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Thesisdirectedby ProfessorChrisH. Greene

The photoabsorptionspectraof Rydberg atomsin static, external electric andmagneticfields

provide anexcellentopportunityto studythepropertiesof a nonintegrablephysicalsystem.This thesis

developsa generaltheoryfor predictingandinterpretingthephotoabsorptionspectraof thesesystems.

Using ideasfrom both quantum-defecttheoryandsemiclassicalapproximations,suchasclosed-orbit

theory, I introducescatteringmatricesto describethe final stateof an electronin a photoabsorption

experiment. The scatteringmatricesencapsulateall of the importantphysicsof the system,and are

relatedto importantobservablesof thesystem,suchastheboundstatespectrumandthephotoabsorption

crosssection.

Initially, theframework for calculatingthephotoabsorptioncrosssectionis presentedin complete

generality. An exact expressionfor the energy smoothedphotoabsorptioncrosssectionis derivedand

is shown to provide a useful link betweenquantum-defecttheory and semiclassicalapproximations.

Althoughtheformulais anexactresult,it alreadycontainsmany of thephysicalinsightsof semiclassical

approximationsaboutthe time (or action)domainphysicsof the electron. Both the complicationsof

multielectronatomsand arbitrary configurationsof static, electromagneticfields are included in the

theory.

After thebasicframework hasbeendeveloped,semiclassicalapproximationsareintroducedfor

thespecificcaseof analkali-metalatomin anexternalmagneticfield. I deriveasemiclassicalS-matrixto

describethescatteringof theelectronoff thecombinedCoulombanddiamagneticlong-rangepotentials.

Therelationshipof thesemiclassicalapproximationto accuratequantumcalculationsis thenexplored.

Finally, thesemiclassicalS-matrixis usedto constructa semiclassicalformula for thephotoab-

sorptioncrosssection.Here,the focusis on theFourier transformedcrosssection,or recurrencespec-

trum, which shows sharppeaksthatcorrespondto certainquantummechanicalpathsof theelectronas

it scattersoff the long-rangepotentials.Thesemiclassicalapproximationof thecrosssectioninterprets



iv

thesequantumpathsby correlatingthemwith classicalclosedorbits of the electron. By taking a sur-

prisingcancellationbetweenghostandcore-scatteredorbitsinto account,a resumedsemiclassicalcross

sectionis derived. This formula givesa convergent,semiclassicaltheoryfor the recurrencespectraof

nonhydrogenicatoms.Resultsarepresentedfor diamagneticlithium andrubidium.
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