CHAPTER V

REDUCED DENSITY MATRICES FOR
FERMI SUPERFLUID SYSTEMS

F}om earlier chapter we egamine the concepts of
reduced density matrices and ODLRO, also with the two-
fluid model. In this chaptef we will give some
appllcatlons of these cond@g}s toasystem of Fermi
superfluid. First, "‘we w111 flnd ‘the equation of motion
of the condensatelmacrodcoplc wave function, then to
show that 1;;:}ﬁ%1ns ?nvarlant under the gauge
transformation$ éxt ye flnd that this wave equation

corresponds t

t g/qonven 1ona1 microscopic theory of

A A
,1) !

hydrodynamic eq fons of E%;ml superfluid.

BCS. Finally .we J)1111- g&ve gem® of the thermo-

,.1,._?.‘_ __--.Jfl
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Fromuéhe theory of reduced dghélty matices, the

nth order reduced density matrix is defined by
1 t
1l xgoded R P U D4 A s YRR ey (501)

where }D(t)gis the statistical~densdty matrik at time
& ané ﬁﬁﬂ ﬁ' are[ fermion creation and annihilation
operators respectively. Each coordinate X includes the
space coordinate and 'spin coordinate.

ForlFermi system, the one-body reduced density
matrix,fo can not be factorized because of the

exclusion principle. But in the limit that'§'1‘is very

far from'§"1p571 becomes to zero. That is
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The two-particle 'reduced density matrlx §12,can be
factorized as
AL REPYE AP REAPY

= (P*(X“ -— )¢(x —]le +Q (X '}212' ;‘{nl-";{uz ) (5.3)

where ¢ is the condens
the systenmn. o eﬂ‘he laprtlcle correlation

function. Equation H Wto as define the
condensate ma i unction

When

o COplC wave function of

he two-particle
.correlation f '1f§'2 is very far

— i —
from x'l,x

,ﬁ)z(x'l,x x"2)¢ bcl,x'z)

~ -3 —ak

Q,(x 3% - e e B

and Ix', - X " (5.4)

The three-parficle x can be factorized

(11), (12)', g ,
A Ui anes..
mmmnmﬂmﬂ:&m gL

three -particle correlation function, 523, has the Fermi
~

symmetry.f% vanishes when any two coordinates are

sufficiently far from the others.
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The Hamiltonian of the system is

-— — T — o 10 — -
Ho o= h?f7-1e R (x))ﬂr (x).(V—j._g A(x)H/ (x)§ ax
2m he hc
a—d ol *_. f — . - - -
+1§§v (x-y) Y ()Y (y) (y)y(x) dydx (5.6)
; | e
where A is a vector potential and Vizis the

interparticle potential with finite spatial range.

The Heisenberg equation of motion of £)2 is

fﬁbﬂz(x1,y2,x1,x")
- [n?.(;‘; ’;é;"‘a'v;'é)aﬁl‘_"
= ‘rrf(t){ f{(&’g) ‘F (521‘}') ‘\|’ (ié)\r &) , u] - ST

Substituting ghé Hamifﬁoﬂi%n from Eq. (5.6) and using a

usual antlcommufatlon rel%tions, Eq ' (5.7) yields

Jd

ihsa_Q. (x1'xl ,x",x") ‘ ; ¥, ads 4

3 : T
- f’(t)[ Z{vﬂm(x'l ( e Ay 2}‘,’(5:‘!")1'1(;3)1’(;5)*(;;)
o Nd -1- _‘-: £ )
+{V(x;-xé);VC§§-'2 X} x5 x'23+s V(i'Ji)
+ — ‘
+v(x2-y).v(x-~.y).v<x"-y>} t DY EDYOTHPEp P 4]

or :lhb Qz(x ,xz, ",xz)

8‘- la,[»;’i“

:
g[ - _léx_; A {(v-gi- %g A(xi)) -(Vx..- ﬁ% i(;’gp) 2;

i=1

+V(x'-x')-V(x"-x")]ﬂ (x‘l ,xa,x",x")+ I{V(x =F)+V(x! -y)-V(x"-y)

