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nbove niamtiecd, >se ini one very near to il, in which lis. cinder films chance Io bc of
greater thtickniess than those n aliait plane, and, as a iait -r of fact, fractures in such
bars are isuailly nIIitm a few inches of lie pont wlere tih: bar enters ils liead, as ai

rie pîarticil.ir point in ilte circutiference of such a l'.imimer bar icrc the imii
ient fracture ist apiears is fiten detertted by.the mllantai nt Iieeilidrty of the " lat-

r-man. A eft.lanicl muan t il inclhne bs wortk lo ihe left, and a nain who i,
right-handed w ill le ikely tu ise aile right sule of the ainvil mosure tiait ste left. In
the latser c.isC, lie wr off Il, Fig. i, will Rend (wIenever il as Im the position slionn ),
to protstce a tnsale strain ai the potin I., which, as the nork is shiillted to te ceiler
or occasbioally to the Ilt suIe ut tie an il, becones a compIlressive stran. We shutll,

thteriore, expect (.is is, In fact, ithe c.se), tat lihe iitial iaestati of the fracture
Soutild be fouil a tht.it pot, and tih .t n soul grduali) extiend towards Il, untigl the
La. nas tinally "janed ' sndt!tler. The separaion nould take place throuîgl ftims if
cinl..vr between thile ends of the eiongated cotmupouund cry stals of the bar, thus exlp siniîg
those ends, and exiiting what is callcd a crI talbnie tracture,

ni beief ii the so-c.illed cistalbation of w r<tigit i'n, as the resu oi<f m>ro
long.:d use, ,, I thmnsk, altogether a titiutake and I am clearly ofi the opinion ithat the
crystalhatiitn otif scrtd in the case o: ainy particular fracture existed, pust as we see il,
ai tie timle the itital wvas gici the shapIîe Im whiaitii si was r<iuptired. Aller a b.ur of
dhstinîctly> fibrous w rotightt riron hias been subjetd Io multitudes of stdden jerke of c.x-
tenistioni or jars of Iercussite cr iessit, te eider in somle cioss sectionl <f il (m1i
which this untipuritv 1s slghtgily thicker tliat esenhert, gels brcken up, cohestîn is
dlestroy) ed, and lthe tar breaks with a trystalin«e fracture.

I have lacd a spCcitmein prepared for tle pîpose of maltkitng lthe foiegomg explata-
lion of the apparemlt crysta lbzat ion of fîbrutis Iron mire c' ideti. it ts a short piece of
siliare bar of nrought iroi. One eid ias decidedly t r>t.llntie in ils fracture, shonuing
lisictly thiat the biar wvas originally uilt p of five ila bars. *ihe othaer ei is, for

more than ote hall of ils area, as decidtedly tlirous as n toughtî iron cain Cll ie ; and
this end would have cbeena uniforimly fibrous i appearanc had te wi okman who imade

lthe specimen exerciscd the ieqm îtsite care. Thus, Im a sapile nt user l two ncihes tmt
leIngth , ne ha e an isatance of a fracture wihich otl obsets Sould Cal very bad,
andi antter wshich as certamly %w ould bIe called gotod.

Il< s a wsell kotîwnî fact liat wrouglht tron s im ed ài streiglt Iy repeated
%% orkm lg. This tmay be accounted for thus: Ii the ittial haitiitg and shapng -if the
celai, its crystals were left with a coItptaratlci thick; filli of ceifer be ts cen ivte ;

but by each succei.5ve rewtorking, the crystals of mletail are diiei nia ekner order,
soute of the intervenmsg inder i e:spelled, ati ait rieans is very much redtuced mn
thickness, so litait the cthesive attractio (nhater litait may be) between these
crystals, having less space o aci throigh, acts utlt augmttented imitensity. Il is neil
Io remtemîtber whilen ne speak of " less splace" i a matier of tiis lnd, that %ue are
deainng wlith a very sitall quantity ie ie thats a ncar ieigliour tu the
ifinniesimtal.

\\. il. SI fOCKI.EY, Sain Francisco, Cal.--\\itli regaid to the se tiof time
wataer i te battes>, the customn on lite Pacific coast is the samte as Nir. W lkes 'tates
i tl lie in Norti art na. Mine ater is nut uscd m tlie battery when iL can lie
avoided.

