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1. One slit di�raction (continuation).

Consider one dimensional problem of a particle moving from x = 0 at t = 0 to point
(x, t) through a screen which the particle reaches at time t1 < t. The screen has a
hole of size 2b centered around x0. (This process can be understood in the following
way: at time t1 we block all possible trajectories except those passing through a
hole). Calculate the propagator for such a motion.

In order to simplify calculactions replace the sharp hole by a "Gaussian hole"

G(x) =


0 for x < x0 − b or x0 + b < x

1 for x0 − b ≤ x ≤ x0 + b
→ G(x) = e−(x−x0)2/2b2 .

What is the width of the image of this "Gaussian hole" at time t? How does it
compare with the classical expectation?

Since the propagation before and after the slit is free, we can use the formula for a
free particle propagator

K0(b, a) =

√
m

2πih̄(tb − ta)
e

i
h̄

m
2

(xb−xa)2

tb−ta

and the formula for "folding"the propagators

K(b, a) =

∫
dxcK(b, c)K(c, a).

Here a = (xa, ta) etc.

This problem can be found in the book of Feynman and Hibbs "Quantum Mechanics
and Path Integrals" chapt. 3.2.

2. Derive the Van Vleck formula

F (T ) =

(
− 1

2πih̄

∂2S

∂x∂x0

)1/2

for the "quantum"part of the propagator

K = F (T ) exp
i

h̄
Scl

for one dimensional problem of a particle moving in potential V . Start from the
Schrödinger equation

ih̄
∂

∂t
K(x, x0; t) =

[
− h̄2
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∂2

∂x2
+ V (x)

]
K(x, x0; t),



write

K = exp

(
i

h̄
S + lnF + . . .

)
and expandK in powers of h̄. Shown that in the �rst two orders in h̄ the Schrödinger
equation reduces to

∂tS +
1

2m
(∂xS)2 + V (x) = 0, (1)

and

∂t(lnF ) +
1

2m
∂2xS +

1

m
∂xS∂x(lnF ) = 0. (2)

Di�erenciate (1) ∂2

∂x∂x0
and show that the equation obtained that way is identical

to (2) where lnF has been replaced by 1
2
ln ∂2S

∂x∂x0
up to a constant that can be �xed

from the normalization condition of the propagator for t→ 0:

K(xb, xa; t = 0) = δ(xb − xa).

3. Cz¡stka o masie m i ªadunku e porusza si¦ w staªym polu magnetycznym B skiero-
wanym wzdªu» osi z. Funkcja Lagrange'a dla tego przypadku ma posta¢ (dlaczego?):

L =
m

2
(ẋ2 + ẏ2 + ż2) +

eB

2c
(xẏ − yẋ).

Wyliczy¢ propagator dla ruchu od punktu ~a = (xa, ya, za) do punktu ~b = (xb, yb, zb)
w czasie T .

Wsakzówka: Wygodnie jest wprowadzi¢ zmienne x′(t) i y′(t), które odpowiadaj¡
przej±ciu do ukªadu obracaj¡cego si¦ ze staª¡ pr¦dko±ci¡ k¡tow¡ α. Nale»y tak do-
bra¢ α aby w tym nowym ukªadzie funkcja Lagrange'e rozseparowaªa si¦ na trzy
niezale»ne funkcje opisuj¡ce ruch cz¡stki swobodnej i dwa oscylatory harmoniczne.
Pozwala to na natychmiastowe napisanie propagatora, który nast¦pnie trzeba prze-
pisa¢ w zmiennych wyj±ciowych.


