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ABSTRACT 

The present work deals with the study of magnetic 
properties of type-II superconductors. The thesis con­
sists of five chapters. In the first chapter, a brief 
introduction of the history and the difficulties encoun­
tered by this study through its evolution, is given. In 
the second chapter a general theory of pinning of flux 
lines by macroscopic inclusions in a type-II superconduc­
tor is considered. By using the generalized spherical 
function (GSF) method, a modified local model of an iso­
lated flux line (not necessarily straight) has been used 
to calculate the energy of a system of flux lines and a 
macroscopic ellipsoidal and/or spherical inclusions 
inside the superconductor. It is shown that one possible 
cause of the pinning is that an attractive image force 
exists at the inclusions boundary. This idea agrees with 
the general theory of flux pinning in type-II supercon­
ductors. 

The properties of the distorted flux lines near the 
surfaces having different shapes, of type-II superconductors 
are considered in chapter-III. The different shapes con­
sidered are: quarter-space with two plane surfaces, a slab 
bounded with three plane surfaces, ellipsoidal and spherical 
solids. The distribution of the magnetic field and the 
current density inside and outside the superconductor are 
cletermined. The force on the different elements of ~ 
flux line is completely deten:ined in terms of the total 
cur rent density at the posi tj on under consideration. The 
Gibbs free energy of the system is also calculated and ·.vas 
put in a si::1ple form giving rise to same con0lusions of 
physical interest. 
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In chapter-IV two problems related to surface 
hysteresis in type-II superconductors were considered. 
The first problem concerns the surface effects due to 
a type-II superconducting wedge. The balance between 
the attractive image forces and the repulsive effect of 
the fluxoid 0 gives rise to a potential barrier near the 
surfaces. It is shown that far from the edge of the 
rredge the barrier disappears when the external field is 
greater than the superheating critical field. The maxi­
mum force per unit length of the flux line at the surface 
is calculated. The second problem deals with the sol­
utions of force-free configuration fields for supercon­
ducting ellipsoid. ~he driving force in this configu­
ration will be zero and transport currents can be carried 
without pinning. 

Some discussion 
physical interest 9..re 

and conclusions. which are, of 
given in chapter-V. 

The thesis is concluded by five appendices, which 
we think useful, dealing in r.1ore details with the var­
ious mathematical problems involved in the ch~pters. 

The contents of ch~pters-II 0 III & IV are being 
prepared for publication in three papers. 
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C.H.APDR I 

IB'lRODUCTIOli 

The phenomenon of superconductivity was discovered 

by the Dutch physicist Kamerling Onnes in l9ll(l), The 

classification into type-I and type-II superconductors 

was first suggested fourty years later by Abrikosov in 

1952(2). This classification is conveniently characteri-

zed by the Ginzburg-Landau (GL) parameter t?K. = ~I S , 
where A is the penetration aepth of the ma&netic field 

and ~ is the cob.erence length. 

Type-I (or ordinary) superconductors are found to be 

pure metals such as Sn and In having{)/.< l I 1"2 . In 

tb.e supercond~cting state, tnese metals exhibit perfect 

diamagnetism. This means that, if a ma0 netic field is 

applied to a tyve-I s~perconductor, currents circulate on 

its surface and the magnetic field is cumvletely screened 

from its in-cerior (lliieissner effect(3)). Tnis exclusion 

of the extern"'l !'it:lld, raises tue free energy of the system 

ami subse'luently a sutficiently l<;U'ge magnetic field causes 

tne wetal to lose its sup<=I'~Oildl..ctivity reverting it to its 

rw1::nal state. The Cl'.i. :ical field beyond wnictJ. supercouuuc-

tivity disappecu·s is c:.enoced by H • 'fhe magnetization cur·ve c 
of type-I superconductors is shown in Fig.l. 
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Frg. ( 1 >The induction {or flux I em~ penetration 

behaVior in type-I superconductors . 
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If ~ > 1 I 1'2 we lla.ve type-II superconductors 

which include many superconducting alloys and niobium 

metal. In type-II superconductors Meissner effect is 

also observed when the value of the applied magnetic field 

is lower than the first critical field He (see Fig. 2). 
1 

Increasing the magnetic field superconductivity is conserved 

but Miessner effect does not hold. The magnetic induction 

increases and when the external magnetic field reaches the 

value of the second critical field He , the induction 
2 

becomes e~ual to the external field. In the same time the 

superconductor is reverted to the normal state. 

When the applied field strength H
0 

satisifies the 

ine~uality He << H << He the type-II superconductor 
1 ° 2 

is said to be in tue mixed state as was suggested by 

Abrikosov(4-). 

·:rb.e main diJ.'fe.cence between type-I ana. type-II 

superconductors is that type-I materials exnibit the so­

called intermediate state(5,6 ) wuereas ty~e-II materials 

exnibit the mixed state(5-7), In the intermediate state 

the normal regions are reJ.acively thick, parallel l~inar 

wnereas in tae illLxed st<J.te tb.-'J are vortex lines. As it 

was proposed by Abrikosov(4 ) ttJ.e structure o.f tcle mixed 

state consists of a 2-dimeusional periodic lattice(usually 

hexagonal) of .flux lines. 
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Hc 2 

Fig. (2) The indue tion (or flux I em 2) 

penetration behavior in type- n 
superconductors. 



Tue magn~tic beuaviour of type-II superconductors 

was first studied by Abrikosov in 1957(4 ). It was 

shown that if a type-II superconductor is placed in a 

sufficiently strong magnetic field, flux penetrates tue 

superconductor in the form of flux lines(or current 

vortices, fluxoins, ••• etc). A flux line mq be re-

garded, roughly, as a tuin non-superconducting cylindrical 

core of radius ~ ; around this normal core and out to a 

distance ,.., ). circulate undamped superconducting currents. 

The magnetic field is maximum in tue core but falls away to zero 

outside ( .Fig.3) • Eacb. flux line lies parallel to the 

applied field and carries one flux quanta ~0 = (~u c I e)= 

2.07 x 10-? gauss cm2 , where ~ is Planck's constant 

divided by 2 ~ , e 

velocity of light. 

is tne electron charge and c is the 

·rne vortices may be reg<;rded c.s ind.ependent objects 

and one nas to take into account tueir interaction witb. one 
( 8 9) (10-20) 

another ' and/or with the surfaces of the sup~rconductor 

and/or with the inhomogeneities(lG,2l), 

In describin5 tue mixed state ~uantitQtively it is 

convenient to divide tue field range between H
01 

and H
02

into 

two reg~ons: t h.c: first regiou H
0 

< H
0 

(< H
0 

is described 
(22) l 2 

by tne so-called London woael (or approximation) whereas, 

the second region H
0 

,-J H is aescribed by the GL-tileory(23). cz 


