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2. The resigtance to a feeble external magnetizing force ls
directly as the liardness, or niolecular rigidity.

The author bias proved this to be the case with si xty differ-
ent varieties of iron and strel fuin-shed direct from the marn-
facturera. Alad he bas fouind that each variety of iron or steel
bas fixed points, beyon1i which annealing cannot soften, nor
tempering harden ; cotiseqneitntly. if ail varieties were equally
and perfectly annealed, each variety would have 1as own mag.
netic capacity, or it-4 specific degree of value, by moene of
which we could at once determine its place and qiiality.

If in place of several varieties we take a single specimen, say
hard-drawn Swedish iron wire, and note its nlsguetic caps.
city, we find that its value ri8es rapidly with each partial an.
nealing, until an ultimate sofrness is obtained, being th -limit
of its molecular freedom. We are thus ennabled to stiidy the
hest methods of annealii&r, and to find at once the de.ree of
softnesa in an unknown spccimen.

Sirnilarly, when we temper annealed iron and ateel, we find
that we can follow ont each degree of temper np to ultimate
molecular rigidity ; aud we niay thus appreciate, in an un-
known specimen of nnknown teuiper, the degree of its liard-
ness.

W'e have thus in each piece of iron or steel a limait of soft-
nosa and hardnes.q. Iu 8oif Swedish iron, tempe;ing hardens
it but 25 per cent, on the scale adopted ; whilst meclianical
compression, sucli as hammering, hardens it 50 per cent. In
cast steel, tempering h irdeus it 400 per cent., whilst mechani-
cal compression gives but 50 per cent. Between cast steel and
Swedish iron, we find a long series of mild steel, liard iron,
&e., varying in their proportionate degrees betwean the two
extremes juat mentioned.

The theory which the anthor has advanced, of molecular
freedom, as in soft iron, and molecular rigidity as in cast steel,
fully expîmina ail the chauges wblch we are enabled to perceive
and measure; but it la not absolutely necebeary to accept the
theory, in order to appr.-ciate the resulta. For, leaving
theoretical considei ations aside, we have one proved fact :
namely that the magnetic power or capacity of a piece of iron,
under the infiuenoe of an externiat limuited magnetising power,
dep-nds ripou ita softuess ; aud that the retention of magnet.
ism, when the external power is withdrawn, dependa upon its
hardness. The samne degree of temper or annealing, upon the
smre iron or steel, gives invariably the Samne readinga; but
the slightest change-say from. a stra%-zoloured temper to a
blue-givea very wide difierences.

DESCRIPTION 0F ÂPPARÂTUS.

The instrument which the anthor lias coustructed and used
nl these experiments, and which he has named a IlMagnetic
Balance," consista of a delicate magnetic needle N, Fig. 1,page 164, suspended by a silk fibre ; il, la 5 centimetres in
length(2 in.), and its pointer resa near an index having a
single fine black mark for ita zero. The movement of the
needie on either aide of zero is limitt d to 5 millimetres (0.2 in.)
by means of ivory stops or projections. When the nortli end
of the needle and its, zero index are north, the needle re8s
parallel with its index ; but the slightest external influence
such as a piece of iron 1 mililmetre in diameter (0.04 ina.)
placed at 10 cantimetres distance (4 ina.) deflecta the needle to
the right or left, according to the polarity of ta magnetiam,
and with a force proportionatte to its magnetic power- If we
place on the opposite aide of the needie, and at tlie sme dis-
tance, a wire possessing abauluta the Samne poiarity, of similar
name and force, the two balance each other and the needle
returna to zero ; and if we know the magnetic vaine required
to balance the firat piece of iron we know the magnat value of
botli.

The iron I, which may, be in the form, of wires, roda, bars,
plates, or any shape or size deaired, is placed a fixed distance,
preferaably 10 or more centimatres (4 ina.) resting against a
fixed brasa stop C. The centre lina of the iron sliould be in
line witli the centre on which the neadie turns, aud it should
be placed at riglit angles to the needles, lying borizontally
amt and west, so as to ha free from. the directing influence of
the earth'a magnatism.

