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1. Przedyskutowác zale·znóśc od cechowania wzoru na propagator cz ¾astki w jednorod-
nym polu magnetycznym.

2. Poziomy Landaua � dokończenie. Rozwa·zýc ruch cz ¾astki na÷adowanej w sta÷ym
polu magnetycznym B skierowanym wzd÷u·z osi z. W tym celu nale·zy skonstruowác
hamiltonian korzystaj ¾ac ze znanego uogólnienia z mechaniki klasycznej ~p!
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Wskazówka: potraktowác cz÷on liniowy w B jako zaburzenie i wyrazíc go przy po-
mocy operatorów kreacji i anihilacji. Znaléźc poprawk¾e do energii w pierwszym
rz¾edzie dla trzech pierwszych poziomów n = 0; 1; 2 i spróbowác uogólníc dla dowol-
nego n.

3. Porównác jawny wynik na poprawk¾e ~K z poprzednich ćwiczeń ze wzorem ogólnym
wyprowadzonym na wyk÷adzie.

4. Derive the Van Vleck formula
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for the "quantum"part of the propagator
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for one dimensional problem of a particle moving in potential V . Start from the
Schrödinger equation
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write
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and expandK in powers of �h. Shown that in the �rst two orders in �h the Schrödinger
equation reduces to
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and show that the equation obtained that way is identical

to (2) where lnF has been replaced by 1
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up to a constant that can be �xed
from the normalization condition of the propagator for t! 0:

K(xb; xa; t = 0) = �(xb � xa):

5. Consider Euclidean motion (in an inverted potential) of a given energy E < 0,
leading from x1 ! x2 (x1 < x2) in time T . As a potential take V (x) = �(x2 � a2)2
with � = 1=8a2. For one instanton-like motion (without turning) it is clear that as
T !1 then x1 ! �a, x2 ! a and E ! 0. Show that in this limit

E = �8a2e�T :

HINT. Use classical formula for T . In the limit E ! 0 the integral will contain a
singular part that can be divided into a �nite and still singular part by subtracting
and adding ((x� a)2 + 2E)�1=2. In the �nite part one can immediately set E = 0.
The other part can be calculated exactly for �nite, but small E.


