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ABSTRACT

If through two parallel light-guides are passing monochromatic waves of
identical frequency, the force, repulsive or attractive in dependence on
phase difference, takes place between them. This recent experimental re-
sult can be described via occurrence of virtual dipolesinduced by evanes-
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cent wave at processes of light propagation and reflection. So this effect
can be considered as an original effect of high frequency polarization and
must be taken into account at construction of optical nanostructures. The
proposed description can be considered as a special variant of quasi-op-

ticswith simplified account of surface phenomena.
© 2010 Trade Sciencelnc. - INDIA

Some of recent advancesin nanoscal e photonics
and optomechani csare connected with forcesthat had
been negligiblein researches of bigger structures. So,
inthearticles®? and severd otherswere proposed the
existence of optical force known now asthe “optical
bonding force’ (see, also, thegeneral review!®). The
most evidently its existence and features are demon-
strated in the recent article. Theoften referencesto
the Casimir effect for substantiation of itsexistenceseem
excessve: theCasmir forcesareoriginated by vacuum
fluctuations, but forcescong deredinthecited researches
appear, aswill be shown, astheresult of substances
polarization by light wavefield.

Let usconsider, asaninitial quaitativereview of
examined effect, aquantum description of light propa
gation through asolid (transparent) strip. In accordance
with thewell-known Placzek theory™™ polarization of
matter isexecuted by thedipole-dipoleinteraction, i.e.
by the dipol e absorption and further reemission by that

or another dipole. Inthe case of standing light waves
such picture must lead to formation of the 1D effective
‘light lattice’ or ‘photon crystd’, onwhichtheinterfer-
enceand similar effects can be considered®; therefore
two dtripswith such systemsof virtud latticescanbe, in
generd, attracted or repul sed in dependence on their
relaive positionsand phases. Systems of such standing
waveswould leadtothe 2D ‘lattices’ and severd opti-
ca devices®.

But what wouldtakeplaceinthecaseof flyingwaves
with their fast displaced maxima? Thereisknown the
dasscZommerfd d—Brillouin suggestion about thewave
front propagati on with the vacuum speed ¢ before the
pol arization establishment!”, which however hasnot re-
liableexperimenta confirmations. Thekinetic quantum
theory of optical dispersion’® shows absence of tem-
pord lagsfor establishing of polarization: it corresponds
to processesof photons scattering, i.e. isnearly instan-
taneous. Thisconclusion can be supported by thegen-
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eral theory of particlesinteraction durations®. Hence
theingtant interactionsbetween light guidesbecome com-
pletely anal ogicd to the case of standingwaves.

But the possibilitiesof forcesmanifestation will be
mainly depended on near surfacedipoles, e.g. onfea
turesof effectivetransient zones. Thereforewe must
consder thedefinite specification of light refractionand
reflection laws caused by their existence on each opti-
ca surface. Their existenceisgoverned by physica im-
possibility of the geometrical type sharp alteration of
physical magnitudesat trangitions between substances,
i.e. by itsincompatibility with quantum representations.
The used method had been suggested in*® and with
moredetailsis described in*Y,

Our congderationissufficiently wideand will show
that themost phenomenaof optica propageation can be
considered viahigh frequency polarization with forma-
tion of virtud (evanescent) € ectromagnetic momentsin
medium by light waves. Thus, theinteraction between
optical guidescan bedescribed viatheinstant interac-
tionsof these moments.

However, dmost classical description of these phe-
nomena, that representsavariant of quasi-optics, isaso
possible,

Let’sconsider, for simplicity, an electromagnetic
wavethat fallsfrom afree space (z > 0) ontoflat me-
diumsurface (z < 0). Inthemethod of Bremmer™2 (Ap-
pendix 6) each component of fieldsE, D, B,Handj is
expressed at theborder viasum of all componentsmul-
tiplied onthesuitableunit sepHeavis defunctions6(+2):
V(tr)=(V,+V)8(2) + V. (-2), )
inwhichtheincident V,, reflected V, and transmitted
V, wavesareincluded.

If thegradud transitionsfrom one substanceto an-
other must be regarded for them, the discontinuous step
functionswould bereplaced, instead the consideration
of quantum picture, by flattened functions'!, e.g. by
theexpressionsof thetype:

o0 o0
9(z|a)=jdg&(g-ﬂa):ijdg%:
a Ta (E-2)+a @)

= 1—ltan'l(l— z|a)
2 =
with oo — O+ and the term V_describing near-surface

or evanescent wavesin this stratum must be added.
Henceinstead of (1) weshall write

V(tr)=(V, +V,)8(a) +V,8(-2b) +Vg@alzb), (3

flano Soienoe and flano Teohnology

NSNTAIJ, 4(1) June 2010

with ¢(alzb) = 1 — 9(zZa) + 9(—zb) describing the
gradual field penetration in both substances, and the
expression (3) returnsto (1) at a, b — 0. At thetotal
reflection theterm V., will be omitted, but it does not
prevented thegenera consideration.

