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\\'e give a general review of recent developments in the theory of vortices in superfluids
and superconductors.  d iscussing wh1'  the dynamics of  vort ices is  important ,  and why.
some key' results are still controversial. \\'e discuss n'ork that we have done on the
dynamics of  quant ized vort ices in a superf lu id.  Despi te the fact  that  th is probletn has
been recognized as important for fortl' vears, there is still a lot of controversy about
the forces on and masses of quantized r.ortices. \!'e think that one can get unambiguous
answers bv consider ing a broken symmetry state that  consists of  one vortex in an inf in i te
ideal  svstem. \ ! 'e  argue for  a \ lagnus force that  is  proport ional  to the superf lu id densi t1. ,
arrd we f ind that  the ef iect ive rnass densi tv ofa vortex in a neutra l  superf lu id is  d ivergent
at  low f requencies.  \ \ 'e  have general ized some of  the resul ts for  a neutra l  superf lu id to a
charged system.

Introduction

From the  verv  beg inn inq  i t  has  hcen rpa l i sed  thar  quant ized  vor t i r -cs  p lav  an  im-
portant part in the behavior of superf luids l .  Both in neutral superf luids and in
s l lp { . rcond l lc to rs  i t  i s  the  r -o r t i ces  tha t  p rov ic le  a  rne .han ism fo r  the  r iecav  o f  super -
i i r i i r l  c r t r r r ' l t s  i t t  l r  r i l i .  T l r r '  r ' i l c r r l i i ' l , r n .  { o r  a  l l i , i : i : i r l  : r r p c r f f  i r , 1 .  , , 1  t i 1 r .  t l i i i ) i ) c i l
f l r rx .  f , r r  a  supercor tduc t ing  r ing .  i s  ( l r ian t ize . l .  i j nc l  the  c l t r re l l t  ( i i n  on l l  i i r . r 'a r -h , , '
; r  .hange o f  the  t1 r13n1u[ ]  number  ] r " ' t rn  in teger .  \ i -h i .h  can occ l l r  b r  t ] re  l ) i l ss i tgc
r ) f  i t  \ ' ( ) t te ,x  io t  r inan t ize l i  HLt r  l in t ,  ; , ,  ro : .  t i re  r in ,J .  f r , t tn  one e( l i i '  t , )  the  , r lher .

I tr  supcrcottductors i tr  n ir igh uri ignrrt l ,r  f ic ld. the nloi ion of f lux l ines is rhe rrrain
rirechanisrn for electr ical r€.si.ctance. -\ t  high rpmpcrarures the rnor-entent of vort ices
is a thermall1'  act ivated process, but at lor ' , '  enough temperatures the dominant
nlechanism must be b1'quantum tunneling. I t  is therefore important to understand
the dvnamics of vort ices. in order to be able to er.aluate the dissipative processes

that occur in neutral superf luids and in superconductors.

Despite the obvious importance of the problem. the theory ha-s been in a most
un,qatisfactorv state. There are manl '  confl ict ing results in the l i terat i i re. \ tr 'e did
not real ise the extent of this disagreement. and i t  was init ial ly a surprise to us that
;r result v, 'e obtained wtluid be disnrissed bv one kno*-ledgeable cri t ic as too obvious
t,r i rc r l .orth r l iscrrssing. and bv another eciual iv eminent cr i t ic as t 'el l  krrou.n fo
l r t  \ \ ' r .nq :  th is  l ras  happened to  r rs  severa l  t imps.  Thcrc  a re  rea l  l , rub le rns  hor " .
connected r,vi th questions of suitable boundarv condit ions. and there is often a
clue-ct ion of rvi iether tu'o dif ferent calculat ions are f inding the same result bv t '" \-o
riiffcrr-'nt \l'a\-s. or if thev afe finding tl,'o clifferent contributions which must be


