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line faces, but where pulled apart igitudinailly, Ile samle iron siiws a filrous ýoruic.
ture. In ther writtIs, the staip steit uay iae been weakened atti finally Ibrol.en
off lbv succesive shocks, and short ktnk, or hends, operating transversely, as tie re.
suit uf sqiktig uneven suriaces in ie tr ortar, etc.

2. lhe ron in a bar mîay be crystallsng at cne point, but librous ai another.
3. Iron inay lase been crystalhine ai the point tested, but assuted a fibrous

appe.arance ai the tensile tracture, due to the l-iw of metals.
4. NIr. Kreurpominier not only- gives lis own opinions, but qulotes Cuinent Ger-

man aiuthorities 81n support of tlie idea thait changes inî the coimponent eleients of tron
are necessary for changes In ils crystallization, an! that these changes cannot Qccur at
low eperatu res.

5. te rei,uhs if Dr. Wehings researices are given to show, also, that repeated
stresses cannot produce crystalliititin.

Whiite, therefore, therge is a strong weiglt of argumttent against site crystailliration
of troi In service, Wolier and Spanigeniberg agree that alternate and internlitteit
stre.ses tend i deteriorate and fatigue mttetais ; and NIr. Krenzpointner says:-

If we consîder how. w:th msltuficient dimetnsions and imipaired coiesion, sud-
tien s'hock will prodiuce suldien fracture, then we have ail tihe eleients necessary to
produce clt well.knti%%n crystallme appearance of lie fractured surfaces.

"le fractutes will thus appear crystalhne, even if fte ironi vere ever so librous,
Iecause of the siiddenîness of rupture whici did îlot allow the metal time enough to
ilow, giîing. consequently, a clear transverse break of tie libers, whlitclh, as already
explained, are nothmng but elongated crystals, the transverse sections of which are the
imea,ure of ticir sizes."

\\'iler declares, as the resuit lf his expernnents, that " the ieîmbers of strue-
titres which are sulject to ailternaitog scrains, -îuîtiing and pushing, or beiiing and
twistin:, sught tii be miade larger mn the proportion oif 9 to 5."

I'teces tif iron, planed, polished, and etched, are said io gie "undoubted evid-
ence of lite trytailine con<itions exiîstinig before the irons was ever suljectel tii any
st raini."

The foregoing secms to estabhs that, though lithere muay lie ite weakenîng of
staipu stets y repeated shocks, which finally inay cause thein io break sitieily,
thereby shwlig the crystaililne face., of the iran tu great aivanitage, ilitere has been no
enlargeient in service -)f such crystalîne face, i the iron.

Il. M. iO\WE, Boston, lass, (couinimutcation to the Secretary)-Wmill DI
Rayîmond let ie mio<ify the stateient, which lie gives, lizan> , 5is, 560, of iy
positiii ina regard to the crystaliziation theory of rupture under îepîeatedi stres and
Vibration ? My argument on page 196, et sel., of mny Metallurgy of Steel, wsas that,
though it was quite conccivable on a ppiori groiunds that vibratitr, imight make irtn
crystailbze, yci there wsas no evidence that it ever ioes. .\y suimminîîîtii up was that we
have "every reason te) hîieve that the granulation aind crystailhzatioîn of iron under
vibration and 'hock is a nyth."

ve secml to bc at crowpurposes vith Mr. Argall. i le seeis to think ltat peuopile
have denied that irat undier certamu sets of con.litions, somte of viich incluie sc k
and vibration, breaks witha a crystalline fracture : vhreas, so far as I know, nob ily
has ever denied this. It is not the occurrence or a crystalline fracture but its eiplan.
ation that is in dispute. I suppose tat lie must have fallct in tu chis confuisioîn . lor
I see no other way of accounting for his setting forcit the untiIsputedi crystalmne fracture
ot stamp.scites in suci a vay as to inply that it answers the question ai isue.

