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UBUNGEN ZUR VORLESUNG
Solid State Physics with Feynman Path Integral
Blatt 2

1. Quantum Harmonic Oscillator

Starting with the Feynman path integral, show that the propagator for the one-
dimensional quantum Harmonic oscillator:
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takes the following form:
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Suggest why the propagator varies periodically on the time interval t, and explain the
origin of the singularities at t = nw/w, n = 1, 2, . . .. Taking the frequency w — 0, show
that the propagator for the free particle is recovered.

2. Particle in a Periodic Potential

A quantum mechanical particle moves in a periodic lattice potential V with periodicity
a. Use a definition of imaginary time propagator:
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(a) Taking the Euclidean action for the instanton connecting two neighbouring minima
to be Sinst, express the Euclidean time propagator G(ma, +na, ), with m and n integer,
as a sum over instanton and anti-instanton field configurations.
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(b) Making use of the identity dqy = |,
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where Ae is the tunnel splitting of energy levels.

(¢) Keeping in mind that, in the periodic system, the eigenfunctions are Bloch states
Upa(q) = €Plup,(q) where uya (g + ma) = upa(q) denotes the periodic part of the Bloch
function, show that the propagator is compatible with a spectrum of the lowest band
a=0,¢,=hhw/2 —2Accos(pa).



