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This shows preytt plainly where Dr. Barus stands on the question here under
discussion. It is evident tliat he docs not draw frot his own experimtents on glass
uand glass.hard steel inferences favorable to M r. Ar;ali's theory of stamp.stem crystal.
lization. Iut M. Osmond is an observer of recogmized acuteness andl authority :if he
lias Ieally assertedl tie generail proposition, apparently attributed to him lby Dr. Barus,
his assertion of il has weiglit, whesiler Dr. Barus agrees with it or not and that
weight biearsunquestionably ina favor of Ntr. Argall's theory, though the terni "l strain "
Imayi or nay îlot desigiiate the particular kind oif strain to w hich Mr. Argali ascribes a
particular kind of iolecubtr change.

i have, therefore, exatmnedt vitlh care tie statemlent of M. Osmioid ; and.I find
that lie speaks exclusively of the two varicties of lion (ai/phi and />ta iron) which le
considers as two "l molecular conditions -- alot two tiferent nrraigeients ofi the mole.
cules-and of vhich le says: (22)

IlThe alpha variety (ialleable) predouiiates in steels slow 1) couled from rei
heat, and the more exclusively, as these mtîcals approach llure nearly pmue iron.

lThe l'e/a variety thard andi bittile) :s formcd :
a. Arîtilcially, by the action Of aiy imiechanical pressure applied below very

dark red lcat and producing perimianîent defortation.
'' b. Spontancousl , at a certamn e>.lncal teiperature lot yet determined. "
Clearly enough NI. bsimond Is annîounîeing nu general iaw, but explainiig (tpon

his own a/fha /icta theory, not ty an iteans niversaly acceputed as y'e) rte faimiliar
effects of cohr>il g ani lamerg ipon tron and sivel. Ile carefhdly exchides
strans which iti no;t p>rtduce peraane teloriaiuon, and thus ipiihlcitly contradicts
'Mr. Argall's hypotlesis.

4. The researches upon " hi·steresi," concerning whichi Mr. Argail quoles Dr.
Baruls'- reference tu Warburg, Ewimg, Rowlanîd and Bell, are too abstruse and toi
little pertinent to repay special anaiy'sk and diiscuss liere. If tihey proved any.
thing for lis luirpise, they' would prove too imuchs. The kind of miolecular change
which iliese writers call " lhysteresis " is something which they can produce by' iag.
netisii as well as ly mechainical force ; it is evidenced by electrical resistance, wholly
or chitl ; it is ntl shown or aswrted or beliçeved toi prodtuce a gr.ntilar structure
out of a fibrous one ; and it is only called a iiolecular change, becatse, 01 tic mole.
cular theory -' matter, the molecusI' imit le somelihow contîcernetd in it. l'tire and
siiple, it is a change in electrical rCsistance, w% lich is inferred tu involve a change in
- cheiiical eqcurniilbriuii." which is again inferred tu tic a change ina iîolecular con.
dition.

I can easily understani %Ir. Argall's frank atdiissin that his citations "ido not
support a crstalization.theory for iron;" bu I t will icaveolhiers to decide whether
tic' prove ' thbat tie iolecular structure of iroi can change anti does change under
physical conditions and at aitospheric temperaitres."

W'il regard ito *r. Argail's quesution, '" \\ t lia is elec:rolysis, but the direction,
b>' ieianis of an electric current, otflic iovement of ioleculest in elecrolyte, to forni
new bodies ?" i beg to say that I Io nu prctend Io k'now emactly wlait Clectrolyis is, but
I strongly suspect, thait whatcver it i:, i îs lot that. I cailot conceive, liowever,
the remolutest connection ietteei ibiis question and aie oune %luter rhscussion: and
will tierefore absain frot int rxicing a iurcly ouside and wholly theoretical issue.

But a htale îimvesiîgatioli of Nir. Argall's ileory itse1 li.ay not lie tl of place.
It is, if I comiprelhend it :

A. That ithe iron of :ew stamp-seitms has a fibrous structure.
Il. That tiis structure is changed during une, by the etffect of repeated blows and

Vibrations, whichl cause (it iolecules previously arrangetd in fibres lu separate .nd
rearrange tliemîselves in crysials.

