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av 
' * - *' . C) E.lt.P..-kel:'.; J.,Hull, l.P.P.r-att t\rJ4 V.r.~ 

It u wll ~ tbnt PlS#tio defOJ'll1at~on often CUUS:e$ •st,pi£1<:o.nt 

changes in Te &nd d.raatto ehangn in R~~ SUch efteets- heve been :related. 

by stae t~stigato:NJ to the "tU~ntsr:vn .nature of fJ'll»OJ"COliduotit.la Ji.\ato .. 

rials~ Mlnielseobn(l) f'hst GUB8ested (1935) tbett Mr4 supe:rcO!id~t~ 
are .inhanogeneous and eonsiat of :tilter~Wd tru.p$."0QtlduCt1~ tUan.el\tB 

sepa:-e.ted by volumes 0f ttomat matc-1$1.. Sl$w and. Mapot.her(2) $'U.8Bttated 

that dislocations mey be the d.Gfecte that · t'Uit as ~ til aments in herd 

SU;pereonductors. Bauae:r Md Bueblar(3) <l.e~ th$ ettect of plU.t~~ 
defotmation on s1nale and poly(b:ryatallim eqJles of niobium e.n4 ;rhiu:lium. 

. ' 

They ShO'fied tbtJ.t, :1n general. · 1 the Cl"i'tica.l .. · ·fii!ld. l'le. qe-~S,.,_((~- tre.tmfOl.'"Jn 
th& final. flUper!l~uct1ng material into normal mat~ial :.w.e rtncree.sed by 

pJ.est1e defonaation. At&o1 tl~ ele«rl.y 4etnomtrat'ed t~,t the' tl:i:mension­
less ~s:istan-ae term, R/R01 .(i:fhere R,. ta the resiet~ _O;t roam t~r ... 

'Y· • n' . 
e..ture and R 1s the corresponding value just tr.bo'v'e '1'~) fat: ~henium Bingle 

eryatels eould b~ raa;rkcd.ly in~ased. b;y ;plest~c ~01"lllationJ e. $train ot 
47 per eent produced a. tenfo14.1nctr>eu?· 'r

0 
vas raiSed from 1"'8° to 

2.1 "K by the pl$Bt1c det'orme.tion. . 

In a Stl'bsequent :paper1 ~al;"(4) J $howed that deformed rmntum 
\ . 

·stngla crystals behav<i!d. e.ni&otroptoall;r. lie af!leeted o;rl1nrb'iea1 e7:7 .. 
ate.ls in Which the aottve slip pl.~ mad$ en ~l<! of appro:c$.ms.tely 30f) 
with the specimen axis, With t'bese, be ~d.-~- tt"e.tWition ti~ld 

streDgth at a ~ of currant leveU $,lli:l a~. .B.r va.Tying tlw 

direc;tion of the ~:tted lnapet1-o field, hi:: W$ el>le to ebw ~t the 

supereond.ueting ehat'aater:tstics ot the def~d rb$niwn were mal'kedl¥ 
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anisotropic. At a given current the transition tielcl ·l-Jtl.a found to be 

e. min:1..rmlln 'iihc.n the field. wss :perpezldioular to tlle e>.Ctiv:e 'el,ip plene. 

Raueer coocluded that tho anisotropic superconduet~ ~orrttee were 
due to the nonuniform ·dislocation d1st.ribu.tJ.on1 and that t.ha role p.ltq-ed 

by the d.ialo.eo.tions "<i'$ thnt of e~r®nd.UOt1ug fll~ts~ An~ 

interpretation of these observations ~ possible. 

Sane ertd~e is 1ne0$1stent lfith the 1nte.r:Pl'etat1on tbat dislo­

oa.t1ons act as su~eonduet1~ "pipes". For e~le, s:pecU'ie h¢a.t 

mess~nta of v
3
na(5) M\1! show that even at hielt fields the n18.jor1ty 

of' the 1'olmne i.e still in. the su;pewoonducting state. '1he VOl~ fracticmr 

of rna.tel .. ial near tl:le c~ of d.1$1004tions is much too Small to ·oooount 

£or the large. vol:ume frft.Otion of' V ..,c. 1"n the •~eon®oting f!~te • 
.;) 

&sed upon knowledge a£ tha .Gtr'Wlttuoe c:lf disloce.ti~; tlte· ger"~..eral 

nature of their d1stz·ibution in defo~<\ Qryatal~J, aud their propensity 

to re~ct v1. th im1:Jtn"i ty . mtamn, the authors of this lettm:.- sugge~ tlw.·~ tbo 

role of' dieloeatio® ~ be a ~~ on~. 

