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°x°9Bthn is the wire H, but the cause of this is clearly the
Small difference be -ween its magnetic capacity as annealed and
83 tempered.
im eaving aside ail theoretical considerations and hoped-for
be]I_"'Wements in the methods of observation, the author
i leves he has demonstrated clearly that, by the aid of the
““tmmgnt and methods described, we can at once determine
m"P Yical state of iron, as influenced by tempering and by
the(; anical hardening, from the ultimate degree of softness to
ir: of hardness : and that we can at once determine the best
i u for the electro-magnets, and the best methods of softening
;“ well ag the best steel for permanent magnets, and the
th:: temper to be given to it. He therefore ventures to hope
in althe Magnetic Balance will prove an aid of no small value
1 researches into the physical state of iron and steel.

————

cu'll;"HE IfM{ALgA CANAL.—It is affirmed that of 90,000,000

anlc metres of earth which have to be excavated from  the
N t“ma Canal, only 2,500,000 cubic métres had been removed
wE, © October, 1883. In that month more than 10,000 men
worek.employed on the work. It is now proposed to increase the
Weanl,ug force to 15,000 men, and it is expected that with better
hop 2er the extraction will be materially increased. It is still
Ped that the canal will be inauyurated in 1889.

—_—————
HEAT-ACTION OF EXPLOSIVES.*

BY CAPT. ANDREW NOBLE, c.B., F.R.S., M, INST. C.E.

The lent inti i
't
Peculiy it rer commenced by pointing ont that the salient

Tough) les of some of the best kmown explosives might
tre 1Y be defined to be the instantaneous, or at least the ex-
Dag ) T3P, conversion of a solid or fluid into a gaseous
orig; %¢eupying a volume many times greater than that of the
‘nal body, “the phenomenon being generally accompanied
P “Ye“;ohmdera})]e development of measurable heat, which heat
if the 8 most important part not only in the pressure attained,
whieh“:actlon took place in a coufined space, but in the energy
of gily he explosive was capable of generating. Fulminates
ce °r and mercury, picrate of potassa, gun-cotton, nitro-
clags fne apg gunpowder, were cited as explosives of this
Rap, @ lecturer asserted that substances such as those just
li'{ni;l Were not the only true explosives. In these solid and
Capab) exl’lm{lves, which consisted generally of a substance
mbu:t' ing burnt, and a substance capable of supporting
Sarbop lon, in, for example, gun-cotton or gnnpowder, the
densed ‘;" associated with the oxygen in an extremely con-
Wighy (O'M- But the oxidisable and oxidising substances
form . them%}“s, prior to the reaction, be in the gaseous
With 5o for Instance, in the case of mixtures of air or oxygen
ox nic oxide, of marsh gas with oxygen, or of hydrogen
lat, aanen. He added that these bodies did not complete the
"din;ri]t at, under certain circumstances, many substances
hes, 4! Y considered harmless, must be included under the
‘®xplosives, making a reference to finely divided sub-
tugpe dc"l"flb]e of oxidation, or certain vapours which when
hich h:d In, or diluted with atmospheric air, formed mixtures
These { een the cause of many serious explosions.
ithep Bolln t"{CGS_serVed to show that an explosive might be
th; id, llqmd Or gaseous, or any combination of these
Biven of (o0 of matter. ~In the first place, a brief account was
il ¢ substances of which some explosives were com-
types. y 8trated by the composition of one or two well-known
Which U the second place, the lecturer showed the changes
8 oceurred when explosives were fired, and gave the
th: ormed, the heat developed, the temperature at
cts oreaction took place, and the pressure realized, if the
Telatin t;l'ere absplutely confined in a strong enough vessel;
atyg V'gi ch o Xperiments which had been made, and the appar-
facty 1 i had been uged, either to asceftain or to verify the
Siyeq toq ired by theory. He further supposed all the explo-
h'“ion,. ie Placed in the bore of a gun, and traced their be-
E‘ln itsgl, ~ o 0OTe, their action on the projectile, and on the
3 begy ‘. € 8l80 described the means and apparatus that
p"ﬁjectile employed, to ascertain the pressure acting on the
of the I 30d on the walls of the gun, and to follow the motion
Ho projectils in its passage through the bore
turg ((O°Btioned thyt the o e 5 PR .
re of ¥ that the potential energy stored up in a mix-
r“"enee tofqgen and oxygen forming water was, if taken with
~~ 1ts weight, igher than that of any other known
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mixture, and explained why such an explosive, whose compon- |
ents were so readily obtainable, was not employed as a propel-
ling or disruptive agent, the main objection being that if a

kilogram of gunpowder, forming a portion of a charge for a
gun. was assumed to occupy a litre or a decimetre cubed, a
kilogram of hydrogen, with the oxpgen necessary for its com.
bustion, would at zero and at atmospheric pressure occupy a
volume sixteen thousand times at great.

