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GATLING GUN, MOUNTED ON NAVY FIELD CARRIAGE, WITH THE DIRECTING BAR, SHOULDER REST, 
CRANK AND FEED GUIDE-WAY SHIPPED. 
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AUTOMATIC AND l\lACHINE GUNS 257 

immediately in rear and abutting against the carrier block; thus 
. the lock-cylinder body is the rearmost piece which revolves with 
the main shaft, barrels, etc. The rear guide nut (9) screws on 
the main shaft in rear of the lock cylinder and prevents its longi­
tudinal displacement. The lock cylinder has ten guide grooves 
in which the locks travel through the ten holes in the disk which 
have the same profiles as have the locks. These guide grooves 
are continued on the surface of the carrier block (38), and are 
there sloped away at the top to form pockets which take up and 
bear the cartridges. In Plate III, the lock cylinder is concealed 
by the cam cylinder (6), but the disk (2) is shown just in rear 
of the carrier block; the locks (78) may be seen protruding 
through the disk~a cartridge is shown in front of one at the 
moment of being pushed into the barrel. It will be noted that the 
main shaft, ten barrels, two barrel plates, carrier block and lock 
cylinder are all rigidly locked together, none having any motion 
independent of the others, and are revolverl with the hands of a 
clock by a crank. 

I3- The Locks (7), ten in number, are best seen in Plate IV. 
They are of irregular section and are provided with T -shapeqI' 
guide ribs which travel in the grooves of the lock cylinder and 
carrier block; there is a radially projecting lug on the rear end 
of each which engages the cam of the cam cylinder (see Plate IV), 
by which the locks are moved back and forth. The outer side 
of the lock is slotted nearly its whole length to receive a straight 
extractor which, to obtain elasticity, is secured only at its rear 
end. The center of the lock is bored out to receive the spiral firing 
spring and the straight firing pin; on the rear end of the latter is 
formed a knob which engages the groove of the cocking switch. 
A loose sleeve around the front end of the ' firing pin has two arms 
which project forward enough to strike the fro~t shoulder of the 
lock when the pin goes forward and thus causes it to rebound 
slightly after striking the primer. 

The ca·m c:ylinder (7), (Plates III and IV), surrounds the lock 
cylinder, abutting against the rear face of its disk, and is keyed 
to the casing so that it cannot revolve. The cylinder has a recoil 
plate (14) (Plate V) screwed to its front lower edge, against 
which the rear ends of the locks abutt, and are supported, during 
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firing. On the inner surface of the cylinder a spiral cam is cut 
which operates the locks by the lugs on their rear ends. The 
cocking switch (63) is held in a longitudinal dovetailed slot in the 
cam cylinder; it is held forward by a light spiral spring, but may 
be moved rearward by turning a milled head, called the cocking­
switch knob, on the right-hand side of the gun (see Plate II) ; 
when moved to the rear the switch is out of action and will not 
cock the locks. 

14. Immediately in rear of the cam cylinder, and abutting against 
its after end, is the diaphragm (5. Plates III and V), keyed to the 
casing with the same key as the cam cylinder. It is bored axially 
for the rear bearing of the main shaft and transversely, on its 
lower side, for the crank shaft. In its upper left-hand portion is 
a sleeve tor the lock plug (44), the use of which will be explained. 

The main-shaft 'Cuorm wheel (12, Plate V) assembles on the 
main shaft, to which it is keyed immediately in rear of the dia­
phragm, and engages the crank-shaft worm wheel (13), which 
is carried by and keyed to the crank shaft (53), immediately below 
the main shaft. 

The cascabel plate (16, Plate V), assel1lbling next in rear of the 
diaphragm, has a lug for the rear sight; it is threaded to corre­
spond with the threads on the rear end of the casing. On its 
upper inner surface is a small steel stop plate, which, when the 
cascabel plate is screwed in position, abuts against a small screw 
in the casing and thus assures the correct position of the cascabel 
plate which carries the rear sight. 

The adj%sting-knob collar (51, Plate VI), adjusting-knob col­
lar spring (52), and adjusting knob (So) are assembled on the 
main shaft in rear of the cascabel plate, the adjusting knob screw­
ing on. The collar is keyed to the main shaft and revolves with 
it; its forward side abuts against the cascabel plate, while the 
adjusting knob abuts against its after side; the spring serves to 
lock the adjusting knob in position on the shaft. The use of these 
parts is to regulate the breeching up. The adjusting knob is 
screwed on to the main shaft until it abuts against the collar with 
a sufficiently firm bearing; the more it is " set up" the more the 
barrels will be drawn aft, or the less distance there will be between 
the forward end of the lock in its firing position and the after 
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end of the barrel. If it is screwed up too tight there will not be 
room for the cartridge head, or, if there is room, there will be so 
much friction that the gun will turn hard. If the adjusting knob 
is not screwed up far enough, the cartridge will not be fully entered 
in the chamber, and, when firing, the cartridge case may bulge 
under the rim, or even burst, and thus cause a jam. 

IS. The Hopper (23, Plate VI) is hinged to the casing and is 
slotted to receive the feed-guide way, and to provide a passage­
way for the ammunition into the gun. The function of the hopper 
plow (24) is to assist in ejecting the empty cases. The hopper­
feee! walls (30 and 33) provide bearings for the hopper-feed 
wheel (35) and serve to guide the cartridges into the grooves of 
the carrier block. 

The feed guide (constructed on the Bruce Feed System), shown 
in place in Plate II, contains two channels for the cartridge rims 
and ships over the opening in the hopper. The cartridges are 
inserted from the top, travel downward by gravity, and drop off 
one by one to the grooves of the carrier block, through the medium 
of the feed wheel. 

Operation of the Mechanism (see Fig. I). 

16. The gun being assembled, directing bar, crank and feed 
guidp. shipped, the cocking-switch knob should be turned with the 
arrow pointing forward to put the switch in action, if this has 
not already been done. The ammunition is entered in the feed 
guide directly from the pasteboard boxes in which it is furnished; 
the two channels in the feed guide engage the rims of the two 
rows of cartridges in the box, the box is pulled off and the cart­
ridges drop down in place until the first one rests on the hopper­
feed wheel, and the gun is ready for firing. If the crank is then 
turned, the force of gravity will cause the hopper-feed wheel to 
turn so as to deposit one cartridge in each groove of the carrier 
block. The position of the locks in the grooves of the carrier 
block and lock cylinder are regulated by the cam of the cam 
cylinder, so that the locks in their uppermost position are also in 
their rearmost position; the cartridges are deposited in the grooves 
of the carrier block in front of the locks. As the crank is turned, 
the lock cylinder and carrier block revolve, carrying with them 
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tbe locks and cartridges. The cam lugs on the locks engaging the 
cam on the i111wr surface of the cylinder,-which cylinder cloes 
not revolve,--causes the locks to move forward, each one pushing 
in front of it a cartridge. This forward motion of each lock con­
tinues until the cartridge in front of it is seated in the chamber, 
the extractor is cammed out over the cartridge head so as to grasp 
it. and the rear end of the lock presses against the recoil plate, 

FIG. 1. 