C. That the restit of this process is shown by tie granular fracture wien the
sta:np-stem breaks.

It seelns t> Ile that ainy saabpem hus fractured in service wouildi break ai the
iieginning, rathier tlan thet end, of sucli a press. Th'e iolectles can nlot ie c.
pected it' rearrange tiieiiselve., without ii separatiig ; and lith%% iley are io reaiii cohe-
sion wlien they have once separated, si as l resist rite Ireakinig.effect of shock util
they have got cmifortabl' cryst.lili7ed, is not clear. The btegîiiniiigs o separation
are incipient fr.rture ; aid i lie expei iients of W\'ohIer nt others, cited above, show
thai shtocks producing luch slighit separation tf pxarticles iay, lby repetition, go on
increasiiig rte fracture lits iegîu; so ahat ai lasi, the peace lreaks lby tIe dtissolutin
of ils origiiàl, nott tif a scecnitary, structure. This conception involves not iolecular
theory whatever. Il rests on the sta,hed faci thai iron is malade up of joined and
ceiented piarticles, whici ca tbe pule I apart ; and ahat, when they are ttiiacieiitly'
pulled alarit, rite roi breaks. Surh a conception exiplains ail rite phenîoiîeia thus
far atiduced, and il is searcely iecessarv to Sel nit ai autiliary anl iiagînary theory
ftai tite partirles firt separate, then reunte, and then break apart agam, udtiter raims
which tetndel to fracture aill rte aime.

The whole question of rite tibuins structuîre of wrîouglit-iron and its supposed
relation to strengli, lias receivel mitulu new light withian recent years, esIeciailly in
connection with aic atieilpt ai Avesta tu prodiuce filrous soft steel in tie 1.iteie-Is.
beier irocess., by casting soie slag wviti the steel. The leculiar laiination caused
in puddleti iron ly tie presence of interiiingletd cinder vas thus repîroducet in steel
for the bencfit of ptrejutlicel conumiers ; but it wtas noi shown that this structure gave
increased strength. I lowever, I will not now pursue that part tif tle stlject.

il.et us nw exattine the testiiony of practical experience, adlucetl by MIr. Argali
"apart front abstract tleory."

The opinion quoted fromls Commander L. A. Beardslee, U.S.N., ihat the fracture
of the 5 inch connuecting har of thc W.atlhingtoii Navy Ylard testiig-tacliine was " an
unni,takable instance of crystallization," mtigit be construed as ait assertion aiat this
crystallization wa. uiniîistakably duse to repeated shocks. Siice the staiîtent quoted
is part of the report of a commiîîittee of which Commander lieardslee was chairman,
and w-as apparently concurred ini by rite other mebihers, naiely, Gen. Q. A. Gill.
more, A. L. lioliey, Williami Sooy Suith and David Siith (all experts of recognized
ability), the irecise laitguîage empîîîloyel is worthy of careful considcration. It wili be
founid in hie Reprt of t/ Unifted Sates loard for Testing Irai, an'd Stee/, Part I.,
WMasliington, iS78, pp. Si, 182:

I The ttieston as to wheither crystallizationt can be produceI in iron by stress, or

1 repetition of stress with ahîernation of rest, or by vibration. lias been vcry nuch
discissed, and very toppolîte v:àewts are entertained by experts ; therefore ai was con-
sidcred that any data which night be gatiered during our tests, lcaring uponl this
point, would possess a value.

" We have mlet with but one unmistakable instance of crystatuization which was
probably produccd 1y alternations of severe stress, recoils and rest.

"I The connecting.rod of the chain.prover was 5 inches in diamcter, had been in
use for forty yCars, and had, during Ihis period, bveen frequently suljccted to stress up
to 250.000 pounds, with recoils producied y rupture of test.pieces.

