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THE NEW 110-TON GUN.

The 110-ton gun now undergoing its firing proof at
Woolwich must be regarded as a fine specimen of the
most recent practical achievement in very heavy guns.
It is true that Krupp has supplied four ordnance of 118
tons to the Italians, but the power of guns does not
depend entirely upon their weight, and we believe that
our piece has already shown itself superior to its Ger-
man rival, by delivering a heavier blow than any which
has yet been given, gs far as our information goes, al-
though the heaviest charges have not yet been fired
from the English gun.

To lay before our readers the plan on which the
power of a heavy armor-piercing gun is estimated, and
how it may happenthat a comparatively light strong
gun of good design may be superior to one of heavier
metal, we may compare the gun now under trial with
the four 100-ton R.M.L. guns purchased by our govern-
ment in 1878 from Sir W. Armstrong & Co., when the
famous £6,000,000 was hurriedly voted for war stores.
These four guns are now mounted on the fortifications
of Malta and Gilbraltar ; but although only a few years
have elapsed, designs have so changed that the new
gun is intended to fire double the charge of the older
piece, and the energy of its blow is expected to increase
in almost the same proportion. We will explain how
this has been accomplished. The 100-ton guns were
made of coils of wrought iron, the inner tube only
being of steel. The latter was made in two parts
Joined together, the junction being sealed by a so-called
gasring, as, at that date, there was a difficulty in pro:
curing the long tube in one length of steel, and this
was an undoubted weakness in the design. The new
110-ton gun is entirely of steel, and the inner tube is
made in one piece by the firm of Sir J. Whitworth &
Co., on the same principle as the propeller shafts for
steatships.

A striking difference between the two designs is the
proportion of the weight of projectile to that of the
gun. In the 100-ton gun, with a projectile of 1,968 1b.,
the ratio is 1 to 113'8 ; while in the 110-ton gun, with a
projectile of only 1,800 1b., the ratio is1to 187'5. We
thus see that in the new system the projectile is lighter
by some 17 per cent, in proportion to the weight of the
gun, than in the older design. This change has been
made in order to attain the present high muzzle velo-
city of over?,000 ft. Since theeffect of the blow, or the
“ energy " of a projectile—expressed mathematically
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the square of the velocity, an increase of. velocity is
more important than an increase in weight. Thus, for
example, suppose a projectile of 100 1b. moves at a
veloeity of 1,000 ft. per second, it will deliver a certain
definite blow. If its weight is doubled the energy will
be doubled, but if its velocity is doubled the energy
will increase fourfold. Consequent on the reduction of
the weight of the projectile, there is a reduction in
caliber from 17'72 in. in the 100-ton gun to 16-25 in. in
the 110-ton gun. The energy of the 100-ton gun pro-
jectile is 32,700 foot-tons. The greatest yet attained
by that of the 110-ton gun wss 53895 foot-tons,
but as much as 62,000 foot-tons is expected to be
reached.

Sowme idea of the work or energy impressed on the
shell may be given from the fact that the ship for
which the new gun is intended, the Benbow, of 10,000
tons, could be raised upward 539 ft. if thesame amount
of work (53,895 foot-tons) were. employed for that pur-
pose; or we may, perhaps, give a better comparison by
stating that the Benbow must steam at aspeed of 10°5
miles an hour to inflict a blow with her ram having
an energy equal to that attained by the projectile of
the new gun. The disastrous and fearful effects of
large vessels ramming at speed, when provided with
strong bows, are well known. A considerable change
has been made in the amount of capacity, on which
depends the utilization of the effects of the combustion
of the powder charge. In any gun, if the charge is
increased, the energy of the projectile will not increase
to the same extent, unless the interior capacity of the
gun is also increased.

