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gdzie

〈F 〉S =

∫
[D(x(t)] F [x(t)] e

i
h̄
S[x(t)].

Korzystaj¡c z tej to»samo±ci wykaza¢, »e dla cz¡stki w 3 wymiarach:

< (xk+1 − xk)2 >=< (yk+1 − yk)2 >=< (zk+1 − zk)2 >=
iεh̄

m
,

< (xk+1−xk)(yk+1−yk) >=< (zk+1−zk)(yk+1−yk) >=< (xk+1−xk)(zk+1−zk) >= 0,

gdzie opu±cili±my indeks S w wyra»eniach 〈. . .〉S.

2. Derive commutation relation, i.e. calculate the following transition amplitude:

〈χ|m1

ε
((xk+1 − xk)xk − xk+1(xk+1 − xk)) |ψ〉S ,

where

〈χ |F |ψ〉S =

∫∫
dx1dx2 χ

∗(x2)

[∫ x2

x1

[D(x(t)] F [x(t)] e
i
h̄
S[x(t)]

]
ψ(x1).

HINT. Since xk = x(tk) and xk+1 = x(tk + ε) it is enough to consider evolution of
the wave function by one step of ε in time (only for expressions involving xk+1xk).


