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A methodisdescribedwhich permitsthe derivationof thevander Waalsinteractionfree energybetweentwo spa-
tially dispersivemediaseparatedby a vacuum.A resultwhichagreeswith that of Lushnikov andMalov is obtained.
We demonstratethat subjecttocertainassumptionsabout thedielectricpermittivity (which arereasonablefor a ma-
croscopicsystem)the resultsis equivalentto that givenby applying the methodof surfacemodes.

In recentyears,considerableeffort hasbeendevotedto theexperimentalverification aswell astheorçticalex-
tensionsof Lifshitz theory[1~.Of particularinterestis theproblemof deriving anexpressionfor the vander
Waalsinteractionenergybetweenmediawith non-localdielectricpermittivities (e.g.conductingor stronglypolar
media).In this note we wish to outline a simplesemi-classicalmethodof deriving thebulk, surfaceand interaction
freeenergy for two dissimilarplanarhalf spacesof spatiallydispersivemediaseparatedby a vacuumgap of width
21. The resultsareexpressedin termsof the bulkdielectric permittivitiesof eachmedium.

The approachhere follows closely theformalism developedby Mitchell and Richmond[3] to studyinhomoge-
neoussystemsinvolving local dielectricsandelectrolytes.Briefly, for our system,the interactionHamiltonianmay
bewritten as

v~r_~fdrF(r)-E(r). (1)

WhereP(r) is the macroscopicpolarisationdensityandE(r) the electricfield. Fromstandardstatisticalmechanics
thechangein freeenergy due to theinteractionHamiltonian V is [3]

l’ç~ rdXr
~F’~—.~-Lj j -~-.Jdr~Ga(r;i~n;X), csx,y,z. (2)

a

In the regimeof linearresponseGa (r; ~ X) canbe interpretedastheath componentof thepolarisationdensity
atr inducedby theath componentof a unit testdipolelocatedat thesameposition.Thisquantitymaynow be
calculatedclassicallyin termsof thebulk dielectricpermittivity e(q,w) which dependsonwave numberq and
frequencyw.

In order to usethebulk permittivity to characterisea finite medium,it is necessaryto specifyphysicalboundary
conditionsatthe interface.Fora vacuum-mediuminterface,it is reasonableto assumespecularreflectionof all
currentsat theboundary.With this boundarycondition,Flores [4] hasshownthat theresponsewithin a non-local
halfspaceto a point chargesituatedin the spatiallydispersivemedium,canbe replacedby the responseof thebulk
mediumto thesamepoint chargeplusan identical point chargesituatedat the imageposition(with respectto what
would havebeenthe vacuum-mediuminterface)and anunknownsurfacechargelocatedat the positionof the
interface.Thisprocedurewould ensurespecularreflectionof currentsat theboundary.Usingthis prescriptionwe
canproceedto evaluatethe quantityGa neededin eq.(2) usingclassicalelectrodynamics.Theunknownsurface
chargesaredeterminedby applying theusualboundaryconditionson thefield quantitiesE, D, H andB.
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At this pointwe note that thedependenceof e(q,w) on the couplingconstantXis obtainedby the substitution

�(q,w)l+4ir~(q,w)-~e(q,wIX)—l+4irXx(q,w), (3)

wherex(q, w) is independentof A. Thismethodof introducingthe coupling constantis dictatedby theassumption
of linearresponseneededtointerpretphysicallythe meaningof thequantityGa(r; w;X).

In the non-retardedlimit (velocityof light _*o~)we obtainfor thebulk energyperunit volume of eachmedium,
thewell knownresult:

~ (1_c(q i~)) ~ (4)

Similarly the surfaceenergyperunit areaof eachsurfaceis

~ (!~‘)] , (5)

where

=2K 7 dk 1 1• , (6)
~K,1~n) i (2ir) ~2+~2e(q,1E~)

andq = (K, k).
Forthe interactionenergyper unit area,we obtain

~ ([~ ~ -i-- (~—~)IJ+[1~3]) (7)

=~I~~ 1n~D, (8)

where

= 1 — ~1~2 exp(—4K1). ~ =~+i’ (9,10)

and the subscriptsi = 1 , 3 referto thetwo semi-infinite media.Fortwo identical mediainteractingacrossa vacuum,
eq.(7) reducesto the resultgivenby Lushnikovand Malov [5] (apartfrom a factor of 2, dueprobablyto a typo-
graphicalerror in their paper).Wenote alsothat aftercarrying outthe couplingconstantintegration,the result for
the interactiorrenergy,eq. (8), coincideswith thatwhich would havebeenobtainedfrom the surfacemodemethod
[6] adaptedfor spatiallydispersivemedia.Furthermorefor interactingnon-spatiallydispersivemediaor for inter-
actinghalfspacesof Debey—Huckelelectrolytewe recoverwell knownresults [3].

Full detailsof this work will be publishedelsewhere[71.
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