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The scattering of the plane electromagnetic wave on a spatially extended, fiber-lake target is considered. The
fomula for the scattering cross section is obtained using the approximation analogous to Born one in quantum me-

chanics.
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INTRODUCTION

The problem of multiple scattering of the electro-
magnetic wave under oblique incidence on the system
of parallel dielectric fibers was considered in [1]. The
scattering on the single fiber had been described there in
the limit of infinitely thin fiber. The wave scattering
cross section in that case possesses the axial symmetry
for small angle of incidence w<<1.

The wave scattering cross section by the cylindric
fiber of finite radius is calculated in the present article
using Born approximation. The substantial axial anisot-
ropy of the scattered radiation (especially for large w
angles) is demonstrated.

1. BORN APPROXIMATION IN RADIATION
SCATTERING THEORY

The equations for the electric field of a monochro-
matic wave E(r)e™” in non-uniform medium created in
the target under passage of the particle satisfies the
equations [2]

(A + ¢ 0*Ic®)E = grad div E, 1)
div (¢E) = 0. ©

(where A is the Laplasian operator and &(r) is the dielec-
tric permittivity of the medium for the given frequency
) could be easily derived from Maxwell equations
(see, e.g. [2, §68]). The solution of Egs. (1), (2) for the
case when our nonuniform medium has the structure of
a spatially localized target in vacuum are convenient to
find as the superposition
E(r) = EO(r) + E®(r), (3
where E? is the electric field of the incident wave that
satisfies the equation
(A + 0¥AEO= 0. (4)
Hence the field E® in (3) has to be treated as the
field of the scattered radiation.
Eqg. (1) can be written using (2), (3) and (4) in the

form
{A + w—:} E® =
¢ ®)
2

f—z(l—g)E+ grad div((1-¢)E) .

The last equation could be presented in the integral
form,

EV(r) = [G(r- r’){‘;’—;a-g(r'))E(r') +
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+grad div[(L— e(r)E()]id*r,  (®)
where G(r-r’) is the Green function for Eq. (5),
ik(r-r’) 3
G(r—r'):j e2 S dks'
(w/c)—x“+10 (27)
The asymptotic of that function on large distances r
from the domain where &(r) is different from unit,

ike r
1 e“" L r
G(r-r)|_, - By et
* T r
BRI
A r

where K¢ = (w/c)r/r is the wave vector of the scattered
wave, |k¢=|Ki|, is needed to find the field of the scat-
tered radiation. Substituting the last formula into (6) and
integrating the second term by parts we obtain

E(scattered) (r) — E(l) (r) —

r—o

ik¢r 2 7
- € (‘;’—zl—kf<kf~l)) v

4 r

where
= [(@-2(r)E(r)e™ " d°r- (8)

We see that the integrand in (8) would be nonzero
only in the domain where the dielectric permittivity is
not equal to unit. That illustrates the origin of the scat-
tered radiation from the motion of the electrons in the
medium excited by the incident wave.

To select the polarization of the scattered wave one
have to project (7) to the chosen polarization vector

SH 1 Kk::
ikr 2
ef . E(scattered)(r) :ie_a)_zef . | . (9)
4r r C

The integral form (6) of the field equation (5) that
leads to (7), (8) is useful for construction of various
approximate solutions. The simplest case is |1 —¢] << 1,
when the difference (1 —¢) in (8) could be treated as a
small perturbation, hence the whole electric field in the
target E(r) in (8) could be replaced by the field E© of
the incident wave. This approximation is equivalent to
Born approximation in the quantum theory of scattering
(see, e.g., [3])-

Substituting into (8) the field E@ oc e,e™" of the
incident plane wave (where k; is the incident wave vec-
tor, e; is its polarization vector, and the wave amplitude
has no matter for computation of the scattering cross
section), calculating the average energy flux of the scat-
tered wave (7) to the solid angle d@ and dividing it by
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the average intensity of the incident wave we obtain the
scattering cross section

do o

29 _ k. x|®F (10)
a0 (47r)202| 1
where _
1® =g, [(1-&(r))e™ ™ dr =
=e [(L-&(r))e™ d°r. (11)
where q = k;-k;.

The scattering cross section for the radiation with
the polarization e; selected by the detector would be
described by the formula

do o
dQ  (4r)c
as it could be easy to see from (9).

2. THE SCATTERING ON THE
DIELECTRIC CYLINDER

The formulae (10) and (12) describe the radiation
scattering by the target of arbitrary structure. Consider
now the simplest case of uniform cylinder of the radius
a and the length L — oo as the target (Figure), when the
cylinder’s axis makes the angle y with the direction of
the wave incidence kj. The integrals in (11) could be
easily calculated after rotation of the coordinate axes to
coincidence of the new axis z' with the cylinder’s axis.
Then the integration over z’ gives J-function, and the in-
tegration in the transverse plane gives Bessel function, so

B 2 Ji(a.8), @3
15 = (=)o, 2ma)’5(q) = == =

cyl
1

e, @[ @2

where q and (], are the components of g parallel and

perpendicular to the cylinder’s axis. The presence of the
x X

o-function expresses the equality of the components of
ki and Kk; that parallel to the cylinder’s axis, that means
the azimuthal character of the scattering: since the abso-
lute values of the wave vectors k; and k; are also equal,
the scattered radiation will be directed along the surface
of the cone with the axis along the cylinder and the half-
opening angle equal to the incidence angle y.

