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SUPERCONDUCTING WEDGE
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Abstracl:

The total work done by a moving flux line from the sample
surface to Infinity is evaluated. The magnetic pinning force is then
calculated and certain limited values are considered. Special cases
are deduced from our general formula which shows an agreement
with the available data.

Introdact lons

The pinning forces can be calculsted fram the change in magnetic energy of
a typa ll superconductor when the maletial spproachs London limits{1), The flux lines
(FL,s) may maove freely within o completely homogenecws type |l sucerconductor
when the extermal magnetic field strength Is sbove Hgy = the fizst  critical  field. In
this case only, mutual interactions between the TFl,s appear. On the other band,
if the suearconductor is nel homogeneous, ia. If &t iscludes stroins, dislocations,
grain boundaties, inclusions or varistions In composition, then the mation of the FL,s
Is not free(1,2). The structural defects scl as pinning sites Le. as batriers to the
flux motion,

The sample inhomogenities chenge the disteibution of the magnetic lields and
supercurrents, which in turn affect the spatial wveristions of the flux line energy.
The preserce of macroscopic inclusions or volds(1-3) in the superconoucting  matrix
give rlse to magnetic pinning interaction. At low fields the FL,s sre well separated
and it is possble in this case to cbtain an expression for the pinning farce(3). Simple
examples for such type of interaction is a smooth plan boundary, which Is parsllel
to the Fl,s and perpendicular ta the driving force, belween an insulator and & supEL-
conductor,

The interacticn between stroight or curved FL,s and cylindrical(4,5), spherical(3)
and ellipsoidak{é) inclusions were corsidered. The interaction of & cutved or straight
FU with the surfaces of an edged type I superconductor @s well as the distribution
of the magnetic field and the current density were calculated In(?). In the last
wark the magnetic pinning of a FL in 8 superconductor occupying & "guaster space"
was given, Thetefore, it is interested to study the magnetic pinning in n wperconductor
of & "wedged" shape. This problem will be considered here by different approach,
Thioughoul this work an expressian for the total work done by moving 8 FL from
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the swmple surface to idinlty is derived and iovestigaled,

Magmedie Pinnircg

We pssume our superconductor in the form ol & “wedge™ with twoo inclined
surfaces by an angle and defined by O < & <0, 0 5 P00 and =20 < F
where [0, 71 are the cylinderical coordinates. As It was shown n(7] an energy
barrier exisls near the boundari=s of the "edged" supercoeductor. This barcrier arises
from the character of the interection near the boondaries between the flug lines
trepulsivel and thelr images [attractivel. The repulsive 1orce is caused by the sorface
curient 1, Uhe Thosx density Sffetensce of which s,
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wehipre Hl.'| aruj.EI aIg, respactively, tha externel longitudinal magnetic field and the
Mux density (B = n@ 3 n s the equilibtiom flux density and @ in the  Tlux  geantum]
and pg s the permeability. Ono the ather hand, the atlractive force is dee to the
distartion of the {lux Lne stoecture in the vicinity of the surface. Thus the potential
emsrgy ool & flux line may be esxpressed as the sum ol [ha two lerms U]. thia
potential energy due to Lhe interaction of ke Pl and Lhe extecnal field, and U,
which is dier to the atiractive interaction of the FLs and their images thooogh the
sutiece boundaries.

i
At the flux pasition [:Ii. ‘-E’I':] the peretoating and proper fields H ﬂ.ﬂ,‘;ﬂ] and H,
{ g gl respectively, can I:!-a caloulated from{10], these falds are
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where K. [z} &= the cylinderical Tunclion of I:I.‘1= I:DI1'IF||E:-: argument  with imagirary

indax [ﬁ:lr'l'." o, Kglz) Is Hankel's function, and IfBJ_,.. Bgr E:;_J are fhe  wnit  wectors in
&
cylindarical cooardinates. The sutTace curcenl densily J = — wurl H may be calculaied
5
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may be caloulated as,
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The lorentze force (or driving lorce} per unit length of the FL has the form

ﬁn a S
M X curl 1,

In addition an & FL exerts and &tiractive force A x curl M S where A s 8
constant vector to be determined, i.e.

-

A x Curl H A x Curl?

In equilibrium, the total work done by moving the FL from the edge of the
sample to infinity must be zero{1,28). Using this, 0 & can determine the constant
vector A. Long celculations give

a rey fl 0 ey Jf
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therelore,

Ihe force dug to magnetic pinning may be expressed as (compare(1,3,6)):

M
“‘ Bo rev e = '
/4. Xcutl 1 -AXculg (7)
o

Where the expressions for Larentz and attreactive forces and (6) are 1o be used in (7).

BN
From (7) It Is essy to show that the magnelic pinning force M attains its mini-

mum value when C?o = ".;‘. (assuming thet Hg” Heyr ntrs, M o Hq), in this case
- & -
FY =(@ H X cullt) ol (&)
p min o <, s.fo e

. -
The moximum value of F s reached at f:, y where is the coherence length

o3
Y

urd i3 the penetration depth, ie.,
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- A -~

{r ) ={@ H X curl f) _3'- (9)
p max o € P,
o A
For planer surtaceec = o {or = 2 JU) and the canstant veclor value is (com-

pare(1,3))
g

Dl’l,‘v_
Fo

in this cas the corresponding magoetic pinning force (7)) leads to the same formuls
given in refs.(1,3),

Ax - (10)

Summary and Corchsione

1. The magnetic pinning due to a planer surface can be deduced from our genersl
formula (7). (Compsre with refs(1,3)),

2. The pinning force may be calculated from the change in the magnetic energy
65 the sample approaches London Limit., This force is the sum of the pinning
force due to Fls entering and exiting the sample,

3. The magoetic pinning attains ils minimum value when ‘Jooz °~.§—. While it reaches its
maximum value at fNH‘ These results sqree with  our  previous  celculations
given in ref 7 ).
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