DEVELOPMENT OF CAM CYLINDER FOR GATLING GUN. 

Showing operation of the locks diagrammatically. 

which is secured to the cam cylinder as shown in Plate IV. As 
the lock travels forward, the cocking switch (see Plate IV) 
grasps the knob of the firing pin and holds the firing pin to the 
rear while the lock travels forward, 'thus compressing the firing 
spring. This compression of the firing spring and holding to the 
rear of the firing pin continues until the lock arrives in its for­
ward position, at which point the cocking-switch groove ends and 
the knob of the firing pin is released, whereupon the firing pin 
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flies forward and fires the cartridge in its barrel; the recoil of the 
lock being taken on the recoil plate. It will be noted that the 
recoil plate extends through a considerable are, and that the lock 
remains in its forward position during revolution through the 
same arc; this provides against accident due to hangfires, as it 
will rarely occur that a hangfire will last long enough to permit 
the lock to travel off the recoil plate. As soon as the lock leaves 
the plate, the cam lug on the lock, which may be plainly seen in 
the left-hand figure of Plate IV, engages the rearward sloping 
portion of the cam. The revolution continuing, the lock travels 
to the rear and carries with it the empty cartridge case, which is 
held between the carrier block, extractor and casing, until the 
cartridge case is opposite the exit on the left side of the casing, 
when it is ejected. 

In Plate IV it will be seen that two different positions of the 
cocking switch are shown. In the left-hand figure, the cocking 
switch is shown in its forward position, so that as each lock travels 
down the cam in the direction contrary to the hands of a watch, 
the switch will grasp the knob of the firing pin; it will be noted 
that the upper lock is approaching the cocking switch and that • 
the lower lock has its firing pin about to be released by the switch. 
In the right-hand figure it will be seen that the cocking switch is 
withdrawn to the rear so that the firing-pin knob of the upper 
lock does not engage it, and consequently this lock will not be 
cocked. 

When the crank is shipped in rear, each revolution of the crank 
causes one cartridge to be fired from each barrel. When the 
crank is shipped on the crank shaft, 4 revolutions of the crank 
cause 23 cartridges to be fired from the barrels; the lower right­
hand barrel is the firing barrel. When the gun is firing, the ten­
dency of the recoil of the locks causes the cam cylinder to be set 
back against the diaphragm, which is securely held against the 
cascabel plate by the cascabel-plate screw (17). 

17. There is no safety arrangement in this gun so long as there 
are cartridges on the carrier block. If the cocking-switch knob 
is turned with the arrow pointed aft and the crank is revolved, one 
cartridge will probably be fired and no others after that, but this 
switch is, however, not designed as a safety arrangement, but 
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merely to enable the mechanism to be operated without cocking 
the locks. 

In case the cartridges stop feeding into the carrier block, it will 
probably be found that they are clogged just above the feed wheel. 
To clear them, lift the cartridges slightly clear of the feed whee! 
and allow them to fall back in position. 

In case of hangfire, the cartridge case may explode and cause a 
jam of the mechanism. This can nearly always be overcome by 
putting extra force on the crank and continuing to turn until the 
deformed case is ej ected. It is not considered desirable to fire the 
gun at a rate exceeding 700 shots a minute. 

18. The Lock Plug (44), Plate VI, which has a hook on its 
front end, lies normally in a longitudinal slot through the tt$>per 
left-hand side of the diaphram and cascabel plate (see PlateiV) ; 
it projects to the rear enough to be easily handled. As thel~cks 
come in succession in line with the lock plug, they are engaged by 
the hook on its end and, being at that particular point disengaged 
from the cam cylinder, may be pulled to the rear. Hence, to. re­
move locks, turn crank until the qualifying mark on casing oppo­
site rear end of barrel corresponds with a qualifying mark on 
rear barrel plate; turn lock plug to the right and draw it to the 
rear; this will withdraw one lock, through the lock-plug recess; 
the others may be withdrawn in the same manner. 

19. Feed Systems.-The first feed system devised consisted of 
a long tin case of trapezoidal cross section, containing 40 cart­
ridges lying one above the other which fall oy gravity directly on 
the carrier block. The cartridges do not always fall parallel to the 
guide grooves and in very rapid firing do not fall quickly enough­
hence jamming is likely to occur; besides, depending on gravity, it 
does not work regularly for different angles of elevation. The 
Bruce feed is also a gravity feed and open to the latter objection but 
it delivers its cartridges parallel to the barrels by passing them 
over the hopper feed wheel (35). The Accles feed consists of a 
large drum holding the cartridges by each end in spiral grooves in 
the heads; they are forced out of the spirals and into the gun by a 
revolving set of radial arms which is revolvecl inside the feed 
drum by projections on the carrier block. The latest feed, like the 
Aecles, is positive and certain in its action but is much lighter and 



AUTOMATIC AND MACHINE GUNS 

Jess cumbersome. The cartridges are held in long tin strips by 
tongues punched out and bent around the cartridge body. These 
strips are fed through the hopper from left to right and the carrier 
block picks the cartridges off from the under side, bending the 
light tongues downward, as the feed strips go past. 

(The Notes on the Gatling Gun in the Gun and Torpedo Drill 
Book of 1900, pages 77 and 78, refer principally to the Mark I, 
45 calibre Gatling.) 

v 



CRAPT ER XXI. 

FIELD ARTILLERY. 

1. The Field Artillery, or guns carried by U. S. Ships for 
operations on shore, is composed mainly of 3-inch field pieces and 
machine or automatic guns of rifle calibre, on field carriages. All 
guns of these types often have, in addition to their field carriages, 
ordinary mounts on board ship on which they are mounted when 
not prepared for shore operations, and are included in the ship's 
battery. 

