
Juuia, 1884.] A-ND THE INDtJSTRIAL ARTS.

grater mechanical strangth in ana direction thuan anather.
'Ibis bar, if tboroughly auuealed at high temperatures, be-
Coules homogeneaus lu sîl directionq, sud lias no longer aveu
tracas ot its pgeviaus &trains, î,rovided that thera bas basin no
alctuel separation inta a distinct serles ai fibres.

TABLE I.

Influence cf arsnealing upon Swedish. Iron, sampZe 0.

Wire hard.drawn as fnrnished. by makers.
'&nIealed at black heat .................

duh-Il -red...................
" bright red .................

44yeUaIw ..............
---- yellow whito ........

Cent. Falir.

700oi 1300o 329o
10000, 1800o 438o
1100o 2000o 507o
1300o 2300o 5250

Frora Table I. we see tbat a regular increase af saituass c-
cur.a as8 the temperature at whicb Swedish is annaalad increases,
the maximum> being at a point under that ai fusion.

Sanoule tt ifficulty was experîenced lu annealing ail wiras tathetha e Standard. The methad emplayed at first was ta placethelvres ini an' iron tube haatad ta tha.desirad temperature;bt1 the tamperature ai tbe tube was extremely variable, and
't Was also fuund that au interchanga af car>ban takes place
betweeul the tube and the wiras. Steel wires rapidly lase thaircarbon, snd tbus3 hecome soiter at each successive anneau n;
whjl.,t the purest iran absarbs carban, until it cantaina exactl
theo saine îroartious as the tube itsahi. It is well knawn that
lan Wires; at red heat, placed in a parcalain tube thraugh
Which a current oficarburetted bydragen is paaing, will absorb
aufficient carbon ta bacome bard steel.
inE rriMelit-regarding the time required for perfect anneal.
ira 4owed that, wbilst hard stçel required several haurs, sait
degr lilight be cooled lu a lau minutes without 1a"ing itshighe at- softuesa,; consequently, knawing the great Ovalue ai
bi9 teprau the authar adopted the fallo*ing metbad.

tube wkit hented ta a wbite heat or otberwise, the iran*'ras ta be anneaied ware introducad quickly, aud the instant
ey habd the saine tmeau, hywere withdrawn sud
%l1 y allawad ta cool in the air. The wire emplayed heing 1
plettire diamneter (0.04 ln.), tbe wbole aperatian was; coin-Pltin tiiwOP minutas. This is not suggested as the best prac.~ti' Intdo annealing, although inl the -case ai thasa wirea

Wt laeve the best resuit ; bu t the, experimanta show that,
*ht ne ethod ia employad, the heating shauld be as rapid

"haPossible ta a bigh degree ai temperature, and the wira
ahudcool in a carupletely neutral mediumi or atmosphere.

su2e6 facte regardxng annealing, as paiuted ont by the mes-
bea tunt ofthe msguatic capacity ai iran wiras, bave no doubtlu i a great measure perceived by ardinary machanicalr~aeoda. Tht, resulta ai tha author's researchas may be thus

*T 1 he bgetdgeofsfnsinany variety afi ran or
PeratureîObtained by a rapid basting ta the highest tam-

'sab eaic than futsion, fallowed by cooling lu a medium in-
2 he of canging its chemieal composition.

the sIrae required for gradual cooling varies directly as
an )uàt ai carborn mailay. Thus absolutely pure iran

.1utbel hardened byrapid cooling, as lu tamparlng;
odsieta1 el ight require several haura or days for caoling, lu

SOIau it, even lu the case ai pieces only 1 milimetro
irort r (0Ine4er i-M. Slow coaling bas no injurions affect upan
tire ~~il COoled lu a neutral field: consequnthy, where

cs.la18 noabject, slow caaling may be amplayed lu avary

orctee Plece ai iran tbaraughly annealed muet nat ha bent,
ijiàed hab allIuered, or filld ; the bardaniug affect ai a baud
eaid reinarkible and the mare claanifig ai the suifaca with
et 5 î5 ,pPr hardaens that surface by several degrees ou the

flwiuug Table Il. shows the effect ai annealing upan41 e ta 8rwlres, kindly furuished expresaly for thesa axperi.aby Messrs. Frederick Smith & Ca,, ai Halifax
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TABLE Il.

