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It is demonstrated that the influence of the magnetic moment on the interaction between an
electromagnetic wave and a plate magnetized perpendicular to its plane leads to a number of
new effects. Owing to the presence of an inertial field, resonance phenomena can also be ob-
served when the direction of circular polarization of the electromagnetic wave (which is prop-
agated perpendicular to the plate) is opposite the direction of free magnetization procession.
This may result in vanishing of the real part of the magnetic susceptibility for waves of both
polarizations, to a two-fold (or three-fold) change in the direction of rotation of the polariza-
tion plane and to other effects arising when the electromagnetic wave is transmitted or re-

flected.

THE inertial field Hj, introduced into the equa-
tion of motion of the magnetic moment! 1 (see the
paper by Ginzburg[”) can exert a noticeable influ-
ence on resonance phenomena.[“ Allowance for
the inertial field leads to a shift of the resonance
frequency, and under certain conditions also to the
appearance of resonance in the case when the di-
rection of rotation of the pump field is opposite to
the direction of free precession.

We consider here the influence of H;, on the
interaction between an electromagnetic wave and
a thin plate magnetized perpendicular to its plane.
The components of the permeability tensor pjj,
defined with allowance for its inertial field (with-
out account of losses), are
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Here M, is the magnetization which is directed
along the z axis, y the gyromagnetic ratio, wj
=vHy = y(He — Hy), Hg the external field, Hy the
demagnetizing field, s =nyM,V, n the inertia
parameter introduced by Ginzburg, and V the vol-
ume of the body. When s — 0 the tensor compo-
nents take the usual form. 5!
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2)The value of H,  for a thin disk was determined in(*].

FIG. 1. Dependence of u ()
at w,= 1.8 x 10°, M, = 150 G
and o = 1.2x 10°.

For plane circularly-polarized electromagnetic
waves propagating along the z axis, the permea-
bility for right-hand rotation is

By = pyy — e = 1 + dayMo / (00 — © — sw?), (3)
and for left-hand rotation
pe = pag + e = 1 + dayMo / (00 + © — sw?).

Both relations have a resonant character.®’ The
resonance frequencies are

(4)

0: = (0 /4 + @500) " F s/ 2, ()

where wg =1/s (if wy < wg/4, then w,; =~ w, and
w_ ~ wg). A plot of uy(w) with w; = const is
shown in Fig. 1. The reversal of the sign of u_(w)

3)For the existence of a resonance variation of p_ it is nec-
essaty that o, be much smaller than yM, and w << c/ro[3]. The
first condition determines the choice of the shape of the body,
and the second the dimensions.
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FIG. 2. Dependence of ,u;(wo)
and ‘u”i(("ﬂ) forw =2 x10°,M,=150G,
o, =1.2x 10°, a+ B’ =3.5x 107.

at the frequency w’ =~ c¢/ry, where r; is the linear
dimension of the body and c is the speed of light,
is due to the rapid decrease of s on approaching
the frequency where retardation effects become
significant.

If w = const, with

s << o<c/r, (6)

then the resonance fields are

Heit = (s0?=4 o) [ y. (7)

We shall henceforth assume that condition (6) is
satisfied.

If the dielectric constant € is a scalar quantity,
then expressions (3) and (4) enable us to write out
immediately the refractive indices n, and the ex-
pression for the angle of rotation of the polariza-
tion plane of the linearly-polarized wave. When
the conditions are satisfied for the existence of
resonance at the frequency w_, the change in di-
rection of rotation of the plane of polarization can
be observed not only near the frequency w,, but
also near w_ and w’.

We now analyze the effect with allowance for
losses.? If we write the equation of motion of the
magnetic moment in the form! ¢!

M= —17 M, Ho—aM + M —nM], (8)
then uy = ph + ipy, where
drvyMo(wo F © — s0?)

T (00 F 0 — 502)2 + [yMoVo (o + po?) P’ ®)
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4)The conditions for the existence of ‘‘left-hand’’ resonance
in the presence of losses were obtained in[*.

MAGNETIC MOMENT 417

0 1 234567 81w,
FIG. 3. Dependence of ﬂi(ﬂ)o) and ﬂl(ﬂ)o) for w = 2 x 10°,
M, =150 G, o = 1.2x 10°, 2 + Bw® =3.5x 107, € = 9.

(o and B are dissipation parameters).

From (9) and (10) we see that the dependence of
both pi,uy and p’,u” on w with w, = const (or
on w, with w = const) has a resonance character.
(We note that p’ as well as p} can go through
zero.) Plots of u%(wy) and uf(wy) have the form
shown in Fig. 2.

The real and imaginary parts of the refractive
indices can be expressed in the following man-

ner:[”

1 —_ 2
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” 1 RN /! o
N =[;)~8(7Mi2+11:2_llt2)] (11)

(we neglect the imaginary part of €). Plots of
ni(wy) and ni(wy) for w= const are shown in

Fig. 3. We see from these plots that the change in
the parameters of the waves for both right-hand
and left-hand polarizations has a resonant charac-
ter. Near the resonance fields H;*, intense absorp-
tion of the wave of the corresponding polarization
takes place. We note that, generally speaking, the
possibility of double reversal of direction rotation
of the plane of polarization is not excluded.

When an electromagnetic wave is incident on a
thin plate magnetized perpendicular to its plane,
the change in the ellipticity of the transmitted and
reflected waves and the angle of rotation of the el-
lipse axis can be readily determined by the meth-
ods described in [8'9], using expressions (9) and
(10) of the present paper.
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