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The occurrence of electrical resistance in bulky superconductors of the first kind takes

place at the Silsbee polnt, i.e., at a current value J", such that its nagnetic f ield reaches

the critical value H" somewhere ln the sarple. For a cylindrleal wire, J", = cH"R/2, vhere R

is the radius of ttre wire. When J , Jcl, however, the sample cloes not beccnne fully normal.

A region of layered internediate state remains 1n its interior (see [1, 2]), a.nd the dinen-

sion of this region decreases w"ith lnereasing eurrent.

Clear\r, there should exist e second critical current J", such that when J > J", the

sample becomes fu1ly nornal. In other rords, when the current is d.ecreased, the supercon-

clucting oriler parameter first appears ln the sa:npJ-e at the polnt J = J.Z. In order that the

usual picture of the transition from the superconducting state to the nornal one via the

interned.iate region to occur with increasing current, the lnequality JcZ, J", nust hold..

We shall calcuJ-ate in this paper the crltical current J ", at temperatures close to the

superconductlng-transition critical ternperature of bulky pure superconduetors of thffirst
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kind. It turns out here that if the tenperature is sufficiently close to crit ical, then the

ratio J"r/J", in bulky supercond.uctors becomes snalLer tba.n unity. The character of tbe

destruction of the superconductivity by the curent changes in this case.

1. To d.eter"oine JcZ, ve calculate the contribution made to the conductivity of a nor:nral

netal by fluctuations of the supercond.ucting ord.er parameter rf vith alLonance for the nagnetic

field of the cument. The value of the sanple curent at which a sharp increase of the fl-uc-

tuation concluctivity takes place is indeeil the critical curent J"r.

lhe calculation of the fluctuation cond.uctivity is analogous to the corresponding calcu-

lations nacle vithout aLlovance for the nagnetic field of the current [:, !1. We shall follow

the method proposecl in [[].

The fluctuation current through 15s sanFle ls Jr = eE, where

( r )o - - lt ir - l-rr 7 ,n,- , i..011.1t 1> ,
LTa-o  a  o  

.

1 = faui 'b), i .  = - 2wvt -tv,t |  - 
+ ^l,ht2 ,

A is the vector potentiat of the magnetic field of the current, ancl L is the norrnalization

length of the sample. We consider a cy1indr1"r1 sgnFle rr"ith the z axis al-ong the sanpJ-e

ar<is. we ca^n then assume that the onry nonvanishing component or i is Az = -nJr?/c, where J
is the total current density anil r is the d.istance fron the axis. We note that the nagnetic
field of the current is taken into account exactly, while the el-ectric field E is assrnned to
be wea}. The latter is Justified. because the contluctivity of a sufficiently pure nornal metal
i s  h igh .

We expand the paraneter rfr in terprs"'bf the eigenfunctions of the operator

t  = - r  y  -e icA/c ) , !2 .

The only firnctions that matter in this expansion are those wlr3se eigenvalues I are close to
the nininal eigenvalue. Such eigenfunctions have the form e1Kz1(r), where the fn(r) ea.n be
chosen to be.real ancl norrslalized. by the condition

f2, rdr f ]  = t .
o ^

The upper linit in the normal-ization integral is equal to infinity because, as we sha11 shovr,
fn differs from zero only when r 3 E (€ is the coherence length), and the sanple raclius is
R > > 8 .

The ord.ering para.neter. satisfies the tenporal equation [5J

!  = n, - €rt ),h, u= 8(T. -T)/ n t
A I

vhence At = -uo(x)\, where o(t) = E2r(t) - l anct %. u" the coefficients of expansion in the
eigenfunctions

ry' * :c,tt | /r )o p

The quantity J, in (f) ls expressed. in terms of a* in the folloving manner:

292



i - =  
2 "  L : A ( r r l o * 1 2 ,
m k

A(1, - k -(2c/c ) i2t& A,,f I
0

( 2 )

vhere

is the nean value of the operator EL/O nultiplied by 1/2. Since the indj.cated mean value

equals, as is well knorn, the derivative of the corresponcling eigenvaluer dtr/dkr we heve

1 = (1/e)dtr/dk = (f/eg2)aoAf.. Using the foregoing tenporal equation for aO and fornrula (2),

we can easi\y calcuLate the integral

fat  c 'u <f ,1ol i , t t  t ,  -  -  5 1 '1 .
o ,i kk'

vo(k ' )  I t (k )  h (k ' )
( : )

ia - 2vo(k)

. l o r 1 2  l " r , l t t .