The lecturer next passed to gun-cotton, described its com-
position and the various forms in which it was manufactured,
referring especially to the forms which were so largely due to
8ir Frederick Abel. The various forms of gun-cotton wers ex-
ploded, and the lecturer remarked ou the small quantity of
smoke formed, as an indication of the small amount of solid
matter in the production of combustion. Also, that instead
of the explosions which took place when gaseous mixtures
were fired, gun-cotton appeared rather to burn violently than
explode, This was due to the ease with which the nascent
products escaped into the atmosphere, so that no very high

pressure was set up ; but it was pointed out that by a small
charge of fulminate of mercury, or other means, a high initial
pressure was produced, and the harmless ignition showr would
be couverted into an explosion of the most violent and de-
structive character This transformation differed materially
from those which he had hitherto considersd. In both of
these the elements wers, prior to ignition, in the gaeous state,
and the energy liberated by the explosion was expressed
directly in thegi};rm of heat. In the present instance a very
large but unknown quantity of heat disappeared in perform-
ing the work of bringing the products of explosion to the
gaseous state.

Captain Noble then showed that gunpowder, the last and
most important example selected, was also by far the most
difficult to experiment with, as well as the most complicated
and varied in the decomposition which it underwent. One
great advantage for the artillerist which gunpowder possessed,
in being a mixture not a definite chemical combination, was
that when fired it did not explode in the strict sense of the
word. It could not, for example, be detonated as could gun-
cotton or pitro-glycerine, but 1t deflagrated with great rapid-
ity, that rapidity varying with the pressure under which the
explosion was taking place. As astriking illustration of the
effect of pressure in increa.sing or retarding combustion, he
showed an experiment devised by Sir Frederick Abel. It
consisted in endeavouring to burn powder in vacuo, and he
demonstrared that it would not burn until sufficient pressure
was reached. He'exhibited the various forms under which
gunpowder was manufactured, and ignited some samples of
powder, pointing out the essential difference hetween their
combustion and that of gun-cotton, namely, the lurge quantity
of what was commonly called smoke slowly diffusing itself in
the air. He also exhibited a portion of the so-called smoke of
& charge of 15 Ibs, of powder collected in a closed vessel.

Captain Noble next described at some length the experi-
ments made with gun-cotton and gunpowder by Sir Frederick
Abel and himself.  With reference to the latter he reiterated
their opinion that, except for instructional purposes, but little
accurate value can be attached to any attempt to give a gen-
eral chemical expression to the metamorphosis of & gunpowder
of normal composition. .

He further pointed out that heat played the whole rdle in
the phenomena. He explained that a portion of this heat, to
use the old nomenclature, was latent ; it could not be measur.
ed by a calorimeter; that was, it had disappeared or been
consumed in performing the work of placing a portion of the
solid gunpowder in the gaseous condition. A large portion
remained in the form of heat, and performed an important
part in the action of the gunpowder on a projectile.

After describing the apparatus used by Sir Frederick Abel
and himself, Captain Noble illustrated the progress that had
been made in Artillery by mentioning that thirty years ago
the largest charge used in any gtin was 16 lbs. of powder. The
32-pounder gun, which was the principal gun with which the
Navy was armed, fired only 10 lbs. ; but he had fired and ab-
solutely retained in one of these vessels, no less a charge than
23 1bs. of powder and 5 1bs. of gun-cotton.

The lecturer next referred to erosion and its effects, and
added that he was not one of those who advocated or recom-
mended the use of gnnpowder giving very high initial ten-
sions. If such a course were followed, mu:h would be lost

and little gained. The bores of guns would be destroyed in a
There was no difficulty in making guns to

very few rounds.

i




