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exce tiOn is thse wire H, but the cause of this is cleariy the%M21 Id ifference be ween its maguetic capacity as annealed and
as tPmapered.

.Leaving aside ail theoretical considerations and hoped.forlrnprOements in the methods of observation, the authorbelievea hie has de.monstrated clearly that, by the aid of the
instrumuent aud methoda described, we can at once determinethe Physical state of iron, as infiuenced hy tempering and byru'echanical hsnrdening, from the ultimata degrea of softne&s tothat of hardnesa : and that we can at once determine the beotironi for the aiectro.magnets, and the best methods of softening

't a Weil as thse hast steel for permanent magnats,' sud the
be8t taxuper to be givan to it. Ha therefore ventures to hope!hat the Magnetic Balance will prove an aid of.no amaîl value
sail rasearches ilito the physical atate of iron and steel.

TRIL PA&NAMA CAÂNL.-It is affirmad that of 90,000,000
Pnai mètres of earth which have to ba excavated from theen ma Canal, only 2,500,000 cubic mètres had beau rpmovednto October, 1883. Iu that month more tisan 10,000 menWara .eMPloyad on the work. It is now proposed to iucreasA thseWforksug force to 15,000 men, and it is expected that with$ better
Wfeathar thea extraction will be matariaily increaqed. It is still
hoPed that the canal will ha inauvurated in 1889.

EMAT-ACJTION 0F EXPLOSIVES.*
By CAPT. ANDREW NOBLE, C.B., F.R.S., M. INST. C.E.

Tphe lenturer commanced by poiutiug ont that the salient
ron ates of sonie of the hast kuown explosives muigist
tramhl lb defined to ha the instantaneouil, or at lst tisa ex-tnasaalY rapid, conversion of a solid or fluid into a gaseous
oi. .,0ccuPying a volume tnany tumes greater than that of tiseb .glna1 body, tise phenomenon beiug.geuerally acrompanied
Pr a -nieal development of measurabia heat, which heat
ifted a Motiprtant part not only in tise pressure attsinad,ifteraaction tok place ini a coifined space, but in the anergy,Wh wss capaxlble of generating. Fuiminae

ore~~ and ruercury, picrate of potassa, gun-cotton, nitro-glcenen gunpowder, were cited as explosives of tis
el8,The lecturer asserted that substances sucis as those juatwii'Iera not the onîy true explosives. Iu thesa solid and

cap~ a xpiosives, which consisted genersily of a substance
Coale eOf beiug burnt, and a substance capable of supportiug
OtrbollStIo, in, for exampla, gun-cotton or gunpowder, the
deus0 as5 associated with the oxygen in an extremely con-

t ghe frm But the oxidisable and oxidising substances
fora. a8lvs prior to the reaction, ba in the gaseona,

With a, o instance, in tisa case of mixtures of air or oxygen
.. ea&rb011i oxide, of marsh gas with oxygen, or of hydrogen

ait n tha nadded that these bodies did flot complete the
rd hat ynder certain circumatauces, many substances

ie,~~î cousidered harmiesa, must ha included under the
ta0fexplosives, makinz a refereuca to finely dividad sub-

Capable of oxidation, or certain vapours which whens4Pededi owhicsld, or dîiuted with atmospheric air, forined mixtures,h ba eau the cause of many serious explosions.
e'the Instances serv'ed to show that au explosive might hathr ar aoiid, liquid or gaseons, or any combination of thesegee stata Of zuattar, Iu tise frt place, a brief account was

tesubstances of which some explosives were com-Psd llnatratad hy the composition of one or two waii.kuown
wisicl hil the second place, thse lacturer showed the changes

SQs ad occurrad when explosives% were fired, and gave the
whi raeaciorme tise heat deveioped, the temperature at

ta n took place, sud the pressure realized i h
rel the rex ahaolutely conlined iii a strong eno\ugh 'vassel;

Wiics 11 h exrimenta, which hdbeen made, aud the appar.
li1: ead beau used, aitiser to asceitaini or to verify thebSle ell'ired by theory. Ha further supposed ail tise explo.hvu Placad ini the bore of a gun, and tracad their ha-

ri he boarai thair action on tisa projectile, and on the~a ee e aloI dascrihed the means and apparatus tisatCtll efou the to ascertain. tise pressure acting on theoth alioth walls of tise gun, sud to follow the motion
i e urojetil in its passage through the bore.

ttte o enOQetisat the potentiai energy stored up in a mix-lefs ere, roen sud oxygen form iug water was, if taken with
.. ý ct 0 iL weigist, h ighar than that of any other known
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mixture, and explained why such an explosive, wisose compon.
enta were 80 readily obtainabla, was Dlot empioyed as a propel.
ling or disruptive agent, the main objection -being that if a
kilogram of gunpowder, formiug a portion of a charge for a
gun. wss aisumed to occupy a litre or a daecimetre cubed, a
kilograns of isydrogen, witis the oxpgen uoessary fo)r its com-
bustion, wouid at zero sud at atmospheric pressure occupy a
volume sixtean thousaud times at great.