-Wx;—}-)} Q (x1!x2ﬂox1 uxaoy) dy ‘ (5.8)



Substituting Eq. (5.3) (5;5) into (5.8)
1531 t (34 %80+ 8,Cxa g =l
2 -, ‘ &l
-2 {7t i) * g gy
Avi-sp-vea-agl]¢ -<x".x")¢( .x2)+Q2(x SR

+f {V("i;-’ir)-f»\l(?cé:y)-\l(i'!"-?)-V(xg-y)}iAQ1 (%] X33, , 28,3

4 < Py o b il ‘:"‘_,. .
+Q(x1.x2.y.x1.x2.“3r>} S/ (5.9)
Expandlng the texm A91 (x' "1 )Qz (x'z,
x' 3,x 2,x 3 Ju= ln all p0551b1e permutation, and

u51ng the symmetr‘y relatlim for fermions (13),
4

lr‘:f i
Ay - ,-r'r r g -
Dn(x%..oo’x;._‘fin'x .-..x ’x:] 'O..'x 1’x ,ooox )
= -S'Zn(;%,...)’,x ';; 1 ,...x*',x,‘,...x: 1 .x;,oo'x;) (5.10)
! i f"}-:,

b

- ‘T"E.\_I-.l_
Then : L . 7 »

AQ (x! .:“qv)sz(se;% x3,5)
A ARG -0 (e, (e 24 iy
+Q (31340, (x ,xs,x",xz)-a<3c‘é,§:;)na(i1'.§3'fxg.‘*xg)

80 (X3 XD (3 ey e ) =0 o B, (e 5y 3l ae)

’ *"1‘%-‘%""2‘%""*é-?"-"’s">-‘%<%5<sma<i’4-%-*4-‘@
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Equation (5.9) becomes

- -—

PG ) 3 M B G sl 5 g
-%[ " xS xg)g“v .-ie A(xl)) ¢(x1 .xz)-¢(x1 xZ)Z.(V -ieA(x")) ¢‘(x" xz)

+1Z=1 Z‘E i._e 4(x-)) (vxg-%g A(x") }Q. (! o .x'1',xg)] +{V(§1'-3’cé)-v(§g-§g)}

W(xq PG x0)+0, (g .xz.x;' .xg)} +H v<xuy)+V(§‘é-‘:})-V(i*;'-?r)-v(‘ig-?)}
{Q (g .x")ﬂz(xa.y.xg.y) 250G X (x'.y.xa'.y)m (e IR0yl )

-, (x4 %0, (2 ,y,xz.y)d-n(xé, -bn (x1 T (3,300 XETE R
+ (y'x )()Z(x' ';213503)“0 (y'x‘a)o'%(x' oizox"ay)"'Q'(Yoy)a (x-' ox1 ,x",x'a')} J)

Dividing both 51de§ by ?* (x" ;1 )¢(x L 5)
Lrdia

then take the 11m1t x'1 ,X 2)3~<x"1,x"2 and using Egs,

¥ e

‘ 2 P(xs,xs) d_t_m_.—',‘ —— '.
ol

i h?[? Z(Vx,-ie X(x')) ¢(x' _ x3)

(5:.2) . (5 4). The equatlon of motlon becomes

1’1
-'7;-!! i ACx! *(xh it
¢- x".l.(")1§1(vx£ ;_:_A(xi)) ¢ (x1,x2)]
{V(i;';s)ﬂf(;é-;)-V(al_§)~v(§7|_§)}{ﬂ (;, 3)%(%'3’?',;5)

-Q,(x ,y) (x',?r,x". +Q (y,y)Qz(x'.x .x.',',x")}



Separation of variables x'l, x'2 and x"l, x"2
ihaé_¢(;19—£2) ;
t 2
=42 1 (93 - ie KGZ))(E ,x2)+V(x1-ax )4’(:?1',&*2
2n =1( *5 . e ) (P *1