" I was carefully imade in the anchor shop, being hammered from the best quai.
ity of wrought.iron scrap ; it is not probable that any section of il, if broken when
first made, would have displayed crystalline structure, but while we were testing, it
parte) one day ai less ithan aoo,ooo pounds stress, and the surface of the fractured
ends shnwed well.tefined crystallization, the facets being large and bright as mica ;
the ends having becotine injured by rust, the bar was again broken by impact, at a

point distant over a foot fromt the first fracture, and the saie appearance was round,
which is shown in the illustration, Plate V., Fig. t, the original of which is now in
the cabinet of the Stevens Institute."i

The illustration itere nientioneti is a heliotype, reproducing a direct photogtaph
of full natural sire ; anîd, while I have not had the opportunity at examitine the actual
piece said to beat ic Stevens lustitute, 1 rel sure hliat the afppearanice of the resh.
fracture is better shown in the illustration than it could possibly le shown by thre
piece itsclf after ile lapsse of sixteei year. At the samtte time, the brokeun piece tight
still yielti, under paro e iicroscopic and other examination, somte iiportant further
informîation, ahhugh, as I shall point out, ils pedigree ix not good enough to justify
Irecise conclusions.

The pltotograihie illustration plainlty shows, I think, the lamtiunatetl structure due
to rolling. Whatever crysaIllizatioi thtere is, is clearly sulbordimnate tu tihat generai
structure, aid therefore ira) have existed always, as it existed ai the timte of fracturé,
together with tlie lamination.

The statemlîent of tihe commîtîittee is, that this is " ai uniistakable instance of
cr'stallizatiot," but tlie opinion as to its cause is utich i.more cautiouisly stated as
mtercly " Iprol e." And the degree of this probability is carefully indicated by a
stateient uf all the data upon which the conmittee's opinion is based. The facts
personially knounuî to tile commîîîittee, or verifiable ly it beyond reasonabile doubt, are,
that the picce hal lcen in service for forty years; tlit it hatd beein fretuentiy- under
stress up lto 250,000 pounts , amui thal il bwlke ulder leis than 200,0O poindts. A
fact presumîably less certainly established, is hiat it was carefully' imiade, about îS38,
by hiamuering fromt dt best wrought.iron scrap. The commîîîîittee infers that "it lis
not probable that an' secqion of il, if broken wnen first made, wouldi have iisilayed
crystalline structure." And tiis is the only reason for supposing that such a structure
has been silice inducetd.

. In wcighiing lite force of this .conclusion, il iust lie remmiiîîbered, first, that
wrought-iron has a crystalline stiucture tu begin with, ainad tliat this structure can be
mîade clearly visible by' cold fracture produced in a certain way ; si that, in fact. what
thc conmîtittee means is. that it is ito probable that the piece of iron ut question, if
broken by' contmued increasing tension, when it was first made, would have failed lto
show the librous frac:ure tdue to the clongation of tie cr'-tals unider stuclh tension.
Suchi an elongation in mitass itmplies ihat the adhesions of the individual grains in miass
is suificient to resist, for a tinte, thcir separation ini mass. That a sudden shock or
strain ight produce separation with littie or nu elonîgationt is to be expected accord-
ing to fauiliar imtechait'al primtciples.

Again, tie illustration given by the commitittec rejres.mtsa fracture under imfat,
which would have been likely to be crystalline in ainy event. But, considering the
chiaracter of thebserver,, we liay safely accept their assurance that this fracture
prcsented thre samte appearance as that produced by' tension. The commtîtîitiee's state-
muent. tlen, is substiantially that, after forty ycars of sers ice, a piece of iron, broken
by tensile strain sialler tian ltat which it latd pîreviotuily> cndurcd without breaking,
stowetl a tensiion.fracture exactly' like its imtupact-fracutire, whereas, if brokei wlhen.
first made, the tension.fracture would pr)Aî/y have been iore lib)rou,.

