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Iordanskii and Lifshitz-Pitaevskii Forces in the
Two-Fluid lVlodel

M.  R .  Ge l l e r . i  D .  J .  Thou lcss . r  S .  W.  Rhee . l  and  W.  F .  V inenJ
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'Scltool oJ' PltysLr:.s. Lin,tuer,s'i,t,tt oJ Birmi,n,qltu,'rn. Ilirntr,ntllrrtn R15 .JTT. LiI\

I t  l to,s lrcen A'noutn si,nce t,h,e ptonr:r ' . t ' i , t tq trrtr '1,: o. l 'On.suqer rt,rtd I '?qrt,rrt t trt ,  t l tr t t

thr:  s l t t t .st i . r :nl ,  t r t ,e.cl ta 'nic. .g t t r t r l .  t l tyr t t t t t t t r ' ,s t t . f  ' t tot ' t t . r :e,s 
l ) ld, t l  ( I I t ,  / i .s,(rrn l t rr , l .  i ' t , i t  in

thr;  l te. l t , r t , t : ior o. f  ,st tpe.t ' . f l t t i ,ds tr  r td,sLLltr : t ' t : t t r t .d,r t t : t r t r .s.  Hott ;r :  t , t :  r ' .  t l r t  t l tcr trr l  o. f '

t tot ' t , i .ce.,s i .n,  qtr ,rr ,n, tLLrn JI tnds renrrt , i , r t , .s in o rnost rutstLtt .sfu.: t .ort1 ; tu. t t .  r .L:  r t , l t ,

con,f l i r : t i . r t .q n:.stLl ts i rL th,e. l i l r : rnt tn ' t : .  I r t  l l t , ts pu,per ut( :  t ' ( t?t 'Lt :u;  l l t r :  t l t t ,orL1 rtJ

Thot t l ,e . .ss .  , lo , tnd  ) { iu .  uh ' i c l r ,  ( l t i t . t te . i  ( tn  ( , . t ' L ) r '?ss to tL . fo t ' t l t r :  to lu , l ,  l t ' t t t t , s l ' c / ' , s r : '

. f 'o ' rr :e t t r : t , i ,n,g on, e q' t rort t ized L'r t r tet :  thet,  i .s i , r t  apTtnrr:nt  d, isuqrcr: trrent.  t r : t th the

,r1s;[ :  o. [  Iorr lon,sA; i , i  urtd of Li , t 'shi tz nrtd,  Pi lu, tusk: i i , .  In,  port ' i r : t r , l ,u ' t ' .  r to trurt ,sL,er ' .se

.force: proport i ,onul Lo t . l - te asymplot i , r :  normtt l  J1,u' i r l  t te loctt l l  utu.s. l 'ot tr t , tL.  l l t t '  r t : ; ( :

Itr;o-.fl,tri,d lrydrrtdtln.u,m.ir:s to strtrl.q th,is rLi;c:r'r: 'pe,It,(:tt.

PAC'S rur,rr tbers:  67.40.Vs. 7J.60. Cle.  J ' / .J7.  +11

1. A HIERARCHY OF LENGTH SCALES

A cornprehensive theory of rroltex tlynarnic.s itr quantttrrr flr-ricis l]lust a(l-

clress phenonrena occrrrr ing at thr.ee cl i f ferent lengtl i  scales. At t l ie sural lest.

rtrost rnicroscopic scale. it lully (llrantum mecirauictrl treattnettt ttl'a vol'tex.

i trclucl irrg i ts internal st lucture. interaction rvith eletneutary exr: i tzit iotrs sttch

as pironons a,nd rototls. and interactiori rvith disorcler. is I'eqtlil 'ed

At the next-rvhat rve shall lefer t,o as intermecliate length scaie. onc

would like trt legard a r,'ortex as a, classical ob.ject. sub,jet:t to tL r:la^ssical

cquation of motion. Of course, there is uo gr.tarautee that we c'an clo tliis.

ancl. indeed, certain pathologies lesult ir t . im oul tnsistenct '  in cloirrg so. l tnt

experience has sho'wn that this cla,ssicai picture is extreureiy srrcc'essftt l .r

There are clifferont wavs to fbrmulate tire clzrssical apploerch. If rve let

R(i ) clenoter the posit ion in the : ly plane o1'the cent,er of an isolatecl straight
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