2. The Colt and Gatling Guns, described in the preceding chap­
ter, are supplied with field carriages which permit elevation and 
a large arc of train without moving the trail. There being prac­
tically no recoil, brakes, spades, etc. are not necessary and the 
carriages are of simple construction and as light as possible, keep­
ing in view the contingency of work over rough ground. A Gat­
ling on its field carriage is shown in the preceding chapter; the 
carriage for Colt guns is very similar. Two ammunition boxes 
on the carriage hold 1320 ronnds, in the case of the Gatling, and 
2000 rounds for the Colt gun. A limber, or ammunition carrier, 
consisting merely of a rack for holding the boxes, which is mounted 
on an axle, with wheels exactly like those of the carriage, is sup­
plied with each Gatling field carriage. When the limber is used, 
the trail of the gun carriage is hooked to its axle and the drag 
ropes are attached to the trail of the limber; the latter has a total 
capacity of 12,000 rounds; if the spare part and accessory box is 
carried, a case containing 1000 rounds is removed fr0111 the limber 
to make room for it. 

A tripod mount is sometimes furnished with Colt guns, which 
is used both as a ship's mount and in shore operations: the saddle 
and pivot of the mount ship in a socket at the top of the tripod, 
the rear leg of which is longer than the others and bears a seat 
for the gun pointer. The gun and tripod make a fair load for 
two men and may be carried anywhere; thus mounted, it is prac-
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ticable to use the gun over very rough country in which a wheeled 
carriage could not be used. 

3. The Construction of a Limited Number of Field Car­
riages, to be designated Mark III carriages, with limbers, for the 
3-inch 50-calibre gun is about to be started. The slide trunnions 
of the ship's mount rest in seats on a heavy trail which bears the 
elevating gear; the trail. \vhich has no trail wheel, is secured to an 
axle mounted on heavy wheels,-the rear end of the trail being 
hooked up to the limber, while on the march, and resting on the 
ground while firing. The piece has an arc of elevation of 15 de­
grees, with 10 degrees depression, when mounted in this manner 
and train is effected wholly by moving the trail around. The 
recoil is absorbed by the carriage through the recoil cylinders in 
the usual manner and the carriage is restrained from running to 
the rear from the shock of recoil by a brake on each wheel and by 
wire cables running from strong pegs driven into the soil to two 
spring buffers, one at the axle and one at the lower end of the trail. 

The limber holds ten ammunition boxes, each containing four 
cartridges, and two more boxes are bourne by the carriage; there 
are places on the limber for five or six men who are to be carried" 
there principally for balancing purposes. The gun and field car­
riage weigh about 8000 pounds-too great a weight to be dragged 
by men-and the piece is designed to be drawn by horses hitched 
to the limber. 

The 3-inch R. F. Field Piece and Carriage. 

4. The gun is a low-powered gun-as are most field pieces 
when compared with ship's guns-23 calibres in length, weight 
about 400 pounds, forged from a single piece of steel; the muzzle 
velocity is fixed at 1250 f. s. The first 100 guns were mounted 
on the Mark I field carriage and 60 now being completed have 
Mark II carriages; the guns themselves are, however, alike in all 
the principal features and are fitted with the Fletcher breech 
mechanism; the operating lever is bent down considerably to clear 
the firing lock and there is a lock on its handle to prevent the 
block from jarring open. 

5. The Firmg Lock is a special device, in which cocking the 
firing pin. compressing the firing spring and firing are all effected 
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by a single pull of the firing lanyard. The lock fitted to the first 
100 guns is shown below, in place in the breechblock; it consists of 
a case (43) that carries all the firing mechanism, and is readily ptit 
011 or taken from the hreech plug, being held in its seat by a lock­
ing bolt (49) and spring (45). It will be observed that the fir­
ingpoint is not on the firing pin, but is a part of the plunger (54), 
a separate piece that is struck by the firing pin (55). A spring 

FIRING LOCK. Pa.r. 5. 

(53), surrounding the plunger, is supposed to keep the point within 
the nose of the plug ordinarily, and acts against the firing spring 
which, when the pin is not cocked, has practically no compression,­
so that, in closing the plug, no blow is given to the primer; the fir­
ing pin and plunger are retained in the case by a cap (56) screwed 
in the front end. The cocking lever (48) is ordinarily kept in the 
forward or uncocked position by a spiral spring (47) , seated under 
the case, acting on a cradle (46) that is pivoted between the jaws 
of the lever forward of the lever's (axis) pin (so) ; on the upper 

. end is an eye for attaching the firing lanyard. The cocking pawl 
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(44) is pivoted in the upper part of the cocking lever, with its 
lower rear corner resting ordinarily against the cocking shoulder 
of the firing pin, and a toe on the upper rear end is provided, 
which is tripped by a toe (37) on the firing case when the cocking 
lever is brought to the rear enough to cock the firing pin. The 
action is as follows: When the lanyard is jerked smoothly to 
the rear, the firing pin is brought to the rear by the cocking pawl 
compressing the firing spring until the pawl is lifted by the trip 
toe on the rear end of the case, when the firing pin flies forward, 
striking the plunger, the front of which strikes the primer of the 
cartridge. 

Caution.-The lock, as at present designed, will permit of the 
gun being fired before the plug is turned for locking, if the lan­
yard be pulled, which, of course, would lead to a serious result. 
One fatal accident (at least) has so happened. Hence great care 
should be taken to see that the firing lanyard is clear and is hang­
ing so that it will not be pulled in closing the breech and that it is 
not pulled before the word {( ready" is given by the man operating 
the mechanism. 

The later guns are being fitted with a modification of the lock 
described above; the new device is sometimes called the" Tasker" 
lock and in its main features is not greatly different. The firing 
pin is held in the cocked position, main spring slack, by a sear; 
when the cocking lever, which is relatively much longer, is pulled 
to the rear, a sleeve which surrounds the firing pin is forced for­
ward, compressing the spring, until it trips the sear and the firing 
pin flies forward and strikes the primer with its own point. When 
the firing lanyard is released, the firing spring, still slightly com­
pressed, brings the entire mechanism to the rear to its former 
position, the cocking lever straightens up and the sear reengages 
the firing pin. This lock also may be pulled off before the breech 
is closed and, except that a longer pull on the lanyard is required, 

. the same dangers of premature discharge exist as given above. 
The same precautions, as given above, must be taken in manipu­
lating the lock. This type of firing lock is, of course, only appli­
cable to guns used on shore, where there is no movement of the 
gun platform, and where, consequently, it is not important to 
minimize the interval from the pull on the lanyard to the explosion 
of the charge. 

