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Mueh  a t t en t i - on  has  been  pa id  recen t l y  i n  t he  l i t e ra tu re  t o  t he  i n te rac t i on
b e t w e e n A b r l k o s o v v o r t l c e s  a n d  e l a s t l c  l n h o m o g e n e l t l e s  o f  t h e  c r y s t a l  l a t t l c e
t l  -  51 .  The  p inn ing  o f  vo r tex  f i l amen ts  and  hence  the  poss lb l l l t y  o f  ob ta in -
i ng  l a rge  cu r ren ts  i n  t he  supe rconduc to rs  o f  t he  second  k ind  i n  t he  m ixed  s ta te
i s  usua l - l y  a t t r i bu ted  to  t h l s  i n te rac t l on .  The  ma in  ro le  i n  t he  p inn ing  o f  t he
vo r t i ces  1s  p layed  by  i nhomogene i t l es  o f  t he  e las t i c  f i e l ds  o f  t he  d l s l oca -
t l o n s .

The  i - n te rac t i on  o f  a  s i ng le  vo r tex  w l t h  one  d i s l oca t i on  was  cons ide red  i n
t l  -  31 ,  and  the  p inn i -ng  fo rce  was  es t ima ted  on  the  bas i s  o f  t he  exp ress ion
de r l ved  fo r  t he  i - n te rac t i on  ene rgy .

Howeve r ,  t he  resu l t  ob ta ined  i n  t h i s  manner  may  tu rn  ou t  t o  be  l nco r rec t ,
f o r  a t  t he  h igh  d i s l oca t i on  dens i t i es  ( tO t0  cm-2 )  f o r  wh i ch  the  max lmum p inn ing
f o r c e  i s  e x p e c t e d  a c c o r d i n g  t o  I I ] ,  t h e  e l a s t i c - f l e I d  d l s t r i b u t i o n  m a y  b e
g rea t l y  d l s to r ted  even  nea r  t he  d i s l oca t l on .

We  ob ta in  i n  t h i s  pape r  t he  b ind ing  ene rgy  o f  t he  vo r tex  as  a  f unc t i on  o f
t he  d i s l - oca t l on  dens i t y ,  assumi -ng  the  d l s l oca t l ons  t o  have  a  homogeneous  and
i so t rop i c  d i s t r l bu t i on ,  on  the  bas i s  o f  a  s imp le  mode l  o f  t he  i n te rac t i on  be -
tween  the  vo r tex  and  the  eLas t i c  f i e l ds ,  w l t h  accoun t  t aken  on l y  o f  t he  so -
ca l f ed  vo lume  fac to r .

We represent  the vor tex in  the.  form of  a cy l - indr lca l -  region wi th a homo-
geneous spontaneous d i - la tat ion,r - ' 'Bqu,a l  to  the re l -at ive change Av of  the unl t -
ce l l  vo lume  d .u r i ng  t he  phase  tnans l t i bn .  Then  the  l n te rac t i on  ene rgy  o f  a
vo r tex  o f  un i t  l ene th  w i t h  t he  e fas t i c ' f i e l - ds  i s

F -  a v f 2 K r - ,  ( 1 )

whe re  E  i s  t he  rad ius  o f  t he  vo r tex ,  K  t he  bu l k  modu lus ,  and  I  t t r e  ave rage  d l s -
l - oca t i on - i nduced  d i l a ta t i on  o f  t he  l a t t i ce  i n  t he  reg ion  occup led  by  t he
vo r tex .  The  o rde r  o f  magn i tude  o f  t he  vo r tex  b ind ing  ene rgy  can  be  de te rm lned
as  the  d l f f e rence  be tween  the  poss ib le  max ima l  and  m in ima l  va lues  o f  t h l s
e n e r g y .

