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For a cylinder in an axial magnetic field the laigest field at which superconductivity nucleates is the same as the surface 
nucleation field of the semi-infinite half-space when the radius R  of the cylinder is much laiger than the temperature-depen- 
dent coherence length íf. From the solution of the multiply connected surface sheath one obtains the number of fluxoid 
quanta which are locked-in at the nucleation field as a function of R/%.

Using energy arguments it was shown [1] for a cyl­
inder in an axial magnetic field that at i / c3 [2,3] the 
number of fluxoids which are locked-in at the nuclea­
tion field (R > | )  is

n^{\ .H2){R/%)2 - R/ %.  (1)

We show here, using one of the Ginzburg-Landau 
(GL) [4] differential equations in cylindrical [3,5] and 
cartesian [2,6] coordinates, that eq. (1) follows di- 
rectly by comparing this equation in these coordínate 
systems in the limit R/% >  1.

Assuming a second-order phase transition at the nu­
cleation field and a single-valued order parameter 'I'
= F(p)Q~me, where n is an integer, one of the linear- 
ized GL equations in cylindrical coordinates (p , d, z )is

1 d /  d F \ _  
r á r \  á r ) X2 [Q2(r )~  1 ] ^ ) - (2)

We used the following definitions: the superfluid ve- 
locity Q0 = Q ~  %(2eA/cñ + V4>)0 , where A d = HqP¡2, 
Hq the applied magnetic field; <í> = — nd, the phase of 
the order parameter; r = p /R \x  = R/%', /i2 = \¡2kHc/H q, 
where Hc is the temperature-dependent thermody- 
namic critical field and k is the GL k-valué. Therefore

Q(r)=  X
2>/2k

H q 2 \¡2 k n_
L Hr r J2  r J (3)
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Using the transformation y  = x(l — r)¡\f2[i, where y  
is proportional to the distance measured from the sur- 
face of the cylinder in units of £, eqs. (2) and (3) be- 
come

(4)

2s¡2 k
(5)

Because F(y) is finite only near the surface of the cyl­
inder, where y  is of order unity, and zero far away 
from it inside the cylinder, we expand (1 -  v^juy/x)-1 
in a series for y / \  ^  1 • Substituting eq. (5) into eq. (4), 
with f = V2y, one gets

d 2F
dr2

F  = H2F , (6)

where

a = (1 + 2¡j2n /x2)/2 ,

b = /i2n /x2 , c = \l2 n  -  nn/x ■

Since n is of order of x 2 the valúes a, b and c are of 
order unity. For x ^  1, eq. (6) becomes

- d2F /d f2 + (fa -  c)2F= ¡i 2F . (7)
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Comparinn eq. ( 6)  witli the  differential equation  o f  the 
•snrlace shPiifh near / / c-, for a senii-infinite half-space 
O I .  |<>¡ eq. Í5 ')) :

- d-’/7 « l f 2  + (í ~ n 2F  = i i 2F ,

í ’vit.h F 2  = n~ = 0 .5001 for the  lowest eigenvalue) we 
fi>vl th a t  r 2  = ¡P- = 0 . 5 0 0 1  or ( fur K "s  0 .4 1 7 2 )

n - ilxmHXR/! ;)1 ~ R/Z. (8)

Also <i v 1, so that in the limit x  ^  1

/ i 2  ^ H c2/ H cí  = 0.5901 . (9)

F.q. ( 0 ) iinpües tha t the  nuclea tion field o f  a cyl- 
indei with R >  ? and tha t  o f  the  senii-infinite half- 
space are identical [ 3 | .  At H c 3  the valué o f  Q at a dis­
ta ace fi(= 0.5901 £) frorn the surface ís ¿ero [7], Be- 
cause R/% in eq. ( 8 ) is equal to 2 t t /?5 / /c 3 /0 O, the  valué 
/?/£ is equal to  the n um b er  o f  flux quan ta  witliin a 
distance from  the surface (0 q = fluxoid quan tum ).  
Ihe  le rm  1.695( /? /? )2 /2 in eq. ( 8 ) is the to tal num ber 
ol applied flux quan ta  in the cylinder. Thus for R > %

the q u an tu m  n um ber  n at / / c 3  is de te rm ined  by the 
total num ber o f  flux quanta  minus the n um ber  o f  
flux quan ta  conta ined  in the annular area 2nR& o f  the 
cylinder.
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