Let le try to sumt up briefly the condition of our knowledge. Repetitions of
stress, wholly unaccoimipanied by vibration and shock. are well known tl induce soie
kind of deterioration vhich eventually ireaks iron. Vibration and shock, unaccomi-
panied by greai stress, or ai ieasîiyt by prolonged repetition of considerable stress, have
never, su far as I know, becn knobwnu tu break i. This pains ta repetition of stres,
and not to the %iibration and shock whici only in certain cases acconipany or cause il,
as the real cause of such breakage.

Esatmmattion of te tragnents of piecces thus broken by repeatel stress, even lien
accunî.îuiet hy vibration and shuck, las indicated that the injury wvas local;* and
careftil mnicrobcopic eamiination of the fragments close to tite fracture has Ietect.,d ni,
crystailine change, but ai mtosit a shattermug ant incipient sewaiaîon of the pire
exist:ng partcles, grains or crysiais wuhichever yoi call chemul. . Ail tlie evitIence ha,
been thus against the thcory that vibration caused even a local crystalbzation.

The crystalbization.îtheory tius was a discredited one. F'resh evidience mnight
indceel rehabiht-ate iî. iut I fail to see that Mr. Argall has given tis th ftaimei,t ray
of evdidence or of reasoning in favor of that tiheory.

We know tit tron, if nicked on one side andti bent backwards, vields a tibrtius
fracture, but that rte same bar, if nicked .Il aroind and broken vth a sharp bliw,
yields a crystaline one. The two different maildes of causing rupture itbisce it tu
follow ditferent paths, and yield ditTerent fracture,; for the fracture i, nothiog mîo re
than the path of rupture. lin this case nobody supposed that nicking aIl ar-undI anl
breaking with a single sharp loltw has crystalihsed the iron : i ias siiply tleseloptîedi
a new path for rupture. Thus a crystalline fracture is shown to le no proof, but at
most only a suggestioni, of crysiallization. The planes along which te rupture ot the
nîcked b4ar travelted existeut lefore rupture foilowed thet. Just .N riteleavages air a
feldspar crysial exlîs before I cleave the crysîal wnilh my kmic, and as the silmage exists
in thc exposel but undcvetoped photographic plate.

.Ir. Argall vainly attempts to escalpe from -the fact that :ron vien fracturedi
suddenly pîresenls manuariaily a crystalhne appearance. wien tractured slouwlIy ais
appearance is inariat>y tlt>rous, ' by his unqualified assertion that " In the tirsi case
ihe fiters are not gîven tise to strctch, but are bruken off ai riglht angles to ther
longer axis, whence aite alparant fine crystalbization ; while, i the latter case, actual
cry.stals are develupe<i in the tron, soime reaching as intice as o.25 anches m dianeie.

Let us see how urne thrs theory is. lirst so far as our present evtdence goes,
tlere probiatly are no tibers in iron such as Mr. Argall supposes, prior to rupture. lis
particles applarently are nearily eqinxel.

.\est, wien a crystailîne tracture forns in suiddenly ircaking iron. lis faces are
noi as Mr. Argali asserts, ai right angles to the inaginary libers, or to the am of the
cîbsers which would actually have formed during fwier.favurîng rupture. The) arel in
gencral approximalcly at -i angle of 45 with those axes.

1-inally, il is not the suddenness of lreaking, as such, that gîves us a crystaline
mustead of a tberous fracture ; for :n certair, extremiely rapid breakages, as for instance
when a bar as ton aparit longitudinally by an explosion of gun.cottun, ve get insar-
inbly a silky filrous fracture.*

The sinple truth is that each new mode of causîng rupture scems to direct ît
along a special peculiar path, andi causes a speciai fracture. The fracttre thus de.
pends jointly on the properties of tihe maeriat broken, and the conditions under which
brcakage occurs. s h) rupture follow.s chis or that speci patlah under sptecial con.
dations, as for the clastician andt mathematician to detertnine with great care.

