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RESONANCE STRUCTURE OF THE SCATTERING AND EXTINCTION CROSS
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Ha ocHoBe TO4HOrO pemeHus 3aaui My paccuuTaHbl CEYEHHUs SKCTUHKIMKI U PACCEeSHUS IUIOCKOH MOHOXPOMAaTHYECKON IMp-
KYJISIPHO HOJISIPU30BAHHON BOJIHBI Ha OMM3OTPOIIHOM ILIape, IOMEIEHHOM B OMH30TPOINHYIO Cpeay. 3aBUCHMOCTH CEYCHHIT OT
OTHOLIEHUS pajyyca Iapa K IJIMHE BOIHBI NIPOAHAIM3HPOBAHBI YHCIeHHO. OOHapy)eHa Pe30HAHCHAs CTPYKTypa CEUeHHH
paccesHUs U SKCTHHKIMU C Y3KHMHU M OYEHb y3KHMHM ITMKaMM, KOTOPbIC HAK/IaJbIBAIOTCS HA MEUICHHO OCLHJUIUPYIOLIYIO JH-
(HDpaKIMOHHYIO 3aBUCHUMOCTbD.

Knrouegwie cnosa: 6uusomponnas cpeda, mamepuanvhvle ypasuenus, meopus Mu, cpepuueckue snekmpomaznummsie 60IHbI,
ceyeHue paccesnus, ceyeHue SKCMUHKYUU, Pe3OHAHCHA CIMPYKMYpd.

The extinction and scattering cross sections for the case of the plane monochromatic circularly polarized electromagnetic wave
scattered by a biisotropic sphere embedded in a biisotropic medium are calculated on the basis of the exact solution of the Mie
problem. Scattering and extinction cross section dependences on the ratio of the sphere radius to the wavelength are analyzed
numerically. The resonance structure of the scattering and extinction cross sections is revealed. These cross sections have nar-
row and very narrow peaks which are superimposed upon slowly oscillating diffraction background.

Keywords: biisotropic medium, constitutive relations, Mie theory, spherical electromagnetic waves, scattering cross section,

extinction cross section, resonance structure.

Introduction

This paper is devoted to the study of the
extinction cross section behavior in the problem of
electromagnetic ~ plane  monochromatic ~ wave
scattering by a biisotropic homogeneous sphere of
radius R imbedded in another biisotropic medium.
The study of Dbiisotropic media whose
electromagnetic properties are described by the
constitutive relations of the form

D=¢E+(y+ia)H; B=(y-ia)E+uH
[1]-[5], is important due to the fact that remaining
isotropic these media, nevertheless, may have
electromagnetic properties that are significantly
different from the properties of simple isotropic
media like isotropic dielectrics.

1 Analytical solution of the Mie problem

At first we discuss briefly the results of the
corresponding  scattering problem solving and
present analytical expressions for the coefficients of
scattered and internal fields [6]. Solving boundary
problems with spherical symmetry it is convenient to

use the theory of spherical vectors Y, jM( ) [7] and

define the spherical waves ﬁj(jM (k17) [8]-12].
Taking into account the spherical wave expansion of
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a plane monochromatic circularly polarized wave
which is incident on the biisotropic sphere [6],
[10], [12]:

Em ZEJFJVV v )’

(7 ZEJb F) (k, | 7),
J=l
one should use analogous expansions for the scat-
tered and internal fields [6], [10], [12]:
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k, :(\lg,u—;(z +va)a)/c.

The continuity of the tangential components of
the electric and magnetic fields at the interface
between two media yields a system of algebraic
equations for the expansion coefficients from which

one can determine the coefficients £, and g7, of

the scattered and internal fields. The solution of this
system can be written as:

fj — ko‘ Agv .
Jov 9
k, A
ky A,
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Writing the determinants we use the denotation
W (3ny2)=nys = yiva,

I(y1y2) =005+ 32 -
Formulae (1.2)—(1.5) altogether constitute the solu-
tion of the coefficients determination problem for
the scattered and internal field expansions.

2 Absorption, scattering and extinction cross
sections

Now let us turn to the calculation of the
scattering, absorption, and extinction cross sections.
The Pointing vector for the field outside the
scattering particle can be represented as the sum of
three terms:

S = Re[E, ﬁ] =§" L § LS @)

S’ext — Re{[Ein’ I:’Isct*:|+|:E“~sct’ If]in*]};
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§set Re|:ESCt, [:Isct*:|;
§ —Re[ 27, "],

where S§™ is the Pointing vector of the incident
wave, S’ is the Pointing vector of the scattered

field, S®* is the term due to the interaction between
the incident and scattered waves. Therefore, the
energy fluxes trough a sphere of radius r>R

(CD"[’S = —j Sd 6') may be written as the sum of three

terms: (Dabs _ q)in _q)sct + q)ext,
where
chct _ J.Sv'sctdé;

q)ext _ _J‘S’extda_’

N J' §nqs. 2.2)
For the nonabsorbing surrounding medium
®" =0, consequently @ =d® +®*, which

means that the extinction of the electromagnetic
wave is due to the absorption and scattering.