I do not ithmik hie water causes the stamtîps to icak, as suggested by .\r. Roth-
well ; for they last longer in a nct.cruslmîîg mail liatili ey do i a dry-crushing tne,
witere no sater ai ail ts tsed.

I r smmy own Obi.,ersation, I do ntui thimk the sbilration causes lthe s0tp.sts lu
crysahItaze and hctce to break, The chief strain tnit a staipît-sictit is a btendig-stran,
catsel Iy Ijeces of rock tafting the stamtp vhen struck y.> the creui.fereunce of the
sitte. Thi is e a sram1<i, ncarly ail the effect of nhcih 1, c.ntcent raitcd ai tiet place
%% here Rite stes ctiers ithe los ; and il .isually Ireaks at this 1lace. I have noticed
on s lihas that ase bieen brken fiatcnei places on the fraci<eti st face, shi)nitig that

hlie bîecimg cauîset eniougl motion to weai the stufaces smitooth.
'ie pileces of mletail mentioied by Dr. Ledoux ai .Ir. Durfec prove conîîclutsneily

tat the appearance of tle fracture does nîot sion% n liai the Internal structtire of Rite
uetai nas before it was broken.

if ahe vibration causes stamip.steims to cry stallize atid lirak, it certanly reiluîres a
very long iltime ta produce liait effect ; for I have kno%% n s itims ito hie in tse cfor four
years, dropping 95 times per mnute througiout thait period, which would give s' e-
thing over 200,000,000 blows.

As a inater of interest, howeser, I reiark litait ail tihe blackstiitis and tantual
wurkers of rniti 'iih whonm I have talked beieve lita irons will crystalltze uinder shock.

MRd. WEBSI'ER-Sone years ago, ait ispectir of bridge-material, after maku
thorough tests of double-refined iron bars for eye.bars, was so well sais6ied wsth the
tension-, bending. anti mtcking-tests that ie iade a special rel.rt l t the rolln ' miil,
sa> tig that it was the best material lie had iecr inspected . Afier these bars haid bcen
niaiilacitured and shippied to the iiiill-sIte, 2 test of Rte ftll-sized hars wsas recelsel,
which shoned very poor results, the bars havtng been broLcn ihrougi the head and n
tlie neck lil bad crystalîne fractures and low ultimtale sirength. The bars were al
condented and taken out of the structure. A thorough investigation was malade of
tits mîaterial by micking tests, starting ini the centre of the bar and going towards the
end ; and in ail cases good resulîs wvere o)itted from the body of the bar, and crystal.
line fractures ina the neck. Bending-tests nithoiut nickîtig shtned the samte differetice'.
In inany cases lite barsdid not liend to degrecs in the neck, uti esen at the first stroke
or twso of lthe smilali hydraulic jack Rtat we were usin., lthe sharp, snapping s'unds were
leard and the uaterial gase wsay ail ai once. The %rstais were very large. Athh.
honai tension-tests of the full.sized bars were iadt, aad some of tihct broke in the
neck with as loiw an ultimate strength as 42,000 ponds per square inch, the fractures
being ail crystalline. iad these bars been ina tise svîeral years, when tIis troubl)e w as
dliscovered, It no doubit would have been cated as anthiuier instance of crystalitzaîtittn of
the matcrial, catsed by the vibration.

I cite ihis to show the importance of knowing the heait.treatnicit to which iron
has been subjectei before we attempt to thcorize on the change of structure due to
vibration.

In i854, Mr. Peck, superintendent of bridges for lite Missouri Pacific Railroad
Company, caled mtt aittention ta the fracture of soie eyce-bars, taken front thcse wreck
of one of their bridges, whicht iad beien knocked donn by a derailed train. These
bars, he claimed, were made frot good materia Iy one of the leading bridge compa-
nies of lie country, and )ct they broke off short like pot-metal. U pon thoroughly
investigating, we found that the bars had broken through the neck, with a coarse,
crystalline fracture. I called his attention to Rite trouble oftcn caused in that portion
of the bar in the course of manufacture ; and e embodhed in Lis new specificationis a
clause which called for " eye-bars to withstand bendng to a curve of 90 degrees in the
neck." This test was carried out by subjecting to a welding-heat a piece of the bar
about 16 iches long, allowng it to cool slowly without putting work upon il, and then
bendng it under a press. Several lots of niater:al were condemned as not meeting
tiis test.

