UNITED NATIONS EDUCATIONAL, SCIENTIFIC AND CULTURAL ORGANIZATION
A —,

mm INTERNATIONAL ATOMIC ENERGY AGENCY @
===t | INTERNATIONAL CENTRE FOR THEORETICAL PHYSICS

LC.T.P, P.O, BOX 586, 34100 TRIESTE, ITALY, CABLE: CENTRATOM TRIESTE

H4.SMR/994-16

SPRING COLLEGES IN
COMPUTATIONAL PHYSICS

19 May - 27 June 1997

FLUX VORTICES IN
SUPERCONDUCTORS - COSMIC STRINGS

C. REBBI
Boston University
Department of Physics
590 Commonwealth Ave.
Boston, Massachusetts 01125
U.S.A.

MAIN BUILDING STRADA COSTIERA, 11 TEL. 2240111 TELEFAX 224163 TELEX 464392 ADRIATICO GUEST HOUSE VIA GRIGNANO, 9 TEL.224241 TELEFAX 224531 TELEX 460449
MICROPROCESSOR LAB. V1A BEIRUT. 31 TEL. 224991 TELEFAX 224600 TELEX 46092 GALILEO GUEST HOUSE  Via BERUT, 7 TEL.224031¢ TELEFAX 2240110 TELEX 460392



1R PMME OtR1Y Ei: 1ime mEE 183 EmET L Emmm mmEm amn= L



PY so “4.20

‘;Qg_kx vecX ccen (w 'suPucoucQ&_uMA~ COMLLLC Q(.LH?SA .

Ha o o %qucQ @, cowsy Qo , alims -
¢ desceiGey E_nga ed) \?cuﬁlc&e); o& O %(3«;¢ (loswowss )
2 ’.‘\uvelcom.&urﬁ;l&a CC‘O&PGL \E)GLLUS y H kCSaA QALQCQ .

QGCK(ee\ % Q(@-&QOLUZ
- veal %LQQ& , expand oo wmensal wasdes |

@poda¥e a gymudiield 63w ol Vo eacli waodle —
- \co&c&c afteq prfiacce. ;
- couaypQex %E.QCQ , teal « St gy s geoe
auaie to D sels o& HilosI20y - T Al
a& \@xkQes o& \orctese + Mc_k@&m Qoange
0 A L&mjﬂ:a%;cﬁcom ¢y ek

L e S

pﬁt’(@gc , g_g_ecsnitgt > Peal ? ch@;@_cgg }

"R e r « .
E&tloe | we coe = rem( = ¢ Qm&mcgiuméﬂ .

ECG_Q_}.\M% <moft GLEC.QV)GUL.L% o acay , 'tﬁ&oucs%)



- 4a AA - e R -

PY 502

%LCQCQ heas, 2 &cqlee; ‘ﬁ Q&Qe&cu-t ool Gosy + placeie

10

C?z € C@ ) Cé el ),

X c \ = C) QLQ
Q&Mﬂm%@%@mq&mﬁwM,_twl Q

Coux.h-\ou@nj; ﬁ cQ_Q_QCiS_D/CQR— wom@nium Ce‘%~ LE)
2ssd  Locy exg@ss ccalsses
e = O | 72 __ Ct-cticueu.cg.n_g_c_d t. e

e (e ccmsn @rociafe  ontla CQmCdQ

—— et
——

E%‘z@ e ogeltesse
Sex ocpasseel /bc.&atesz.s_ny E =0 Qoh. k-? =0

%j‘a Mve,mcog_m&o_a_c&@) (v comasic e'h_r_\_qz(;)