The projectile should not only receive pressure, but
the pressure must act over a considerable distance. In
other words, the greater number of ‘times the com-
pressed gas produced on explosion is allowed to expand
in the bore, while at the same time it presses on the
base of the projectile, the greater will be the energy
imparted to the projectile. The same principles are
involved as in the expansive working of steam. The
greater the number of .expansions allowed, whether in
one, two, or three cylinders, the greater work will be
performed by a given amount of steam under a given
pressure. The object of the gun designer is, therefore,
to increase the interior capacity of the piece as much
as possible ; but, as we have already seen that it is
desirable to reduce the caliber, additional capacity
must- be obtained by increased length. The bore of
“the 100-ton gun is 363 in., while that of the 110-ton gun
‘is487-5in. in length. An increase of capacity is also
given by enlarging the diameter of the chamber or part
allotted to the charge. In the 100-ton it is 19'7 in.,
while the bore is 1772 in., but in the 110-ton gun this

—depends directly on its weiglit, but varies with

difference is much more pronounced, the figures being
respectively 21°12 in. and 16°25 in.

It should be stated, however, that increase in the
diameter of the chamber imposes a greater circumfer-
ential stress on the metal of the gun, for the same
reason that water under pressure in a tube may burst
it if the diameter is large, but)it will not do so if the
diameter is smaller, although the thickness of the me-
tal is the same in each case. The strength of the new
steel gun is, however, sufficient for the increased stress
imposed by the enlargement of the powder chamber.
The total capacities of the old and new gun are respect-
ively 90,700 cub. in. and 112,600 cub. in., and we have
dwelt at some length on this point, because of the im-
portance of the principles involved. Four rounds have

.already been fired from the 110-ton gun, with charges

of 600 1b., 700 1b., and 800 lb., on February 10, and
850 1b., on February 16.

Westphalian prism brown powder has been employed
up to the present time, and the velocities attained have
been satisfactory (from 1,685 ft. to 2,078 ft.). With the
highest charge yet employed, the maximum pressure
has been as much as 1824 tons on the square inch. This,
however, need cause no surprise. It merely indicates
that a slower burning powder should be employed
when very large charges are fired. As the volume of
the powder chamberis a constant, it follows that when
the charge is a sinallone a certain amount of ‘‘air
space” is left. This serves to receive the initial expan-
sion of the gases produced on explosion, and lowers the
maximum destructive pressure, while, at the same
tinie, some useful effect on the projectile is lost. On
the other hand, when a large cartridge is employed, the
air space is diminished, and the maximum pressure
rises considerably. It.is desirable that the pressure
should never rise to a very high maximum, but that it
should be well sustained. Hence it is possible that one
description of powder might give good results when a
small charge is used, but a slower burning powdér
might be employed with advantage when the charges
are large.

We give herewith a longitudinal section of the gun,
and diagramsin plan and elevation of H. M. S. Ben-
bow, for which the 110-ton guns are intended. These
show the method of barbette mounting. The central
part only of the vessel is armored, and the ends of the
vessel are protected by an armored deck below the
water line. The four guns of 118 tons supplied by
Krupe to the Italians are of crucible stegl, the caliber
(15°75 in.) being even smaller than that of our 110-ton
guns.

The greatest energy yet attained, of which we have
information, is some 50,700 foot-tons, with 864'67 Ib. of
powder and a projectile of 2,028 1b., with a muzzle ve-
locity of 1,900 ft. per second. It thus appears thatal-
though the Krupp gun is heavier than ours, and has
employed a slightly larger charge than any yet fired in
England, the muzzle energy attained by its projectile
is somewhat less than that impressed upon the proof
shot of the British gun.—Industries.
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Carbonic Acid.

The manufacture of liquid carbonic acid is now an
important industry in Berlin, where, according to In-
dustries, a company established for this purpose are
making daily over half a ton of this commodity. The
acid is sent out in steel bottles, each containing from
17 pounds to 18 pounds, and the price charged is a lit-
tle underis. per pound. The aeid contained in & bot-
tle when expanded into gas occupies over 10,000 cubic
feet. It is principally used in the manufacture of mine-
ral waters, and for beer engines. An important use of
carbonic acid was suggested as early as 1879, by Dr.
Raydt, of Hanover, for the raising of wrecks, whodem-
onstrated the possibility of this application by an ex-
periment at Kiel. The apparatus consisted of a steel
bottle containing the liquid acid, and a collapsed can-
vas bag placed over the neck of the bottle. When the
whole is submerged, and attached to the object to be
raised, a cock is opened, aund the liquid in the bottle is
allowed to expand into the bag, inflating the latter,
and thus causing it to rise. Another application was
introduced by Herr Krupp, of Essen, for compressing
liquid steel, and a large plant for the production of
liquid carbonic acid has already been at work for some
time at the Essen factory.
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COMBINATION TOOL FOR SQUARING, LEVELING, ETC.

