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Abstract

`̀Exciton"isoneortheelementaryexcitationsinsolids.EspeciallytheFrenkelexcitonis

consideredtobeanenergytransferfrom oneatom toanother:Wh enoneelectronisexcitedat

acertainlatticesiteincrystals,itsexcitedenergycanbetransferedtotheneighbouringatomsVia

interactionsoratoms.刀leprocessOfenergyexcitationcanbedealtwithaparticlepictureintro-

ducingthemethodofsecondquantization･

Theconceptof"exciton"wasfirstproposedbyFrenkelin1931:Hedidn'tconsiderthe

transferoftheenergyexcitationasaparticle,ratherhethoughtittobealocalized"excitation

wave"incrystal.
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In1937Wannierintroducedanotherkindofexcitonwhichislocalizedincrystal;anelectron-

holepairsimilartoahydrogenatom.

Since1972Hakenandothershavediscussedseveraleffectsontheexcitonmotiondueto

latticevibration.1≠isisdonewiththeuseofastochasticmodel:

H(t)-mZnJmnb'-bn'∑A-n(t)bLbn,mn (1)

where△mn(t)isanoverlapintegralbetweenwavefunctionsoflatticesitesmandn;thestochastic

behaviourof△mn(t)isduetothelatticevibrationsandsoon.Hakenassumedthat△mn(t)isthe

whiteGaussianprocess,anddiscussedseveralphysicalconsequencesderivedthereby･

Becauseofthestrongassumptionimposedbythe`̀whiteness"condition,severala山hors

havemadeattemptstorelaxthecondition: ¶leCOherentpotentialapproximationisextended

todynamicalsystems.Namely,N.OhatausedthetwoIState-jumpMarkoffprocesswhereasH･Sumi

madecalculationswiththeGaussianMarkofrprocess.¶leyusedthemethodofGreen'sfLlnCtion

anddiscussedopticalabsorption.Y.Inabacalculateddiffusioncoefficientforthetwo-state-jump

Markofrprocessfrom theequationofmotionforthedensitymatrix.Inthesetreatments,they

haveonlytakenintoaccountthediagonalrandomnessin△mn(t).

Inthefirstpartofthisthesis,wereviewtheFrenkel'sinvestigationsontheexciton,andthe

variousstochastictreatmentsontheexcitondynamics.

Inthesecondpart,weformulatethe血eoryofopticalabsorptionforexcitonsbymeans

ofthedampingtheoreticalexpansionformula･ThemethodbasedonthedamplngtheorylSVery

simpleandsystematic,andmoreoverthemethodenablesustoexpectfurtherdevelopITJtentSOf

theexcitontheory.

InourformulationwestartfromtheHamiltonian:

ヽ

H(t)=<m2:n>J(IRm-Rnl)b+mbn十m2;n△mn(t)b+mbn

-冒uka'kak'mZ;n△-n(t)b'mbn, (2)

whereak+andakrepresentthecreationandannihilationoperatorsofanexcitonintheBl()Chstate

andtheyareglVenbytheFouriertransformofbLandbmwhicharedefinedintheWannierstate.

Wetreattheproblem forthetwodifferentmodelsofAmn(t);oneforthetwo-state-jumpMarkoff

processandtheo血erfortheGaussianMarkoffprocess･

Withtheuseofthedamplngtheoreticalformulae,wecanfindequationsforaverageddensity
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matriximmediately.Fromtheequations,Weobtainmomentequationsforakfromwhichwecan

determineresponsefunctions,powerspectrumandsoon,systematically.

Thuswecandiscussvariouseffectsduetorandomperturbationsontheexcitonmotionfrom

theviewpointof"coherencev.S.incoherence".
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