Lscn for then the question :s noi easy une: and it certaînly cannot be br.shcd
aside ofl-haind or answerei ai ranrlom Iby those who run.

* ilker. Trans. Arn. Sot. .\tech. L.go.. vs., p. 163. îs2. H.uc, The .\teallurgy f mSeci, p.
-,, i.-iumn ,. Saris?, J.auii. Irt, as.ad Stect is., ,88g, à , p. 265.

f \tarrens, Stahl und Esn, Sii , pl 238, i837  sorby Journ Iron and 'Icee 1'u1sr ,8 ; p
c5.

• .\lantanud, " The Trealiment of Gun.Sieel, 'Proc. tnst. Civ. Eng., lxxnix., ppî. no, iii, i£87.

With these facts before sus, shall ue vonder if the special set of conditions under
whicih lreakage occurs in stamp.stem, directs ruptire along still a new special path,
and tits yichs a special kind tf fracture ? Is titi, special kind tif fracture really any
stronger evidence of crystallization athan the' otiher kind of crystalline fracture which we
hatd long kncown that we could cause by' r sing ail round ?

The efenders of any discarded itheor>, of this one as of the corpuscular theory of
light, nîeed nout trouble titeinselves tu show that tieir theory is conceivable ; that il
does not violaite ai law of mosudern physies or of the niolecular theory of iiatter."
Wlat w need is evit.ence which this theory explaiis, aitd whicih other thteories can-
not explain. We hiave no rooui for theories whichi are siiply conceivable or even
possible. We wvant those which are pro>ahble througi evidence. But evidence, like
thtie fracture of staip stems, which accords equaily weil wsitha cither theory, really ielps
the accreditel theory but does not lpt'iiî the idiscredited une.

If air. Argall or Mr. Wilkes wsill senti te a piece of broken stnip steni contain.
ing the fracture, I will gladly try to procure soim" evidence wiiict will couit, whether
it be for or against the crystaliration.theory.

It seeins to le that ite chief teaching of this discussion is care in the use of
words. lIlad Mr. Argall contented himisel wVithl saying (Tra:s., xxiii., p. 557), not
" vibration under aIl conditions will crysiallize iron," an assertiot certainly witofly un-
justited and probably very far frot the truth, but " severe shock wsill eventually
weaken or destroy ironn,tt lie would have a.ertedl all that usas necessary for his pur.
piose. By' gunig hbe>yond this, anîd needlecssly assertîîng that ia/I t'i!raions» injure iron,
andl by spiecifying tuai lthe psarticuliar way ini whtich thecy injure it is by> cauising a crys-
taliniie change wathtin it, hie gave criticismî a molst piressing invitationi.

I lis calling tho>ssewhosse topiniouts lue attaceks, " dogmtatic thecorists " seemns unfortu-
liaite. lí luy theorists hte me'ians thiose whott haituîally' sîudy the catuses of dte pheno.
mîena, or "' theories,'" lie simîply says tuai thteir huabits shîould qutalify hthm u tofom
trustssorthty opinion, as toi the cause ut titis phieaomîenoni. If lie mecans thai they are
igntorant ni the cînittiou îitundler whiich mtetals tatI in pîractice, he is simplîy mtistaken.
Andt as to doîgmiats.m, thowis whomti hie attacks hase ntot deînîued, buot guu'stioneîd anti
deno/ted cr> ttahzationr by> sibtatuon; wile lhe potsitively assertedl au fi'rst thai vi'mntron
unrder all ,îndjitions us ill cry'stallit'e irîon: andu lis hater mtodlitication meurelhy liits *the
propousitun tut certain cîondit î,ns, wuithout chianging its chuaracter as -poshtive .ssert ion.
It is badl enoîugh for the sceptuc to lue excommuuit edi, but lu be called dogmnate to
boot, and bu the Po 1 e ai that, would le rathler bwildering.

