of Ty. Thus, the FCRT decrease Sp and Iincrease the 60.

The factors d(B) in (4) lead to a dependence of 6c/6p on the angle 8, in

quantitative agreement with experiment [3]. This explains also the angular
dependence of the effective time Ty [3] and the dependence of Gp/Gc on H [5].

As £ = 0 the FCRT effect vanishes, and at sufficiently large f, when

2 1/2 5 " y cr ’
[<v6r>] v—1/2m2m2’ the value of WMmzmé does not depend on M, thereby

qua11z1ng 60 and Gp.

The authors are grateful to M.F. Deigen for interest in the work and for
a discussion.
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At the present time we know of a considerable number of ferroelectric
magnetically-ordered cyrstals - antiferromagnets and weak ferromagnets (see the
review [1]). We shall show that in such crystals 1t is possible to excite
parametrically spin waves by an external electric field. The mechanism of this
excitation 1s close to the known mechanism of parametric excitation of spin
waves by an external alternating magnetic field [2], although the two are not
equivalent.

Excitation of spin waves is easiest to realize in a crystal under condi-
tions close to critical (1.e., at values of the external magnetic field, tem-
perature, and pressure close to the critical values at which a phase transi-
tion takes place in the magnetic system of the crystal). This is due to the
fact that in the vicinity of the critical point a relatively small alternating
electric field suffices for excitation of the spin waves.

We consider the excitation of spin waves by an alternating electric field
in a ferroelectric antiferromagnet in the presence of a constant magnetlc field
Ho. As an example of the critical point, we analyze the case Ho ™ HC, where

Hc is the field when the magnetic moments of the sublattices turn over. We

show that for spin-wave excitation the amplltude of the electric field should
exceed a critical value e, = eg[l - (Hu/Hc)zjl 2, where eg "N 300 V/em.
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We start from the known experession for the total macroscopic energy of a
magnetically ordered ferroelectric [3] in the absence of a constant external
electric field

h? +ee? oM, IM,
U= fl—— - H, My oMy P M, — — ),
8n 0x,. ax'.
o/, M, M, oM, M,
F=-—a—( ))+a' +11M1M2
2 ax'. ax’ xl ax’

P (1)
- 7;6Mln)2+(M2nV)- B’(M;n)(M,n) - re[MM,],

where o, o', and n are the exchgnge-interaction constants, B and B' are the
magnetic-agisotropy constants, n is a unit wvector along the anisotropy axis

(z axis), € and h are the alternating electric and magnetic fields, (v=1,
2) is the density of the magnetic moment connected with v-th magnetic sub-
lattice, and A is the magnetoelectric constant, equal to n10-3 (according to
the estimates of [31). We have left out from (1) the term responsible for the
weak ferromagnetism, since 1t leads only to the insignificant redetermination
of the spectrum of the free oscillations.

The equations of motion of the magnetic moments of the sublattices are
(see, e.g., [41) ’

1 (2)
=gM xH . — [M, <[ M xnmu
er

where g is the gyromagnetic ratio, T is the relaxation constant, My is the
equilibrium value of the density of the magnetic moment of each of the sublat-

lattices and Heff is the effective magnetic field:

oF d oF
+ —

5M,  ox, O(M,/dx,)

v

ff
H: =H°,+h-

For an antiferromagnet with anisotropy o£ the easy-axis type, in the case
when the external alternating electric field é_ and the constant magnetic field

B, are directed along the anlsotropy axis, Egs. (2) can be reduced to the form

=(;igM°a'— )l +(;:gH --——)m +g)\M° pMs s

(3)

where my =m, + imy’ L, = lx + i%_, E and I are the spatial Fourier components
of the vectors M M1 + ﬁz and f = ﬁl - ﬁz, and a = (a - at)k? + B - B', and
k is the wave vector of the oscillations (we took into account the fact that

n >> 1 and A << 1; the latter 1nequa11ty enables us to neglect the internal
high-frequency electrlc field and put & = e ).
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Being interested in parametric gxcitation of HofHe

spin waves (see, e.g., [5]), we put ep = e, cos 29t
and seek the solutions of (3) in the form
m {m?exp(- i) + m°  exp(iQt)lexplx = igH))t, ’

(* = ll; exp(- iQt) + (‘;'*exp(i(i)_f)lexp(x sigH )t .

Recognizing further that gMpkgo << Q (correspond-
ing to fields eg << 3 x 10°% V/em) and n/t << Q, we

7
e

obtain from (3) the following expressions for £ and k: a 1 Py
02 = (gM )29a, (L) Growth increment of
the spin wave as a
function of the ex-
7 7 H,\ 1 N 2 12 (5) ternal fields Hge and
Ky =~ % (T "") + = (ghMe )t | ep. Curves a, b, and
r c ¢ correspond to in-
crements k = -y/2, 0,
and y/2. The sta-
where HG - Qg'l. ‘Wershall henceforth be interested bility regilon is

in the low-frequency branch of the spin waves, char- cross hatched.

acterized by the frequency-w = Q@ - gHg and the incre-
ment K4, since this branch becomes unstable at smaller
values of the electric field.

N According to (5) (see also the figurgg spin waves will be excited at Eo =
eg = 2n(gMoTA)~! (in order of magnitude, e, " 300 V/em) in the absence of an

external magnetic field, 1f the ratio Y/ does not exceed 10™* (y = n/T is the
spin-wave damping decrement due to thelr interaction with one another, with
phonons, and with inhomogeneities in the crystal). Near the overturning field,
as Ho - HC v 10‘2HC, the same eleéctric field will lead to excitation of spin

waves even in crystals with y/Q ~ 10-3,
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Until recently, the experimental limits on the muonic-neutrino mass m,,
were obtained from an analysis of the decays nt = u+vu and put -+ e+vpve. The
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