F o l l o w l n g  [ 6 ] ,  w e  d e f i n e  a  f u n c t i o n  I ( e )  r e p r e s e n t i n g  t h e  p r o b a b i l i t y

dens i t y  o f  d i f f e ren t  va lues  o f  t he  d l l - a ta t i on  o r ,  wh i ch  i s  t he  same '  t he
re la t i ve  number  o f  ce l - l s  w i t h  a  spec i f i ed  d i l - a ta t i on .  The  app rox ima te  f o rm  o f
th i s  f unc t i on  i s

, ( . ) -+ " "0 ( - l ) ,
vTiro 2rl

( ? )

where eo = l : ' /d ,  b is  the magnl tude
o f  t he  edge  d i s foca t i ons .  A l t hough
v a 1  l O - 2  j  

l r l  >  1 0 - 6 ,  w e  s h a f l  u s e
the  e r ro r - i n  t he  f i na l  r esu l t  w i l l -
i n te rva l - .

n  f  t l . r o  R r r r o e r s  t r a  n t  n n  n n d  o  i  s  t h p  d o n s  i  t r r
v I  u l r u  u u t 6 e r u  v g v u v l  ,  a r l u  Y  ! u  v a r v  s e r l v r v . I

/  .  \  j  -  , .^  I  . r  ' {  . r r  defOrmat iOnS in the ln ter-
\ . , T  f D  V 4 I I U  I V

i t  i n  t h e  e n t i r e  1 n t e r v a l ,  a s s u m i n g  t h a t
b e  n e g l i E i b l e  i f  e  l - i e s  1 n  t h e  i n d f c a t e d
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The quant l ty e r  is determlned from the equat i_on

Slnce the quant i ty d , t ,  p-r /z ls the param_
eter of the i -nhomogeneity of the dl latat l -onal
f ie ld  o f  the  c rys ta l ,  i t  can  be  assumed tha t  themini-mum volume in which the relat ive number of
t :+1" .  T r l l  a  g iven  d i ta ta t ion  1s  s t l t_ r  g :_ven-oy
l : 1 ,  i r .  t h e _ p a r a m e t e r  1 s  s u i t a b l y  c h o s e n ,  i s  o f
Ehe order  o f  d ' .  Ins ide  the  vor tex ,  th i i  number
is  no t  a lways  g iven by  (Z) .  However ,  fo r  any  vor_
tex  loca t ion  i t  i s  a lways  poss ib le  to  add to"  the
vortex a volume on the order of d3 such that the
d i la ta t ion  d is t r ibu t ion  in  the  ob ta ined vo lume i_sg i v e n  b y  ( 2 ) .  T h u s ,  i f  i t  i s  a s s u m e d  t h a t  t h e
mobi l l t y  o f  the  vor tex  i s  de termined by  a  mob i l i t y
o f  a  vor tex  sec t ion  o f  leng th  d ,  then the  average
d lLa ta t ion  in  the  vor tex  o f  th is  lenEth  w i l l  be
determined by the manner ln which , ,  J (Er/ i la
ce l l s  con ta ined in  a  vor tex  o f  leng th  d  w i l i  f i l l
l r ]  =  [ ( E t  +  d ' ) / n ] d t ? s t a t e " i i  * i i l ,  d i l a t a t l o n s  d . i s -
t r ibu ted  in  accordance w i th  (Z)  (A  is  the  vo l_ume
o f  t h e  u n l t  c e t _ l ) .
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F w111 have. the maximum negat ive val-ue l f  n cel- ls f i l l  a l l  the , ,states,,
comple te ly ,  s ta r t ing  w i th  the  la rges t  negat ive  va lues  o f  the  d i l -a ta t lons .There  is  no  such poss ib i l i t y ,  however ,  s ince  the  vor tex ,  be lng  a  compact  fo rma-t ion ,  w i l - l  over lap  a lso  reg ions  w l th  ia rge  d i l -a ta t ions .  We sha l l  there fore  as-sume that when the mi-nimum average di lat ; t ion 1s determi-ned the probabi l i ty off i l l i ng  the  "s ta tes ' r  w i th  d i la ta i ion  €  can be  spec l f ied  by  the  d is t r ibu t lonfunct ion of the random quant i ty

