
In orderto studythepossiblephaseconjugationof opticalnear-fields, it is necessaryto go
beyond the slowly varying envelope-andelectricdipole approximationsthat arenormally
appliedin phaseconjugationstudieswherespatiallynon-decaying(or at leastslowly decay-
ing) modesaremixed. In thepresentdissertationarandom-phase-approximation calculation
of the nonlocalnonlinearoptical responsetensordescribingthe third ordernonlinearcur-
rent densitygeneratedby degeneratefour-wave mixing in an inhomogeneouselectrongas
is established.Thedescriptionis basedon a semi-classicalapproach,in which theelectro-
magneticfield is consideredasa classicalquantity, andthestartingpoint is theequationof
motionfor thedensitymatrix operator. TheinteractionHamiltonianis taken in its minimal
couplingform, andit includesthetermin thecurrentdensityoperatorwhich is proportional
to the prevailing vectorpotential. Using this formalismthe spatialstructureof the optical
responseof thesystemis describedin termsof themicroscopictransitioncurrentdensities.
The calculationthusincludescontributionsoriginatingfrom both the
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in the interactionHamiltonian. It is demonstratedthat inclusionof the
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A termin the in-
teractionHamiltonianintroducessomeimportantphenomenathatareconceptuallydifferent
from thoseoriginatingin the
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A part. To emphasizethephysicalmeaningof thevarious
processes,thecouplingsbetweenobservation pointsfor thefield andthecurrentdensityis
presentedin a diagrammaticform. Theresultof ananalysisof thetensorsymmetriesasso-
ciatedwith the
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A interactionsaresummarizedin termsof symmetryschemes
for the phaseconjugationprocess.The theoreticalmodel is followed by a calculationof
thephaseconjugatedresponsefrom a single-level metallicquantumwell. Thesingle-level
quantumwell representsthesimplestpossibleconfigurationof a quantum-wellphasecon-
jugator. Furthermore,it is aninterestingobject,sinceits opticalresponsecontainsnodipole
terms. The discussionof the responseis basedon the useof light that is polarizedeither
in the scatteringplaneor perpendicularto the scatteringplaneto excite the process.It is
demonstratedthat the phaseconjugationprocessis extremely efficient in the evanescent
regimeof thewavevectorspectrum.Weaddresstheproblemof plane-wave excitationin the
high wavenumberendof theevanescentregimeanddiscusstheuseof a broadbandsource
to excite the process.Onepossiblebroadangularbandsourceis a quantumwire, andthe
phaseconjugatedangularspectrumfrom a quantumwire is presentedanddiscussed.The
subwavelengthsizeof thequantumwire makesit apossiblecandidatefor discussionof con-
finementof light, andtheconfinementof light in two dimensionsin front of a single-level
metallicquantum-wellphaseconjugatoris discussed.It is justifiedthatby a properchoice
of orientationof thecurrentin thequantumwire a field compressionsubstantiallybeyond
theRayleighlimit is obtained.Thethesisis concludedwith a shortdescriptionof themore
generalcasewherethe quantumwell is allowed to have morethanoneenergy eigenstate,
and numericalresultsshowing the responsefrom a two-level quantumwell as the phase
conjugatingmediumarepresentedanddiscussed.
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