E-o R el =
E \3—5% CQLQ_Q_&L_PQ% falas T XY QDQ dl{ru Lol weoecaSaedl L ‘a—

4.2

VRS

3

EEL B Bd

am1 HETE ammy 1 1 H

= e T u



PY o2 1.22

Vear ¢ cacass , ‘e Rate @l Chewet 2neshogan

FC&&G_KKQLQ&A ts UQ

9

H
o

(;{3
’5 cﬂ).@f':lﬁ% @Q‘LCD«\& =D mq%LBﬂdﬁb ci VAL vy

Ig Lﬁ’ <o Ue)z'%@:tQJecQ cﬂm_a Ctj)@u-k [CP) ECP::
l ['E\‘ A S —

S

s

L -

et oy CC QQQC:L&Q' Ts CP ’—C@o | Aao®  cocad Lo
p Cx ) @&cumu% oy

CQ()(,‘:S) Y i(;r-i% (Po ;

=Xyt > o0

oo tRae pRacore 08 ce 18R e, KD% 260°
an oVe R @eexasadl Lﬁ)&d QQR—Q{}Q ericle fu 4 Gccm‘ﬁf
taen  cowtianity desesads (@20 Gaund # §,)



- A= R .

M so2

S"Q"‘Q% -{—:— Ot - @),
(O“‘:t @Qso  Terssn LMM@S AacooR e as

S (szg\(% k%«:e\Lz

= (&cdy (35)C:0) (D=

We  wae  oosasks ks ’h‘zc'_ =1 amasd
m@:‘.tlmu_%& ceass Qe @, T so aX Cce,%. @g
s /\Q_Cou& {Qm_ A :\_ )

Y23

13 Eid

EW1 wWwa Emmrl N



PY yo2

“.24



A X = A M e a4 AAs &

A iR BR .

7Y so2 “.25

Taxs o Q)QL@.Q&R \p la.cye 1R w C GU‘-QZLCN_G-&QJ

{O ﬁ(_e & t@z_a_a_x_ A —‘\:

f—

T oQsace e . us . %QQ& ( codeed | cu s Ao
’ﬂcucnﬁ:\‘ou_ ou_Qé.S LS %&QQ\ > 1O \&cgemd:\:m_Q

Dy
W4
N
<]
p
h¥

Ldi

Ews ¥ IIN



PY 507y g

ch CRfng

B;L? = cmﬁcu@ + 1eX) e'.xc? :
Pk | wik A = R« 3K (oo Smanf )

(d: - cuﬁﬂcg = o ') qi i&(ﬁ:?\)e(&f )
AR g q% -~ LQQK};K% =

= CL‘A (% - e U\;)c{: )

Le. ,. (V- e D )ep temms hoan s

a e qmuge cocmimad  wamssuer, Gl 9 oiedf
O WY [ E R S qessge
Caveongeask |

Tl | &&&Lm% ©Cyra esm_c,tq&a C& tg_g.cgc&uzﬁ\gc_ %¢QQQ ,

Sﬁx&g{ (E;—de_@c\ag (bi_ceﬁc)qi +
Ty« 5 B

¢S %Q_u_%c. Cu vaxL sl



AR # B EBALLSR 4L

BEE L i8 AE 2

Y 502

i -

N.7

i
%,2@02 &e& e Cm\aw&.\&% ()t () L\&d&_\&cﬂ & to E
Com\emmit . ga@;;Lm_Qaui@a R % o atiaw c& g
4o @Q_\m , ol ((le P _ @ s i
Lm&lo&.&&c& s B CO\Q&Z_I‘_%LQ&&_O‘-L 1o ﬁ}c QQ-LC)Z% |
L& Hicre oy @ Fokadx A :
C‘Q - X-\:;é C_QO ) !
A= - L 4
€ ¢ !
= | X
AL?S I L
cp_o.n_& U&LL@S
(-éx - ';Q(Qx}‘-ﬂ = e . — élg X (‘Qo
T v -
v S (X 5 = ° x.'i/; wt —x"—ixg ffx{ﬁk‘h
= O
/



PY 502 Y. 28

a.uc/Q alys
= ~ = L /L 2x x _
% Dxmj 539\& Q(FL T r
-2 S N TN T P N
R o =S L U e A

