
Appendix C

SemiclassicalGreen’s function amplitude

In Ch. 5, thesemiclassicalGreen’s functionof Gutzwiller [20, 21, 22] wasusedto calculatethe

semiclassicalapproximationto the long range
§

-matrix. This Green’s function involvesa two dimen-

sionalJacobiandeterminantthatmeasuresthestabilityof theclassicalorbitscontributing to theGreen’s

function. Many of the propertiesandmanipulationsof this stability amplitudearesubtleanddifficult.

With this in mind, this Appendixdescribessomeof thesimplificationsandmanipulationsof the semi-

classicalamplitudeusedin this thesis.For moredetailson the propertiesof the semiclassicalGreen’s

function, the texts of Brack and Bhaduri [24] and also of Reichl [23] are invaluable. An article by

Littlejohn [143] givesacomplete,but moremathematical,analysisof theamplitudesdescribedhere.

Theamplitudeof thetwo-dimensional,semiclassicalGreen’s function,Eq.(5.17),is:
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HereandthroughoutthisAppendix,theverticalbars
�#�

denotetheabsolutevalueof thedeterminant.The

coordinates� � � q�� andconjugatemomenta�£x z � x ~ � arethe standardcylindrical coordinates.It canbe

shown thatthetwo-by-two subdeterminantin theupperleft handcornerof Eq.(C.1)vanishes[24]:
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This is a generalpropertyof thesemiclassicalamplitudethatholdsin any coordinatesystemasaconse-

quenceof energyconservation.To takethisvanishingsubdeterminantinto account,thederivative ¡ ¢ ��¡�±
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in Eq. (C.1)canbesetto zero(althoughit is finite) withoutconsequence.

In addition,amoresymmetricform of Eq. (C.1)canbeachievedby usingtherelations:
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Thentheamplitude
�$���

, Eq. (C.1),reads:
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Littlejohn [143] hasshown that this derivative canbesimplified further. This final simplificationleads

to theform of theamplitudeusedin Eq. (5.19)to derivethelong range
§

-matrixof Ch.5. Usingenergy

conservationandvariouspartialderivativesof theHamiltonian,Littlejohn simplifiestheamplitude
�����

of Eq. (C.5) into a form that involvesthevelocity in onedirectionanda simplepartialderivative in the

otherdirection. Two suchforms canbe derived,correspondingto separatingout the velocity in the
�

direction,

���&� s u �� u �� ¨ ¡ x ¨ ~
¡�q ~ « � (C.6)

or in the q direction,
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Althoughit is not obvious,thesetwo formsof theamplitude
�����

areidentical. In fact,Littlejohn shows

thatthevelocity in any directioncanbeseparatedout. Thuswhensphericalpolarcoordinates� � � Ïg� are

used,thesemiclassicalamplitudetakestheform:
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This form (C.8)of theamplitudeappearsin thesemiclassicalGreen’sfunction,Eq.(5.19),usedto derive

thesemiclassicalapproximationto
§ LR.


