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The interaction energy for a superconducting vortex interacting with the boundary between two 
superc~nductors  is studied using the London approximation a s  a function of the distance from the 
boundary to  the vortex. It is shown that if K~ > K, and A I > ~ 2 ,  the energy will be a nonmonotonic 
function of this distance, and the vortex will be pinned by the boundary. 

THE large critical currents of hard super conductors 
a r e  due to the pinning of the vortices by the various in- 
homogeneities in the superconductor. In this paper we 
study the interaction of a vortex with the boundary be- 
tween two superconductors. Assume that the boundary 
is located in the plane X = 0 and that the half-space 
X > 0 is filled with one superconductor having a pene- 
tration depth A1 and correlation length t; (A, >> t; ,), 
while the region where X < 0 contains the other super- 
conductor in which A 2  >> 5 2 .  The vortex filament is 
parallel to the Z axis and passes through the point rL. 
When the penetration depth is variable we can obtain a 
modified London equation by varying the free energy 
(seer1] for example): 

h + rot (A2 rot h) = cPod2 (r - r,) ; (1 ) 

8 0  is a vector directed along the vortex thread and is 
equal to the magnetic flux quantum ?rlic/e; h is the 
field created by the vortex. In our case,  when A is a 
piecewise-constant function of position, the following 
boundary conditions follow easily from Eq. (1): 

hit = hzt, hI2 (rot h,) = l:(rot hZ)<. (2 

The second of these two conditions can also be easily 
found from the stipulation that the tangential component 
of the vector potential A and the London equations 
j - A/A' be continuous. 

By solving Eq. (1) with the conditions (2) taken into 
account and then substituting the solution into the well- 
known expression for the free energy per unit vortex 
length F = @oh/8n 1 r=rL), we arr ive  a t  this final result: 

where KO is the Macdonald function. Equation (6) cor- 
responds to a contact between a superconductor and a 
non-superconducting medium. It was derived ear l ier  by 
Bean and ~ i v i n g s t o n . ~ ~ ]  Equation (7) is logarithmically 
accurate. The figure shows a plot of F(xL) under the 
assumption that A1 > A z ,  KI > KZ. 

Although Eq. (7) holds only when XL >> 5 i t  never- 
theless enables us  to estimate (with logarithmic ac- 
curacy) the energy of a vortex a t  a distance on the 
order  of 5 from the boundary: 

The change in energy of the vortex a t  the boundary 
(more precisely, over a distance on the order  of 
51 + 5 2 )  is 

@02 In(x1lxa) 
A F = - - .  

8nZ h? + hzZ 

to logarithmic accuracy. It will be positive, i.e., the 
vortex will be pinned, i f  K I  > KZ ( a t  h 1 > AZ) .  In the 
other case the change is negative and there is no poten- 
t ial  well a t  the boundary. According to the microscopic 
theory, K - 1/1, A 1/n (1 is the mean f ree  path of the 
electron). Therefore, if the superconductors differ 
neither in type of material nor in impurity concentra- 

where XL is the distance in the first  superconductor 
from the vortex to  the boundary (XL > 0), F o  

(*o/4?r~1)2 ~n K 1  is the free energy of an isolated 
vortex in an infinite type-I superconductor of the first  
kind, and K, = hl/[ The interaction with the boundary 
is contained in the second term.  

We obtain the following limiting cases from Eq. (3): 
C 

al.l - A= nA Oh :'o 
= + ( ) ( )  { -  x="L.  (4) '--k- 



I N T E R A C T I O N  B E T W E E N  

tion, the energy change will be positive and the vortex 
will be pinned. 

If the vortex is in a potential well, i t  will experience 
a restoring force f+ when it  moves to  the right, and a 
force f- when it moves to the left: 

We will assume that the superconductor is located in an 
external magnetic field parallel to the Z axis and such 
that both superconductors a r e  in the mixed state. The 
pinning of one vortex row near the boundary makes i t  
possible to  pass a lossless current along the boundary 
in the Y direction; i t  will flow in a band -A' + A Z  wide. 
The critical current can be estimated by finding the 
Lorentz force exerted on the vortices in this layer by 
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the current, and equating this force to  the restoring 
force of Eq. (8), which also ac t s  on the trapped vortices. 
Thus, assuming A - lo-' cm,  K I / K ~  10, Hcm - 10' Oe, 
and Hext - lo4 Oe, the cri t ical  current per unit length 
along the Z axis is Icr - 100 A/cm. The correspond- 
ing current density is jc - Ic/(A1 + AZ)  - 10' A/cmZ. 
Since the restoring forces f+ and f a r e  different, the 
cri t ical  current in the positive and negative Y direc- 
tions will also be different. 
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