Tha comn pnsator, placed upon the opposite aide of the neadla,
and at a diîance of 30 centimetres (12 ina.), consista of a
powerful steel bar-magnat, 3 centimetres wide, 1 centimetre
thick, aud 15 centimetrea long (1*18 X 0.4 x 5-31 ina.).
This turne Il I its axis A, carrying witli it the pointer P to
indicate its degree of angular diaplacament on the graduated
circle. Generally this bar-magnet is parallel with the needie,

the pointer of the compensator and the needle being both at
zero ; but when we wish to measure the amount of magnetial
in the piece of iron I, tlie bar-magnet is made to pasa through
an angular diaplacement necessary to maka it balance this
force, and ita index reading on the graduated circle is takeon
as the comparative value. The north pole, of tha compensator
ahould be opposite tlie north pole of the needla, in order to
rander it alinoat estatic and consequently exceedingly sensi-
tive.

Lu order to magnetise the iron I, if raqnired, by an electric
current, a coul of insulated copper wire F is placed near C, the
iron 1 then becoming the core of au electro-magnet. Now as
this coul, iudependently of its iron core, acta upon the needle,
its action muet be balanced hy an opposing coul G, on the
opposite aide of the needle. The position and powr of the
second coul G can be minutely adjusted, by means of the lever
H1, which allows of finding a position where the two coils com'
pletely neutralise aach other. If we introduce iron in the coil
on aither ai-le, the balance is destroyed, and we have soleIl
the magnetic influence of the iron core, 'the value of whicb W6
Sund by an equal opposing magnetism. brought into play by the
rotating maguetic compenmsator A

A reversing key J serves to change thc direction of the cu'
rent, and thus any difféence betwaen north and soutli polaritY
lu the iron core 1 enu be observed. One Danieli ceil is sI
that is required as a battary ;but gieat care must be taketi
that its electromotive force la a constant, otharwisa all Varia'
tiona in the battery would be read as variations in the qualitl
of tlie iron itsalf ; and wa need in r.ddition a series of resistallee
coils R from 10 to 100 ohms, in order to re(luca the currelit
sufficienily for bringing into range the whole saries, from. soft
Swedish iron to cast steel. Separate and fluer determinatiol'
cau then be made, by an extremely weak force for soft iron,
and by fuît or incraased battary power for tempered steel. A
series of différent aized cola tu replace that et F la necessa'Y<
whenever we vary greatly the diameter of the iron core. Th1e
first size, with an internai core opening of oue centirnetr
(0*4 lu.), wili test bars sud roda of wira from one centinie
diameter down to the fineat needle ; but for larger bars, plate
etc., coils must be used which allows, frea passage for the irll
into tlie core opening. Great care and some practice are noces
mary lu the use of the iatrumaut, so as to ansure that the IrOrl
is placed lu a neutral field ; but wlieu we have raally obtained
the necessary conditions, we can take saveral readinga in à%
single minute, with au invariable resuit for the sarne kind Of
iron.

AIl irons and steela have some traces of remaining magn8tj
isrn ; it la therafora necessary that a double raading <north aml
south) snouid be taken by means of reversed currents. 10
this case the quadrant of tlie compeusator scale is diiddilt
360 0 on each aide of zero; suad the total value of north mn1
soutli polarity added to4ether is that given in the followi08
tabief of magnetic capacity.

Several methoda of observation can be eînployed with the
maguetie balanee, the usual oua being that already describedl;
but there are mauy other-, such se magnetising ail spacinleas
to the same value sud notiug the amount of current require~
We may also observe the remaining magnetiami aftel' the
cessation of the current ; the influence of a weak current 8 l
the passage of a strong-one, etc, Nany of these methoda g-1
interaating facts, particularly useful to those making reaeaychl
upon the cause os maguetiam.

By meana of this instrument the author has taated sietl
brauds of iron and steel, mostly in the form. of wirea. & À "
1 millimetre diameter sud 10 centîmetres long (0-04 lu. an'
ina.) was the standard size used, as we can mora readiip tel0Pe
smaii wirea thau large roda, lu ail comparative experinento
between iron of différent grades, we must have oue standed
forin to whicli ahl the reat must ha aimilar lu form sud 91%e'
Thus wa could flot compare a square or flat bar with a place4
wira ; but if ail pieces have the ae form, thoany différ60Pý
obsarved betwaen them, must be due to their comparative O'
nas, from which wa can deduca the quality sud place of

lu the range from. aoft iron to cast; steel.t

INFLUENCE 0F ÂNNEALING UPON THE MOLECULAR STRUCT'
0F IRON AND STEEL.

The magnetic balance shows that annealing not on1YPt
duces softuasa lu iron, sud cousequent molacular freadoiln, b
entirely freea it fromi ail strains previuly introducad by dT8'o'
ing or liammering. Thus a bar of iron diawu or lialime *
has a peculiar structura, aay a fibrous one, whicli givoo
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