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RESTRICTED

'l'his manual supersedes FM 6-40, 1Jitne1945, including a 1,
20December1945; and 0 2, 20 February 194"1

PART ONE GENERAL

CHAPTER 1

INTRODUCTION

1. GENERAL. a . Purpose. This manual presents and explains to
artillerymen the principles of field artillery gunnery. It
prescribes methods, which are ba ed on practical experience, for
the application of these principles. ince prescribed methods cannot
cover all situations, this manual should be used as a guide in
evolving a suitable application of the principles involved.

b. Scope. This manual covers the technique of conduct of
artillery fire on ground targets and the tactical maneuvering of
such fires. It includes-

( 1) Fundamentals of artillery fire. ( 2) Conduct of observed
fire . ( 3) Use of map data and corrections. ( 4) Fire direction. (
5) Survey for artillery.

2. REFERENCES. See appendix I.

3. GUNNERY. Gunnery is the practical handling of artillery fire.
It consists generally of two phase : preparation of firing data and
conduct of fire.

4. MISSION AND CHARACTERISTICS OF ARTILLERY FIRE. a. The field
artillery has two principal missions in combat.

( 1) It supports infantry (armored) units by fire, neutralizing
or destroying those targets which are most dangerous to the
upported arms.

(2) It gives depth to combat by counterbattery fire, fire on ho
tile reserves, restricting movement in rear areas, and by
disrupt-ing hostile command agencies (FM 100-5).

b. The primary characteristic of field artillery is its great
fire power. It does not close with the enemy, but maneuvers the
fire of its long-range weapon from widely di persed positions, and
shifts this fire rapidly from target to target.
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c. To be effective, artillery fire of suitable density mu t hit
the tar-get at the right time and with the appPopl'iate projectile
and fuze.

d. Good obs rvation permit the delivery of the most effective
fire. Limited observation results in a great r expenditure of
ammunition and reduces the effectiveness of fire. Lack of
observation must not prevent the delivery of fire. Search for
targets and their probable locations must be aggre sive and
continuous. All intelligence agencies must be exploited to th
utmost. Artillery is of no value to the sup-ported arms when
appropriate targets are not available.

5. ACCURACY. Field artillery doctrine demands delivery of fire
by the most accurate means which time and the tactical situation
permit. Inaccurate fire waste ammunition and weakens the confidence
of the upported troop in the artillery.
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CHAPTER 2

ELEMENT ARY BALLISJICS

6. GENERAL. The point of impact of a projectile for a given
range is determined from the firing tables when all conditions of
weather, ammunition, and weapon are standard. However, the
projectile is acted upon inside and outside the tube by nonstandard
conditions, with resultant dispersion and a different point of
impact from that predicted in the firing table . An under tandi11g
of these factors is e sential for th art1Jleryman; a reduction of
th ir effect will increa e accuracy.

7. INTERIOR BALLISTICS. Interior ballistics is a study of the
motion and the factor affecting the motion of projectiles while
they are within the tube. Certain factors are-

a. Wear of the tube. The wear of the tube, especially the
forcing cone, is the normal result of firing; it is more rapid when
higheii charges are fired than when lower charges are fired. Undue
wear of the tube is prevented by selection of the proper charge for
the range desired and by cleanliness of the. tube and ammunition to
reduce cor-rosion and abrasion. A worn forcing cone will permit an
increase in the volume of th powder hamber by allowing the
projectile to oe rammed farther forward. It also will permit uneven
seating of the projectile, which imty allow gases to escape; and
may allow improper centering of the projectile, with re ulting
variations in muzzle velocity and in tability in flight.

b. Ramming. eparate-loading ammunition requires hard, uniform
ramming to obtain uniform seating of the projectile and hence more
uniform muzzle velocity.

c. Rotating band. The rotating band must be smooth and free
:from burrs and scars to permit uniform seating of the projectile
and to prevent the escape of ga es.

d. Propelling charge. The powder should be maintained at
uni-form temperature and moisture content. Differences in
temperature and moisture content within powder lots and between
powder lots will cause variations in rates of burning with
resultant variations in muzzle velocity. Charges must be placed in
the powder chamber uni-formly as variations in th po ition or th
harge changes the speed of burning with a resultant variation in
muzzle velocity.

e. Coppering. Firing with maximum charge will cause
coppering
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in the tube sufficient to decrease the muzzle velocity. This
coppering can be removed, for all practical pnrpo s, by firing
several rounds with minimum charge. After firing the low-charge
rounds, the muzzle velocity of most caliber will return
approximately to normal for all charges.

f. Weight of projectile. Variations in weights of projectiles
will cause variation in muzzle velocity.

g. Manufacturers' tolerances. Slight variations from standard iI
the manufactnre of the tube will cause minor variations in the
muzzle velocity.

8. EXTERIOR BALLISTICS. Exterior ballistics is the study of the
mo-tion and the factors affecting the motion of projectiles after
they have left the tube of th piece. The most important factors
which affect the projectile after 1 aving the tube are-

a. Drift. To k p an elongated projectile from tumbling during
flight, it is given n rotating motion around its axis by the
rifling of the tube. Th action of air re istance, rotation, and
gravity causes the projectile to deviate from the plane of fire.
This deviation is termed drift.

b. Weight of projectile. For the same muzzle velocity, a heavier
projectile tends to travel farther than a lighter projectile of the
same size and shape.

c. Air density. An increase in air density causes greater
resistance and decreased range.

d. Air temperature. A variation in air temperature causes a
varia-tion in range.

e. Wind. \Vind blows the projectile from the normal trajectory.
A head wind decreases the range; a wind from the right blmvs the
pro-jectile to the left; the effect of an oblique wind is


	
for nonstandard conditions must be ma


	
SUMMIT

I I I

MAXIMUM ORDl

1NATE

I I I I

QUADRANT ELEVATION : LINE OF SITE

LINE OF IMPACT

ORIGIN

~ANGLE OF SITE 1

BASE OF TR'AJECTORY

SITE

BASE OF TRAJECTORY

---------BURST RANGE---------~

Figure 1. Tllc trajc(fory.
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(12) Line of impart. A line tangent to the trajectory at the
point of impact.

( 13) Line of site. A straight line joining the 01igin and a
point, usually the target.

( 14) M aximrum, ordinate. The difference in altitude between
the summit and the origin.

(15) Origin. The center of the muzzle of the piece at the
instant of firing.

( 16) Plane of difpadure. A vertical pla11e coutainiug the line
of departure.

(17) Plaru-' of fire. A vedil'al plane cunlai11i11g the line of
t:>l(-' -vation.


	
(18) Quadrant ele,vation. The vertical angle, at the origin,
be-tween the horizontal and the line of elevation.

(19) Slope of fall. The tangent of the angle of fall. It is
ex-pressed as 1 on 10 (or 1 on so much).

(20) Summit. The point at which the projectile achieves its
greatest altitude; the dividing point between the ascending and
descending branches of the trajectory.

b. Terms used in connection with the traiectory (fig. 1). (1)
Complementary angle of site. The correction to compen ate

for the error made in as urning rigidity of the trajectory. (See
par. 12.)

(2) Height of bunt. The vertical distance between the burst and
the surface of the ground.

(3) Height of target. The vertical di tance betwe n the target
and the ba e of the trajectory.

( 4) ite. Th nm of the angl of ite and the complementary angle
of ite.

11. FORM OF THE TRAJECTORY. a. In a vacuum, the form of the
trajectory would be determined entirely by the elevation, the
muzzle velocity, and gravity. The form would be a parabola; the
angle of fall would equal the angle of elevation; the summit would
b at a point halfway between the origin and the level point.

b. Air resistance retards the projectile :frcm the instant it
leaves the piece. This makes the trajectory a more complex curve
than it would be in a vacuum; the angle of fall is greater than the
angle of elevation; the summit i closer to the level point than to
the origin; and the range

Fig1tre 2. Variable elevation, constant muzzle velocity.
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CHAPTER 3

DISPERSION

13. GENERAL. a. en several rounds are fired from a piece under
conditions as nearly identical as pos ible, the point of impact of
the projectile will be scattered both in range and direction. This
scatter-ing is called dispersion. The area over which the points of
impact are scattered is called the dispersion zone. The den est
concentration of points of impact is near the center of the group
\Vith approximately as many points of impact short of the center as
there are beyond, and as many to the right as to the left.

b. Dispersion is the result of variations from round to round of
many elements. Among the factors which cause dispersion are errors
inherent in the piece and minor variations in propelling charge ,
weights of projectile, and the surface finish of shells. Dispersion
mu t not be confused with variations in points of impact cau ed by
mi takes or con tant errors. Mistakes Can be eliminated by care and
proper training; mo t of the constant errors can be com pen ated
for by appropriate corrections (par. 9).

c. In general, the dispersion pattern of points of impact of
rounds fired with the same piece settings are included in a
rectangle with its longer axis along the gun-target line. The
center of the pattern is called the center of impact. The center of
impact of a small number of rounds normally will differ slightly
from the center of impact of a large number of rounds fired at the
same settings, since a small num-ber of rounds cannot be expected
to give a representative sample of t.he di persion.

