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Correlation function

Exercise 1.1 Correlation function ([1] pr. 2.16)

A correlation function can be defined as
C(t) = (x(t)x(0)). (L1)

Using a Heisenberg picture x(t) calculate this correlation for the one dimensional SHO ground
state.
Answer for Exercise 1.1

The time dependent Heisenberg picture position operator was found to be

x(t) = x(0) cos(wt) + % sin(wt), (1.2)
so the correlation function is
C(t) = (0| <x(0) cos(wt) + rQ) sin(wt)) x(0) |0)
B mw
= cos(wt) (0] x(0)* |0) + % (0] p(0)x(0) |0) 13)
i 2 ihi
= % (0] (a + a*) |0) — nliiw sin(wt),
But
(a + a*) 0) =a' |0)
Vi 1) (1.4)
=[1),
SO
C(t) = x3 (; cos(wt) — isin(wt)) , (1.5)

where x% = Ji/(mw), not to be confused with x(0)?.
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