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1. Przedyskutowác zale·znóśc od cechowania otrzymanego na poprzednich zaj¾eciach
wzoru na propagator cz ¾astki w jednorodnym 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. Instanton determinant. In this problem we will calculate explicitly the ratio of
determinants
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where a double well potential V (x) reads: V (x) = �(a2 � x2)2 with � = 1= (8a2).
Prime at the determinant means that the zero eigenvalue (zero mode) is not included,
by �x(�) we denote classical trajectory.
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� To �nd contribution from the continous spectrum we show �rst that there is no
re�ection for the particle scattering over the potential U(�) = �3=2 cosh2(�=2).
To this end �nd asymptotics for two types of the solutions: � = ik and � = �ik
in the limit � ! �1.

� If there is no re�ection then the wave function yk(�) that asymptotically be-
haves as eik� for � !1, in the limit of � ! �1 behaves as eik�+i�k , where �k
is a phase shift. Show that
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Identical argument applies to the wave function, that asymptotically behaves
as e�ik� :

� Close the system in a box �T=2 < � < T=2. Then the wave function inside
the box is a superposition of two linearly independent solutions

yn(�) = Ay�=ik(�) +By�=�ik(�)

which vanishes at the boundaries

yn(�T=2) = 0: (2)

If the box is large, it is enough to use asymptotic forms of y�=�ik(�). Show
that condition (2) leads to

Tk � �k = �n:
Let�s denote solution to this equation by ~kn. Similarly, show that for the
Euclidean harmonic oscillator analogous solutions read kn = �n=T .

� The contribution to K 0 coming from the continuous spectrum, Kcont, reads:
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� To calculate last sum under the exponent go to the continuum limit T ! 1
and convert the sum into the integral:
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Last equality can be obtained by integration by parts and the explicit form of
�k. Full result for K 0 is obtained by multiplying Kcont by a non-zero � value
from the discrete part.
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