If thefalingwaveisof thefrequency o andisinci-
dent under the angle a, both parameters can be ex-
pressed viathe uncertainty principle AzAk ~ 1. For
the down plate can be taken Ak, ~ ¢ (@/C) cos a,
where ¢, isthe corresponding dielectric susceptibility,
for the upper plateitsdid ectric susceptibility must be
taken into account. Thus, approximeately,

a~c/gjwcosa; b~a,e1/€2 . 4

Suchamplest estimation seemscompletely adequate
for the phenomenon of frustrated total internal reflec-
tion (FTIR)™ and can beimproved for morerealistic
or complicated caseswith taking into account different
parametersof medium. So, theevanescent spatid shift
of reflected and transmitted rays may betakeninto ac-
count: if V. =V, (t; x, Y, 2) thenfor reflected wavesin x-
z plane by the series expansion can betaken that
Vo= Vo (GX+ALY, 2>V (LXY, 2+

iADV, (L X,Y,2), ©)
where A dependsontheinitia angleand refraction
indices, andandogicd for transmitted waves. For mono-
chromatic waveso,V,— —ik cosa V. andjust these
two additionsform surface waves phenomenol ogicaly
introducedinto (3):
Vs k(A cosa-V +A cosP-V,), (6)
after subdtitution of whichdl fieldsin (3) will beconsd-
eredinonepoint.

For their consideration the genera formof fields
equations,

VV =dn(p + p); )
va=?W+4T“(j+j(eva”)), ()
with additional, evanescent or virtual chargesand cur-
rents, can be used (in accordance with the Maxwell
equationsVin (7) represents D or B; thepair V, Win
(7") representsH, D or E, B).

Let’sdescribethe TE waveinthe(x, z) planethat
isenteringinto an e ectricaly neutrd and opticaly pas-
sivesubstance at such anglethat V. can be negligees.
Sinceall fields, except V,, satisfy theequation VV =
4mp, the operations of divergenceof (3) withV — D
leadstothereation:

e Tndln Jonal, e ——
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VD(2) =D (8(z, a) - 8(z,-b)) +
4mp'™>=" (z)g(alz]b) = 0. ®

Hencetheintermediatelayer represents an oscil-
|lating doubleélectriclayer of strength D_ withinduced
charges of density p®a".

For thecaseof TM wavein theincident plane, we
apply (3) tothemagneticfidd, V— B, that leadsto an
anal ogical representation with density of “magnetic
charges” inducing in anear-surface zoneby transition
effects.

Thesmilarity of such expressonsdemongratesnot
only aresemblance of both results, but a so the differ-
enceof their possibilities at description of higher mo-
ments, etc.

Theexpression (8) can berewritten as

DK (a, b) = 4np(®@ (z) with
d ©)
K(a, b) _Elng(a| z|b)

Physically it can be supposed that 1/« would be of
the order of ageneralized “skin layer” thicknessand
¢(az|b) can be considered asthe response function of
thissratum.

The subgtitutionsof (3) into other Maxwell equa-
tions(7') describethe evanescent, oppositely directed
currentsinthislayer. Thus, osdllating “dipoles” and “cur-
rents” on frequenciesof incident fieldsabsorb falling
radiation and emit reflected and refracted waves.

Henceat process of monochromatic light passage
through light-guide, oscillating € ectromagneticmoments,
in considered casevirtua e ectric dipoles, can beex-
cited; their density dependson field strengths. Such for-
mations must lead to the forces between nearby light-
guides.

Let’sestimatetheseforcesbetweentwothin paral-
lel dielectric stripsof thickness 6 and the distance be-
tweenthem| > & (they canbe considered asparallel
doubledectriclayerswith aternating charges, but we
can use more simplerepresentations). If on both sur-
faces of stripsare, correspondingly, dot charges+q,
and + q,, the force between strips F o« + g,q, (5°/1%)
and g6 represent corresponding dipoles. By transition
to surface densitiesand then to strengthsof light waves
E,=E, sin(ot—kx) and E, = E, sin (ot — kx + ¢)
withther subsequent averaging theestimation of force
density canbewritten:

f~E,E,S(8/1% cosé, (10)
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where Sisthe square of stripsinteraction. (Theforces
between such surfacewith thedoubledectriclayer and
singledipoleare consideredin®, they can benaturaly
generalized on forces between two surfaces.)

Hence, Eq. (10) showspossihility of both interac-
tion typesin dependence on phase difference.

In conclusion must be mentioned that the consid-
ered case with the coherent monochromatic waves
seemsthemost e ementary one, sincein morecompli-
cated cases this method requiresthe averaging over
phases, but on the other hand it represents an evident
and unusua approach to the general problem. Similar
consideration can beuseful in other problemsof optics
and optomechanics. It must beunderlined that at more
thin guides magnetic dipol es, € ectric quadrupolesand
so on can beexcited instead of dectric dipoles(cf.l1%).
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