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SELECTIVE AMPLIFICATION OF ELECTROMAGNETIC WAVES IN
A MEDIUM WITH A ROTATING UNIAXIAL STRUCTURE

I. N. Akhramenko, I. V. Semchenko, UDC 535.36
and A. N. Serdyukov

The propagation of light in a medium with a rotating spiralsstructure was studied in
{1]. Such a structure can be formed in a nongyrotropic crystal, exhibiting cubic nonlin-
earity, under the action of two circularly polarized electromagnetic waves with different
frequencies. It is shown in this work that the Kerr action of\these waves on the optical
properties of a medium with natural gyrotropy can lead to the formation of a spatially uni-
form structure, The problem of propagation of electromagnetic waves in a medium with a
rotating uniaxial structure is solved. It is shown<that selective intensification of a
circularly polarized electromagnetic wave, whose frequency and direction of rotation of
polarization are identical to that of the induced.uniaxial structures, is possible.

We shall study two strong circularly polarized electromagnetic waves with electric
field intensities

_%1,2:?0“1- exp{i[Ky o (R,2) 2 — 9y 5t1}, L

which propagate collinearly to one another in a naturally gyrotropic crystal, exhibiting
cubic nonlinearity. The waves (1) have the same amplitude &, different frequencies Q; and
,, and opposite directions of.circular polarization, fixed by the unit vectors n+——(a+1b)fV2
The propagation of these waves “in a\naturally gyrotropic crystal is characterized by the
wave numbers [2]

Ky () = (2)
where £4,(Q) is the dielectric constant and a(9) is the molecular optical activity of the
crystal at the frequency Q. By choosing aoppropriate frequencies (I, and Q, it is possible
to make the wave ‘numbers K;(Q;) and K,(9,) (2) equal. Neglecting the frequency dispersion
of the parametexs e“and o the condition K,(Q;) = K,(Q,) has the form

(Q— Q) Vg = (@ + Q). (3)

When the ‘condition (3) holds,.the field &=¥&,+ &, , arising as a result of the super-
position 'of the waves (1), can be represented in the form

&= V28, expli(Kz—QN1U (f) a. (4)

Here'U(t) = exp(—AQte™) is the matrix of rotation by an angle ¢=—AQ around the z axis
(the unit vector e); AQ = (Q, — Q)/2; Q = (@, + Q)2 K=K, (Q) =K;(Q,); ¢* is a completely
antisymmetric tensor, dual to the vector ¢; the unit vectors a, b, and ¢ are orthogonal and
form a right-handed triad.

The optical properties manifested by the crystal with respect to a weak electromagnetic
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signal with frequency w, <K Q, propagating in the field of the strong waves (1), can be de-
scribed with the help of the dielectric constant tensor

e () = U () eU™ ), (5)

averaged over a period of the high-frequency field (4). Here € = g, — 2Asa.a is the instan-
taneous dielectric constant tensor, taking into account the Kerr interaction of the field
(4); Ae=—20&2; 0  is the electrooptical coefficient; and the point between the vectors
indicates a direct (dyadic) product. Thus, owing to the Kerr effect, a rotating uniaxial
structure, characterized by the dielectric constant tensor (5), can appear in the crystal.
The intensity of the electric field of a weak probing electromagnetic signal propagating

in such a medium along the z axis satisfies the wave equation

1 02
rOtrOtE-’—c—z‘Ez— S(ZL)E:O, (6)
whose solution must be sought in the form {[1]:
E = An, exp[thz — i (0 — AQ) ¢] 4 Bn_exp[ikz — i (v + AQ) £]. (7)

Substituting (7) into (6), we obtain a system of two algebraic linear equations

9 2
- ® —
(kg”—fz—gs(mz))AﬂL-cziAs("’l)B_o’

2 2
—%l—As (o) A —{—(kz — 0;21 £ ((nl)) B=0, (8)

where ©,=®+AQ; &=g,—Ae. The nonzero solutions of the system of equations (8) deter-
mine the wave numbers:

l 2 _ 2 _ 1 2 _
By, (0) = {2_[ 2,)22 & (w,) - :,Zl 8((01)} S [T(—z)gz—s(mz)—
2 2 2 2 1/2y1/2
- (::21 8((01)) -+ 0)2202 A3(031)A3((02)] ] s k3,4:_k2,1 (9)
and the ellipticity
- A As(ml)mg
Glo)s B £ (0,) 03 — k7 (o) c? (10)

of the characteristic modes of ‘the ‘electromagnetic field.