LOC@—QQ%B\ Qoa O%ch%o_ \r‘,"tﬁm.x&ﬁ{m
Y et 1L e (¥R C (aacasy

Y \kouxmc-'z,

e c%Qm%cn_Q \?Qm:me 1R atcows Eo% 60° C_CQ&SLCL&O:Q:\

Ge m&om , Mool *’C_Qn_e; ta%d@tr&i@Q% oo
w O CRL 08k cou%:cxkﬂLQiti@m_k @‘Jl Q@LC%Q LY

v et e Omie ’Lec&‘.ou. wlacre Lae Qs enoyy &w_e,{ﬁ&
LA # O N

—

VrcRResss - %;q& *Lae &R@?QQQQ c& e LQ coas &
A ,%e,QoQ» o vstwiuaie © 0 el ke
/ﬁcdlcc oftex rlustcoa |



AA B A R & AR 48 =8

A A BE a

EN A anR &

A s % =
pady  Laad
“Teas

PY So2

Y. 29

L4k



Py Yoz Y. %o

Ao st
f (x,8) = x;[_“}i’s 30 )
Axleg)= - & b)),
A& C’('Eﬁ) = %L \O(r))
Rt
g(r)ai ) bis) > L } I
g/«— - h o~ ot / - o,
T\Li_\ an‘:be.p
_ N Myt [ abY
E— - QWS Cde { &C—Q%\ A et ;’T;) -+

v e (h-)e Nyt .

%m.& g(r\ asad) (OCF) @l ol asire &=



= & AR - as = - A AN A 8N A

Iy 2A N  SESSk sl i

PY so02

2% alex  cougled wow Livec CQL%K eqpy b &
ol b oo G Beeocd. . We @@ ke,

Wocsseoen | \0% \@M&L&t—(\g% &-4- s cusd %Luél.;\sa

m&%(du&\ woxlat S A s s g ke =

O
G)u\ge&e& az)éc&bu_\?tcﬁa Qe linonern
_VZ r
b = b - C, &

Ube w3 @ )(Q\@LLQC}L& \gm@m&(_xeq \D% %m&u&
Cade Qs R efegeusl %M&;OM TTRS
2o voan®r ca Q@QQ - @{%Qs ,

@fm::ﬂ&o\nm_Q vGQh&\lOQJ_LLm_Q,_\ :
\Sng\ ()u... () Pu. (X.) &)( = Coa Smﬂ_

= Sg(,()oh_. = g e Ax . =

= Ou = ch%‘mﬂue \c%@&ou,\imﬂa
c@Ql Ao Lw(x) .



Py S0 4.32

Lo (=) 4@-—&5—3&6'% : L. =1 ,
L—_f‘__ = i—x ,
4L = ) X)) = ,
)(a LM:\/(} = LM( ) L“_([t/
C'\/\+\) L o a (x) = <2M-ri-x> Lu) ~ 7 LM-\(&)

/

S e T L) La k) = D .

PT‘LLEMQCRQ tt&c_ ﬁl'Qf CJS %{.u_u X Cowsy

Qm_(’i) = € I—u-L (’“) ch_g.u @y oo varsssal

R O O - 20,



AR = - R a ks =

Bila i + A AR .

PYsc2  4.33

b = i*- é \OWQ_ L\,.L(‘?.\D:-r'))

We R0l wssutussie B telicog
8 B b - bre w B
\)@MM , cn_q_m& Cow&m_s‘_a_% 8,_-, \-00 (D,

ch)z o bic) = b (o) =0 .

L » qai:;{a | (o) =4 L’M(o) -
\JLMQ( We ﬂmﬂgﬁg Voo

g‘f - gthi !

\C)ofb\f__ bl_“uzi /

bovbiv b+ 2 bx 2br o~ Luw by -0,