DRk. RA\'AulOND) Snce the foreg'îig dliscuîssion took pilace, I have receivedl
fromt Mir. Argall, ini a prisvate letter, the folling statemnent, swhicht seems lo nie
uworthy of preservation in thte recotrd as a pertinenît observation. Ile wurites thtat on
the1 24th ut Juiy hast, lie usas dlelayedi for soute timte near IIill City, South Dakota, by
reasonl of the fracture oft an asie tunder the tendîer uf Bîurlintgton engine No. 256:

"l'Te axie brouke oiff close to the whetsel; an old anti ruusty crack, v'arying in diepth
fromi three-quarters to une inîch, ran compîîletely round the journal; next camne coarsely
cry'stalline iron, whîie in tue centre thie iront was beauitifully Iibrouis, andî showved tte
buars front whiich lthe axie htad becen forgedl. Thesc, by' the wvay, as indicaîtd bîy heasvy
hnes in the drasing, swere ni properly wuelde."

'lThe accompantying figure matie fromuî a ptencil skeh in Mir. Argall's Ietter, illus.
tratedl lis statemeni. I tuih only ob>wrve as toi the conclusions to be drawnî fromt this
case, tuai the tacts seemto maie contsistent wsithi the thîeory ut progressive fractutre, anti
wdith tue wel.known relation between the nature ut tte stress causing fractuire and he
appgtearance o tue fractuuresurface.

Fracture oft Railway-Axle./

The indiadzliuns .f iiperfet uelding observed by Mr. Argali may fairly be ,aken
as evidence ot imupropIuer hea.-trcat nient for the process of forging ; and tiis, as has
been empuhasired ini the present dicussion, is a source of crystalbune structure (or, more
ircasel, Ur hilat o Mutun u ha h uel, a l ratalbne or granular fracture under circun-
starces in which a fliiuus fracture uuald otherwise bc expîcted) The existence of
the old crack round the ouutslc seemis tu, ainîîcate thit this part of the mass tuas in sutch
a condition as to break wsîttîtuit such ciungauu.un as might hase hell the wchule axle
together, untai a fibroub fracture of the uwhole had bîcen effected. In other words,
iitroiper hea t.reatment iay haie tiver h'ted the out,ide and under heated the
centre uf tc forging, st chat the fotrnier lcs une ' crystailine," wrhile the laster, not
hou cttuîghi to weld perfcctIy, retaincd ihe cap it) .f elongation befure fracturc, which
is called "l ibrouts struîcture.t"

On tihis hypthesis, the axic, if broken at an dne after manufacture, vould have
shown on the surfaces of fracture a difference of qualitv betveen the outîside and the
midnsîe. But si should not lue forgtten that such a fracture would not fairly represent
the process of repeated shock and stress underg-une Iy the axie ini practice. Even if
the materiai vere unifuri thruugliouti, the pcculiar nature uf the siresses s sahic, h
was subjected might el deselop difiesc..s iii the successive fractures of different
concentric parts. Recenit experuunents bas e piruved the sumewhat surprising tact that
locomotive wheels advance nul ini constant contact with the rails, but y a series ut
jumes. If I remember correctly, these experiments suere confineid to driving sheels;
but it scems to me that the same proposition must be truc in sotie degrec of al rail-
usa> ustecls, eslpccially those which ara nearest to the drivers, and thus receive mosi
direcily the effect of the successive jumpnîis of hlie latter. We have (o consider, in chat
case, the effect ut trasverse bilows, repeatel ai the rate of 1,000 t 2,000 unies per
minute. Considicring tiis rate of rapidity, and the weight supportcd by a railway-
wheel, I think I am justificd in saying that thie test is more severe than that to which
stamp.miII ,ractice subjects the stem of a stamp. But the effect of this series of blows
is doubtless someuwhat different. Each shuck exerts a tensile strain upon the lower,
and a correspondmng strain of cumprcssion upon the upper half, of the asle. Tt is
obvous that, by virtue of the revoluuon of the axie, every parc of the circuniference
expericnces these strains in rapid altcrnation, and that every part of lte interior exper-