14. DISPERSION RECTANGLES. a. If a rectangle is constructed
around a large number of points of impact excluding any erratic
round , it is called the JOO-percent rectangle (fig. 4). l this
rec-tangle is divided into eight equal parts by lines drawn
perpendicular to the line of fire, the percentage of points of
impact to be expected in each part is as indicated in figure 5.
This is called a range dispersion rectatngle. Likewise, if this
rectang]e is divided imilarly by lines parallel to the direction of
fire, the percentages will be as indicated in figure 6. This is
called a direction dispersion rectangle. Each di-vision of these
dispersion rectangles is called one probable error which is defined
as the error which is exceeded as frequently as it is not
exceeded.
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1 .02 .07 ,02 .0004 .0014

.07 .0014 .0049

. 16 .0032 .0112

.25 .0050 .0175

.25 .0050 .0175

.16 .0032 .0112

.07 .0014 0049

.02 .0004 .0014

.1 6 .25 .25 .16 " .07

.0032. .0050 .0050 .0032 .0014

.0112 .0175 .0175 .0112 .0049

.0256 .0400 .0400 .0256 .0112

.0400 .0625 .0625 .0400 . 0175

.0400 .0625 .062.5 .0400 .0175

.0256 .0400 .0400 .0256 .0112

.0112 .0175 .0175 .0112 .0049

.0032 .0050 .0050 .0032 .0014

Figure 7. Dispersion rectangle.
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01 -- RECTION OF FIRE

a given charge 01;' a howitzer or gun is different at different
ranges. The approximate value 0 the range probable error is given
in the firing tables and this value can be taken as an index of the
accuracy 0 the piece. Firing table values for range probable errors
are repre-sentative 0 carefully selected ammunition; the actual
probable errors 0 an ammunition lot can be twice the firing table
values.

b. It will be noted from a study of figure 5 that 50 percent of
the shots will fall within one range probable error of the center 0
impact, approximately 82 percent within two probable errors, and 96
percent within three probable errors. For practical purposes, it is
assumed that all of the shots will all within four probable errors
0 the center of impact. Actually, a small percentage of the shots
(about 7 in 1,000) will fall farther than four probable errors from
the center of impact. About 1 in 1,000 will fall more than five
probable errors from the center 0 impact. This probable
distribution of shots (including the fifth probable error) is given
more precisely in the probability tables contained in the firing
tables.

16. FORK. The fo~k is the change in elevation necessary to move
the center of impact four range probable errors. It sometimes is
used as a unit 0 range (elevation) change in conduct of fire. The
value of the fork is given in the firing tables.

17. DIRECTION PROBABLE ERROR. In the direction dispersion
rec-tangle (fig. 6) the points of impact to the right and left of
the long axis of the rectangle follow principles of distribution
similar to those given in paragraph 15. For practical purposes, the
direction prob-able error is taken as one-eighth the width of the
dispersion rectangle. This value is given in the firing tables.

18. VERTICAL PltOBABLE ERROR. If fire is directed against a
ver-tical plane, the dispersion in this plane follows the same laws
as dispersion in a horizontal plane. For practical purposes, the
vertical

11


	
Figure 8. Relation of vertwal vroba1>7e error to l!orizontal
probable error.

probable error is taken as one-eighth the height of the pattern.
The vertical probable error is the product of the range probable
error and the slope of fall (tangent of the angle of fall) (fig. )
. Values for the range probahl error and lope of fall are given in
the firing tables.

19. HEIGHT-OF- BURST PROBABLE ERROR. With shell fuzed to burst
in the air, additional di per ion i introduced becau e of variation
i11 the time of functioning of the uze. Thi di per ion may be
divided into its vertical and horizontal component and, in both
planes, the points of burst follow the same laws of di tribution
that were dis-cu sed under rang disper ion. The range component of
this dispe1'-sion acts to increa. e slightly the rang probable
error determined from impact firing. For practical purpo es, the
height-of-bur t (vertica1) probable error i taken a one-eighth the
height of the patt m. Values of th height-of-bur t probable error
are given in the firino- tables.

20. DISPERSION ON A SLOPE. The di p sion pattern on a horizontal
plane may be projected to a forward or reverse slope by con idering
that lope and the an O'l of fall.

21 . APPLICATION O F DISPERSION. a. Location of target with
respect to the center of impact.

12

(1) Con. ider the pattern of ix shots fired under identical
con-dition (fig. 9). Four of thee (66% perc nt) have been sen ed
hort of a target and two of them over, the exact loca-tion of th
target within the pattern being unk1w\ IL For a very large unrnber
of shots, 50 percent can be expect d to fall short of tlw line AB,
and 75 percent short of the line C'D; therefore (if linear
interpolation is as urned to be ufficiently correct) , G6% percent
can be expected to fall short of the line MN, which is two-thirds
of the way from AB to OD.


	
Figure 9. Determination of lt0cat-ion of target by rnnge cli
ven;ion rectangle.

The line MN then represent the most pro.bable location of the
target. Thus, the target is approximately two-third of one rang
probable error (one-sixth fork) beyond (over) the center of
impact.

(2) The rule of computation of the elevation change in precision
fire is ba ed on the foregoing principle. The object of pre-cision
fire is to place the center of impact on the target. An estimate of
the distance in yards from the center of impact to the target may
be made by the use of the following formula:

Distance=

(2 X difference in number of over and short rounds) Range

Number of rounds fired X p:r~~~~le

To estimate the elevation change necessary to move the center of
im-pact to the target, this relationship is expressed as
follows:

Elevation change=

(Diff .rence in number of over and short ) X Fork

2Xnumber of rounds fired

Continuing the example in ( 1) above, and substituting known
values in this equation-

El vation change= (~) XB'=% F 2X6

Thus, since the preponderance of the rounds fell short, the
elevation must be increased one- ixth fork to place the center of
impact approximately on the taro-et. The smaller the number of
rounds fired, the less precise this estimate will be. Six rounds
generally provide information of sufficient accuracy. Firing 12
round affords a slight increa e in accura y and permits
verification of sen illgs. Four rounds are the minimum that should
b used.

b. Dispersion a s seen by an observer. Range dispersion will
effect the deviations of bur Ls from the observcr-taJ'get line as
een by the ob erver, especially when he is considerably off the
actual gun-target line. The observer may not be aware of this but,
when the condition is apparent at the fire-direction center, it
should be considered in the next commands to the pieces.

9034-t 0 - 50 - 2 13


	
c. Probability of hitting an area. The


	
length. Two probable errors of the length cover the 25-percent
zones of the range di persion cale, the remaining 0.1 probable
error falls in the 16-percent zones.

% range hit~=0.05 (16) +1 (25) +1 (25) +0.05 (16) =51.6%

( b) In like manner, determine the probability of a hit for
de-flection only. The target is 10 yards or 10/6=1.67 prob-able
errors in width. The total width of the target falls in the
25-percent zones of the deflection dispersion . cale.

% deflection hits=O. 3 (25) +o. 3 (25) =41.5%

( c) The product of these two probabilities is the probability
of a hit for both range and deflection.

o/o hits=.516X.415=21.4%

( d) The probable number of rounds per target hit is equal to
the reciprocal of the probability of a hit.

Rounds required for one bit= l/.214=4.7 or 5

(3) Computations of data for the 240-mm howitzer Ml, center of
impact two range probable error ( e.pr) over or short, are made as
follows :

(a) As in the preceding example, first determine the probability
of a hit for range only. The distance from the center of impact to
the far end of the target is (2X36) +20=92 yards or 92/36 probable
errors. One of the 2.56 probable errors covers the 25-percent zone,
one the 16-percent zone, and the remaining 0.56 probable error
falls in the 7-percent range dispersion zone.

% range bit between center of impact and far limits of target=l
(25) +1 (16) +o.56 (7) =44.9%

However, a distance of 52 yards (that is, 72 minus 20) or
52/36=1.44 probable errors of the above does not include the
target, and probable hits in this space must be excluded.

% range hits between center of impact and near limit of target=l
(25) +0.44 (16) =32.0%

% range hits on target=44.9-32.0=12.9%

( b) The target is 10 yards or 10/8=1.25 probable errors wide.
The total width of the target falls in the 25-percent zones of the
deflection dispersion scale.

% deflection hits=l.25 (25) =31.3%

( c) The product of these range and deflection probabilities is
the probability of a hit for both range and deflection.

% hits=.129 X .313=4.0%

( d) Rounds required for 1 hit= 1/.040=25.

15


	
CHAPTER 4

ARTILLERY AMMUNITION

22. GENERAL. a. Complete round. A complete round of artillery
ammunition comprises all of the components necessary to fire a
weapon once and to cause the projectile to function at the desired
time and place. These component are the projectile, the fuze, the
propellincr charge, and the primer. Dependent upon both the type of
propelling charge and the method of loading into the weapon,
complete rounds are known as fixed, semifixed, or separate-loading
(fig. 10). (See TM 9-1901 for details on artillery ammunition.)

b. Proiectile. Type of projectiles include high-explosive (HE),
armor-piercing (AP), high-explo ive antitank (H E-AT), chemical
(smoke or gas), and illuminating.

c. Fuze. A fuze is a device assembled to the nose or base of a
pro-jectile to cause it to function at the time and under the
circnm tance desired. Types of fuzes include combination superquick
and delay, combination time (powder train) and uperquick, VT,
mechanical time (clockwork ) , concrete-piercing ( CP) , and
quick.

d. Propelling charge. The propelling charge consi ts of a charg
of smokeless powder in a cartridge case, cloth bag, or both.

e. Primer. A primer is used to initiate the burnino- of a
propelling charge. It consists essentially of a small quantity of
sensitive ex-plosive and a charge of black powder.