21 
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FIELD CARRIAGE FOR 3-INCH, MARK I, R. F. GUN. 
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FIELD CARRIAGE FOR 3-INCH R. F. GUN, MARK I, AND AMMUNITION BOXES. 
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6. The Mark I Field Carriage (see, Plates I and II). In this 
mount the sleeve combines the functions of sleeve and recoil cyl­
inder and the elevating arc is formed on a projection on its under 
side. The gun body where it passes through the sleeve is a true 
cylinder and a collar (37), screwed and keyed to it, acts as a piston 
while the gun is its own piston rod. The sleeve (33) bears on the 
gun only at its ends, where stuffing boxes (39) are fitted, and the 
annular space between it and the gun is filled with recoil liquid 
through the filling hole (42). The counter-recoil spring (35 )is 
held, in the usu~l state of slight initial tension, between the piston 
and the rear cylinder head. The inside of the cylinder is rifled 
with grooves of the common form and ribs at the top and bottom 
fit into recesses on the edge of the piston and prevent the pressure 
of the projectile on the rifling of the bore from rotating the gun. 
The trunnions (17) are parts of the sleeve and rest in seats· in the 
trail (I) where thc:y are held by cap squares. The trail is 
mounted on a heavy axle (2) which is in turn supported by the 
wheels (3); the latter are secured by linch pins (5) which are 
easily removed when dismounting the caniage. The rear end of 
the trail is supported when on the march by the trail wheel (24)-'-' 
shown in its dotted position. Before firing, the pin (26) js re­
moved and the wheel hinged upward, as shown, to permit the s~de 
(22) to rest on the ground and help restrain the carriage from 
running to the rear daring recoil; in this the spade is assisted by 
a brake (12) acting on the tire of each wheel. The trail contains 
an accessory box (20), sockets for the trail bar (3 I ), racks (28) 
and (29) for bar and sponge staff and bearings for the · elevating 
shaft (45). The latter, worked by its hand wheel (50), bears an 
elevating worm (46) which gears with the elevating arc (44) of 
the sleeve; the worm spring (47) surrounds the shaft between 
the worm and the front bearing (48)-its function is to take up 
the jump. It is to be noted that the gun cannot be trained with 
respect to the mount, the trail must be moved by means of the 
trail bar. The sights (not shown) are of the open type and are 
fitted to the gun and sleeve-the sight bar is marked up to 3200 
yards. The ammunition is carried in four ammunition boxes 
(5 I), each containing eight rounds, which rest on the carriage, 
two on each side,where they are secured on the racks (6). With 
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this mount the recoil is only seven inches which is rather too 
short for a light carriage and in ' some cases the sleeve has been 
damaged. A small air chamber is now being fitted on the top of 
the forward end of each cylinder; this ' will allow for the expan­
sion, as the recoil mechanism becomes heated from continued fir­
ing. The total weight of the gun, carriage and thirty-two rounds 
of ammunition is 1830 pounds. 

7. The Mark II Field Carriage (see Plate III) differs from 
the Mark I carriage principally in the form of the elevating gear, 
the recoil mechanism and in giving the gun a small arc of train 
independent of the carriage. The axle, wheels, ammunition 
boxes, trail wheel, spade, brakes" etc., of the older design are re­
tained and the trail is in general the same, except at its upper end 
where it conforms to the new arrangements mentioned above. 
Forged on the lower side of the breech of the gun is a lug to which 
the piston rod (7) is attached. The 'gun recoils through a bronze 
sleeve (33), cast"inone with the recoil cylinder (4), and is pre­
vented from turning, from the action of the projectile on the rifling, 
by a key on each side which fits in grooves in the slide. The re­
coil cylinder is of the common hydraulic type, with counter t:ecoil 
spring divided into thre2 sections, separated by disks, and a coun­
ter-recoil checking device in the forward bonnet; it is to be noted 
that the cylinder is long and of small diameter-the normal recoil 
is fifteen inches, much longer than have ship's guns of equal 
power; it is impracticable to control the recoil in a field mount, 
w:hich is kept as light as possible, in the short space usual with 
ship's mounts-besides this, lengthening the recoil reduces the 
jump of the carriage. 

Instead of trunnions, there is employed a device for securing 
the slide to the rest of the mount which is characteristic of the 
carriage. From the lower side of the cylinder a heavy lug pro- ' 
jects downward and an interrupted collar is cut on its inside sur­
face; a similar collar is cut around the block (9), which embraces 
the axle (2) but turns on it as the gun is elevated; the collars of 
the two parts are engaged by a bayonet joint and ball bearing3 
between them, as shown in the plate, reduce friction in training. 
The rear end (10) of the cylinder is dovetailed over aT-shaped 
bar ,'( 49) · to . which the elevating shaft (46) is indirectly secured, 
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but which has no lateral motion; the shaft of the training wheel 
( I I) turns in bearings in the same part and its worm gears in an 
arc on the cylinder and slide casting. By the training wheel the 
gun may be moved through an arc of three degrees-larger arcs 
of train are given by moving the trail around. The elevating 
wheel (50), placed near the training wheel, turns a shaft on which 
is a bevel wheel (52); the end of the shaft, projecting through, 
and the heavy bolt (53) screwed through the opposite side of the 
trail, act as trunnions to hold the collar (13) of the elevating nut­
the device must permit a slight angular movement of the nut as 
the gun is elevated or depressed. The elevating nut (47) gears 
with the elevating wheel through bevel gearing, and, being re­
strained from all but circular motion, works the threaded shaft 
(46) up or down as it is turned. This shaft is coupled to the 
framing which bears the training gear and elevates or depresses 
the gun by swinging the whole of the upper mounting on the 
axle (2). 

A limber, carrying 48 rounds, in boxes like those carried on the 
mount, is supplied with the Mark II carriage. These guns, being 
low powered, have only a small charge of 400 grams of smokeless 
powder. Shrapnel, with combination time and percussion fuzes, 
are the only projectiles furnished with the field piece; the ammu­
nition is" fixed "-put up in a short cartridge case. 



CHAPTER XXII. 

SMALL ARMS. 

I. The expression (( small arms," probably of naval origin. has 
long been used by sea-faring men to distinguish hand weapons 
from (( great guns," or cannon. As applied to firearms·, it com­
prises shoulder rifles and pistols. 

2. Rifles.-At present there are two kinds of rifles in use in the 
U. S. Navy: The" Lee Straight Pull" rifle of 6 111111. , or .236-
inch calibre, and the" Krag-Jorgensen" rifle of .30-inch calibre­
both of which are modern high powered weapons. 