In iSSi, while we were making bending.tests of double.refined bar.iron undcr a
smail hydraulic press, the work was intcrrupted afier several pieces had been bent
about 170 degrees over a 2-inch round. Twelve hours afterwards, these pieces werc

put oni end under lite hydrailic press and we aitemupted to close thiset down further.
Miuch tIl our surprise, they bîroke off short, the fracture being toa per cent. grantular.
At first il uas thought thiat ite cold anghl as liad §omlethmg itit Ssi thits, as il
wvas in the winter scason and lite pieces hal beent left out over night ; but upon re.
peating tile experiment anld keeping tie pieces indoors all iiglit, aI a tetmperature of
about 7o¡ ihr., wse got the sanie short factîtes as sitatei be . Tüg, tie -ts,
wlen< broken In the ordinary wva'', lat is, withouit aiy iierrup otio of the lest, are
fibrous fractures anid wsere satisfactory i e cry respect. This exptertiment w as repîtatl
on different sizes and iiakes tuf iron ; and soiellimes tle fracture wvas changed and
somîetinies nloi. (I aefer to the ftactures as granular, a- they wete emulely shiWtuicii
fromt tlie cryst.lline fracturescited above as being produccd b> lite heatiing iof the bars.)
It would 1>' mtcresting to followîup a set of experiments Oi this hne and carefIl j aIe
aIll te conditions, including chemiîîcal comiposilonti, Im order to get ai lite cautse oi tiis
apparent change of strucure.

I leleve i h.se stîll a piece of onte of tese bars, alxttt four inchtes long, one end
of which <s entircly granular and lthe other end fibrous.

I)t. RApMOND-On page 12 of the pamphlet discussion of ths subject aircady
issueC, iii the hst paragraii but onte, allusion as made to lite piotograph of the broken
coînnt.ctitlq-ihar of the Washmgtîn navy-yard, as showing l the laiminated structire due
to rtoiling. 'As ite ibar ws-as made under lite hammtutuer, I should have s rittent ' forging.'"
This crror will be correctedi in the ransa tan.

Tis discussion illustrales forcibly Rite importance of attaching definite meaning to
Rite terns einuployed t descrnbing otbserved facts. " Molecular change " anti siuular
hirases-n " change of structure "-iiiy Le (and, I fancy, have bîcen, in this dis-

cussion) eiployed as signifyig noc morte litait incipient fracture, or the progressive
separation of lthe units of strlcture in the line of stress, or the graduai diminution of
tensile strength uider repeated stresses. Strictly speaking, not one of these plhenocmena
tecessarily' involves mo/e it/ar change, suîch as u., invoived m te re-arrangemtent of the
moltecui to fora crystals. That they do indicate, ini a certain sense, a structural
change, us utl denied. But this change m.îy Le t te samue in kind as that produced by
aiy kid of fracture. Wlten any two continuous elemients of structure are pulled
apiart, whether gently or violently, gradually or s dictu , there is a change of strue.
ture, if we choose tu call il su. liit il is iuseless to confutînd tiait change wiIh -me
that is supposed to take place prior to any rupture between thie elenents. Wien .ir.
Kent speaks of I molecular tuintiegration,' I understant! hii to mtean a loosening o
the esting structure, not the formation of a new osne ; and, in litaI sense, I conceive
tait lie is stating cxactly the position assutined by mider insestigatrs, who fad to
find any proof of a radical change of structure preceding fracture. .

.Mur. Kent does "lnot hold that iron nce firtious becotues crystaillized," yet de'
clares tlat " the statenents that nou crystallization happens are ail theories." I niust
repeat myv protest on ite latter point. The ailoates f the crysialhzai1on-theory have
no riglit to call simple disbelief in this Iropxsition a " thiery." It is incutibent on
them to prove liteur pos:tion ; they cannot demuand that doubters should prove a nega-
tive. As to lite only theory h,:re under liscussion, it is perhaps not fairly represented
by lte proposition that ' iron once librous becoies crystahinedt.' If that be the
theory, then iL suifTers under a double lack of proof; for there is no evidence that any
iro is fibrous prior to rupture. We produce a fibrous or a non-fibrous fracture at will,
according to the ietiid of breaking.