23. HIGH-EXPLOSIVE (HE> SHELL. a . General. The filler of HE
shell consists of TNT. Th action of the fuze and boo ter causes the
bursting charge to detonate, driving fragments of metal forward
(nose spray), tran ver 'e to the trajectory (side spray), and
backward (base spray) (fig. 11). The side spray consists of a
narrow zone of fragmentation. The nose spray and base spray each
form a narrow cone. The initial velocity of fragm nts is
approximately 3,000 feet per second. This initial velocity is
combined with the terminal ve-locity of the projectile-the sum for
no e spray, the difference for base spray, and the resultant for
side spray. Due to the shape of the frag-ments, their high velocity
is lo t quickly in flight. I ncomplete deto-nation (low order bur
t) breaks tJie shell into a few large fragments.

16

b. Appearance of bursts (fig. 12). (1) HE, hell, fuze quick,
impact. The black smoke is discolored

by dirt, and spreads li>oth upward and laterally. (2) HE
shell, fuze delay, ricochet. A fuze delay, ricochet burst

is characterized by a flash, sharp explosion, and ball of
smoke


	
(usually black) above dust kicked up by fragments. The pattern 0
the side and base spray is very noticeable.

(3) HE shell, fitze delay, mine action. A foze delay, mine
action burst usually sends up a vertical column 0 dirt, often
with

A-FUZE

8-BOOSTER

C-PROJECTILE

D-BURSTING CHARGE

E - CARTR I OGE CASE F - PROPELLING CHARGE G-PRIMER

H-LIFTING PLUG

I -GROMMET

J-IGNITER

SEMI FIXED

c

A

c I

-E

---~--J

Il- --G FIXED AMMUNITION AMMUNITION SEPARATE-LOADING
AMMUNITION

Figure 10. Types of complete rounds of artillery ammunition.
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clods of earth and with very little smoke. The explosion i
muffled.

( 4) HE hell, fuze time, air burst. The fuze time air bur t i
characterized by a flash, sharp explosion, and a ball of black
smoke which becomes elongated along the trajectory. The effect of
fragment may be seen below the burst, if the burst is not too
hirrh. The effect of nose fragments usually can be seen in
prolongation of the trajectory.

FUZE TIME, AIR

FUZE QUICK, IMPACT

FUZE DELAY, RICOCHET

DIRECTION OF FIRE

Figure 11. J?ragmentation patterns of HE sh('ll bursts.

FUZE DELAY, MINE ACTION

24. EFFECT OF HE SHELL WITH VARIOUS FUZES. a. Quick fuze.
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(1) With the quick fuze, projectile burst either at the point of
impact or vhen only a portion of the projectile has pene-trated th
ground. The impact must be on the nose of the present tandard fuze
in order for the quick element: to operate. In these fuze , if the
quick element i not activated when impact i on the no e. the d lay
element will act. The fragmentation of the projectile is increased
by increased angle of impact and by increased firmness of the
ground. The effect is a function of th :fragmentation and the den
ity, size. and velocity of the fragments. When the projectile pa se
through foliage, the c.letonution may occnr in the tree and
effectiveness may be either improved or lost, depending upon the
den ity of foliage. The HE shell with quick fuze is suitable for
use in fire against-

(a) Personnel m the open when the angle of impact is large. (b)
Per onnel when air bursts cannot be obtained. ( o) fateriel obje
t:s, such as trucks, when penetration is not

required.


	
(2) The relative effectiveness of shells of the various
calibers, with quick fuze, is indicated by the table following:

Caliber

75-mm howitzer __ ______ __ _________ _ 105-mm howitzer
___________ _______ _ 155-mmhowitzer _____________ _____ _ 155-mm
gun ________________ ______ _ 8-inch howitzer_ _ _ ~ _ _
___________ _

8-inch gun ________ _ _ ------1 240-mm howitzer (estimated)
_______ _

Approximate size of area covered effectively by impact burst

(yards)

Depth Width

30 50 60 60 80 80

10 15 18 18 20 20 25 100

Radius of larie fragments

(yards)

150 300 550 550

The area covered effectively i considered to be that area in
which there is at least a 50-percent chance that a man standing
will become a casualty. The area is roughly elliptical. It must be
understood that the data are affected by several factor of which
the slope of fall and angle of impact gener-ally are the most
important. At best, these data are approx-mations.

b. Time and VT fuzes. There are two types of time fuzes-powder
train and mechanical. Both are used to obtain air bursts with
artillery projectiles. The powder train fuze is referred to
commonly as "time fuze," and m chanical a "mechanical time fuze."
VT fuze is a proximity fuze and is used to obtain air bursts.

( 1) With time and mechanical time fuzes, the point of burst is
determined by the quadrant elevation, charge, and time etting.
Minor variations in point of burst are caused by variation in
weather conditions and in the velocity of pro-jectile. With the
time fuze, quick action takes place when impact occurs before
complete action of the time element.

(2) The \ T fuze is activated upon approach to an object. It
causes the projectile to burst at a predetermined height above the
ground which varies with the angle of fall. The height of burst
becomes lower as this angle increases. Firing over water, marshy
ground, or wet terrain will increase the height of burst. Light
tree foliage and veo-etation do not materially affect the height of
burst, but dense foliage and thick vegeta-tion will increase the
height of burst above the gronnd by approximately the height of the
trees. This effect is de-creased at a steep angle of fall, in which
case most bursts will occur below tre -top level. ince the adju
tment for height of burst is eliminated, the VT fuze is, in effect,
an automatic
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time fuze. Cnne11t 1110


	
round results in a dud or, occasionally, in a low order burst. A
small percentage of the fuzes will function prematurely and w111 re
ult in random bursts along the traj ctory between the minimum
arming time and the normal point of burst. Thi percentage of random
bursts may increase when firing through heavy rain. Employment of
the fuze requires co-ordination with operation of aircraft. J
ecessary vertical clearance over friendly troops must be taken into
considera-tion in choice of charges and selection (')f targets to
be attacked with VT fuze (par. 216). The VT fuze is usable only
with higher charge of each weapon Lecan e th lmYer charges do not
provide nfficient set-back to activate the fuze. This limits the
minimum ranges at which the fuze can be used with high-angle fire
and makes it unsuitable for use in close-in defense of the battery
po ition. The table below gives the proper charges to be used with
the VT fuze and minimum usable ranges.

Minimum

Weapon (tube) Fuze Shell Proper charge usable range (for
complete

arming) (yards)

75-mm howitzer MlAL ________ M97 M48 *1, 2, 3, 2, 200 or 4

105-mm howitzer M2Al, M4 ____ M97 Ml *3, 4, 5, 2, 700 6, or
7

155-mm howitzer ML __________ M96 M107 5, 6, or 7 4,000 -inch
howitzer M2 ____________ 196 M106 6 or 7 6,000

240-mm howitzer ML __________ M96 M114 3 or 4 9,000

Decrea::id operational efficiency will result from firing these
charges.

The VT fuze does not replace time :fuzes but supplements them at
the longer ranges of the weapons and in high-angle fire. Pre ent
powder train fuzes are most effective to about 15 seconds time of
burning. Beyond that point, the advantages of VT fuze increase
while many disadvantages are reduced.

(3) Th 75- econd mechanical time (clockwork) fuze is u ed with
HE hell to provide air bur ts for high-bur t registration of
]ono--rn1we ". apons. Becau e of it large probable error, it i not
at isfactory for attack of targets. The current model of the
mechanical tim fuze contains no impa t elem nt ; thu., when the
fnze fails to function before impact occu 'S, the round will re ult
in a dud or low order bur t.

( 4) Factors which govern the effectiveness of air bursts
agaim;t entrenched targets are-

Number, size and velocity of fragments.
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Height of burst above target. Horizontal distance of burst from
target. Shape and size of trench. Direction of fragments. Th~
direction of the fragments is governed by a combi11ation of the
angle of fall, terminal velocity of the projectile, and the initial
velocity of the fragments due to detonation. The side spray
fragments are driven in a zone roughly 15 to 20 in thickness,
generally normal to the trajectory. (See fig. 13.) This direction
is modified by the forward motion of the shell. The fragments which
are driven upward are ineffective. The fragments which are driven
laterally will be partially effec-tive depending on final velocity,
direction, and other factors. The fragments driven generally
downward will be most effective.

Bose Spray

Effective Fragments

Figure 13. Effect of air burst with VT or time fuze.