F(e)-+1,--(#] , \ 5 /

w h e r e  0 ( z )  i s  t h e  p r o b a b i l i t y  l n t e g r a 1 ,  e 1  i s  t h e  s t a t e ,  s t i 1 1  t o  b e  d e t e r m i n e d ,
w i th  a  f i l l i ng  p robab i l l t y  I / 2 ,  and  0  i s  a  cha rac te r i s t i c  w ld th  t ha t  t akes  l n toaccount  the aforement ioned qvd?la.p of  the reglons wi th large d i l -a tat l -ons,

o , ; c o € 2 / d z ,

w fe re  es  i s  t he  no rma l  w id th  cha rac te r l z i ng  t he  d i s t r i bu t i on  (2 ) ,  and  the  ra t l o> )  t . 2

9- /d -  j - s  t he  measu re  o f  t he  ove r l ap .
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and the min i -mal  average d i la tat ion in  the vor tex is  g iven by

t L ,n t -  * J :  t k )F (c )ede

Substituting (5) in (1) we obtain for the blndlrte enerpT/ of the vortex

x ( I  + x 2 )
A E - A v K b f - - : -- 
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i : tere u ls  determined f rom the equat lon

2
6 t u ) - t - - i F

and  x  =  d /E .

The dependence of  AE on x is  shown in the f igure.  The maximum value of
i n e  b i n d i n g  e n e r g y  r e a c h e d  a t  x  =  1 . 7 ,  c o r r e s p o n d i n g  a t  E ^ =  1 0 - s  c m  t o  a  d i s -
L o c a t i o n  d e n s i t y  p  =  3  x  l - 0 e  c n - t ,  i q  o f  t h e  o r d . e r  o f  I 0 - o  e y g / c m  ( w e  u s e d  i n
i he  es t lma te  t he  va lues  Av  =  3  x  1 ,0 - '  127  and  K  =  10  dyne /cm ' ) .  W i th  i nc reas -
i ng  d i s l oca t i on  dens l t y ,  t he  b ind lng  ene rgy  tends  rap id l y  t r o  ze ro .  I t  a l so
iec reases  w l th  dec reas lng  d i s l oca t i on  dens l t y .

I f  w e  u s e
r-hen we obta i -n

fo r  t he  es t ima te  o f  t he
J *  l -0  s  A. /cm2 f  or  the

c r

p inning force the approximat ion F = AE,/d,
d e n s i t v  o f  t h e  e r i t i c a l  c u r r e n t  a t  t h e

:rax imum binding energy.  The f i -gure shows a l -so the dependence of  the densi ty  of
t he  c r i t i ca l  cu r ren t  on  the  d imens ion less  pa rame te r  x .

I t  shou ld  be  no ted  tha t  t he  f o rego ing  resu l t s  a re  va l i d  on l y  f o r  a  un i f o rm
d ls loca t l on  d i s t r i bu t l on .  I f  t he  d i s l oca t i ons  a re  no t  un i f o rm ly  d i s t r i bu ted ,
then  the  l a rge  va lues  o f  t he  c r i t i ca l - cu r ren t  dens i t y  can  be  assoc ia ted  w i th
the  ex i s tence  o f  d l s l oca t l on  wa l - l s  [ 7 ] ,  i n  wh i ch  l a rge  d i s l oca t i on  dens i t i es
can  be  reached  a l so  a t  r eLa t i ve l - y  1ow ave rage  dens l t y .

The  re l -a t l on  ob ta ined  by  us  i s  expee ted  to  ho ld  f o r  s t rong l y  de fo rmed
samp les  i n  wh i ch  the  d i s foca t i on  d i s t r i - bu t i on  1s  c fose  to  homogeneous .

t 1 l
t 2 l
t 3 l
t 4 l
t 5 l
t 6 l
t 7 l
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