Even this probah/y is open to someîcwhat damtaging inquiry. For the conimittee
does not say, aiid evidently docs no kitow, whiat ieat.tre.itment tiuis piiece of irou
received when it was forged f.>rty yCars before. or wheiter, during the'e f.>rty years, it
was ever hcated, straightened, aniealed, or oltherwis:: sbljectetd to luat.treatmuîent.
Yet such treatment, as is well-known, mttight induce a crystalline structure both
coarser and less firilly ceiented than woull have existied without il. Il is to ibis
unquestiona le fact that 'Mr. Ilowe refers, (23) whenl lie sys, in discussing ic present
case, andi also that f thre fc20-foot porter.bar at hlie Morgan iron Works, cited by Mr.
Argall :

" Now I find nothing here which indicates strongly that any change in crystalli-
zation occurs iuntder sibration or shock. h'lie cases of tlc Washington testing.niachuine
nid of tle Moirgan iron Works poruer-bar imay wel be due to over-lheaituig under
mtianufacture."

WC have, then, as equally t"probable," tc hypothesis that tihe crystalline struc-
titre, uiitiniately exhibited upn fractuire, hait existed in the iron ever since its last
hieait-treauctent t (.»4) and thle un) remîaining question is, why should the iros bieak
under a sialler strain tait hadl previotisly sustaintei without breaking ?

The answer to this questiton is given by Woiler's expcriients, and may be
sutmnted ui in ptuilar Ihraseology by the statemient that reupeatcl stresses, o une of
which is suflient to produce fracture in mîîass, nay, when they individually surpass
the liiiîi af clasticity of tie weakest cleiments of ic miass, gradually loosen (nut
transform) the existing structure, and thus uby thicr comutulativc effect, ultiiately pro.
duce visiblc m upas.uitire. This is a fact t anti it olrers a sunlicient explanation of ail
thre facts allts fat observed s ith scientific precision.

Tie tIetory which il stggests muuay ile, cither that tie Zoscuting orstructure is
gradual and uîniforn, so ahat, at a given momtent during the proccs, the cohesion of
at llthe granular or crystalline elenents under strain which has teen equuaily dimishîed;
tir that it is progressive, like the breaking of a wire-cable, wvire by wire, so that the
final visable iass.tfracture is sisiply the cumulative resulit of incipient fractures, or
itritnte separations of structural units, which have left fewer anti fewer coherent units
to endure strain. To uy 'mind, flte appearance of ail tension.fractures, indicating, as
il does, that tile strain upon tie nta,s is not equally sustained by ail iants of tte
section of fracture (u.e., litai soie parts elongate more than others before breaking),
favors the second of these theories, which is, moreover, matie plausible by what we
now know concerning tlc thnequial internai strains prouiccd (especaily' ity icat-treat-
tient) an utîauufacturc. But it isnot tecessary toniaintainteither theory. The truc ex-
planation of thie phenomienon mtay involve them both atind neither the phecnomtîenon
nor its theoretical explianation involves any process of rte-crystalliation under shock at
ordinary teiperatures.

Under careful anailysis, therefore, the instance presented by the U. S. Board
(which is, in m)yjudgmelcnt, thestrongest that Mr. Argal hasadduîcdamounîs on*y oa
guardeti opinion, bascd uion an incomplete statta.ent of facts, which perimits a
di'erent expauation.

The declarations of Fairbairn and Greenwnod, quoted by Mr. Argall, are simsply
reiterations of the traditional belict, unsupported by fresh experinent. Like many
similar passages inh tte text-lxoks, thcy have mercly the force of the carlier opinions
of which tihe' are echoes.

Rankin's statcmient that "itou ought tobe as littleas possible ext osed to sharp hlows.
and rattling vibrations," is not only consistent with the theory.of breakage without
"cystallization," but imnediately follows the intimation of Rankin's doubt of the
carhier theory, and a report of experiments made by him on railway-axles, which do
not confirm the notion of crystalhuzation by vibration.

The only question htrte a issue is, does the vibration to which stampstems are
subjectei in practice, change the structure of the iron of which they are composed ?'
It is not, "Do stamp-stems break afiter condinued use ?" Nor is il, "Do they show a.
granular fracture when they break ?" A thousanl instances of such breakage and
Tracture will prove nothing. But any one. of the following suggested tests would
prove a goal deal.

I.le_ t a stantp stem which Ias been running a long ine without breaking be'
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