(5) For each type of projectile there is a most effective height
of burst. Because of dispersion, it is impossible to secure all
bursts at that height. Some bursts will be lower and some will be
higher than the mean height. For a given range, the probable error
in height of burst is controlled by choice of charge when powder
train fuzes are used, since time of flight has a marked influence
on the height-of-burst probable error. The most effective mean
height of burst with powder train fuzes is 20 yards. The height of
bmst of VT-fazed projec-tiles may be controlled by varyi11g the
angle of fall.


	
c. Delay fuze. ( 1) With delay fuze, the shell has time, before
detonation, either

to penetrate and produce mine action, or to ricochet. Thi fuze
is used with HE shell for destruction missions which re-quire
penetration, and for ricochet fire.

(2) Factors which determine whether a shell will ricochet
are-Angle of impact. Shape, weight, and terminal velocity of
projectile. Length of delay of fuze. Condition of surface of
ground. Composition and compactness of soil.

When the angle of impact is small, the projectile tends to
ricochet . When the angle of impact is moderately large, the
projectile first penetrates and then tends to rise. When the
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Pigure 14 . Effect of bur1St , deep prn etrution , istee :slope
of fall (vross. eotion).

angle of impact is lal'ge, the projectile continues downward
until it stops or detonation occurs. H penetration is very great,
the burst may produce a camouflet, that is, a hole under-ground,
the surface of the ground remaining unbroken (fig. 14). If
penetration is moderately great, a crater is produced. Whether a
camouflet or a crater is produced depends upon depth of bur t,
character of soil, and force of detonation.

( 3) The rotation of the projectile, resistance of the soil, and
inequalities of re i tance may cause a projectile to turn
later-ally from its path. The amount and direction of the deviation
are unpredictable.

( 4) When penetration occurs and the shell is in the ea1th at
the instant of detonation, the fragmentation effect above ground is
very small. Penetration info a bunker or dugout will pro-duce
casualties by blast effect, suffocating gases and frag-mentation.
Penetration into a masonry tructure which has been shattel'ed by AP
projectiles will tend to blow the shat-
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tered portions apart. Penetration into earth over a dugout may
result in suffocating gase entering the dugout through fi ure
created by the detonation. Penetration into a struc-ture built of
logs, sand bags, or similar materials results in the blowing apart
of constituent units; the effectivenes de-pends upon the amount of
high-explosive filler. The use of concrete-piercing fuze increases
the depth of penetration and the angle at which penetration may be
obtained against rein-forced concrete or heavy ma onry targets.

( 5) "Then ricochet bursts are obtained, the effect is similar
to that of air bnr:t. obtained with time or VT fuzes. Many of the
factors which determine whether a projectile will ricochet cannot
be evalnatecl for the particular point of impact at the time of
firing. Hence, ricochet fire must be ob, erved, and another type of
fire used if ricochet cannot be obtained from at least 50 p re nt
of the rounds fired.

25. ATTACK OF TARGETS WITH HE SHELL. a. Mine fields. HE hell is
ineffective for clearing mine field , regardless of the type of
fuze employed. Mine are not snffiriently s nsitive to be detonated
by shell bursts, except by dir ct hit . Artillery fire not only
fails to eliminate the mine field but increa es the difficulty of
locating and removing mines by hand, and increa es the difficulty
of moving across the field.

b. Personnel. The comparative effectiveness of air burst ,
ricochet bursts, and impact fire with HE shell against personnel is
a follows:
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( 1) Against personnel in the open. The order of effectivene
sis-( a) Air bur t with VT fuze. ( b) Air bursts with powder train
time fuze. ( c) Ricochet fire. ( d) High-angle fire with quick
fnze. ( e) Low-augle fire with quick fuze.

Thi, sequence may vary b cause of local conditions of soil,
terrain, and vegetation. In ricochet fire, when fewer than 50
percent of the rounds ricoch t, time fire should be used.

(2) .. Jgainst personnel in shallow trenches. Air bur t are much
more effective against per onnel in shallow trenches than any other
type of fire. Range disper ion of ricochet bur ts is con-siderably
greater than that of air burst (becau e of irregu-laritie in
contour of grmmcl and variation. in ricochet di -ta nee) and, for
entry iBto trenches, the angl of approach of the fragments from
ricoch ts is much less favorable than is that from air bursts. The
base spray, effective against per-sonnel in the open, is too nearly
parallel to the ground to enter fox holes. Impact fire has very
little effect against personnel in trenches.


	
(3) Against personnel in deep trenches. Air bursts are
outstand-ingly more eff ctive than ricochet or impact fire.
However, if the trenches have heavy cover, it may be necessary to
utilize the penetration effect of delay fuze.

c. Fortifications and armored vehicles.

(1) General. High-explosive shell with concrete-piercing fuze
and armor-piercing projectiles are effective against concrete .
.Armor-piercing projectiles and high-explosive antitank hell provid
good effect against armor. Use of armor-piercing projectiles and
high-explosive antitank shell against person-nel or area target i
unprofitable because of its limited frag-mentation.

(2) Effect on wire. The wire-cutting effectivene s of shell i
poqr. The employment of artillery fire to breach wire requires
extravagant u e of ammunition.

(3) Effect on concrete. Observed effects on reinforced concrete
of excellent quality are shown in the following table.
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( 4) Effect on a1w101 (homogen on plate).

Thickness of armor perforated by single round (line of impact
normal to surface of armor) (inche.~ )

Weapon , rrojPctlle Rango (11ards)

500 1,000 L,500 - ----------1-----1-- --1---

75-mm howitzer MlAl, M2; HE-AT, M66___ ___ 4 to 4.5 105-mm
howitzer M2Al, M4; HE-AT, M67 __ ___ 5 to 5.5 155-mm gun M2: AP,
M112 (2745 f/s)___ __ _____ 7. 6

4 to 4.5 5 to 5.5

7. 5

4 to 4.5 5 to 5.5

7. 2

26. CHEMICAL SHELL. Chemical sheH includes gas shell (irritant
or toxic agent ) and smoke shell (white phosphorus hell and
base-ejection smoke hell).

a. Gas shell. The irritant or toxic agent contained in the shell
is expelled when the action of the fuze and bur ter charge breaks
open the shell. Liquid ve icant are most effective against per
onnel when "prayed directly on them and are very effective against
personnel when sprayed on vegetation. Air bursts or quick fuze
should be used. Many small projectiles are more effective than a
few large ones for attack with liquid ve icants. With irritant
gases, quick fuze action is pref-erable. Only medium and heavy
artillery are capable of building up im effective concentration of
these latter agents.

b. White phosphorus shell. ~Yhite phosphorus produces smoke,
in-cendiary effect, and casualty effect. In all three roles, quick
fuze action is preferable. The action o:f the :fuze and bur ter
charge breaks the .-hell and catters the phosphorus particles. The
moke rises because of the heat generated by the burning pho phoru .
Below ground, the phosphoru moulder . with a bur t at medium height
in the air, the small particle burn out before reaching the
ground.

c. Base-ejection smoke shell. Base- jection-type smoke hell with
time :fuze i more effective as a screening ag 11 than is \vhite
phos-phoru , since the former ha. les tenden y to pillar. The
action of the uze and expelling charge ignites the moke cani ter
and forces them out of the ba e of the hell with a relative
ve]ocity of about 200 feet per second. The empty shell case
continues along. the trajectory and the smoke canisters follow with
reduced velocity. They fall some-what short of the case, the
distance depending upon height of bur t. when the fuze functions on
impact, the smoke-producing effect of the .-hell may be reduced con
id rably. The lowest practicable charge should be used with this
type o:f shell in order that the terminal velocity of the canister
may be low an l thus reduce the possibility that the canisters will
penetrate the ground on impact.
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27. ILLUMINATING SHELL. The projectile is a hollow, ba
e-ejection-typ shell containing a cylindrical flare attached. to a
cotton parachute. Th act.ion of the time fnze and th' e.pelling
c.:harge ionite the flare and eject the flare and parachute. The
.f:iare attains full illumination about 10 seconds after being
ejected and burns for about 60 seconds (155-mm).

28. CHOICE OF AMMUNITION. a. Choice of projedil ancl fuze
de-pend., upon the nature of the target and the effect sought.

b. Choice of charge i based upon consideration of the following:
( 1) With projectile fnzed with powder train time fnze , the
high-

est practicable charge is n ed (except for base-ej ction smoke
shell) in order to reduce the height-of-burst probable error.

(2) With VT-fuzed projectiles, the necessary vertical clearances
of mask and front line determin the maximum charge which may be
used for low-angle fire on any particular taraet.

(3) To insure that the target can be reached, the maximum range
of the charge elected for an adju tment should be at lea t
four-third of the target range with data obtained by approxi-mate
methods, and nine-eighths of the target range with data obtained by
precise methods.

( 4) Better effect from fragmentation with quick fnze is
obtained with a low charge which re nlts in a greater angle of
impact.

( 5) "When ricochet are sought, a high charae must be u ed in
order to obtain the necessary small angle of impact.