Calculating the fluxes ®°“ and ®“ (2.2) and
dividing them by the intensity of the incident wave

& :‘gm ’

one can obtain the scattering cross

section and the extinction cross section. The explicit
form of the Pointing vector of the incident wave
(2.1)is
2
§in EH—X Eg;;;
7

[ .2
ME& (2.3)

7
Using formulae (2.1) and (2.2) one can easily
calculate the scattered energy flux:

> = j Re B, H*" |iido =

= J.Re{EW [ﬁ“t*,ﬁ}da} =

= ReJ-I:Im* |:ﬁ, E‘m}rzdﬁ.

& :‘S’m _

Considering the scattered field in the far field zone
(k,r>>1) for the scattered flux we get the

following expression:

ol :Re{Eoi«/yJZIIi(—EO)x
Z\ﬂ/‘lzﬂ' Z fo‘v ;v*ba
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Dividing the scattered flux (2.4) by the incident
irradiance (2.3) for the scattering cross section we
obtain

sct J 21
_4;zz 27 +1) ‘ fal = @9

o‘=i1 o

Slmllarly, one can calculate the extinction

1
720

cross section starting with the flux ®* :
(Dext RCI{E”’ I:Hsct*’ﬁ] + Esct |:I:1in*,ﬁ:|} do =

= ReI{Ein* [ﬁ’ﬁsct:|_ g [ﬁ’EsctJ} 24O,

Taking into account the expansions for the vectors
E and H one can find the following analytical
expression for the flux ®“:
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Flnally, for the extinction cross section we obtain
cDext
ext _
v T I
. (2.6)
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The absorption cross section o = G’“’x’ -,

3 Results of numerical calculations
The results obtained for the scattering cross
section (2.5) and extinction cross section (2.6) have
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been studied by numerical calculations performed in
the Mathematica system. It should be noted that de-
scribing electromagnetic processes it is convenient
to use the efficiency factor of extinction (scattering),
which is defined as the cross section divided by the

particle radius squared (or by 7R?). The depend-
ence of this factor on the parameter R/A was calcu-

lated, the frequency dispersion was not taken into
account, and this corresponds to the efficiency factor
dependence on the radius at the fixed frequency of
the incident radiation. In order to emphasize the ef-
fects associated with the parameters & and y we

used their overestimated values.
For small values of the ratio R/A the effi-

ciency factor increases initially from zero to some
maximum, and then shows slow oscillations about
some mean value. Such oscillations are usually re-
ferred to as the interference structure (interference
between incident and scattered waves). Figure 3.1
shows interference behaviour of the efficiency factor
in the case when the incident wave is left circularly
polarized. For the right circular polarization of the
incident wave the refractive index for which

(n, =\ pe — y* +va) is higher than for the left at

the same values of the media parameters, the inter-
ference structure is changed drastically by the addi-
tional resonance structure. Consideration of a
smaller area allows specifying the structure. The
figure clearly shows that the additional peaks can be
of two types — narrow and very narrow.

Structures of this kind in the cross sections of
the atomic and nuclear processes are of particular
interest. In our opinion they require special attention
in case of electromagnetic scattering as well. It
should be also noted that numerical calculations
show the same behaviour of the scattering cross sec-
tion. Moreover, in the case under consideration
(non-absorbing media) the scattering cross section
coincides with the extinction cross section with high
accuracy.

Conclusion

In this paper the scattering and extinction cross
sections of the plane circularly polarized electro-
magnetic wave on a biisotropic sphere embedded in
another biisotropic environment are calculated on
the basis of the exact solution of the Mie problem.
The efficiency factor of extinction (and scattering)
calculated numerically shows the interference struc-
ture on which the additional resonance structure of
narrow and very narrow peaks is imposed. In our
opinion the explanation of the existence of such nar-
row peaks is that the behaviour of individual partial
terms of the cross sections has a pronounced reso-
nant character due to the existence of the poles of

the amplitudes fC,J,, (2) near the real R/A -axis.
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Figure 3.1 — The extinction cross section of a circularly polarized incident wave for the next parameters:
a)v=-Ly=0Le=1.Lu=La=01and y,=0.1¢ =151 =11 =04
b)v=-Ly=0L¢=1.Lu=,a=01and y,=0.1¢ =1Ly =1a =2;

), d)v=Ly=0Le=15u=La=01and 3 =0.1¢ =134 =1.1 ¢ =0.3;
e),,g).h)yv=1y=0Le=1.u=La=0.1and y,=01¢=2;14,=2;0,=0.4
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