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APPENDIX

EVALUATION OF DOUBLE PATH INTEGRATION

According to the calculation of the generating functional

= OQHs(r,a)
J a2 J duzg 2— 2)J dutJ dufp(ui, )
eexp - U't)T(VD- neitf)lo |

W V[ulJ pxiexp 17 1 1 -2 1 )]

(217)

where the action function [ ,f] is for an electron in the applied magnetic field in

— direction with the delta funxtion forces / = % k6(t—T)+g and/' = hks(t —CI')'I'g

NI = J dt(/\utut+/\-uteut+ utft

Let us change the coordinates

1 - Xl

i+ o= X t,
then eq.(217) becomes, within the new coordinate in eq.(219) and (220),

oHs{r,a) = J dxod dXes(xz)d dx:] dX\p(xi X))
eexp j*m (uD+ "ei?t)lo]

Jv{x]Iv{X\exp[y{x.X,7./'])

(218)

(219)

(220)

(221)
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Using the initial density matrix
p(uuul) = (7r)-12expj-~ (u 2+ 123 (222)

which is the density matrix for the harmonic oscillator at ground state. Then, on

the transformed coordinate system, it takes into the form
p{*uXi) = (r)-12e xp |-~ (x 2+ X D) | (223)
The transformed action is then become
AU - Yoo dtx -tg{x,\
+ 2 < (/< + i) (224)
with the functional
g[xt] = xt- next- ™ (ft- ft). (225)
Then eq.(221) becomes

shs(t,(t) = norm.J dXz2J dxagaJ dx1J dxieiFX(VDeR

1 J-DIx}Iv{X}exp{-iJ*=itjX,g{x,}\
exp { 2K 11 *=i(/i +1,) (226)

Vernon[5] was shown that the path integration J T>[Xt] results to the constrain of

the path Xt with the condition

O[xt] = o= x,- next- — (> - /t)- (227)
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The solution of this equation ,x£ will be used in the path integration f v[xt] and

results to

exp {in Jo + (228)

Its solution, with the boundary conditions at X(t = T) = X2 and X(t =T)=1i2

becomes in the form

it X2+ Ne~N-%in {M{T-t)
-2 I g />

which also show the relation

oxt = euadxz (230)

After the double path integrations, f V[Xt]f V[Xt], we get the result of eq.(228)

in the form

ons(t.co = norm. J dx2d dx26(x2)d dx «J dx\s{x2)
im - fl il
sexp i Y_Xt(VDéL ?’eﬁ&'g‘
cexp{-"T+x?2)+ | x I(i,+ f ei,)ff}

ﬂﬂ({ q f dext(ft + ft) (231)

The dX2 integration results to the delta function (XZ) and the dXI integration

results to the function

SR L 2 D (il 2EXI)- (232)

(229)
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The Xm and dX2 integrations on eq.(231) can be done with the delta functions

Hx2) and £(12), change the integral dX1 to dx2 by eq.(230) and then result to
ohs{t,ct) = nNBFM,&Xp it - fty

exp{- ~ r "~ i T

(233)

. The NOIM, will be put to be one for the fact that the generating function must

become to be unity when the forces are zero.
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