( 6) In precision fire for destruction, the charge is u d which
will give the greatest angle of impact" ithout exces ive


	
compon nt selected from the same lot. Use of varying lots increa
es dispersion a.nd the chance of erratic roun l . ince all
artillery tech-nique is based on uniform ballistics, iL is
essential that arnmunitio11 lots be segregated and that a single
lot be used for single missions in order to obtain the most
accuracy as 'Yell as the maximum safety for friendly troops during
do tire.
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CHAPTER 5

FUNDAMENTALS OF ARTILLERY FIRE

Section I. GENERAL

29. GENERAL FEATURES. The procedures used in the delivery of
artillery fire are based on the following principles:

a . In observed fire, the observer makes all his corrections
with respect to the observer-target line. These corrections are
converted by the :fire-direction center to corrections with respect
to the piece-target line.

b. In both observed and unobserved fire, the fire-direction
center sends fire commands directly to the firing battery,
including the deflec-tion, site, and elevation (quadrant) settings
which are to be set on the pieces.

30. BASIS OF FIRE COMMANDS. Ffrh1g data include all basic
infor-mation needed for the determination of fire comma,nd8 for the
pieces. Elements of firing data consist of the direction,
distribution, angle of site, and range. These element::; may be
determined from a map or chart, from information obtained visually
by an observer, or-usu-a lly-a combination of both. Fire commands
are prepared from these data; they furnish the firing battery with
the orders necessary to pre-pare the ammunition and lay aud fire
the piece ( s). Firing data are converted to fire commands at the
battalion or battery fire-direction center.

31. ANNOUNCEMENT OF NUMBERS. In order to prevent
misunder-standing and to facilitate transmission, numbers are
announced as illustrated in the following examples:
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10 One zero. 2n Two five.

300 1400 6000 3925 4050

10,000 10,300 11,000

Three hundred. One four hundred. Six thousand. Three nine two
five. Four zero five zero. One zero thousand. One zero three
hundred. One one thousand.


	
100.7 One zero zero point even. 254.4 Two five four point
four.

di cu sion o:f pronunciation of numb rs may be found in FM
24-20.

32. THE MIL. The unit of angular measure used in field artillery
i the mil. It is 1/ 6400 part of the circumference o:f a circle.
For prac-tical purposes, a mil is the angle subtended by one yard
at a distance o:f 1,000 yards. The mAl relation (fig. 15) i expre
ed by 1fi = W / R where 1fi i the angular mea urement in mjl
between two point , 1V is the lateral di tance in yards between the
point and R i the mean distance to the point in thousand o:f yard .
The mil relation i ap-proximately true :for angle le than 400 mil
.

1 w

R - - ---i'._ ___ j

Figure 15. 'l 'he mil r elation.

Section II. FIRE COMMANDS

33. ORIGIN. Fir commands originate with the computer at the
bat-talion or battery fire-dir ction center. Determination of
firing data from maps and chart are discussed in paragraphs 116
through 123. For a complete di cu sion of fire command and their
execution by the firing battery, ee FM 6- 140.

34. INITIAL AND SUBSEQUENT COMMANDS. The initial fire com-mands
include all data necessary for laying, loading, and firing the pi
ce . ub. equent commands include only such elements as are changed,
except that the range or elevation always is announced and, when a
change is made in pieces to fire or th method of fire, or both the
command for both element are given. Decreasing or increa ing the
number of round. in a method of fire does not constitute a change
of method.

35 . SEQUENCE OF FIRE COMMANDS. Fire commands are announced in
the following sequence :

Example (165-mm howitzer) : a . Pieces to :follow commands,
BATTERY ADJUST,

special methods of adjustment, and particular missions.
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b. Special corrections.

c. Projectile. d. Charge. e . Fuze. f. Pieces to fire. g .
Method of fire (and restric-

SPECIAL OORREOTION) , 100 YARD~ AT 5000 YARD ,

~ :-irJELL HE, (YIJARGE 6, FUZE TIME, BATTERY, ONE ROUND (AT MY
COJJ!-

tions). MAND OR DO NOT LOAD), DEFLECTION B651, h. Direction.

i. ite. j. Time setting. k. Elevation.

8/TE 315, TIA!E 17.1, ELEV AT/ON ~58.

Section Ill. ELEMENTS OF FIRING DATA

36. GENERAL. a. In target. location and determination of initial
data, the most accurate mean available are employed in order to
save am-munition, to save time in adjustment, and to increase
effectiveness of fire. In order to obtain this initial accnracy,
advantage should be taken of all previou firing in the area, as
well a maps, oblique and vertical photograph , diaarams, and
panoramic ketches of the area.

b. when a target is ob erved, the ob erver designates the
location of the target by-

( 1) Giving its coordinate from a map or photo. (2) Designating
the target with reference to a base point, check

point, or other target. (3) Giving an approximate azimuth,
difference in altitude, and

the observer-target. distance. The observer transmits 1th.is
information to the fire-direction center in his initial fire re-que
t (par. 52). The fire-direction center then prepare from a firing
chart the initial data and fire command. :for the pieces (pars. l
7n- 214).

37. DIRECTION. In the initial occupation of a, position, all
pieces of the firing battery are laid parallel and r ferred to
aiming posts at a common deflection. Thereafter, chaiwes in
direction of the gun-target line may be deterrnine


	
b. By sighting ~n the target (direct laying), using the
panoramic telescope of the p]ece.

38. DISTRIBUTION. a. Definitions. (1) A sheaf consists of the
planes of fire of two or more pieces. (2) A parallel sheaf is one
in which the planes of fire are parallel

(fig. 16). (3) A regu lar sheaf is one in which the bursts are
approximately

on a line and are equally spaced laterally (fig. 17). ( 4) The
width of sheaf is the lateral interval between the centers

of flank bursts. ( 5) An open sheaf is one covering the maximum
effective front

without shifting. This would appear to be the effective width of
one bul'St multiplied by the number of pieces in the battery.
However, because of dispersion and the ineffect]ve-ness of some
bursts, the width of sheaf is narrowed to pro-vide adequate
density. The following table is presented as a guide for the most
desirable widths of open sheaves.

Width (in yards) for an effective open sheaf

Caliber

Front (in yards) covered effect ively by open sheaf

4-piece bat tery 6-piece battery 4-piece battery 6-piece
battery

75-nun __________________ _____ 100 100 130 130 105-rnrn
___________________ ___ 100 150 150 200 155-rnrn _________ :...
_________ ___ 200 250 260 310 8-inch __________ ___ ____________
300 - ----- -- - - 3'80

( 6) The f ron t covered by any sheaf is the width of sheaf plus
the effective width of a burst.

b. Parallel sheaf. ( 1) The battery executive forms a parallel
sheaf immediately

upon occupation of position; he lays the battery parallel on the
indicated base angle or compass, using an aiming circle or other
instrument.

( 2) In most cases, a parallel sheaf is sufficiently accurate
and effective. This is particularly true with massed fires and
fires well beyond friendly troops.

c. Regular sheaf. There will be occasions when the pieces of a
battery are placed so irregularly, both laterally and in depth,
that individual correqtions for lateral distribution and variations
in range are necessary to provide more effective fire on targets
close to friendly troops, on accurately located targets, on pojnt
targets (fig. 18), and on barrages. The executive must be prepared
to form a regular sheaf of the width and at the range which the
observer or the fire-direction center may designate.
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d. Piece corrections for a sheaf. When the heaf i other than
par-allel (such as a converged sheaf), each piece carrie its
individual correction on the gunner's aid, and all pieces continue
to apply the common deflection on the scales of the panoramic
telescope.

Pigure 16. Parallel sheaf.

Figure 17. Individual (orrections to form a regular slleaf.
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F-ig-ure 18. Result of range and distribution corrections on a
point target.

39. HEIGHT OF TARGET. The height of the target with respect to
the gun may be determined by comparison of-

a. Relative altitudes, using a contoured map, or using altitudes
determined by survey.

b. Differences in altitude between the target and a point whose
altitude with respect to the gun is known.

40. HEIGHT OF BURST. a. The height of burst of projectiles fuzed
with powder train or mechanical time fuzes may be varied by
chang-ing the fuze setting or by changing the site. A change in the
fuze setting moves the point of burst along the trajectory, which
changes the range of the burst as well as the height of burst (fig.
19). A change in the site, on the other hand, raises or lowers the
burst in a vertical plane (fig. 20) .

G

Figure 19. Changing the height of bitrst by changing the time of
burning (!uze setting).
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b. Before employing time fire, the fnze etting i adjusted by a
time registrntion to give a zero height 0 bur t; that i , one
\Vhich give a mean height of bur. t a1 the mfac:e of the ground.
Thereafter, the fire-


	
44. DETERMINATION AND APPLICATION OF SPECIAL CORRECTIONS. a .
General.

( 1) When the desired sheaf is perpendicular to the line of
fire, these corrections are determined by the executive. When the
desired sheaf is other than perpendicular to the line of fire,
these corrections are determined bjr the fire-direction center.
Special corrections are applied to one or more of the following
elements.

(a) Range. ( b) Deflection. ( c) Site.

(2) To obtain special corrections on a specific target, one o:f
the following commands is given:

(a) Special corrections. Thjs indicates that a regular open
sheaf is desired.

(b) Special corrections, converged sheaf. This indicates that
fire is desired on a point.

( c) Special corrections (so many yards) . This indicates that a
regular sheaf (so many) ya1ds in width is desired.