; (x 1X59 x"
_ ?‘ (x.']"xg)
52(§2;§.x!{.x5) ) ;

+ QG (e, v
1"1,’( 2 W}"‘z

2(x1 15;1 .x")
-Q,G?z.?)(?( 'y)+—‘—r(-rr-vq——>}dy (5.11)
%
Equatayx‘ 11)|1s the ‘wave equation of the

condensate macyosgopic w;Le function ¢

5.2 GAUGE INV»/;(NﬁEf (14)" -
In thli/igitlon we'M111 consider the gauge

transformations f tﬂe waﬁéfequatlon and its gauge
4

Ju'-*"- SEEA]

invariance under Eﬁis txansformatlons When the

e

magnetic flegd is coupled with the!§ystem the total

potential 1ngﬂudes the term %: ef:(fFf where@ is a scalar
i=1
potential. The gauge transformations have the form
A (RS2 (%) +V-7((x td

|

op (x)-————»f(x) i s A (5.12)
c ot

wherez( is some scalar! function of spacelyand time. We

assume the macroscopic wave function has the form

Sf)(xl,xz)——, a (xl,xz)fﬁw(xl.xz) .(5.13)

Substituting Eqs.(5.12) and (5.13) into (5.11),
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iha%( a(:_c; .::2)¢(x.<I ,3:2))
2
=82 ) (v. -3 Axy)- fe v =¥ (E)) %X, %) 6 (X 5)
Ei=1( g & ﬁ hc 'f )a e 1> x1.x2;

+V(%. -xz)a(i:;,i' )¢(x1.x )+Z e(f»(x -:%f(fi))

4 a(s X, .xa)f(x.1 .xa) +S{ V(x1-y)+v(x2-y)
+ é_:(?(i;_)-_:_ 2_7( (i}_)) +20({°‘(§),-1 9 ]( (Sf))}

: ! b "' ")
{n1(i.§>(a<x1.x2)¢<x1.:%>+ %"?1"'%';117‘%“’7

-o-S).1GE1 ;y)( alx .x)f(x &)@2‘("23‘?"_’%)
. 2 3?'1""2 o x3)
-S)_(x ,y)(a}1'{53¢( -Y)“% %, 'y,x:l',xz') )? ay  (5.14)
fa, ‘.g;’dl"xéw Ge)

Since F i 4 .fs-

e

' 4 “ ; ‘"’:.HJI,“

5&1 (V» - ,ire_ I(x ) - iéV—*7((x ))12\.(:1 = )f(x1 ¥X5)

-

Dividingbgthysides nof | Ba. (5 414) by<a W $ (%%

(41,x2)

a(x1, ’ta(x.‘ "z +1 vf(x,, X5)

2
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- e KE) - sevy xGe) 3, ,3?2>+v(5q ‘}>+£ o (3%y)-12 [ (%))

C

+ [z e :y)+Z_e(?(x1)-l_;;‘]((x ) s2e(p -2 arm)%

i=1
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a(, y>(a<*a-v>¥><xa-?r> 8oy 3 v i)

alx, EARCRH Y€ g)alx, EArYE: 1""')?("1 s )

QG = a(x, 5)#(:?; ) Qz(x,] .y.x",x".g')
2 a x1;§2)¢(§a{3 a (x" xzsaZR1.x2)¢‘(§¥,§g )¢(x1;ié7—)}

o

dy

Since the equation of motion must preserve gauge
. . L . - Ln = "
invariance, then- f;&v lln a(xl, x ) %evf‘f(x )} o}
From this we fiad that a (ii, x ) _has the form a (fl,

‘;{2) = exp 1e Y(x )+ (%, )%

Substltutlng a (“l,xz)';nto the above equation,it
yields £ rr- o

124 b

= I
cie A
# -'l.:

G 8 Ve Y
= o (Vs - i) -?‘z??ﬂﬁ-xzﬂ(*v&’

+[[vez, +v<5€2%i-9.—5§a7&ﬂwfm+z,tﬁy N
[ Q(yd){ ¢ (x ox )+ 'QZ(x1 - "‘31""2) }
exp ie 7:: + X, T} 1 7}:53 ? ::.xz

+ (x. .3){ xf’y) 2(‘2" g
"‘"F‘U‘W ’“’"‘1"7‘ 2'7“‘1'7"‘2 W}
-AGNE PN S 1) | 1 BAET
1 dy
. {”‘p L OGP T Y R RS A EAC P ]

Since the macroscopic wave function must be single-
valued we choose the gauge choicelX-= 2Thc n, where n
e
=4l , 42, .. When we substitute this quantization

condition, the orignal equation of motion is preserved.
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5.3 FOURIER TRANSFORMATION OF THE WAVE EQUATION

The wave equation (5.11), if it is expected to
be- right, it must be satisfied by the conventional
miroscopic_theories of superconductivity. In this
section we'want to show that the wave equation (5.11)

corresponds to the th y of BCS. First we assume

antiparallel spin @

components (1")"""-—m ‘_'__-

and define the Fourier

Q (x1,x = (5.16)
V(x1-}ca) = (5.17)
where M is some comﬁ o ‘rewrite the wave equation

e
)

is excluded“dnd we neglect 42, in the integrand.

«ﬁQUH?ﬂﬂﬂ§WSWF§
9 ﬁﬁ(&i@ég ;?L ox :)]’11!‘:] E‘ %;](Q-y%)-lﬂ(x =t

{.Q (7.!)?(: ,xz)+$7,‘(x1 .y)tﬁ(xz,y)-(l,(xz,y)?( .y)} -(5.13)’
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The Fourier transform of the left hand side is

1_\expl-iko(x,,%.)421 ih 3 i e
(zn)szg i e r%}[ ot Tali)-_,,,-zf’sk"’xp{"“"(ﬂ"‘z)
-Zi/AVh} dl’E'] d(§1q§2)

= _(g_ﬂbﬁ expf;ﬁ.(i‘:x.z) +2i/1t/h + fﬁ'.(:?,]-?cz)
-2ipt/h } d(?z,-‘x'a) 2 kgﬁ'

= jé(i' . i')a}&fk,di" 2

" 2)*751:

l
The Fourier transform\of the first tern on the right

hand side is
Tﬁ;!
- -iJ;J

1 \exp{~ike(%. -3 )+2-t/; -h? i“va
T S L R <tV

i )20 /M ] oy

’2‘2?- Z}JE??S P e

: (é’?r‘»*ﬂw{‘ﬁ"ﬁ'*z’*’-‘i/“/“*ﬁ'°‘;‘1‘“23
0 D 21 .0 1 8
R e e
33(:-1“-) hz:'?,sk. gk

=%f¢k
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The Fourier transform of the second term on the

right hand side is

T;'ﬁi {-&.(xrxz) + a)*%k{i s S o oxp{ik'.(x.‘-za).g dk"s

{ el R Gye2 ot} an | az %)

= -(_2,135_ m lzp{-i.k.’(i,-ia)-t-a)nt/‘h 4.1')‘;'.(;1_;2)
+4n (x, . S-a)&w} S R e

_f

n_(“' ) )'ui"dkndki
21)3 f /. .

” -1-.3 'ivl fh-k"dk' ":-' 1
(0’ ¥ | o 4l
" Z el

Y.

A
-

F
Bt

where the integral is replaced by the sum according to

the rule ., 1 3Jd’ﬁ,., —————— > _1_21%..
(27)

Now for the terms in the.integrand,sthe first term is

zeral since from deflnltlonga ;»15 zero. The| second term

has its Fourier transform



; ?;5%. gexp{-ii.(':':.,-':‘rz)ﬂi}&t/h'g[g

(m*q,k.,..n{nv".(y-xa)-a}wng -] A%, -%,)

= 1 “S [exp{-ik.(x“-x )+2.1‘}&t/h+1(k'+l") .x1-ik"'.x -i(k'+k"-k"') oy
2¢2m)?