The lecturer next passed to gun-cotton, dascribed its coin.
position sud the varions forma in wisich iL waa manufactured 9refarriug aspecially Lo the forms which wera so largely due to
Sir Fredarick Abel. Thea varions ferma of gun-cotton wera ex-
ploded, sud the lecturer remirked ou the amall quautity of
amoka formtcd, ss an indication of the sinail amnount of aolid
matter in the production of conmbustion. Aiso, tisat iuatead
of tise explosions which took place whan gaseous mixtures
were firad, zun-cotton appaared ratiser to humn violeutly thau
axplode, This wus due to the ease with which the nasent
products ascaped inro tthe atmosphere, so that no very high
pressure waa set up ; but it was pointed out tisat by a amail
charge of fulminsta of mercury, or othar meaus, a higis initial
pressura was produced, sud the isarmiesa ignition showr. wouid
ha couvertad into an explosion of the most violent sud de.
structive cisaractar- Tisis transformation differed matarially
from those whicis ha had isitherto consider.ed. lu both of
these the elementa wara, prior to ignition, in tise gaeous atata,
sud the euergy libaratad by tise explosion was expressad
diractly in the forni of hat. Iu tisa present instance a very
large but unknown quautity of hat disappaarad in parform.
ing tise work of bringing tise produots of explosion to, the
gaseous state.

Captain Noble thon showed that gunpowdar, tise st sud
most imporlant exampla salacted, was also by far tisa moat
difficuit to axperimant with, as well as tisa most complic-itad
sud varied in tise dacomposition wisicis it underwaut. One
great sdvantaga for tise artilleriet wisici gunpowdar possassed,
in beiug a mixture flot a dafinite cisamical combination, was
tisat wisen fired it did not exploda in the strict seuse of tise
Word. It could not, for axampie, he datouated as could gun-
cotton or nitro-glycarine, but it deflagrstad with great rapid.
ity, tisat rapidit *y vsryiug with tisa pressura undar which tisa
explosion was taking place. As s striking illustration of tise
affect or pressura in increasiug or retarding combustion, ha
showed an experimaut devised by Sir Fredarick Abel. It
consistad in endaavouriug to humn powdar in vacuo, sud ha
damonstrarad that iL would not humn until aufficiant pressura
wss reacised. Haaexhibitad tise various forma under wisich
guupowdar was mauufactured, sud iguited some sampias of
powder, poiutiug out tisa asseutiai. differenca betweeu their
combustion sud tisat of gun-cottoun, nsmaly, tise large quautity
of wisat was commonly callad amoke sllowly diffusing itself in
tise air. Ha also exisibited a portion of tise so-called stuoke of
a charge of 15 Iba. of powder collactad in s closed vassal.

Captain Noble uext deacribed at somp lengtis tisa experi.
niants made with guncotton sud gunpowdf-r by Sir Fredericis
Abel sud himsalf. With rafaranca to tisa latter hae reitersted
their opinion that, axcept for instructionai pnrp ses, butn littie
accurate value can ha attacisad to auy attempt to giva a gan.
oral cisemical. expression to the matamorpisosis of a guupowdar
of normai composition.

Ha furtiser poiuted out tisat heat played tise whole rdle in
tisa pisanomeus. Ha axplained that a portion of this hoat, to
use tisa old nomenclature, wss latent , it could not ha measur-
ed by a calorimeter; tisat wss, it hsd disappaarad or beau
cousuned in performing tise work of placiug a portion of tisa
solid guupowdar in the gageous condition. A large portion
remsined in tisa form of hat, sud performed an important
part in tise action of tise guupowdar on a projectile.

After dascribiug tisa apparatus usad hy Sir Fredarick Abel
sud hinisaîf, Captain Noble illastratad tisa progreas tisat had
beau made in Artillary by mantioniug tisat tiity years ago
tise largest charge use.d in any gtsn was 16 Ibs. of powder. Tha3 2 -pounder guin, wisich ws tise principal gun witis wiic tisa
Navy was armad, firad oniy 10 1ba. ; but hae had firad and ais.
solutely ratained in oua of thesa vessais, no less a charge tissu
2a lbs. of powdar snd 5 lbs. of guu.cotton.

The lecturer next raferred to erosiin. sud itq affects, sud
addad tisat ha wss not oua of those wiso advocated or racom-
rnendad tise use of giiupowder giviug vary higis initial ten-
sions. If sucis a course wara followed, mu.-h wouid ha bast
sud little gsinad. Tisa bores of gaus would b. dastroyad in a

vary ew runds Tisea wa no ifiuty iu msking guna to,
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