The Lee rifle belongs to the straight pull type, that in which the 
bolt comes straight to the rear in opening without the rotation of 
any of its parts to unlock. The magazine is beneath the bolt and 
holds five cartridges; it has no " cut off" to put the magazine out 
of action and therefore the weapon is not, strictly speaking, va 
magazine rifle and can be used as a single loader only when the 
magazine is empty. The length of bore is 28 inches and the sight is 
graduated to 2000 yards; the charge of about 33 grains of smoke­
less powder gives the 112 grain bullet about 2460 f. s. velocity at 
the muzzle, maximnm powder pressure, 49,000 lbs. per sq. in. 
The cartridge belt, to which the knife bayonet is attached, holds 
180 rounds of ammunition which is put up in clips holding five 
each; in loading, the clip with its cartridges is inserted in the 
magazine and, after being released, drops out through an opening 
at the bottom. These rifles have given little satisfaction in the 
few years they have been in use and are now being called in and 
replaced as rapidly as possible. 

The U. S. Magazine Rifle-called the Krag-Jorgensen from 
its inventors-of .30-inch calibre, has been adopted by the Navy; 
it is in all particulars like that used by the U. S. Army. The cart­
ridge belt, bearing the knife bayonet, holds 100 cartridges which 
are not put up in clips. (For" Description and Rules for Man­
agement" see U. S. Army Ordnance Department publication. 
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There are also notes on "Care and Handling" in the Gun and 
Torpedo Drill Book of 1900, pages 154-157.) 

The elongated lead bullets used in modern small calibre rifles 
are" jacketed" with a thin envelope of harder metal,-soft steel 
being most used. This is necessary because lead would strip 
through the rifling, where long bullets are propelled at such high 
velocities-nearly double that obtained in the older arms using 
bullets without jackets; the rifling in modern rifles has a much 
more rapid twist than was formerly in use. The 6 mm. rifle uses 
cannelured cartridges, in which the extractor nib snaps into a 
groove cut around the base. The .30-inch calibre rifle uses the 
ordinary rim cartridges; the charge of about 40 grains of smoke­
less powder gives the 220 grain bullet a bout 2000 f. s. velocity at 
the muzzle, maximum powder pressure about 38,000 lbs. per 
sq. in. In addition to the "ball cartridge" shown in the figure 
below, the following kinds of ammunition for secondary purposes 
is manufactured: 

Fig. I. 

Dummy cartridge, consisting of a case, containing no powder, 
with dummy primer and service bullet. The cartridge has gener­
ally six longitudinal corrugations and a hole drilled through in 
front of its head. 

Blank cartridge consisting of service case, with ordinary primer 
and containing 5 grains of smokeless powder. The bullet is made 
of paraffined paper partially filled with compressed smokeless pow­
der to give it the necessary stiffness and to break it into fragments 
when fired. 

Gl$llery practice cartridge consisting of regular service case, 
primed and loaded with 5 grains of black or smokeless powder 
and a spherical bullet, weighing 42 grains, made of 16 parts lead 
to I of tin. 

3. Pistols.-The naval service weapon is a six-shot revolver, 
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calibre .38-inch, length of barrel six inches. There are two kinds 
in use, the Colt and the Smith & Wesson. While the two patents 
eli £fer considerably in their working parts, the essential features 
and manner of operation are nearly alike. The cylinder, holding 
the six cartridges, is revolved automatically, as the hammer is 
worked, and brings the cartridges in succession under the ham­
mer; it is firmly locked, with one of the chambers in exact line 
with the barrel, at the moment of firing. To eject the empty cases 
or to reload, the cylinder swings out of the receiver on the crane, 
retaining its axis parallel with the barrel. Both revolvers are 
"double acting"; that is a single pull on the trigger will raise 
the hammer to its cocked position, release it and revolve the cyl­
inder, or the hammer may be cocked by the thumb and be retained 
in this position until the trigger is pulled, as in the "single acting" 
type. The barrel is rifled and the weapon is accurate at short 
ranges. Center-fire rim cartridges are used, which contain from 
18 to 20 grains of fine black powder; the weight of the lead bullet 
is ISO grains. (Notes on Handling, Dismounting, etc., for both 
revolvers are given in the Gun and Torpedo Drill Book of 1900, 
pages 147-153, inclusive.) v 

The principal use of small arms is in boat and shore operations,­
and even in these cases the pistol is, because of its short range and 
inaccuracy, of very doubtful utility; as much of the fighting 
force as possible must be armed ,,.,-ith the rifle. However, pistols 
are small and light and may be carried on the person without in­
cumbrance; for this reason they are retained for the use, in emer­
gencies, of those men-such as the special details-whose par­
ticular duties make direct fighting a matter of secondary import­
ance. Officers, the crews of field pieces, etc., who would be too 
much encumbered by rifles, are armed with revolvers. Hence, 
pistols and proficiency in pistol marksmanship, for its own sake, 
are of comparatively ,little importance. 

The Colt Automatic Pistol. 

4. A limited number of Colt automatic pistols (Browning pat­
ent) are being manufactured for the Navy. (See Plates I and II.) 
The calibre is .38-inch, length of barrel six inches; it uses can­
nelured cartridges loaded with about 8 grains of smokeless pow-
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der and a lOs-grain jacketed bullet, having a muzzle velocity of 
about 1300f. s. The action of the pistol is automatic except that 
the trigger must be pulled to fire each shot; it is, notwithstand­
ing, simple in construction, easy to operate and is capable of a 
sustained high rate of fire. The velocity is very high and the 
range and accuracy are good; one advantage that automatic pistols 
bave, over revolvers, is in the absence of such a joint as that be­
tween the cylinder ;tnd barrel, which can never be tight and results 
in a loss of gas; besides, when the parts become worn, the cylinder 
chambers may not stop accurately in iine with the barrel. 

The three main parts of the pistol are the receiver (I), the 
barrel (2) and the slide (3). 

The receiver has suitable guides for the reciprocating slide, and 
below is the handle which is hollow and encloses the cartridge 
magazine (34); this is inserted from below and is there held by 
the magazine catch, which slightly projects from the bottom of 
the handle; this projection serves to release the magazine at will, 
when it may be readily drawn from the handle for recharging. 

In front of the handle is the trigger guard in which the trigger 
is located; in the rear, and above the handle , is arranged in the 
receiver the firing mechanism, consisting of the hammer, the sear, 
a safety device and the main spring; also the sear, safety and trig': 
ger spring (20). The lower part of the latter serves to actuate the 
magazine catch. 

The top of the receiver extends forward from the handle and to 
it the barrel is attached by two short links, one near the front end 
of the barrel and one at its rear end; these links are attached to 
the receiver and to the barrel by link pins, and allow the barrel to 
swing rearward thereon. As both links are of the same length, 
the rearward movement of the barrel in swinging carries the barrel 
slightly downward, but its longitudinal axis, during all the move­
ments. remains parallel. 