-ai}.{t/h} nxp{-‘.lk. ( ﬂtx!)+zykt/m{ii"o§ -1& .-.k." . ) 0;2-1 (;"-.k‘ ’ -:k.” ' ) o;
'Zifvhk] 'k'nk"h":dy&” 4 di" &:' d(x -%.)

T ML A R L o

dke dk" dk' d(zﬁ-xfy+°uw{'ik‘(xﬁéfh)+it"'x -1(k'+k"') X %
S(k"—k'-k"')v vnknfkmdkm—&" @({1-

= - -2_:;;5 m [ e -:l(k-k'.kn) (x -"2) :M nc.. +.xp{-1(§.‘iu),(;1_;2)3
Vit "-k'] dk” k' d(xﬁ-xz) ~

- -2-22—')3 “[5(&-&'-& ), 'nk"fk 0wy 6 % (k-kl) '”k"+k" k'} SRS
3 -2(_2;38 " A < z(ar)’i My Gt k!

& %12;'- "kt b - 1Z ey

where we use the symmetry relations of macroscopic wave

function, ¢(x1,x2 ) = -¢(x2,x1 ). The last term in the

integrand has its Fourier transform

<TAOH BP0
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o) Gy | 21)38 e |1 Gy )Y

+ (;—w}-gvk, oxpi °("x2)§)di.‘f7 z_;‘)‘g Snknﬁxpiﬂﬁ"o(y'!z)}

1 P {0 2gmfind oz, )

(2n

= —1_ ko(X,=x ; L. - - =y - 2D
2( 277)9 ggg“[ixpi-iko(ﬁ-xz)i'zi}d/hﬂ(k Tkhe) 011-ik". xz_i( k'k"4k"t) .;

..alt,.x/ab .xpi-ﬂ.(i‘,.;ana)it/miin'.'£1-1(i-+‘i").22-1(-1'-'12"5"').?
-a,..mﬂ vk,nk,,fk,,, dy di‘m h‘x‘" di’ d(%,-2,)

* et "‘z’*“ﬁ'*""‘"-H-“"'*zks“‘""“"*“'" mofn
dk" dk" dk' d(x _‘2)4. gxp{-;u“(t .x2)+1km.x -i(k'+ku).x2}

¥ [

§ (emr ekt By nfen dk"' dk“ dh' a3~ %))

= 2(317)68“ exp5-1(k.k").(x1-x } vk'nk'jk"-.k' dic dk'd(i',‘-'iz)
nxpi-i(k—kf—kj_‘).(ﬁ-xa)g k'nk"fk' o dk dkl d(x1-'£2)
% 2-(%53“[5(“")' Py gr 9 (ko)

o & 8]
a(av) X i & 2(211)3g "n""ﬂ‘ o

= 1 Z_ A/ ,nkfkl_k, 'l'— Z fk-k.nk fk
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The Fourier transform of the wave equation is
2 - =—"-2l‘i¢k *Z Vit Prcetet '{,"k-k'"k'fk '%"k'"l;fk-k'
2()4-112): %1 Z k"'k-)ﬁ ’Z- 'k'4’k-k' (1-n,)

If we introduce the notation §k

then the wave equatio ? 8) becomes
‘ \ \‘ (5.19)

k k' (1- nk)

(5.20)

(521}

where uk, vk

transformation

number. By settln

i,y = €08 € :;’"J __;_____t_ isinaqkf + coszqk
-cosaekf = 2{@2 - cos28 2. | an¢ = @sinzek (1-21)

