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Green’s Function in Phase Space
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Green’s function is defined in phase space with the help of the eigenfunctions
and eigenvaluves of the Wigner operator and it can be proved that this function is

the Fourier transform of the phase propagator.

As it :.s knmm]o » phse space is described with the help of the Wigner opera-

tor "(q,p’aq ?
in phase specea

), of which the e:l.genfunct:l.ons which coincide to the eigerfunctions

as we_.-ll as it’s eigenvalues are known. Consequently, fron the
usuall def:.m.t:l.ons) » Green’s - function for Wigners operator in the phase space,
will be of the form
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where ¢ (E,;) are the eigenfunctions in phase space and are defined with the help
of the e:.genf\mct:.ons of Schrddinger ‘Y (q) in the following way,
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The relation (1) can be written also as

>, >,
G(q’,p 3q,p,E) =

11m 1 z J‘“E [E’E +E "'1“]

of o@Be, (@) at . ()

The above equation, from the definition of the Wigner propagator in phase space
takes form 45
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where the Wigner propagator is given by the relaticn
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and 0(q ,E,t) represents the corresponding Schrddinger propagator.
A simple is the case of the free particles, where the propagator of the Wigner

operator is given by thé relation 3)
(6)
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and then Green’s function of the free particles in the phase space, because of (4),

will be of the form
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We get same result, if use the e:.aenfunct:.ons and eigenvalues of the.Wigner

operator for the free particle, Hluch are
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Because of the definition of Green’s function (1) we will have
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After integration arround the pole
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we get the result (7).
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Arother example is the case of all quadratic forms of the Hamilton operator,
for which the Propagator of the Wigner operator has the following form:

£(3°,5%33,5,E) =6 [a-a(v)] .6 [p-p(t)] o (13)

where q(t) and E(t) are the solutions of the cancnical Hamilton equations; and
3’;;’, are constants of integration.

Fcr these cases Green’s function (6) is written
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In the case of free particles, we have the solutions
A =3+ L3, p(t) = p° (1s)

and Green’s function coincides with (7).
The same occurs when a uniform electric field is present; we have then the

solutions
E(t) =E'+ = p + oo e? ;(t) =D+ ef t Q18)
and Green’s functiorn takes the form:
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Also, in the case of the spherical harmonic oscillator, the solutions of the

Hamiltons equations are of the form:

E(t) = EI' cos wt + '1;' _s;nmmt

(18)
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and Green’s function takes the form:
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In the same way we can study the case of free electron in a uniform magnetic
and electric field and other quadratic forms of Hamilton operatcr, for which the

Wigner operator coincides the Liouville operator
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