( d) All commands given above indicate that the corrections are
to be determined by the fire-direction center. W hen it is desired
that the corrections Le determined by the execu-tive, the above
conunands are foUowed by the designation of the range at which the
corrections are to apply; for ex-ample, SPEOIAL OORREOTIONS AT
6,000 ;y ARDS (range is given to nearest 500 up to 10,000 yards;
beyond that, to the nearest 1,000 yards).

b. The position co~rection grid. The simplest method of
computing corrections for echelonment laterally and in depth is
with a position correction grid. This grid is a plastic device
(fig. 21) upon which the pieces are plotted to scale. It then will
give range and deflection corrections graphically for any direction
of fire. The position cor-rection grid is set up in the following
manner:

( 1) Remove the transparent rotating disk which is the upper
compotrnnt of the grid. (For the figures used herein, the MlO
Plotting Board, modified so the disk can be removed, is nsed as a,
posiLion conecLion gri


	
( 5) "Zero" the board. This i accomplished by rotating the
transparent di k until the 0-3200 line coincide with the zero index
of the grid, and with the red figmes of the disk on the right. (The
red figure are those hown in the midd1P. row of graduations on the
right, as shown in fig. 21.)

(6) With the board "zeroed,' con truct an index on the board
opposite the 1ed figure of the tran parent di k which rep-re ents
the deflection at which the battery ha plac d out it aiming po t
.

Figure 21. l/ 10 l'f()l/i11f1 /l()arlf 118< If 11.11 11
position 1orr


	
(2) Note the lateral displacement of each piece from its desired
position in the sheaf as drawn on the grid and, using the mil
relation, determine its co'!Tection for deflection.

( 3) Note the displacement of each piece in range from the
center horizontal line of the grid, alHl determine its elevation
cor-rection by di vi ding by the "Change in range for 1 mil change
in elevation," as found in the firing tables. In time fire,
in-dividual correction mu t be made in the fnze etti11g to cone
polld with the ra11ge correction which have been ap-plied to
individual piece:.
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PART TWO

OBSERVER PROCEDURE

CHAPTER 6

INTRODUCTION

45. GENERAL. a. This part contains the procedure, terminology,
and technique to be used by an observer for the adjustment of
fire.

b. The relative position of the observer-target (OT) line with
re-spect to the piece-target (GT) line does not affect the observer
pro-cedure in the adjustment of observed fires. Errors are
determined in yards, and corrections in yards are sent to the
battery or battalion fire-direction center. The fire-direction
center converts these cor-rections to appropriate fire commands for
the pieces. This is accom-plished by plotting the corrections on a
target grid and measuring data for the resulting plot from the
pieces in order to place the next burst ( s) at the point
designated by the observer.

46. PREARRANGEMENT. a. The artillery observer, ground or air,
must keep himself and the organization which he represents
com-pletely informed of the tactical situation.

b. In order to perform his mission most effectively, the
observer must be :furnished with the best available maps,
photomaps, or photos of the area in which he will adjust fire.

47. TYPES OF FIRE. a. Precision fire. The object in precision
fire is to place the center of impact on the target. Preci ion fire
is used for regi tration, att,tck of point target , and de
truction. It is used only against stationary objects. when more
than one piece is used on a target, each is adjusted separately.
Precision fire must be Mcurate, but also must be conducted
ewpeditiou ly.

b. Area fire. (1) The purpo e of area fire is to lay down
devastating fire on an

area with uch surprise and peed that the maximum destruc-tion,
demoralization, and casualties re ult. Area fire is used against
personnel and materiel capable of movement or dis-per ed in an
area. Adjustment of area fire must be accurate, parti ularly if
fires are to be ma ed, using the data deter-mined from the
adjustment. The adjustment must be as rapid as is consistent with
accuracy ]n order to insure fire for effect before th enemy cun
escape or take cover. The manner of attack, the type of ammunition
employed, and the amount
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of fire requested by the observer are determined by the nature
and importance of the target.

(2) Normally, fire is opened with two-gun volleys but may be
with battery volleys to immre early sensings, or with a single
piece to save ammunition. Ralvo fire may be ordered if adjust-ment
will be facilitated by use of salvos rather than volleys.
Adjustment is conducted with a parallel sheaf unless other-wise
designated by the observer or fire-direction center.

(3) In area fire, the observer must select a well-defined point
upon which to adjust. This adjusting point may be a distinctive
terrain feature, or it may be some portion of the target, such as a
truck or tank. The observer selects an adjusting point at or near
the center of the area upon which he wishes to place fire (fig.
22). For surprise fire, he may select some nearby point (auxiliary
target), adjust on it, and then shift the fire to the area which
includes his target.

ADVANCING ENEMY INFANTRY IN OPEN

ADJUSTING POINT (DISABLED TANK)

Figure 22. Adjw:;ffn{J point in area fire.

48. SENSING. a. General. Sensing is the determination by the
ob-server of the location of a burst or group of bursts witJh
respect to the target. The observer's sensing determines the next
correction. When the burst appears, sensing must be made promptly
except when it is necessary to take advantage of drifting smoke.
Sensing must be based upon what the observer sees while it is
before his eyes, not on what he remembers.

b. Time f'ire and ricochet f'ire. A burst in the air is sensed
air; a burst on impact is sensed graze. In volley fire, if both air
and graze bursts are obtained in the sa.me volley, the sensing is
miwed when
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equal number of air and grazes are obtained, or 1nixed air (
1nixed graze ) when a preponderance of air (graze~) i obtained.
\.ir bursts are sensed by ob ervin: t'he effect on the ground. The
wide effect pattern facilita.te ensing ; however, the observer mn t
make certain that he bases his sen ing'" 011 the center of the
effect rnttern, nn


	
between observer and target is sen ... ed doubtful for range,
ince an error in site, rather than range, may have cau. ed the
round to trike short of thP target (fig. 25) ~ howP\f'r, if the
lrnrst is so short that it is evident that range is in error, it i
sensed short for range. In area fire, when rounds ar both short and
over or at the proper rang-e 111 the same YollPy or saho, tlH'
sc>nsing is rrrnrr ror1rr'f for rang


	
SENSE AN l MPACT BURST SHORT OF THE TARGET AS "GRAZE DOUBTFUL))
BECAUSE YOU CANNOT ELL W~ ER THE BURST WOULD BE IF ff WERE RAISED
TO Al R

~.,,,,.---- ------"""

Pigur 25. Error in ite causing a round, to strike sllort of the
target in time area fire. With proper site, range would, be
over.
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CHAPTER 7

TERMINOLOGY; DETERMINATION OF DATA

49. GENERAL. The u e of standard phrases between observers and
the fire-direction center facilitates mutual understanding and
reduces the volume of communication. However, it is not intended to
restrict the transmission of any additional information that would
assist in bringing fire to bear on the target.

50. CORRECTIONS AND TERMS. The following are corrections and
terms normally employed by the ob erver.

a. FIRE MI IO - warning order to alert the fire-direction center
and to indicate that the me age to follow is a request for
fire.

b. AZUIDTH-The azimuth from observer to target. This indi-cates
Y-azimuth unless stated otherwise.

c. LEFT (RIGHT) ( o many yards)-To correct the deviation as
observed along the 0 T line.

d. UP (DOW ) ( o many yards)-To correct for differences in
altitude in the target area: to raise (lower) the height of bur.tin
time area fire.

e. ADD (DROP) ( o many yard. )- To increase (decrease) the
range, as observed along the OT line.

f. LOST-To indicate that the 1:u:1t ronnd or volley was not
observed.

g. CORRECTION-A term used in a fire message to indicate-(1) That
an error in data has been announced and that corrected

data will follow. (2) Any change in data to bring the center of
impact or burst

clo er to the target. h. CONVERGED SHEAI1""'-To obtain the
planes of fire converged

on a point. i. CONVERGE ON BASE PIECE (or other piece)-To obtain
a

sheaf converged on the desired piece. j. PECIAL CORRE TIO T -To
obtain a regular open heaf.

This term indicates that individual corrections for lateral
distribu-tion, variations in range between pieces, and for
calibration are nec-essary. SPECIAL CORRECTIONS (so many yards) may
be given to obtain a regular sheaf at a designated width. SPECIAL
COR-RECTIONS (target description) may be given to obtain a sheaf
not perpendicular to the line of fire or to fit a target of special
shape.
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k. REPEAT R.A GE-To obtain fir at the same distance from the
observer as the previous round or volley.

I. CLO E-To indicate that the target is within 600 yards of
friendly forward elements.

m. DEEP-To indicate that the ta.rget is more than 600 yards from
friendly forward elements. .

n . .AIR (GRAZE)-To indicate that the burst is an air burst
(graze burst).

o. SALVO RIGHT (LEFT)-To obtain battery (two-gun) salvos
beginning with the right (left) piece, provided the observer knows
the location of the battery with respect to the OT line; otherwise,
he requests S.AL VO FIRE.

p. WHEN READY-To cancel A.T MY COMMAND. q. FIRE-Ob erver's
command to fire after .AT MY COMMAND. r. FIRE FOR EFFECT-To
indicate that the adjustment i satis-

factory and that the unit is to fire for effect. s. CE.ASE
FIRING-To interrupt firing for any reason. t. CHECK FIRE-To
interrupt firing temporarily (normally a

naval term) . u. COMMENCE FIRING-To begin firing as soon as
ready (used

with the Navy when it is desired to resume firing on the same
target after CEA E FIRING or CHE K FIRE has been given).

v. CEASE FIRING, END OF MI ION-To terminate firing on a specific
target.