Dislo~tionG llroduae major d.1st01-t1Cftlfl a. ~till lattices, and 1n 

dof'Ol'llled material :they form ts.ugled ootvorkS with D:Umel"'US 1Jimctiooa~ 

.Such nctl-ro"'rks tend to scatter electrons as ~ r.aove through the 141lt1ce 

of the material in the not'mAl ste:t,.e. We would also eXpeot simU~ r;K:o.tter--. 
ins to oOC'I.lr t>lhen the m&tme..1 wes 1n the supereonduat~ng state. Uowove'l", 

it :ts ~.rcll estab11ahed tb$.t when dio::t.ooatioru;; s.re Feeent, tbe ·a'.AP!!reonM 

duotinz cu.t"l'ent a.t o. s1 ven field 1a gea~ increewed.. Co~e.reely 1 e.t a 
given crurrent, the au.perconduo-ting ~tato ~ stable et h$ghar field$. I.:f' 
d1r3lO<J[~t;icros cannot lo~oa.lly be (!~i&lred to be su~~oonduct:tng pipes, 

bow m:~ wby (to they a.ffaet au:perconducttv1ty? 

?1c believe tha·t the di.Sl04!l.tiQ1'11,l aot Nl SCO.WllSG'l'S· t<:SJ: the inter­

eti tiaJ_ ~i ty e:tCWJ the.t e;re known to hnw delete-rious effects on 

supert:onductivity-. Th115 cooaopt iG mq;rportcd. by tbe l:'haniUJn e.ingle ery .. 
(4) . . . . 

still work of ~er · (Vbooe in~tation, b.~, 'WE.UJ mu:rea upon the 

·l;hougbt thet d.1e1oea.tioo.S oot as al.l;Jiereond:uct1tlG pipes) • A re~:ts at 
his roau.lta sb.owd tlw.t d.isl.ooauone do nQ't. aid e~pe:reonduetirtt.y bUt, 

1nswaa., ·they tend to d.&Strcy it. &Q)l)¢rt1flg tMs viovt ne;s. 2 erie! 3 of 
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tllo He.user pgpe~ 1 Bll<Tw Clearly that w1 th a. ~t of 2 .o ~r.es tmd 

at a field strength of 4<.> gause, ~~otldu¢t,~~t.z .. llq lcaM.e; ~~~~! .. ~ 
the direction P9!&lJ.~ to ~ ,sl,i;e ;e:t~~.JI "~!~. ~n t~ .~J:t;~a ,qt. 
t~ slleeimen. ~ (3(r~. 1J? tl:le P:t!i R~la .. the .£Jret,e.t .W!P, .~t1l.l c;itf.~ 
~,'Wer~n.d.uftt~ { ) • ~ ro.'l.e of dislocations 11$ parttatlwly Cle&;r' fot' 

he~onc.l r~ ~ryate..ls; ~ere.in dialoQat;ton ~~ t~ tO lie p~ 
~lel to tl1e atng:te eJ.:tp :plane. 

MC\:t-e than ~ d~cede ago it \1$$ pa"ad1~W that dia~ooa.UQZW in~­
eentared trubie metals lfOU.ld act$ "a!nka.n for i.uter&titi$.1 ~urity 

e.toms(7). The· proof of this hs.s ~~!an repeated.W ~trated. ~£men­
tally (e.g.~ aee Reference 8). lt l1as also ~n ehown that ~1tiea . . 
.introdu\Wd by ..annealing 5.n a. poor v~'Ull1 haw ~ delet4!riOUS &ft~e't on the 

GUl)erC()ntlUt)ting pt'O!J$rt143'6 of niObiUm $nd Reni\ll'l1(J);., 'l'h.tls, $tl eJ.terna.ta 

explanatioo of HM.taer•s rhenium tdng.l.e e~ta.ltl. result;; t& tlmt 41$lo­

eat:tons act as seavellgl!t-a rather than fi\S superco~cting ;p~s. 1'.b.ie 
1JJRJ;ll be deduced ~oo;. the re.su.lt~ of I&Utler and Buehle~(S) 1 whl.® sbQv 

t..1:w.t th~ Te for rhenium 1$ ~a@.~ b;y ctra.Wng l\ll4 roQl!'4 ~tul'e 

aging. Their atud.iee of ~ f)tfente at contamination d~1ng ~&ling 

clea.t'l;Y' sb.OWed. that impur1ti~s 2'lle;'ke&.y ~ the T~ ·tor this material. 

IJ!he authors or this lett@ (rugg~st, tm~ore, that the ~t 

roles pla.;yed b¥ dialooa.t:to~ in su.per:oond.\mte,:;:rs e.t'Q "tho&e ot electlfon 

scattering (rather than acting $$ $~Cot'lduct.ing p1pea} Mil at:avenging. 

The a'bUity of Q.:taloeations to purtfy the ~ighborins rm;.tGrtnl by' 

attr~ttng ~ cspturine dissolved ~urity atom$ 'l11lf,zy' wl.l ~ouut tr:n: 

the ~l:ed e~cenB-nt of f!l~OQndu.eting :prcwerties :pr«tue3Cl by plMtic 

stra1n1~. This col'l.aept should b$ ~rally ta;ppl1~!e. to e.U St;9~ .. 

duettng matertsJ.s tlUtt ere ctelete:elotuny e.ft'eoted by ~e ~ of 

interstiti~ ~itiePw 
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The s~ of the ~:f:vad s·tates Atomt¢ ~gy ~std.on 

for this voz·k 1G gratef\D..ly a.aklwvled&ed· 
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