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An increase in the relative transverse magnetoresistance as a function of deformation, produced by small 
angle electron scattering by extended defects in the crystal lattice, was found in galvanomagnetic 
measurements on aluminum. Two forms of small angle scattering are compared: electron-phonon and 
electron-dislocation.

Many effec ts  in the lo w -tem p era tu re  c h a ra c te r is t ic s  
of the e le c tr ic a l r e s is tiv ity  and m ag n e to res is ta n ce  of 
alum inum  have a  com m on fo rm , as shown by Kagan and 
F le ro v ,1 a sso c ia te d  with the fac t tha t the e lec tro n  d is t r i 
bution function in the pure  m etal has an an iso tropy , 
b rought about, in  p a r t ic u la r ,  by the an iso tropy  of p ro c e sse s  
of s c a tte r in g  by phonons. A c o rre la tio n  has been e s ta b 
lished2 between the te m p e ra tu re  dependences of the e le c 
tr ic a l  r e s is tiv ity  and m a g n e to res is ta n ce  of alum inum  con
ta in ing  s ta tic  c ry s ta l la ttic e  defects  of d iffe ren t kinds.
It w as shown ex p e rim en ta lly  tha t the e f fe c t of extended 
defec ts (d islocations) on the te m p e ra tu re  dependence of 
the re la tiv e  tra n s v e r s e  m ag n e to res is ta n ce  ppj/p0 is  qual- 
ta tiv e ly  s im ila r  to  the influence of im p u ritie s  and 
quenching d efec ts ; i .e .,  it leads to a  deduction in the sca le  
of the an iso tropy  in the d is trib u tio n  function. The p o s
s ib ility  of sm a ll angle s c a tte r in g  of e lec tro n s  by d is lo ca
tions w as not then stud ied  in d e ta il, but conclusions about 
the ex is te n ce  of such a  s c a tte r in g  m echanism  w ere based 
on q u alita tiv e  ca lcu la tions o r  on in d ire c t m e a su re m e n ts .

In the p re s e n t w ork  ex p e rim en ta l re su lts  a re  given 
of a  study of the tra n s v e rs e  m a g n e to re s is te n ac e  of a lum i
num in the p ro c e s s  of lo w -tem p era tu re  p la s tic  d e fo rm a
tion . Two m echan ism s of sm a ll angle sc a tte r in g , 
a s so c ia te d  w ith s c a tte r in g  of e lec tro n s  by phonons and 
d is lo ca tio n s , a r e  ana lyzed .

C y lind rica l spec im ens of p o ly c ry s ta llin e  alum inum  
of d ia m e te r  1.4 m m  with R R R  = 10,000 in the in itia l s ta te  
w ere  u sed  in the ex p e rim en t. M easu rem en ts w ere  c a r r ie d  
out in the te m p e ra tu re  range 4.2-40®K in m agnetic  fields 
of s tre n g th  up to  85 kOe. The specim ens w ere  deform ed 
by un iax ia l ex tension  a t 4 .2eK in the defo rm ation  range

FIG. 1. Dependence of the relative magnetoresistance of aluminum on 
deform ation for m agnetic field strengths 1) H a 15; 2) 40; 3) 85 kOe at 
T = 4.2°K.

0-30% in s tep s  of 39k A fter the req u ire d  d eg ree  of d e fo r
m ation  had been reach ed , the specim en  w as unloaded and 
m ain ta ined  a t room  te m p e ra tu re  fo r 170 h in o rd e r  to 
anneal out point d e fe c ts3 and then cooled a t 4.2°K, and 
a f te r  the m e asu rem en ts  underw ent the nex t s tag e  of low - 
te m p e ra tu re  defo rm ation .

F rom  the form  of the w o rk -h ard en in g  cu rv e  w ith 
c h a ra c te r is t ic  jum ps in the reg ion  of high loads, it can 
be concluded th a t tw inning is  ab sen t in the defo rm ation  
p ro c e ss , and th a t extended and poin t d e fec ts  a r e  p r e f e r 
en tia lly  g e n e ra te d .4 The density  of ex tended  defec ts in tro 
duced can be e s tim a te d  e a s ily 5 f r a n  the change in the 
e le c tr ic a l r e s is tiv ity  Др: Др = 3.7 * 10” 19 £2 .c m 3 p e r  unit 
d isloca tion .