'Ihe averaging over the fluctuations is cerrled out vith the aid of the rell knonn expresslon

for the free energr 
,

F -en€2t. , t  !dv{t '  G2t-  - r1,9= L 2oft)  lcr l2.
2^€2 t

We have
,  - . ,

. l o *  f 2  l o r , l 2 >  = < l o r l 2 > < l o * , 1 2 >  + ( 5 ) '  
o ! * ' '  ( l + )

L  ; f t )

if we substitute in (l) tire firet ter.e ln the first part of the last equation, then ve get

zero, since the mean value of the product of tvo curents breaks up in this case into a

procluct of tno mean values. OnJy thg e"Ccond term of (\) nakes a nonvanishing contribution.

After sinple transforruations, ve get fron (1)

Q -  
2 t ? 7 >  

o r ( k ) 1 d \ 2 . ( r  )

o . L r r . - L - o , t
aR2

L v r d k

Since an exact calculatlon of the finctlon o(k) is dlfficult, we shall use a variational

principlel using as the tr1a1 firnction an expression of the forra t = (2s/nf/2.*p(-or2). Ttre

eigenvarne r(t) rs nininal at k = ko = -(neJlcz)L/3 a,nd c = (netr1szfl3. I, le get ror o(r)

the expanslon
o { k l  - 2 ( i  - t . ) / 3 i .  + e € 2 / t t f t - k d 2 ,

vhere J" = 1c2/ne)3E2)-3/2 ard it is assurned. that J - J" .. J". Substltuting this rn (5),

we obtain for the fluctuation correction to the effective conductivity

.c2€ I. .1 J,.2 ffr2_
p 2  T . - T  J - J r z  

'
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2  2 2  ? .
where J", = nR-Jc = 0.19(c?-/e6') is the eougbt second crit ical current.

Fron the point of viev of the vaLue of the fluctuation conductivity, the case of a

hollort cyllntlrtcal sample is more connenl.ent. In the case of a solid cylincler, a contribution

to the fluctuatlon conductivity is raacle on\y by tbe region near the cyJ.iader axis with a

cross sectton area on the order of 64. On the other hand., ln the case of a hoLLon cylind,er

the correepond.lng region is located along the entire internal surface and lts area is of the
2

order of R16 tt 6- (Rl is the lnsid,e radirls of the cylinder). CalcuJ.ations sinilar to those
presentecl above lead to the folJ-cnring expression for the fLuctuation conductivlty of a hollow

cyllntler (n, is the outer radius)

n"rr,  '  o, l? 
' t2Rt J t2 t t  ' ,

R: -Rl  J -  J.2 r .  - r

vhere J", = o.z?[cz(n| - ^?l/"g3] i" the seconal crit ical current for a hollon cylinder.

The ratio of the secmd^ crit ical curent J"2 to the Silsbee current (J"r) can be
vritten ln the case of a sol:lcl cylinder in the forn

J . 2 / J . t - l , l * 3 ,

where r is the para,neter of the Ginzburg-La^nclau theory. For a hollow cylinder, fonnula (B)

also holils, provid.ed, the substitution R = f.fr(n3 - I2.rln" is naale.

If the tenperature approaches T"r the length 6 lncreases. It is seen from (B) tfrat at

ternperatures T Euch that R/6(l) . 0.9 r, the ratio J"r/J", becones srna,l ler thaa unlty. Since

r << I in pure euperconduetors, the sarnFle is bulky in such a c&se (n rr E (f)).

To urtlerstand, the course of the process of superconductivity d.estruction vith increasing

current wtder the condition J.Z/J"I <..]r it, la sufficient to note thet when J < J", the
magnetic field is snaller than H" throughout,the interior of the sarnple, and the super-

conducting state ie therefore stable. Ihrrs, if J"2. Jcl, then the d.estruction of super-
conciuctlvity occurs at the Silsbee polnt as before, but the sa,rnple goes over in this case
directly into the purely nornal state, and there is no region of inter.mediate state.
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