The values of the parameter w, characterizing the frequencies of these modes (7), must
be found from the boundary conditions. The solution of the boundary-value problem shows
that the probing circularly polarized electromagnetic signal with frequency w, =~ AQ and
with the field vectors rotating opposite to the direction of rotation of the vector a(t) =
U(t)a of the inducéd aniSotropy does not interact with the strong waves (1) and only under-
goes reflection from\the crystal boundaries. In the case when the field vectors of the
incident probing|electromagnetic wave with circular polarization

Eeonn_exp[i (—%"—2-“0’&” (11)

rotate’ insthe same direction as the vector a(t), two characteristic electromagnetic modes
are_excited in the medium:

2
E = 2 A; {n_e7" - &, (0 — AQ) nye OV exp (ik; (0, — AQ) 2). (12)

i=1

The transmitted and reflected electromagnetic waves

. . 2AQ —
EtZEot"-eXP[‘ (—L-Oclz——mot)],E,.=E0,n_expl—1,——9 Do z—i(QAQ——(Do)tJ (13)
: . c

are also circularly polarized.
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Fig. 1. The dependence of the reflection R and transmission T
coefficients and the power of the sources Q on the frequency
detuning B and the thickness of the crystal Lg, a)”1 — R(B), 2)
T(R), 3) Q(B) for L = 0.036 m; b) 1 — R(L),+2) T(L), 3) Q(L) for
g = 0.

We determine the amplitudes of the waves (12) and A13) from the continuity of the tan-
gential components of the vectors E and H at the ‘boundaries of the crystal:

— £, (0, = AQYE,

4,
A

L B0 0Q) Eyexp (iAR(E) L) (1)

2 A ’
pr_ BOEG E, [ —exp Ak () L)

r A b
o 53 (8) — (B Eo exp iy (B)—wolel)

ot A >

where A = £,(B) — £,(B)_exp’ [1iAk(B)L]; L is the thickness of the crystal; Ak(B) = k,(R) —
k,(B); the asterisk indicates complex conjugations; and B = we — AQ.

Near the resopance“frequency AQ the following approximate expressions are valid for

the wave numbers (9)
g -, PPAQ2 i 1727172
kl.?(ﬁ) ~ [8 ._ﬁ_zi_;ég_?_‘_ i (482 ﬁ AQ + AQ A82> ]
c

ct c*
and the ellipticities (10)

9BAGE F [4e2 (B2AQ2 + AQAe2)]'/?
L0 = AQPA: ’

taking/which into account, together with (14), we find the coefficient of reflection R and
transmission T of the electromagnetic wave (11):

Ae2AQ2 sin2 [Ak () L/2] (15)

1o + AcPAQP cos [AR (B L/2]

B Ae2AQ? + 4e2p2 _
4822 - Ae2AQ2 cos? [Ak () L/2] (16)

The relations (15) and (16) show that energy exchange between the strong waves (1),
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forming in the medium a rotating uniaxial structure, and the weak electromagnetic signal
(11) is possible. In the process selective intensification of the circularly polarized
probe signal (11), whose frequency and direction of rotation of the polarization vector
are identical to those of the induced uniaxial structure, can occur. In this case the power
of the sources of the electromagnetic field is determined by the expression
0 9Ae2AQ sin® [Ak () L/2]
T 4e2p? + Ae2AQ? cos? [Ak (B) L/2]

For - § ~ 105 sec™?, o ~ 1073 {3, 41, 6 ~ 10~'° m2/V2 [5] and intensities of the inter-
acting waves ~10** W/m? [4, 5], we have Ae ~ 1072, AQ ~ 10'? sec™'. Graphs of the depen-
dence of the reflection R and transmission T coefficients as well as of the power of the
sources Q on the frequency detuning R and the thickness of the crystal L for the abover
indicated parameters are presented in Fig. 1.

The results show that the intensification of electromagnetic waves in a medium with
a rotating uniaxial structure, examined above, can be employed to reverse theswavefront
in the microwave and far-IR regions.
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