The dependence of pjj/ p0 on defo rm ation  is  shown in 
F ig . 1 fo r se v e ra l values of the m agnetic  fie ld  a t 4.2°K.
As can be seen , the re la tiv e  m a g n e to re s is ta n c e  in c re a se s  
with an in c re a se  in e ,  i .e . ,  in the d is lo ca tio n  density , 
rea ch es  a  m axim um  a t 10% (ND = 3 • 109 c m -2) and then 
fa lls , being sm a lle r  than the value of рд/ро a t e = 0 fo r 
e ~  20%. The in c re a se  of pH/  p„ is  a lre a d y  o b se rv ed  at 
e ~  0.2-0.3% , i .e . ,  im m ed ia te ly  a f te r  the e la s t ic  defo rm ation  
leads to  an approx im ate ly  l in e a r  in c re a se  in р д /р 0, and 
its  ra te  s tay s roughly the sam e fo r  d iffe ren t d e fo rm a
tions, which is  d e te rm in e d  by the s tro n g  lin e a r  grow th 
in рц with m agnetic  fie ld . The shape of the p ^ / p ^ e )  

curve is s im ila r  to  the te m p e ra tu re  dependences obtained

FIG. 2 . Change in р н /р *  with  deform ation at a temperature # ) 4.2; 
▲) 7.5; x) 17 Д) 40°K a t H « 40 kOe.
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e a r l ie r 2’6 and by us in the p re se n t w ork, and is evidence 
of the ex istence  of a sc a tte r in g  m echanism  s im ila r  in its  
effec t to sm all angle sc a tte r in g  by long w avelength 
phonons. In o th e r w ords, the generation  of extended d e
fects on p la s tic  deform ation  up to 10% in c re a se s  the an iso t
ropy  in the d is trib u tio n  function, and on fu rth e r  d e fo rm a
tion d e c re a se s  it. It is p robable that fo r la rg e  d en s itie s  
of extended defec ts , local so u rces of sh o r t- ra n g e  s tra in  
a re  form ed in the alum inum  s tru c tu re , from  which e le c tro n s  
a re  e la s tica lly  s c a tte re d .

The p j j /p 0(e) cu rv e s  shown in F ig . 2 a t d iffe ren t 
te m p e ra tu re s  give an indication of the re la tiv e  co n trib u 
tion of phonon and d isloca tion  s c a tte r in g  m echanim s for 
e le c tro n s . S ca tte ring  by im p u rities  and extended defects 
a re  the dom inant m ech an ism s at 4 .2eK. An in c re a se  in 
the concen tra tion  of the la t te r  leads to  a  sh a rp  grow th in 
the sca le  of the an iso tropy  in the d is trib u tio n  function. 
R aising the te m p e ra tu re  to7.5°K  does no t lead  to  q u a lita 
tiv e  changes in the dependence of the re la tiv e  tra n sv e rse  
m agne to re s  is  tance on deform ation , although the reduction  
in the value of р ц / p0 is  evidence that the d istribu tion  func
tion becom es m o re  iso tro p ic . At T = 12eK in the region 
of sm a ll defo rm atio n s, in e la s tic  e le c tro n —phonon s c a t
te r in g  be com es m o re  effec tive  than e le c tro n —disloca tion  
sc a tte r in g , and the m axim um  in рн/Po sh ifts  to the region 
of e ~ 0  (Nj)= 108 cm -2). An in c re a se  in the d islocation  
density  leads to  the d is trib u tio n  function becom ing m o re  
iso tro p ic  o ver the whole e ran g e . At 17°K, i.e ., a t a  te m 
p e ra tu re  a t which a  s tro n g  d ep a rtu re  from  M atth ie ssen 's  
ru le  is  observed , p^/pq is  a t a m axim um . The an iso tropy

of the d is trib u tio n  function d e c re a s e s  lin e a rly  o ver the 
whole deform ation  range , w ith the sc a le  of the an iso tropy  
in the d is trib u tio n  function p roduced  by e le c tro n —phonon 
sc a tte r in g  m ech an ism s being g r e a te r  than tha t p roduced  
by sm all angle e le c tro n —d is lo ca tio n  s c a tte r in g . R aising 
the te m p era tu re  to 40°K leads to com plete  su p p ress io n  
of both an iso tro p ic  s c a tte r in g  m e ch a n ism s .

The au th o rs  a re  g ra te fu l to Yu. N. Chiang and A. I. 
Kopeliovich fo r valuab le d isc u ss io n  of the re s u lts  of th is 
w ork.

NOTATION

H ere  pjj is  the lo w -tem p era tu re  m a g n e to re s is ta n c e , 
p0 is  the lo w -tem p era tu re  re s is ta n c e , рд/ро the re la tiv e  
tra n sv e rse  m a g n e to re s is ta n c e , e the p la s tic  defo rm ation , 
Nd the d isloca tion  density , T the te m p e ra tu re .
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