51. DETERMINATION OF DISTANCE. a. Necessity. The observer must
be able to determine quickly and accurately the di tance between
objects, targets, or bursts in order to determine basic data and to
adjust artillery fire effectively. Di tances can be determined
either by estimation or by computation.

b. Estimation of distance. The estimation of distance is
facilitated by having a yard tick on the ground. This yardstick can
be estab-lished by firing two rounds from the same piece and 400
yards apart. Or the observer may establish a known distance in the
target area by determining from his map or photo the distance
between two points which he can identjfy positively both on the map
and on the ground.

c. Computation of lateral distance. ( 1) The observer can
determine lateral distances by the use of

an angle-measuring instrument such as field glasses. To
determine the observed deviation (lateral distance) between two
objects, the observer determines from a map or photo, or estimates,
the mean distance to the objects. He then measures the angle
between them and converts this measure-ment to yards by use of the
mil relation. Example: .An ob-server desires to determine the
lateral distance in yards
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between two objects. With his field glasses, he measure the
angle between them as 110 mils. He determines from his map that the
mean distance from his position is 2,000 yards. Using the mil
relation =W/R (or W=XR), he com-putes the distance between the
objects to be 220 yards (110X2).

(2) 'Vhen instruments are not available, angles are measured by
the hand, fingers, or a ruler held a known distance from the eye.
The angle subtended by each i determined by the individual b fore
he goe into the field (fig. 26).
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Figure 26. EJample8 of m


	
when he hears the sound. He counted four seconds; there-fore,
the burst is approximately 1,600 yards (400X4) from his
position.

52. INITIAL FIRE REQ_UEST. The initial fire request sent by the
ob-server to the fire-direction center includes those elements
appropriate to the mission. The following are the elements which
should be con-sidered when requestinD" a fire mission and the
sequence in which they should be transmitted.

a. Identification of ob erver. b. "\Varning order. c. Azimuth
from observer to target. d. Location of target. e. Nature of
target. f. Classification of fire. g. Type of adjustment. h. Type
of ammunition. i. Fuze action. j. Control.

53. IDENTIFICATION OF THE OBSERVER. When necessary, the observer
identifies himself to the unit from which he is reque ting fire, by
appropriate call signs or code.

54. WARNING ORDER. The observer sends FIRE MIS ION to alert the
fire-direction center. It indicates that a request for fire
follows.

55. AZIMUTH FROM OBSERVER TO TARGET. a. The observer deter-mines
the azimuth to the target from his po ition by use of a compass,
other azimuth measuring instrument, or a map. To eliminate the
ne-cessity of taking a compass reading each time a target is to be
engaged, the observer should obtain accurate azimuth readings to
the base point and several other well-distributed points in the
target area. Then, by measuring a deviation with his field glasses
from one of these points and applying it to the known azimuth to
that point, he easily and quickly can determine the azimuth to his
target. Example: The azi-muth to the ba e point from the ob erver's
position has been measured with a compa s and found to be 4,130
mils. A target appears 200 mils to the right of the base point, as
measured in the field gla ses. The azimuth to the new target is
4,330 ( 4,130 + 200). In the initial fire request, the azimuth is
announced to the nearest 10 mils; for example, AZIMUTH 4330.

b. "When no azimuth measuring instrument is available, the
observer must ~stimate the azimuth. If the announced azimuth is
greatly in error, the orientation of the target grid will be
corrected at the .re-direction center during the course of the
adjustment.
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56. LOCATION OF TARGET. The location of the target may b given
in one of the followinrr ways:

a. Coordinates. The ob erver may send the location of the target
by grid coordinates referring to a map, photomap, or photograph;
for example, COORDI ~\TE (65.32-7 .01) 01 COORDINATE .ABLE YOKE G7
(fig. 27).

Figure 2"1. Designating tlte luwtion of tlte targ t by grid
coordinate . The observer sends the location of tlle road jwwtion
as COORDINATES ABLE 1'0KE 6"1.

b. Shift. The observer may shift from a reference point, which
may be the ba e point, a check poi11t, a numbered concentration, or
any other point whose chart l ation i known at the fire-direction
centel'. The shift is given as corrections in yards, u ually to the
nearest te11 yards. If either the direction or altitude of target i
the ame a that of the refer nee point, that correction i omitted.
In time fire, the fire-direction center add. the Lle. ired height
of bur t to the ob erver's correction for height of tar


	
effect based upon the adjustment of one battery, it is
particularly necessary :for the observer to determine the correct
height of the target jn order to insure that the fires of the
batteries will be massed accu-rately. The shift is determined as
follows:

( 1) Direction (fig. 28). The deviation in mils from the
refer-ence point to the target is measured and the distance to the
reference point is estimated. The correction in yards from the
reference point to the 0 T line then is determined by use of the
mil relation and the ob erver-reference point range. The direction
correction is included in the initial fire request;

Reference Point

Direction Correction

(). ".r ,..,o Measured

""~)". Deviation o~

~...-: ~ ....

~,,

"~ ;() o. ,.,,,..,

_j Target I

Observer

Range Correction

Distance to Perpendicular

Figure 28. Determining direction and range corrections, shifting
from reference point.

for example, FROM BASE POINT RIGHT (LEFT) (so much).

(2) H eight of taTget (fig. 29). The height of target may be
determined as follows: Measure the angles of site to the target and
to the reference point. Then, by the mil relation, compute the
amount in yards that each is above or below the ob ervation post.
From these values, compute the cor-

51


	
redion for diiTPrenee in alt it ll


	
T 1

I ---- T

Observer measures his shift ond range correct ions from

ADD (So Much)

the plot~

RP I BLG_H_T_ f~o- ~~~~ I ~is measured

\ and p lotted I ', I

\ I

\,/'o- - - -- J_ Figure 30. Rapid vzotting.

Th is distance is estimated and plotted

d. Geographic location . The location of a target may be given
by mean of rreogra1 hie dil'ed ion and di tance from a known point.
For xample: FROM ONCENTRATION P 22, WE T 100, OUTH

:-300; FROM ROAD JUN TION 615, ZIMUTH 1,400, DI._ T NCE HOO;
FROM CRO ROADS 932, NORTHEAST 600.

e. Marking volley . The observer may request a marking volley
from which he can shift Lo his target. E xamples:

MARK BASE POINT. MARK CHECK POINT NUMBER 3.
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MARK CENTER OF 'E 'TOR. (The ob erver may add UP 100 (or other
arbitrary amount), FUZE TIME, to obtain a high air burst which he
can identify.)

CODE COl\IP~\R, RIGHT 200, UP 20, CODE RANGE ~\DD 00.

f. Polar coordinates. ( 1) If the oh erwl''s lol'.ation is
lrnown by the fire-direction cen-

ter, the initial location of a target may be reported by polar
coordinate . The fire-direction center plots the target on the
azimuth and at the distance from the observer's location as
reported by the observer. Thi. method is particularly de-sirable in
the case of large lateral shifts and hort observing di tances.
ExamplP: The ob erver reports: FOR,VARD OBSERVER ~\BLE, FIRE MI
SION, AZIMUTH 2,000, OT RA GE 900. MORTAR. , WILL ADJUST. The
.re-direction cent er p la chart locations are known by fire-


	
TION, HIGH-ANGLE ] IRE, pe ial heaf or range prea l desired or
any other pecial requirement. If no specific type of adju tment is
designated, area fire methods and volley fire will be u. ed. If
salvo fire is de ired, the ob erver send ALVO FIRE or ALVO RIGHT
(LEFT). In both alvo and volley fire the fire-direction center will
determine the number of piece to be mmd during adju tment. If the
observer desire a specific number of piece , he mu t pecify the
numb r de ired; for example, BATTERY ALVO. The ob erver may
indicate the volume of fire for eff ct de ired; for example, RE-QUE
T BATTALIO , or ALL ADDITIO AL FIRE.

60. TYPE OF AMMUNITION. The ob erver may designate the type of
projec6le de irerl; for example, HE, MOKE, ARMOR-PIER -IN :r,
ILLUMINATING, or other type. Choice of projectile depend upon effe
t ought. If no pecific type of ammunition i de ignated, HE hell
will be u d.

61. FUZE ACTION. The ob erver may designate the type of fuze
action de ir d; for example, FUZE Q I IC (VT) (TIME) (DE-LAY) (or
other type). Choice of fuze d p nds upon effect sought. If no
pecific type of fuze action i de ignated, fuze quick will be used.
If the ob erver de._ ir to adj u t 'vi th fuze quick, but de ire to
use VT fuze in fir for effect, he include in his initial fire reque
t, VT I EFFECT.