Below the barrel the receiver has a tubular seat for the retrac­
tor spring (26), which in fwnt is closed by a plug, fastened in 
the receiver by the iower link pin. The retractor spring consists 
of a spiral spring, the rear end of which rests against a short stiff 
recoil spring located between the retractor spring and the receiver; 
the front end of the retractor spring carries a follower (27). 
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The top surface of the receiver and hvo longitudinal grooves on 
its sides form the seat for the slide, which is guided thereon in 
rearward and forward movements. The rear part of the slide 
forms a bolt, the forward extension of which is a partially tubular 
cover enclosing the barrel. In the forward part of the receiver is 
a transverse mortise extending through the retractor-spring seat, 
and transverse recesses, in the forward part of the slide, serve to 
admit the slide lock which, passing through the sides of the slide 
and through the mortise, serves to lock the slide to the receiver. 
The rear face of the slide lock has a slight recess, and when the 
lock is in its place, the front end of the follower rests in the recess, 
thereby confining the slide lock laterally; thus the tension of the 
retractor spring is exerted to force the slide to its forward position, 
while the recoil spring serves to receive any excess of recoil of the 
slide. 

Upon the barrel are three transverse ribs, and in the interior of 
the slide are three corresponding recesses. These serve to lock 
the barrel and the slide firmly together, when in their forward or 
closed position. Between the locking recesses and front of the 
bolt, the slide has an opening on the right side for the ejection of 
the empty shells. The bolt is provided with an extractor,a firing 
pin (4) and a firing-pin spring. 

The magazine is a tubular holder in which the cartridges are 
placed one above the other, resting upon a follower acted on by a 
spring, which presses upward. The upper end of the magazine 
is open to permit the escape of the cartridges; the .side walls at 
the rear of the opening are turned inward and engage the rim of 
the topmost cartridge to prevent its escape from the magazine 
when it is pushed forward. 

5. Operation.-The magazine can be loaded with any number of 
cartridges from one to eight, its full capacity; as many loaded 
magazines as desired may be carried. Insert the magazine in the 
handle until the magazine catch acts, hold the pistol in the right 
hand, grasp the slide with the left at its cross-hatched portion and 
draw it sharply to the rear. This movement cocks the hammer, 
and when the slide is in this position the magazine follower and 
follower spring raise the topmost cartridge so as to bring it into 
the path of the bolt; the slide on being released is carried forward 
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by the retractor spring and the bolt places the cartridge in the 
chamber. As the slide approaches its forward position, the front 
of the bolt encounters the rear end of the barrel and forces the 
barrel forward; during this movement the barrel also swings up­
ward on the links and thus the locking ribs on the barrel are car­
ried into the locking recesses in the slide; the barrel and slide are 
thereby positively interlocked and the pistol is ready for firing. 

A pull on the trigger now serves to move the sear so as to release 
the hammer and fire a shot. The force of the powder gases, driv­
ing the bullet from the barrel, is rearwardly exerted against the 
bolt, overcoming the inertia of the slide and the tension of the 
retractor spring, and, as a result, the slide and the barrel recoil to­
gether. After moving rearward together for a distance, enough 
to insure the bullet having passed from the barrel, the downward 
s\vinging movemen! of the barrel releases it from the slide, leav­
ing the former in its rearmost position. The momentum of the 
slide causes it to continue its rearward · movement, thereby cocking 
the hammer and cornpressing the retractor spring until, as the 
slide arrives at its rear most position, the empty shell is ejected 
from the side of the pistol and another cartridge is raised in front 
of the bolt. During the return or forward movement of the slide, 
caused by the retractor spring, the cartridge is placed in the cham­
ber and the slide and barrel are interlocked, thus making the pistol 
ready for another shot. These operations may be continued as 
long as there are cartridges in the magazine, each . discharge re­
quiring only the slight pull on the trigger. After firing the last 
cartridge, the slide remains open, being caught by the slide stop,­
shown in rear of the trigger on Plate 1., To reload, insert the 
charged magazine in the handle and press downward on the slide 
stop with the right thumb, whereupon the slide will go forward 
and insert a cartridge in the chamber as in ~rst loading. 

6. Safety.-It is impossible for the firing pin to discharge or 
even touch the primer except under the full blow of the hammer. 

The pistol is provided with a ,safety device which makes it im­
possible to release the hammer unless the slide and barrel are in 
their forward position and safely interlocked; this safety device 
also serves to control the firing and to prevent more than one shot 
from being fired for each pull of the trigger. It consists of a 
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small vertical piece, mounted in front of the sear in the receiver, 
the end of which slightly projects from the top of the receiver; 
in its raised position, when the bolt and slide are in the forward 
position, interlocked with the barrel, it finds a corresponding recess 
in the bottom of the bolt. In this position, the safety piece does 
not interfere with the operation of the trigger, but when the slide 
is moved rearward the bottom of the bolt depresses the safety 
piece which, in that position, prevents the movements of the trig­
ger from operating the sear, and thus the hammer cannot be re­
leased until the slide is again in its forward position, locked to the 
barrel. 

7. Dismounting.-To take the pistol apart, the hammer is 
cocked and the slide is drawn to the rear until the slide lock has 
passed above a small hole in the bottom of the receiver leading into 
the retractor-spring seat. By inserting a pin into this hole, the re­
tractor spring and follower are prevented from moving the lock 
forward and the lock (13), thus freed from the pressure of fol­
lower, will readily pass from the left side of its seat in the receiver 
and slide; the lock thus removed, the slide may be drawn off the 
receiver from the rear. 

To remove the barrel from the frame, it is only necessary to 
drive ont the link pins which hold the barrel links to the frame. 
This also releases the plug (28) which may then be removed from 
its -seat; then the retractor spring, the follower and the recoil 
spring may be readily removed from their seat in the receiver. 

After removing the scales from the handle, by turning out the 
screws, all the parts of the firing mechanism may be readily re­
moved on taking out the screws and pins holding them in receiver. 

To assemble the pistol, proceed in the reversed order. 

v 



CHAPTER XXIII. 

EXPLOSIVES. 

{From Ingersoll's Text-Book of Ordnance and Gunnery, revised.} 

1. The Explosive now most commonly used for all guns is 
smokeless powder. 

2. General Discussion.-Since the elastic strength of guns to 
withstand powder pressure has a limit very much below that at­
tainable by the explosion of smokeless powder in a confined space, 
the effort of powder makers is to produce an explosive that will 
not give a maximum pressure, with a given weight of charge and 
projectile, greater than the safe working limit set for the gun­
usually from sixteen to seventeen tons with guns of the present 
type-and which will at the same time give a high initial velocity 
to the projectile. 