Mr. Durfee's explanation of the process of fracture in wrouigit-iron sets ta nie
to satisfy the observed] facts, althought I do nut think litat the presence of filins of
cinder betweeni thc cletients of structure is aibsilutely necessary to an explanation.
Planes of suall colie.ioi mnight sutice. W«hat SIar, Durfee has pointed out concerî.ing
the breaking of steam-hammers is, to imy mind, pertinent ind concustive ; and I dcen
il highly signiticant litait hie as directly observed, in sî:ch cases, incipient fracture.

Il seeins to mite alto signiicaut that .\Mr. Wilke'Sn staip'stemts birea only just
above Rte head ard nul underie the aipe, sshlile Mr. Austin rcpourt that in western
itilîs Rite stamnps break in Loth places. I ai inclined to infer litait le North Carolina
arrangement of tappets and camtis is suupetrior ; and I uay go further and say that possu-
bly sone better connection betsecen stemtu aid head imight reduce the amount of bretakage
in bot types of iills. I venture to Ieheve that if a stamusp were conposed, for instance,
of ane solii cylinder tuf iron, of cqual diamteter throughout, liure would be no sign of
" crystallizaitioi " in it if it ran fifty years. In other words, I think there us no proof
of an inevitable destruction of the inaterial, by the operation of a universal law, which
cannot be largely prevented by strengthening the paris now exposed, without special
protection to nicktmg. and bending.strains.

In this conniectuon I svould call attention to two very able anti thorough articles
by Mr. P'aul Krcuzpoinutner, of Altouoia, Pa., entîaled, I Do Iron and Steel Crystallize
in Service ?" and publlîshed in the Iran .4ge of Jtuly 5th and Sept:elber 27, <894.
Mi. Kreuspointner is Lite accouipshiued assistant of Dr. Dudle ni slue Altoona labora.
tory of the Pîennusyivania Ratiroad Co. Iis discussion-f this subject oughi to convince
any ont who still inclines to rite " crystallization theory " tuf the baseless and intenable
character of that thIeory. I will quote but one sentence front his second article, which
gives a new reason for dispu:ing the traditinal error. le says:

" Il nould hardly le worth while to take the old superstition about the crystal.
lization of iron under shock seriously ai this lale day, if il were not for the fact that
this superstition is being transferred ta stcel. This is really a inisfortune to the con.
structing engneer who miay happena ti belicve i it, andl to the consumer of steel in
general."

MIR. WILKES-Rferring to whai Dr. Raymond lias said concerning ieakage
under the tappet, I have no doubt that the best shapes for cams and tappcts should
be used, so litai, wien the lift begins, the blow mtay be as light as possible, and the
friction betwccn catmt an ta ppet durmîg the whole htft ta be as sniall as possible. This
shape we have securtei in aur lpractice by atoptig true ctcves at tias, and moldifying
themi as oIbiervatiun of their behatioir in actual svork suggested. Vhile we were using
iron, we succeetId ii this way in re-iucing vibration, we:'r and tear to a minimum.
Sinice we have adopted steel for lthe parts refetredh to, a great furîher reduction un set-ar
and lireakage h.is bteen sectured, a, the reuk, in mîy opinion, i the reieuiioin of the
origia.ti forit oft the cain, aîî,h tiiels .ind conuse<iîen:ly. lite nore certain kceping of
the sten in its proper place during the lift. This permits a fairer blow, and more
effective work. The stanp mill is oiten r arded as a rough machine that can be
taken care of by anybody. But iî neets, li.e any other machine, to be kept in arder,
if it is to <lo good work. Suitable care bestowed upon il will effect improved results
as important as those to be got front any aller kind of machinery used about a mmne.
A properly constructed and properly handled stamp mill is, by reason of its simplicity
and its economy in metal consunied per ton crushtd, still the favorite appliance for re-
ducing ores for aialgamation and concentration.

MR. OLCOTT (later communication to the Secretary)-The result of a httie
study on the subject shows the weight of scientific argument ta be agamust the crystal-
lization of iron from shock or vibration at ordinary tempexrature. I have read the two
able articles on the subject by Mr. Kreuzpointner, to which Dr. Raymond has called
attention. The salient points of these papers, as affecting the stamp steim discussion,
seem to be:-

1. That the crystailline appearance on the fracture is causei by the manner of
breaking. That is, wherc fibers are broken transversely they show granular or crystal-


