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laid on the gun and the latter is elevated until the limb of the
quadrant is level; the instrument is removed before firing.

For guns of position giving indirect fire, such as coast defense
mortars, the mount is accurately leveled and the elevations may
be read from a scale, on the elevating arc, graduated in degrees.
Associated with such defenses, is a system of position finding, de-
signed to measure the angular distance of the target from a fixed
vertical reference plane; the guns are pointed laterally by training
them through the same arc, measured on the graduated training
circle, the zero point of which is, with the center of the mounting,
in the reference plane. This method is only applicable to fixed
guns on shore.

When the target is visible from some point sufficiently near to
- communicate with the gun, an auxiliary mark, which is visible
from the gun, is set up and the sights, set at an estimated eleva-
tion, are directed at it. An observer notes the fall of the projec-
tile and alters the position of the mark and the setting of the
sights until the target is hit. The latter method is the practical
one for naval forces operating on shore; with any system of in-
direct pointing, an observer, who can see the fall of the shot and
thus correct errors in the pointing, is essential.

2. The Trajectory is the curve described by the projectile in
passing from the muzzle of the gun to the point of impact; its ver-
tical curvature is due to the force of gravity. In most cases, there
is also a slight lateral curvature caused by the rapid rotation of the
projectile on its axis, imparted by the rifling ; this deviation from
the vertical plane of fire, called the drift, is to the right for right-
handed rifling, and is corrected by a permanent shop adjustment
of the sight.

The axis of the bore is its geometrical axis; the axis of the
trunnions, which, in firing, is supposed to be horizontal, is their
common geometrical axis; it is at right angles to the axis of the
bore.

The line of sight is a straight line through the two sight points
which, in the act of firing, also includes the target.

The line of departure is the line in which the projectile is mov-
ing as it leaves the gun, or is a tangent to the trajectory at that
point. :
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The jump is the small vertical angle, usually upward, which
the axis of the bore describes in the act of firing; it is due to the
straining of the mount. It is determined experimentally and is
applied as an index correction in marking the sights.

The angle of position is the angle included between a line passing
through the gun and target and the horizontal plane; for all prac-
tical purposes, this angle disappears when gun and target are
afloat.

The angle of elevation is the vertical angle between the line of
sight and the axis of the bore. -

The angle of departure is that included between the line of
departure and the horizontal plane; it is the algebraical sum of
the angles of elevation, jump and position.

M = target.
OB = axis of the bore, firing, B
04 = = = *  before firing.

¢ = trajectory.

OM = line of sight.

OH = horizontal plane.
a = angle of departure.
= " " jump.
8= glevation.

¢ position.

The range is the linear distance from the gun to the intersection
of the trajectory with the line of sight.

3. In Pointing a gun, two distinct steps must be taken:—(a)
Adjusting the line of sight to make such vertical and horizontal
angles with the axis of the bore that the trajectory will intersect it
at a distance from the gun equal to the distance of the target, i. e.,
setting the sight; (b) directing the line of sight at the target and
retaining it there until the moment of firing. The first step is the
duty of the officer in control of the fire, through his subordinates,
and requires experience, keen observation and a high order of
intelligence and knowledge of the theory of gunnery. The second
step is in the province of the gun pointer and requires no thought
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or knowledge of the principles of ordnance or gunnery, being
merely a matter of eyesight, nerve and manual dexterity.

The “ point-blank ” range of a gun is the distance through which
its trajectory may—without appreciable error—be assumed to be
a straight line; in firing at targets inside such range, the gun is
not elevated and the line of sight (disregarding the jump) coin-
cides with the axis of the bore; this distance is necessarily short,
but increasés as the trajectory is flattened, which is a direct result
and one of the great advantages of increasing the velocity. How-
ever, if the target is beyond the limit of point-blank range, which
is the general case, some or all of the following adjustments must
be made to give the line of sight the necessary horizontal and ver-
tical angles with the axis of the bore: Jump, drift, range, wind,
motion of gun and motion of target. The first two are perma-
nent adjustments and their values are determined in ranging the
gun and the correction made while fitting the sights. (In this con-
sideration, the errors of the gun itself, variation in the powder, etc.,
and errors in measuring the range of the target are not touched
upon.) -

When a gun is “ranged ” at the proving ground, a curve of
the range under standard conditions for all angles of elevation
up to 15 degrees is obtained; the deviations due to drift are also
recorded and plotted, but the curve so obtained is assumed a
straight line without much error. During the ranging, the gun
is directed at a mark on a paper screen, at a known distance from
the gun, by means of bore sights; the projectile makes a round
hole in the screen, the center of which gives the offset, due to
jump, from the point aimed at. The jump depends somewhat on
the rigidity of the gun platform and is variable, but its value is
only a few minutes of arc. This data obtained, the gun is returned
to the gun factory to have its sights fitted. By means of
T-squares secured to breech and muzzle tompions and a trunnion
square, a line parallel to the axis of the bore is obtained which
passes through the front sight point—if open sights are being
fitted. The distance between the sights,—the sight radius—being
known, the right triangle is solved to fix the height of the rear
sight point above this line for the different angles of elevation;
after applying the jump, the ranges corresponding to these angles
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