3. The Ideal Powder is that which would, on ignition of the 
,charge, burn in such a manner that the pressure would rise rather 
quickly to the maximum allowed, and thereafter maintain that 
pressure throughout the bore while the projectile is traveling from 
its seat to the muzzle. In this case the guns would be made in 
the form of a cylinder. That they are not so made is due to the 
fact that in practical experience the pressure falls from the maxi­
mum point to the muzzle, the amount of fall depending upon the 
-character of the powder, the size and shape of the grain, the law 
of burning and many other practical causes. 

The present aim of the powder manufacturer is, therefore; to 
make powder so that it will reach quickly the known pressure 
which guns of the proper thickness will withstand, and so that 
it will maintain thi<; pressure as nearly as possible while the pro­
jectile moves out of the bore. It is apparent, therefore, that the 
powder should not flash off too quickly at first, and that it must 
burn with increasing rapidity after the shot begins to move. 

4. Progressive Powders.-Such powder is called prop;ressive. 
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A glance at any gun will convince the observer that perfection is 
not yet by any means attained. 

The subject of gunpowder is treated in Chapter XXIV. 

DEFINITIONS. 

5. Explosion.-An explosion may be considered as the result 
of a chemical change in a solid or liquid body, by which a great 
volume of highly expanded gas is suddenly or very quickly pro­
duced from it. 

6. Explosives may be defined as a class of bodies the molect,tles 
of vvhich are in such a state of unstable equilibrium that a slight 
disturbing agency will cause a chemical change among them, the 
effect of which change is to produce suddenly a very large volume 
of highly expanded gas. 

7. Explosive Reaction is the term applied to the chemical 
change which takes place in explosives when their equilibrium is 
destroyed. 

8. Explosive Effect.-The blow, or impulse, given by the sud­
den production of the large volume of gas is called the explosive 
effect. ~· 

9. Classes of Explosives.-There are two classes of explosives, 
viz., explosive mixtures and explosive compounds. 

10. Explosive Mixtures.-An explosive mixture consists of 
combustibles and supporters of combustion, mixed so that by their 
mutual action a large quantity of gas is developed. The most 
important explosive mixture is ordinary gunpowder. 

I I. Explosive Compounds.-An explosive compound is a sin­
gle definite chemical compound, th<: particles of which rearrange 
themselves to form the gases evolved by explosion. 

The more important of the explosive compounds in extensive 
use for various purposes are fulminate of mercury, fulminate of 
silver, nitro-glycerine; gun-cotton, and most smokeless powders 
are also chemical compounds. Explosive compounds are much 
more sudden, and, weight for weight, are usually much more 
violent in their action than explosive mixtures. 

12. Classes of Explosive Mixtures.-The combustible bodies 
that may be .used are very numerous, but practically there are 
only two bodies which are used to supply the oxygen necessary 

22 
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for burning the combustible. These are potassium nitrate, or 
saltpetre, and potassium chlorate. Therefore all mixtures may be 
divided into two classes, namely, nitrate and chlorate mixtures. 

13. Nitrate Mixtures.-The most important one under this 
head is that composed of saltpetre, ·sulphur and charcoal. In 
various proportions this mixture is employed for very many 
purposes; the action is the same in all cases, so that the explosion 
of gunpowder fully illustrates them all. Nitrate mixtures are not 
greatly susceptible to friction, concussion or percussion. In gen­
eral, the explosion of these mixtures is comparatively slow. 

14. Chlorate Mixtures.-In general, the explosion of these 
mixtures is much more sudden and violent than that of nitrate 
mixtures, and . they are also much more sensitive to percussion, 
concussion and friction. Generally speaking, all chlorate mixtures 
are unsafe, and dangerous to handle or transport on account of 
their susceptibility to accidental explosion. It it stated, however, 
in the annual report of H. B. 1\1. Inspectors of Explosives for 
1900 that several chlorate compositions have passed the storage 
stability tests and are now licensed for use and carriage in Great 
Britain. 

IS. Orders of Explosion.-When an explosive is ignited by 
heat and converted into gas by gradual combustion, as is the case 
with gunpowder, the explosion is said to be low, or of the second 
order. When, however, the whole mass of the body is suddenly 
and violently converted into gas, the explosion is said to be high, 
or of the first ,order. 

16. Means of Causing Explosion.-The application of heat, 
either directly or indirectly, is the principal means of causing an 
explosion: directly, as by a match, a red-hot iron, etc.; indirectly, 
by friction, where the mechanical energy ,of rubbing is converted 
into heat ; by percussion, where heat is generated by the direct 
application of a blow; or by concussion where heat is generated 
by a jar or shock communicated through a second body. 

17. Method of Producing Explosion.-The circumstances 
under which an explosion takes place create a marked difference 
in the effect produced. Everyone is familiar with the different 
effects produced by firing gunpowder in the open air and firing it 
in a confined space; but, apart from this, the mode by which it is 



EXPLOSIVES 281 

fired exercises immense influences both upon the force and the 
rapidity of its explosion. 

Suppose that a quantity of fulminate of mercury be exploded 
within a mass of any other explosive. Apart from the flame pro­
duced, a blow will be given by the gas suddenly formed by the 
fulminate, which will act upon the surrounding explosive percus­
sively, like the blow of a hammer upon an anvil. The very rapid 
motion of the particles of gas will give them a force, as regards 
any resisting body, similar to that exercised by a solid having a 
great velocity, against any obstacle in its path. , 

18. Detonation.-When the flame of the fulminate is applied 
directly to the explosive, the chemical change is initiated at the 
point of application, and if the flame alone were considered, would 
gradually spread from this· point through the mass; but the per­
cussive blow is extended through all parts of the body with very 
great rapidity, greatly expediting the explosion of the charge. 
In certain cases the effect is practically simultaneous throughout 
the whole mass of the body, thus producing detonation, the effect 
of which is much more powerful than that of an ordinary explo­
sion. Thus we see that detonation is really nothing more than an 
exceedingly rapid explosion. In an ordinary explosion, like that 
of powder in a gun, much force is lost by the slowness of the 
action. As gases expand heat is absorbed, so that if the gases can 
expand as they are formed, much of the heat of the chemical re­
action is absorbed, diminishing the sharpness of the explosive 
effect, which is therefore not sudden, but gradual. With a force 
gradually generated and exerted, we have a propulsive effect, but 
a detonation has a disruptive violence, which may become almost 
irresistible. 