The engraving represents a tgol which has been re-
cently patented by Mr. David 'W. Warnock, of Lex-
ington, Ky. The tool may be used for squaring, level-
ing, plumbing, centering cylinders, laying off angles,
starting a saw kerf for cutting a keyhole, and for cut-
ting lace leathers for belting. In one edge of the body
is a groove, held in one end of whi~h is a square blade
which is cut away atan angleof 45° upon its inner edge,
to form a beveled shoulder for receiving and supporting
the end of a slotted bar, when in the position shown in
Fig. 1. This bar is fitted in the slot, and is provided
with a pivotal pin projecting through a second slot
formed in the side of the body. This pin retains the
bar in the body, while admitting of adjusting it in
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position for use or folding it into the body when not
in'use. Theend of the second slot, near the blade, is
curved toward the blade, and the opposite end is
branched. In the main groove is placed a thin pair of
compasses with a pivotal pin projecting through the
side slot. When it is desired to use the slotted bar, the
compasses are drawn forward into the branch of the
side slot, and the pin of the bar is moved forward to
the extremity of the slot beyond the branch, when the
compasses may be pushed back entirely within the
body. When the bar is folded over upon the shouider,
a left miter can be obtained; and when it is pushed

WARNOCK’S COMBINATION TOOL FOR SQUARING,
LEVELING, ETC.

back in the slot te the angle of the body-and blade,
and then inclined outward at an angle of 45°, a right
miter can be obtained.

Both right and left miters can be obtained without
reversing or turning thesquare over. In the body is a
cavity, into which the protractor may be turned when
not in use. Fitting in a slot in the outer edge of the
body is a keyhole saw, the inner end of which is slotted
to receive a pin, as shown in Fig. 2. To facilitate the
opening of the saw, its back is provided with a nick for
receiving the thumb nail for lifting it out of its slot. In
one side of the body, near the middle, and at one end,
are secured spirit level bnlbg, which are used for level-
ing and plumbing in the usual way.

In a transverse groove in one side of the body is a
steel bar, A, Fig. 8, which is bent at right angles at its
extremity toward the blade, and is formed into a knife
having a shank projecting through a slot in the blade,
to receive a nut for clamping the knife in any desired
position in the slot. This knife is designed for cutting
lace strings for belting, and is made adjustable, to ad-
mit of cutting laces of different widths. When not in
use, the knife is moved into a notch in the edge of the
body.
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A NOVEL GAME BOARD.

This novel form of board isdesigned to be used in the
playing of a game which not only affords much amuse-
ment, but requires considerable skilland steady nerves.
The disk may; be of any appropriate size, and is provid-
ed with a haridle and formed with holes arranged and
ntiinbered asshown in the cut. To the enlarged por-
tion of the handle is secured a bail, which acts as a sup-
port for the marble used in playing the game. Should
the marble leave the disk, it would be prevented from

THE MARBLE PUZZLE OR NERVE TESTER.

falling to the floor by the encircling hoop. The main
feature of the game is to cause the marble to pass from
the bail around the -disk, past the several holes, to
and around the central hole, and back again to the
bail. The marble should passthe holes marked with the
lower numbers first, but if it should fall from the outer
edge of the disk, or into either one of the two large in-
ner openings; no count could be pade. It isevident
that the shape of the disk and the arrangement-of
the holes may be changed as desired.

This invention has been patented by Mr., C. E,
Tranchell, of Willmar, Minn.
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