ﬂ‘lJEJ’WlEJWﬁWEJWﬂ‘ﬁ

when wejsubstitute n and i? into Eq {5:19)

oy ma\‘mm N‘W’TWEI’WQ d

(p-5, - )sin2e

2
= _;-_ i Virsin2gy |, ( 12ty )0 -2§os ek+2cosaﬂkfk)

= .;_Z'vk,sinzok k,(‘n.af 1+ (20828, T=c0s26,)
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Z vk,coa‘.aksinZ k,(1-21' )(1-2¢

ki)

- w2t Y {5e22)
or 2(§k-)4)(1-22k)sinzek = 21-3 vk,coszekémek_k,.ﬂ 2&)(1 Kk

Equation (5.22) is one of the standard equations of the
microscopic theory of superconductivity (1) (15).
Thus the time dependent wave equation (5.18) is
satisfied in'equilibrium‘py the conventional microscopic
theories. /

In the mic¥Sscopic theery of superconductivity
Eq. (5.19) % obtained;by minimizing the free energy
with respect..;'.d'..uk andﬁvk. With minimizing the free
energy with ;?épect to Eg will complete the theory.
Therefore théfwave equatlbn (6.219), is only partially of

."1

the mlcroscoplc theqry, 2ds 4

F . ¥
i duj» “-I‘Il
5.4 TWO-FLUID HYDRQDYNAMIcsw ﬁ

—

‘;” A
P SR
Thls sectlon is devoted to/ flnd the thermo-

_.' A

hydrodynamigjequat1ons of Fermi supetflulds In analogy
to the case of Boselsuperfluids (16), we define the
condensate macroscopic wave function by

$ (xy Jxy = A2 ¥ iy “'é"))iexp (28 MF %)) (5.23)
wherefg (; )1s the condensate dens1ty and © (xl,xz)
the phasel 6f the! dondénSate macroscopic wave function.

By substituting Eq.(5.23) into the wave equation

(5511}, '
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ih 3 § (2 >“°§
i _a?i /°s e

2 D W2
= «h - = de A(E))“+ v - ie A(x ) g
Ei(v xi 1c ' ) ( ‘2 1C

i(afs)%e16§+v(£],;.,){ (2fh)’}ei°§+ (2/°s)"1eie F o (5.24)

where F Siv(x“_y)_,.v(‘ -y) {0‘?«' 1+ 2(x1 .x2,x1 gxn) )

X1 ’xa 1 ’22

Hovr

V. =34 A 4))

‘ 2 ; ¥ |
-{(7‘3'219) +( 73?29) } * 1{ 1s (V§1P5- V:-Ei]e"'v_—;éps‘z? 9)4-(93'2:14-?52:_\2)9}

-0

ﬁ__{ (A(x ¥ vx1,o +A(x ) ?) (= .A(x1)+V: .A(;:;))

+21(A(x .V—= G+A(>' ).V 9) {A (x1)+o\ (x. )]:l (2}5 )3f 9
hzca
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Equation (5.24) becomes

583
ot

f

o 4 2
[(wpfaw, )] (w0 «o, 0%

N
ao|
4]
+
o).

o 3 (x )+A% (x., ] hﬁ[

g/ s
&(‘(t h %A /o +A(x ).VA/O)

iz #ﬁ%?’ﬂﬂﬁﬁﬁﬂeﬂ‘ y
ammh‘m‘ﬁ%ﬁﬂmé’



and the imginary part of it is

i

L = --/J[ {vp V-=1e+v /L.V-ae}

2 L (A% Az,
+(V5:.1+V§>2)9 i3 FC.IE (A(x1)'vf1ﬁs+ A(xa)-v,{z/oS)

+(v;1.71(§’1)+g€2.1’(:?2))}] +Le Inr

(5.26)

i

We then define
-’
— ) h {
Iim VA | -2 =\
RV T hnis "'51' Xy Fy %qE

)2“""4 'i

4 '.‘-*'
i

r/(Ahc )+A(x 7+ )+A(}'"))}¢"(‘C" % )1>(*<1 ,x ) (5627)