62. CONTROL. Th ob erver's de jgnation of control will con i t
of one of the followin (J' :

a. Will adjust. This indicate that the accuracy of the ob
erver's location of the targ ti uch that an adjn tment is consider
d neces ary, that the observer can a ljust the fir , and that he
will end correction after each round volley, or alvo. If ob
ervation i difficult or inter-mittent, th ob erv r may end T MY
OMMAND WILL AD-.T T. In thi v nt, the ob erver tran mit FIRE aft r
receipt of READY from the fire-direction center and when he is in
po ition to observe. Thi proc dure remains in effect until a sub
equent correc-tion is followed by the command WHEN READY.

b. Fire for effect. When transmitted as part of the initial fire
re-quest this indicate that the ob erver con ider his location of
the tar(J'et to be accurate no adustment ne es ary and urpri fire
desirable.

c. Cannot observe. Thi indicates that the ob er er will be
unable to adjust the fire, but that he has rea on to believe that a
target exi ts at the given location and that it is of sufficient
importance to justify firing upon it without adjustment. The
decision to fire the mission will be made by th fire-direction
center.
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63. EXAMPLES OF INITIAL FIRE REQUESTS.

a. FIRE MISSIO.L \ AZIMUTH 3,210, BASE POINT, PRECISION REGI
TRATION, WILL AD.JUST.

b. FIRE MI 'ION . ... \.ZIMUTH 4.200. FROl\I K\SE POI T, RIGHT
400, UP 40. ADD 600, THREE l\I.A HINE GUNS. 100-Y ... \.RD zo TE,
-W'ILL ADSr"ST.

c. FO.Lr OBOE B...\KER (Fonrnrd Ob er-ver, Battery B)) FIRE ML
IO T . AZDIUTH 650. JIG l\IIKE n.7(50. INFANTRY Ir FO ... ~ HOLES,
S ... \.LVO RIOHT, FrZE Tll\IE. AT l\IY O:M~L\ND, WILL AD.TrST.

d. F'IRE l\IISSIO . CON E TRATION" P:12, IXFANTRY IN OPEN. REQUE
T BATTALION, FUZE VT. FIRE FOR EFFECT.

e. FIRE MI ION, AZIMUTH 31:W.

OORDIN ATE 47.2-.93.6. I F ... \.NTRY .ASSEMBLING, FUZE VT IN
EFFECT (fire-direction center will order uze

quick in adjustment), WILL AD.JU~ T.

64. INFORMATION SENT TO OBSERVER. a. If a target is to be fired
upon, the fire-direct ion center fnrni8he the following information
to the observer:
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(1) Battery (batterj s) to fire for BATTALION, effect.

(2) Adjn ting battery. ( 3) Projectile and/ or fuze.

BAKER. FUZETJ;]JE,


	
( 4) Method of fire and range spread.

( 5) Time of opening fire. (6) Concentration number
assigned.

Example

3 VOLLEYS, CENTER RANGE,

WHEN READY, CONCENTRATION

N0.30.

b. If the mission cannot be fired, the observer is notified,
WILL NOT FIRE.

c. The observer is informed ON TllE WAY as each round (volley,
salvo) is fired. As each unit tart fire for effect, the ob erver is
in-formed; for example, ABLE FIRING FOR EFFECT. When firing medium
and heavy artillery at long ranges and when firiPg high-angle fire
with all calibers, the ob erver is sent the warning, SPLA H, five
seconds prior to the end of the time of flight of the round or
volley. TU!E OF FLIGIIT (so many) SECONDS is transmitted to the
ob-server at the beginning of a mission when the observer requests
this information. When the ob erver has sent AT MY COMMAND,
.re-direction center transmits READY to indicate that pieces are
ready to fire. The fire-direction center informs the observer when
fire for ef-fect has been completed; for example, ROUNDS COMPLETE,
ABLE, BAKER, CHARLIE; or ROUNDS COMPLETE, ALL BATTALIONS.

65. SUBSEQUENT CORRECTIONS. a. Subsequent corrections are
trans-mitted in the following sequence:

( 1) Deviation correction. ( 2) Distribution correction. (3)
Height-of-burst correction. ( 4) Change in any special
requirements; for example, to change

from voll y to alvo fire during area adjustment. ( 5) hange in
number of rounds to be fired (in precision fire). (6) Change in
ammunition; for example, to change from :fuze

delay to fuze time. (7) Range correction.

b. Subsequent corrections are always terminated with a
correction for range, except when a change in control is given, in
which case a correction for range must be given followed by the
method of control; for example, REPEAT RANGE, FIRE FOR EFFECT.

c. Any element of subsequent corrections, other than the
correction for range, may be omitted if no chang in that element is
desired. If some element is to be corrected bnt range i not, the ob
erver sends the correction for that element followed by REPEAT
RANGE. l it is desired to fire with the same data as the last
rounds, the ob erver sends REPEAT RANGE.
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66. CORRECTION OF ERRORS. a. Initial fire request. I:f the
observer has transmitted his initial fire request and find that he
has made an error in one 0 the elements listed in paragraph 52, he
ends COR-RECTION, followed only by the information pertaining to
the entire element in error. The remaining elements of the initial
fire request need not be retransmitted. If any element 0 the reque
t has been omitted erroneou ly, the observer send that element to
the fire-direc-tion center as a separate transmission withont
repeating the entire initial fire request.

b. Subsequent corrections. 'Vhen the ob erver sends erroneous
data in subsequent correction , he correct it by ending CORRE TION.
:followed by the entire corrected transmis ion; for example, the
ob-server has tran mitted LEFT 200, UP 40, ADD 400. He desires to
change DD 400 to DROP 400. To correct his error, he ends,
COR-RECTION, LEFT 200, UP 40, DROP 400. The word "correction," in
this case, cancels the entire transmi sion.
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CHAPTER 8

CONDUCT OF FIRE

Section I. GENERAL

67. INTRODUCTION. The purpo e of conduct of fire is to bring
effec-tive fire to the target by adjusting with ob erved rounds.
The fact that th'.\ fire has been brought to the target is
established when rounds or fragments strike the target or when the
target has been enclo ed by a bracket of appropriate size.

68 . RANGE BOUNDS. a . First bounds. After a round or volley has
been ensed, the fir t range bound i made large enough to bracket
the target. The ize of the initial range bound is ba ed on the
accuracy of the location of the target and thee timated range error
of the roun l or voll y from the target. Initial range change are
made in hundreds of yards. Unle s there i definite indication as to
the amount of range error, the following may be used a a guide for
initial range changes :

E timated data _________ __ ____ ______ ___ _______ 400 yards
Map data, uncorreC'f eel_ _______________ __ _______ 200 yards Map
data, corrected _________ __________ ________ 100 yards

b. Bounds close to friendly troops. Fire close to friendly
troops is opened with data which ar urely safe. Range then i hanged
by bounds which are afe, until a brncket or a orr ct range is
obtained.

Section II. PRECISION FIRE

69. GENERAL. The adjustment in precision fir i made by a single
piece. The object of adju tment is to obtain a trial range. Th
trial range i the range for the center of a 100-yard bracket, or a
range giv-ing a target hit. In order to obtain a trial range, an
initial range bracket is sought; thereafter, the bracked is plit
sncc iv ly until the trial range is d termined.

70. ADJUSTMENT OF FIRE. The observer makes his sen ings and
gives his correction with relation to the OT line. An off-line
burst is brought to the line by multiplying the observed deviation
in mils by the estimated 0 T range in (th on sand of yards) and
sending a correc-tion of RIG HT (LEFT) (so much)
tothefire-directioncenter. Bur ts
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are kept on the OT line graphically by the fire-direction
center. An early bracket on the target is sought and, when
obtained, is split suc-eessirnly by adding or dropping appropriate
amountti along the OT line until the trial range is determined.

71. FIRE FOR EFFECT. a. General. Fire for effect is started by
the observer at the trial range. During fire for effect, the
observer sends no corrections io the fire-direction center but
sends only his sensings of the rounds as observed. Range is sensed
as OVER, SHORT, DOUBTFUL, or TARGET; deviations are sensed as
RIGHT, LEFT, or LINE (fig. 31). The necessary action, based on such
sensings, is taken by the fire-direction center. The observer may
be instructed by the fire-direction center to sense the amount of
deviation in yards from the OT line. In this case only, the
observer senses any off-line rounds in fire for effect as DOUBTFUL
(so much), RIGHT (LEFT). Rounds may be fired singly or in groups.
The fire-direction center will notify the observer when more than
one round is to be fired. If a target hit is obtained during
adjustment, it is considered as the first round in fire for effect,
and is reported to the fire-direction center as TARGET, followed by
the request REPEAT RANGE, FIRE FOR EFFECT.

b. Control during a registration. when the mission is
registration, fire for effect is continued until the observer is
notified by fire-direction center that the adjustment is
complete.

c. Control during a destruction mission. When the mission is
de-struction, fire is continued until the observer notifies
fire-direction center that the mission has been accomplished. In
order to avoid sens-ing on ricochet bnr ts, fnze quick generally is
used during adjustment and in the first group of six rounds in fire
for effect; fnze delay is used in subsequent fire for effect.

72. TIME REGISTRATION. a. The purpotie of a time registnition is
to obtain a zero height of burst by correcting the time setting of
a fuze. (A zero height of bnrst is that height at which the burst
center is at the surface of the ground.) Following an impact
registration, a time registration may be initiated
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