Magnetic Capacity

Mark: Description of Iran or Steel
Bright
as sent. Annealed.

Degreos Degrees
on rioale. an Scale.

G Best Swedish charoal iran. 1lst var. 230 525
F . 4 2nd di 236 511)
T d go 3rd" 275 3
S Swedish Siemens-Martin iran 165 430
M Puddled iran, best beat ... 212 340

Vi Bessemer steel, soft .. .. ..... 150 291
Y Ressemer steel, bard. .. .... 115 162
Z (Jrucible fine cast steel ... 50 84

Fraiti the above Table it will be seen that annealing had a
great efl'ect on the iran wires, doubling their magnetic capacity,
and that Swedish iran stands far in advance ai puddied iron ;
consequeutly, for the cores ai electro-magnets in Telegra'ph iu.
struments-as in fact for ail electro-magnets-Swedish iron is
the mont suitable ; and the magnetic balance may fiud a field
of practical utility in mneasuring esch core before it is used in
an elecîra-maguet, and msy also aid by its measurements in
finding the best methads af annealing.

TEMPERING.

The influence ai tempering upan the maguetic retentivety, or
molecular rigidity, bas been shawn in êvery piece af iron or
steel yet examined. Swedish iran hardens but 10 ta 20 per
cent hy temperiag, while steel hardens. 300 per cent ; the
molecular rigidity af tempered steel being 18 times greater
than that ai ï-olt iran. The influence af différent methads of
tempering an crucible steel is shown in Table Ill., rauging
from is ultimata molecular rigidity ta its ultimata softneas
when anuealed.

TABLE III.

Plate 2Tamparing af Crucibla Fine Cast Steel, mark k~ Fig.5.~

Bright yellow heat, ooolad camplately in od water. a 28
Yallow red 4. # b 32
Bright yellow, lot down in old water ta straw colour a 33

bine ......... d 43
Briglt yallow, caoled oompletely in ail.............. e 51

Brgt yellaw, let down in watèr ta whitea............. f 58
badoat, cooled compIetely lu water ............... 9 66.9 . idail .................. à 72

Annealed ...................................... j 84
We mnay therefore represent graphically a diagram which

shahl includeê ail methoda ai tempering ; and another diagraru
which shall include ail varieties of iran, fram the soitest iran
ta the hardest steel, intermediate qualities ai bard iran and
snild steel fiuding their place between the twa extrernes' The
fir,4t diagram la sbowu lu Fig. 5, Page 164, in whicb the figures
represented by hunes (lettered as iu Table 11I.) erected framt
points on a horizontal sosie, ta meet a diagonal lina drawn at
45 '>. Thus the height ai eacb hune shows tha magîîetic value,
and their distance apart shows the way in wbich they gradually
opproacli tbe maximum. The second diagram is ahown in
Fig. 6, page 000, where the lines are lettered as in Tables 1V.
and V.

The numerous specimens of wire tested bave heen iarwarded
direct frorin the manufacturers, at the reqnast ai the autbor's
friand, Mr. W. H. Preece, F.R.S., Electrician ta the Genaral
Post Office. The chemnical analyses of moat af tbese wires
have not beem iuruisbed ; but Messrs. Fredarick Smuith & Co.,
ai Halifax, nat aly suppliad a beautiful meries ai wires, but
haed them spacially analysed by Mr. Henry S. Bell, ai Sheffield,
in order that tbe resulta sbauld a se exact as it was lu their
power ta niake them. Tha author therefore negleots in this
paper ahl ather samps except thoso of Messrs. Frederick Smith
& Ca.: they ahl stuand between, or are included by, the two
ext remps ai S8wedish iran and cast steel.

Table IV. an page 165 gives tha campleta rasulte ai the
anechanical, chamical, and physical tests upon tbesa wires.
The tensila strength sud *,lectric conductivity are ss furnished
by Measrs. Frederick Smith & Ca.; the chemical analyses are as
given by Mr. Henry S. Bell ; and the msgnetic capacitias af


