Appendix c

SemiclassicalGreen’s function amplitude

In Ch. 5, thesemiclassicaGreens function of Gutzwiller [20, 21, 22] wasusedto calculatethe
semiclassicaapproximationto the long rangeS-matrix. This Greens functioninvolvesa two dimen-
sionalJacobiardeterminanthatmeasureshe stability of the classicalorbits contributing to the Greens
function. Many of the propertiesand manipulation=of this stability amplitudeare subtleanddifficult.
With this in mind, this Appendixdescribesomeof the simplificationsand manipulationof the semi-
classicalamplitudeusedin this thesis. For more detailson the propertiesof the semiclassicaGreens
function, the texts of Brack and Bhaduri[24] and also of Reichl [23] areinvaluable. An article by
Littlejohn [143] givesa complete put moremathematicalanalysisof theamplitudesdescribechere.

Theamplitudeof thetwo-dimensionalsemiclassicaGreens function,Eq. (5.17),is:
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Hereandthroughouthis Appendix,theverticalbars|| denotethe absolutevalueof thedeterminantThe
coordinateq p, z) and conjugatemomenta(p,, p.) arethe standardcylindrical coordinates.It canbe

shawvn thatthe two-by-two subdeterminarin the upperleft handcornerof Eq. (C.1) vanisheg24]:
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Thisis agenerabropertyof the semiclassicaamplitudethatholdsin arny coordinatesystemasaconse-

quenceof enegy consenration. To take thisvanishingsubdeterminanihto accountthederivative 0t /O E
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in Eq. (C.1) canbesetto zero(althoughit is finite) without consequence.

In addition,a moresymmetricform of Eq. (C.1) canbeachieved by usingtherelations:
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Thentheamplitude| D|, Eq.(C.1),reads:
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Littlejohn [143] hasshavn thatthis derivative canbe simplified further. This final simplificationleads
to theform of theamplitudeusedin Eq. (5.19)to derivethelong rangeS-matrix of Ch.5. Usingenegy
conserationandvariouspartial derivativesof the Hamiltonian,Littlejohn simplifiesthe amplitude| D|

of Eq. (C.5) into aform thatinvolvesthe velocity in onedirectionanda simplepartialderivative in the

otherdirection. Two suchforms canbe derived, correspondingo separatingut the velocity in the p

direction,
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Althoughit is not obvious, thesetwo forms of the amplitude| D| areidentical. In fact, Littlejohn shavs
thatthe velocity in any directioncanbe separated@ut. Thuswhensphericalpolarcoordinategr, ) are
used thesemiclassicahmplitudetakesthe form:
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Thisform (C.8) of theamplitudeappearsn thesemiclassicareens function,Eq. (5.19),usedto derive

the semiclassicahpproximatiorto S™R.



