In orderto studythe possiblephaseconjugationof optical nearfields, it is necessaryo go
beyond the slowly varying envelope-andelectricdipole approximationghat are normally
appliedin phaseconjugatiorstudieswherespatiallynon-decayindor atleastslowly decay-
ing) modesaremixed. In thepresentissertatiorarandom-phase-apptionaton calculation
of the nonlocalnonlinearoptical responsdensordescribingthe third order nonlinearcur-
rent densitygeneratedy degeneratdour-wave mixing in aninhomogeneouslectrongas
is establishedThe descriptionis basedon a semi-classicaapproachin which the electro-
magneticfield is consideredsa classicalquantity andthe startingpointis the equationof
motionfor the densitymatrix operator TheinteractionHamiltonianis takenin its minimal
couplingform, andit includesthetermin the currentdensityoperatomwhich is proportional
to the prevailing vectorpotential. Using this formalismthe spatialstructureof the optical
respons®f the systemis describedn termsof the microscopictransitioncurrentdensities.
The calculationthusincludescontritutions originating from boththe p- A andA- A terms
in theinteractionHamiltonian. It is demonstratethatinclusionof the A- A termin thein-
teractionHamiltonianintroducessomeimportantphenomenshatareconceptuallydifferent
from thoseoriginatingin the p- A part. To emphasizéhe physicalmeaningof the various
processeghe couplingsbetweernobsenation pointsfor the field andthe currentdensityis
presentedn a diagrammatidorm. Theresultof ananalysisof the tensorsymmetriesasso-
ciatedwith the - A andA- A interactionsare summarizedn termsof symmetryschemes
for the phaseconjugationprocess. The theoreticalmodelis followed by a calculationof
the phaseconjugatedesponsdrom a single-level metallic quantumwell. The single-level
guantumwell representshe simplestpossibleconfigurationof a quantum-wellphasecon-
jugator Furthermoreit is aninterestingobject,sinceits opticalresponseontainsno dipole
terms. The discussiorof the responsés basedon the useof light thatis polarizedeither
in the scatteringplaneor perpendiculato the scatteringplaneto excite the process.lt is
demonstratedhat the phaseconjugationprocessis extremely efficient in the evanescent
regime of thewavevectorspectrumWe addresshe problemof plane-vave excitationin the
high wavenumberend of the evanescentegime anddiscussthe useof a broadbandsource
to excite the process.Onepossiblebroadangularbandsourceis a quantumwire, andthe
phaseconjugatedangularspectrumfrom a quantumwire is presentecanddiscussed.The
subwavelengthsizeof the quantumwire malesit a possiblecandidatdor discussiorof con-
finementof light, andthe confinemenbf light in two dimensiondn front of a single-level
metallic quantum-wellphaseconjugatoris discussedlt is justified thatby a properchoice
of orientationof the currentin the quantumwire a field compressiorsubstantiallybeyond
the Rayleighlimit is obtained.Thethesisis concludedwith a shortdescriptionof the more
generalcasewherethe quantumwell is allowed to have morethanoneenepy eigenstate,
and numericalresultsshaving the responsdrom a two-level quantumwell asthe phase
conjugatingmediumarepresente@nddiscussed.
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