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A P P E N D I X

E V A L U A T I O N  O F  D O U B L E  P A T H  I N T E G R A T I O N

According to the calculation of the generating functional

=  9 H s ( r , a )

J  du2 J  d u 2<5(น2 — น2) J  d u \  J  du[p(ui,น'1)
•exp -  u't)T(vD -  ^ e iü f)lo I

■ J  V[ut] J  P K ]e x p  | ^ - ( ร [ น , / ]  - . ร [ น ' , / ,]) j (217)

where the action function ร[น, f  ] is for an electron in  the applied magnetic fie ld in  

—z  d irection w ith  the delta funxtion  forces /  =  % k 6 ( t — T ) + g  a n d / ' =  h k 6 ( t  —cr)+g

‘ร,[^, / ]  = J  dt ( ^ u tù t +  ^ - u teut +  u tft

Let us change the coordinates

(218)

น, -  น'1 - x tl

U t  +  น't =  x t ,

then eq.(217) becomes, w ith in  the new coordinate in  eq.(219) and (220),

(219)

(220)

9 H s { r , a ) = J  dx2 J  d X 26(x2) J  dx 1 j  d X \ p ( x i , X \ )

•exp j ^ m ( u D +  ^ e i? t ) lo |

- J v { x ]  J v { X \ e x p [ y { x , X ,  / , / ' ] ) (221)
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Using the in it ia l density m a trix

p(uu u[) =  (7 r)-1/2exp j - ^ ( u 2 +  ๙12)J  (222)

which is the density m a trix  fo r the harmonic oscillator at ground state. Then, on 

the transformed coordinate system, i t  takes into the form

p { * u X i )  =  ( : r ) - 1/2e x p | - ^ ( x 2 +  X 12) |  (223)

The transformed action is then become

ร [ * , * 1 / , / ' ]  =  +  Y  r  d t x  - t g { x , \

+  2 J  * *< ( /<  +  f t )  (224)

w ith  the functional

g[xt] =  x t -  next  -  ^ (ft -  f t) .  (225)

Then eq.(221) becomes

9h s (t ,(t) =  norm. J  d X 2 J  dx2<5(x2) J  d x  1 J  dx i e iFXt(VD+*eR

■ J - D lx }Jv{X }exp{ - i J* i t jX ,g {x , } \

cxp {  2 k 1 1 * * i ( / i  +  / , ' ) )  (226)

Vernon[5] was shown tha t the path integration J  T>[xt] results to the constrain of 

the path Xt w ith  the condition

9[xt] ะ=  0  =  X ,  -  next —  — ■ ( / *  —  / t ) - (227)
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The solution o f this equation ,x £, w ill be used in  the path integration f  v[xt] and 

results to

exp  { i n  Jo  +  ( 2 2 8 )

Its solution, w ith  the boundary conditions at x(t  =  T)  =  x 2 and x(t  =  T )  =  i 2 

becomes in  the form

i t  =  x 2 +  ^ e ~ ^ - % i n { ^ { T - t )

- ฟ ิÎ / 2  I  dsê-hi1-  /;>  (229)

which also show the relation

<*X1 =  eu a dx2. (230)

A fte r the double path integrations, f  v [ x t] f  V [ x t], we get the result of eq.(228) 

in  the form

9 h s ( t , ct)  =  n o r m . J  d x 2 J  d x 26 ( x 2) J  d x  1 J  d x \ S { x 2)
i m  . f i „1,, 17. ไ—— T 4- -—•^/?Xไ ? \•exp i  Ÿ Xt(VD +  2 eR^'°

• e x p { - ^ î  +  x ?) +  | x l ( i , +  f e i , ) f f }

-exp{ a f dtxt(ft  +  f t ) (231)

The d x 2 in tegration results to the delta function ร(x2) and the dXi  in tegration  

results to the function

{ “ ร ิก ) 2 ( i l “ 2 “ l ) ( i l “ 2 £Xl)} -exp (232)



8 6

The dx 1 and dx2 integrations on eq.(231) can be done w ith  the delta functions 

<5(x 2) and £(1 2 ), change the integral dx 1 to dx2 by eq.(230) and then result to

9 h s {t , ct) =  norm,  explo rm .exp  j f  -  f t ) I

e x p { - ^ r ^ i  ๙ ^ - f ^ ] t - n

(233)

. The norm,  w ill be put to be one for the fact tha t the generating function must 

become to be u n ity  when the forces are zero.
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