The azimuthal character of the scattering permits
clear interpretation as a manifestation of Cherenkov
mechanism. Indeed, the incident wave produces a per-
turbation in the medium that moves along the fiber with
the phase velocity v = w/(k;), = c/cosy > c. This super-
luminal motion generates the radiation analogous to
Cherenkov one. The half-opening angle of the Cheren-
kov cone cosé = c/v is just equal to y.

Substitution of (13) into (10) gives (using the rule of
d-function squaring, [5(q||)]2 = 0(qy)-L/2x) the cross sec-
tion

aQ 2¢
xLa“(l—g)ZE(ql)[Mj .
g,a

L

The cross section corresponding to the polarization
e¢ is described by the formula

(14)

do 7 o* 2
_:__|ef 'ei| X
aqQ 2¢’ (15)
2
xLaA(l—g)Zé(ql)[%) .
1

In the limiting case of infinitely thin fiber, a — 0,
Eqg. (15) agrees with the corresponding result of [1] as
well as the results of [4].

R

4

Direction diagrams for the radiation scattered by uniform cylinder; the incident radiation is directed along
the z axis. Dashed curve represents the relative intensity of the scattered radiation according to (16), the solid curve

gives the same in the limit of infinitely thin fiber when Jl(qra)/qra - 1/2, the cone represents the azimuthally

symmetric scattering. The angle of incidence is y = 0.2 radian (upper row) and y = 0.4 radian (lower row); other
parameters are aw/c = 1 (left column) and aw/c = 3 (right column)
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The scattering cross section for unpolarized radia-
tion results from (14) after averaging over polarizations
of the incident wave:

do 7o o’
d—Q:zc—z{‘kfﬁ C—J
2 (16)
><La4(1—g)25(q|)(mj .
q.a

The directional diagram of the scattered radiation is

presented on Figure the relations

4]

q, =225inz//sin—,
c 2

k), :Qcos{Zasin(siny/sinliﬂ ,
c 2

(where the angle ¢ is measured from the direction

(ki )l) had been used for plotting.

The only source of azimuthal asymmetry in (16) in
the limit a — 0O is the factor (k, )f + @’ | ¢? that tends

to 2w?/c? under y — 0. The account of the finite cylin-
der radius leads to the increase of the azimuthal asym-
metry via the factor Jl(qla)/qLa. The analogous be-
havior had been demonstrated in [5] for the transition
radiation by fast charged particles on the fiber-like tar-
gets.

CONCLUSIONS

The scattering of the electromagnetic wave under its
oblique incidence on the linear extended target is con-
sidered. The formulae for the scattering cross section
are obtained using Born approximation. The azimuthal
character of the scattering is demonstrated as well as the
axial asymmetry around the target axis for the finite
angle of incidence and the finite target thickness. The
results could be used for improving the kinetic theory of
propagation of the radiation through the system of paral-
lel fibers [1].
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PACCESIHUE DJEKTPOMATHUTHOM BOJIHBI HA TUSJEKTPUYECKOM IUJIMH/IPE
B BOPHOBCKOM NINPUBJINKEHUA

B.B. Couyenxo

PaCCMO’I‘pGHO paccesaHue IUIOCKOM SHQKT‘pOMaFHI/ITHOﬁ BOJIHBI Ha IPOCTPAHCTBCHHO HpOTH)KGHHOﬁ HI/ITEBI/II[Hoﬁ
MHUIICHHU. Honyquo BBIPpAXXCHUEC JId CCUCHHUA PACCCAHUA C HMCIOJb30BAHUCM HpI/I6J'II/I)KGHI/I$I, AaHaJIOrH4YHOI'O 60p-

HOBCKOMY HpI/I6J'II/I)K€HI/IIO B KBAHTOBOM MEXaHHKE.

PO3CISTHHS EJJEKTPOMATHITHOI XBHAJII HA IIEJJEKTPUYHOMY IIUJITH/IPI
Y BOPHIBCBbKOMY HABJINKEHHI

B.B. Cuwenxo

Po3risiHyTO PO3CISIHHS TIIOCKOI €JIeKTPOMAarHiTHOI XBWIII HAa IPOCTOPOBO MPOTSDKHOI HUTKYBAToi MimeHi. Otpu-
MaHO BHpa3 [UIsl IIepepi3y PO3CisTHHS 3 BUKOPUCTAHHSM HaOJIM)KEHHS, 10 aHAJIOTIYHO OOPHIBCHKOMY HAOJIDKEHHIO Y

KBAHTOBIM MEXaHilll.
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