19. Explosives Capable of. Detonation.-Each explosive body 
that has been experimented with seems to have a particular mode 
of detonation, and probably all explosives may be detonated if the 
right method of doing so be known. It is claimed, however, that 
the U. S. Navy smokeless powder cannot be detonated. Gun­
cotton seems to have a greater range of susceptibility to different 
modes of firing than any other explosive agent. It can be made 
to burn slowly without explosion, and the rapidity of its combus­
tion can be increased up to the point of detonation. Nitro-glycer-



282 TEXT BOOK OF ORDNANCE AND GUNNERY 

ine, as before stated, appears always to detonate. (It is not sensi­
tive to flame as directly applied.) Fulminate of mercury is a 
detonating substance, but the quantity of gas given off is C0111-

paratively small, hence the limited range of its destructive effect. 
Gunpowder is said to be capable of detonation, but it is more 
difficult to obtain detonating effects with it than with any of the 
others. 

20. Detonation, how Produced.-Detonation can only be pro­
duced by the application of the requisite blow or shock, and this 
is usually accomplished by means of a detonating fuse containing 
the required amount of fullllinate of l1terCU1'y, the amount differing 
for each explosive. . 

" Fulminate" is the general name for a class of explosives 
which are compounds of fl1lminic acid with a base. They are 
all more or less explosive by the action of the heat of friction. The 
fulminates of mercury and silver are the most important. 

21. Fulminate of Mercury has been found to be by far the 
best agent for producing detonation; less of it is required than of 
any other explosive. Nitro-glycerine is much more powerful than 
fulminate of mercury, but while a certain amount of the latter will 
detonate gun-cotton, seventy times as much nitro-glycerjne will 
not acomplish it. Chloride of nitrogen and iodide of nitrogen are 
much more violent than fulminate of mercury, yet a larger quan­
tity of them is required to produce detonati011. These facts indi­
cate that there is some peculiarity in the impulse given by the 
firing of fulminate of mercury that affects other explosives more 
powerfully than that given by any other body, though the latter 
may be the stronger. It may be considered that this is owing to 
a peculiarity of vibration, or wave Illation, due to the explosion of 
fulminate of mercury, which causes greater E1isturbance among 
the molecules of other explosives than the vibrations produced 
by any other detonators. 

22. Preparation of Fulminate of Mercury.-Fulminate of 
mercury is prepared by dissolving one part of the mercury in 
twelve of nitric acid, sp. gr. 1.42, aided by a gentle heat. As soon 
as the mercury is dissolved, add eleven parts of alcohol, sp. gr. 
0.87. A brisk action 'will ensue, and the solution will become 
turbid from the separation of crystals of the fulminate. Dense, 
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white clouds are also evolved at the same time. When the action 
has subsided the vessel may be filled with water and the fulminate 
allowed to settle, after whkh it is collected on a filter, washed, 
and dried by exposure to the air. ·When dry it must be handled 
cautiously, as it explodes by friction or percussion, especially 
when in contact with particles of sand or glass. It is also ex­
ploded by heating to about 3000, by the electric spark, and by 
contact with concentrated nitric acid or sulphuric acid. 

When wet it will not explode. Its explosive force is not much 
greater than that of gunpowder, but it is much more sudden in its 
action. 

The readiness with which it is fired makes it an excellent agent 
for exploding other substances, and this gives it its value. It is 
used in percussion caps, primers, and fuses- not pure, but mixed 
with nitre, mealed powder, and other substances, because it is 
necessary to moderate its explosive property, since it is otherwise 
too rapid and violent for the purpose. It is sometimes mixed 
with chlorate or nitrate of potash, and ground glass is often 
added to increase the sensibility of the mixture to explosion by 
percussion. v 

A new fulminate has recently been invented in Austria, intended 
to replace fulminate of mercury for military purposes. It is 
claimed to be quite as effective as a detonator and much less sen­
sitive than fulminate of mercury. If so, the gain will be very 
great, as the danger from handling explosives and ammunition 
generally will be lessened by the introduction of a safer fulminate. 
The composition of the new substance is secret, but it is said to 
contain copper, ammonium nitrate, potassium nitrate, sulphur and 
aluminum. 

23. Illustrations of Explosion by Detonation.-The practical 
value of this mode of developing the force of explosive agents 
is very great. The necessity of confining gunpowder and other 
explosive materials in strong receptacles for the purpose of devel­
oping their explosive force, is greatly reduced, and indeed en­
tirely dispensed with in the case of charges fired under water, 
when detonating fuses are used as the exploding agents. 

Masses of hard material of great size' or strength, such as 
blocks of hard rock, large iron castings, or thick bars of iron may 
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be broken up by silP.ply placing upon one of their surfaces a 
comparatively small charge, quite unconfined, of compressed 
gun-cotton, or of a nitro-glycerine preparation, and exploding it 
by means of a detonating fuse. 

In such operations the destructive effect of the detonation will 
be increased by covering the charge with sand or other material, 
but in hurried operations good results may be obtained with 
either of the materials specified, by detonating them when freely 
exposed to air. 

For hasty demolition of buildings and of military works, the 
explosion by detonation affords most important facilities, reduc­
ing the difficulties, dangers, and cost of such operation to a 
minimum. 

24. The Phenomenon of Explosion of Gunpowder may be 
divided into three parts, viz., ignition, inflammation, and com­
bustion. By ignition is understood the setting on fire of a par­
ticular part of the charge; by inflammation the spread of ignition 
from grain to grain; and by combustion, the burning of each grain 
from its surface to center. 

25. Ignition.-Ordinary gunpowder may be ignited by the elec­
tric spark, by contact with an ignited body, or by a sudden heat of 
5720 F. A gradual heat decomposes powder without explosion, 
by subliming the sulphur. Flame will not ignite brown powder 
unless it remains long enough in contact with the grains to heat 
them to redness. Thus the flame from burning paper may be 
touched to grains of brown powder without igniting them, owing 
to the slight intensity of the flame and the cooling effect of the 
grains. It may be ignited by friction or a shock between two 
solid bodies, even when they are not very hard. Experiments 
show that gunpowder may be ignited by the shock of copper 
against copper, copper against iron, lead against lead, and even 
lead against wood; in handling gunpowder, therefore, violent 
shocks between all solid bodies should be avoided. The time 
necessary for igniting powder varies according to circumstances. 
For instance, damp powder requires a longer time than powder 
perfectly dry, owing to the loss of heat consequent on the evapo­
ration of the water; a.powder, the grain of which has an angular 
shape and rough surface, will be more easily ignited than one of 