/ 4, F & u

,f ad #

Where Vs is the eondﬁnsate’a..veloc1ty By substituting
F 7'_*-.’[
Eq. (5.23) into (*3-2,7) ==

e -.";f'f"""""

lin =i

257, = or xaﬁggqiv%g%ﬁ%._g_(&ku RGN G)]
x —~

e

2)0(x1, 2)‘}ex“§16('1, 2)‘

H
- s [ P %l pat e e, )

:’.,,—N Al

.}. ){V»SI, la/o(wc ,}."} expi--:n.@(x,l ,x")]}
&= {A(x JR(Z, )+A<xn)+a<x")} $ i x60, )]

[{2fs(x1',.. }': e:cp{-19(x1, 3

lim

331 ~x! {__G_E:HT (V s )f! (/1, ,,)+1(V V% )6(11,...,
4c~>x2 %

- W (s, # x")jos x" x")+ i(v- !],+VA,2,)e(x",,<")

r C(x )+A(x. )+A(x")+A(x")>] ¢* (., x”‘(p(x,' ,'Z,
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For a bulk system (V;(-l"’vx‘z) /)s(xl’XZ) is egual

to zero, then

& T = ]
209 - e 21(V§1+V§2)9(x1 ,7.,)-25— (A(x )+A(x2)) 2/1’5(x1 ¥X,)
b h = i e =, U S
= P—— - v_. - —
or ¥, R L o (R ) HA(X,))

R o= 1(%, 4% Ty ER.-% e rewrite v_ i ETY
let R .§(x1+x2) and 1 hl %2’ we rewrit vg in terms
of a new variables . ?;5;‘

Equation (5.3§$“iﬁfrefeﬁed te as define the condensate
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\ A&
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= o ﬁ_,,

We rewrite Eq. (5 25l_1n terﬁg of new variables
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el O

2 — $
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Finally

5‘1? v +(v .V )v + o A(R,r)

42
= w1 @Rusdrpe 4 L Hwgp) 2w
R[ R 2f o ﬁ 321‘2 ‘Pi [ PB }

1.2, &3 ARm) AR + = v + g 1’] (5.30
+-8-'\‘1R+E-vR.A(R,r) +m202A%£§,r) + == (r) + 5= Re )

Equation (5.309"i& the ';quation of motion of the
condensate velot’it‘y T;S \ Next weswill find the equation

of motion g,t’ }hq condl:nsatg den51ty}0 by r~w11t1ng
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Finally

a: : =3 = =3
3t/s R (fsvs) 25 'Vf"[PaVR ln:c s‘“R'r)] +$f;§-1n.l' o

Equation (5.31) is the e&equation of motion of the
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the terin Qz
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condensate density
PS‘ _
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We caziiﬂgidrﬂl

furiction multi vary slowly

compared with 7 s Lﬁso that they can be
. ' | . =i
developed 1in or x,. By
Y
introduction R =V sal o 9 then
equate r,=
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And n(!.‘ﬂ) T’G{_@
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L
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« Vi 9EE
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é(x‘l,x
Fha

- 2 - < =3
= 291(x1 ,x2)01+[V§201(x1 ,xz)+2V~:-EZQ1(x1 3Xn)

(5.33)
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Finally

Eivuz;-é)w(-ia-%-)kQ1<'§,§> dy’

- -zva)in1<§1 F)-n, 0+ IR(E )
e
1 &> N -
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j

From Eqgs. (5.33), (5.31} dnd (5.36) we get
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At last we get the expr«ssions for'sy,
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From Eq. (5.37) we can find

1 Wig, W2 1 ’
R ? = KETo"( B VRN, )*“5' 1[51'(%‘1‘7}3”1"5

((v»f Y2 P )2) 3 ;—— 2 332

il

4!0

hZ

The last two equ@E&ons, when e substitute intoc Egs.

o0 o] FRHIE AR e i

the condensate velocity agnd den51
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