

Nos, 5 and 6 soarch by slowly
wmoving their zero reader
polnters first to one slde and
then to the other of zero posl-
tlon.  When scarchlight
commander calls *Duta™
they center the zoro readers
exnctly, When airplane is
Muminated they withdraw
50 a8 to avold terference
with eontrol of beani,

Nos. 5 and 0 continu-
ously center rero
renders by turning
azimuth and eleva.
tlon handwheels,

Assisted by Nos, 1, 2, and 4, No. &
knocks down and loads eontrol sta-
tion, Verlfies that control station is
properly fastened by hold-down de-
vices. Assists in knoeking down and
loacing searchlight. During travelan
rond, mans automatic ritle in forward
endof truck No. 1. No. 61s picked up
by truck No. 2 and taken 1o locator
position.  Assists searehlight com-
mander in feeding blue eable to No. 8
on truck No. 2. Gets on truck nt
control station, places red eable reel
on rear end of truek, and reals in red
cable,  Assists No. 3 In placing full
blue and red reels In proper position
at frout of truck, and in recling in
yellow enble.

Eluuul; by nl. post along-
shlescarchlight, ready to
strike are,

Stands by for [further
orders,

loses main are switeh on sig-
nal, thereby lghtng search-
light, Keops wateh on In-
strumients to see that are
operates at 78 volts and 150
smpores.  Reearbons are at

first break Inoperations after
positive earbon is half burned
(after about 46 minutes of
operation).

Opens maln are awitch,|
thereby extingnish-
ing the light wn
wignal. Stands by
ready to elose main
switchoneommand.

Disconnects eables st searchlight and
sectires light in traveling position,
Assisted by Nos. 1,2, 4, 5, and 0, loads
searchlight on truck No. L Verifies
that light hins been properly fastened
hy hold-down devices.

Contlnues as at BTAND BY.

Btands by for further
orders.

Continues as ot STAND By,
cheeking that voltage is at
proper full load value and
amperage I3 eorrect.

Continues as ot STAND
Y, checking that
voltage Is at proper
listening load value,

Drives truck No. 2 to contrel ststion
(whero searchlight eommundeor and
No. 6arepicked up), thence to locu tor,
Ivives to searchlight (pleking up blue
and red eables enroute), Assistod by
Nos. 3,4, 6, and 10, londs power plant
on triuck No. 2. Verifies that power
plaut is properly [astened by hold-
down devices,

Drives truck No, | snecessively to lu-
eator, control station, nnd searchlight,
Assists in londing locater and lght,

Disconnects  yollow power cublow.
Preparea power plant for movement.
Assists In londing power plant, Dur-
Ing travel on roud muns automatic
wifle at tall gate of No. 2 truck.




ANTIAIRCRAFT ARTILLERY

® 141. DRILL  FoR  SEARCHLIGHT SECTION, MOBILE, Prack
STRENGTH.~—Rescinded,
[A. G, 062,11 (6-2-41).] (C 1, July 15, 1041.)

M 142, DRIILL ¥OR SEARCHLIGHT SECTION, NSEMIMOBILE, WAR
STRENGTH.—Reseinded.
[A. G. 06211 (5-2-41).]1 (C 1, July 15, 1041.)
N 143, Dl FOR  SBARCHLIGHT SEOTION, SEMIMOBILE, Prace
STrENGTH.—Rescinded.
[A, G. 062,11 (5-2-41).] (C 1, July 15, 1941.)
BY ORDER OF THE SECRETARY OF WAR
G. C. MARSHALL,
Chief of Staff.
OFFICIAL :
E. 8. ADAMS,
Major General,
The Adjutant General,
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