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We propose the following explanation for the experimentally observed en-
hancement of the echo in ferrites [1]. Owing to the internal nonlinear inter-
actions, the oscillations of the magnetic moment, which are coherent with the
first weak pulse (signal), become parametrically amplified by oscillations pro-
duced by the second powerful pulse (pump). As a result, when the time inter-
val between the exciting pulses (t) is increased, the echo signal first in-
creases to a certain value, and then decreases as a result of the relaxation
processes.

The propcsed mechanism makes it possible to predict qualitatively a new
phenomenon in spin echo, namely, enhancement when pumped at double frequency.

For a quantitative description of the enhanced echo we write down the equa-
tions of motion of the oscillation amplitudes of the v-th mode (av), which
interact parametrically with the oscillations produced by the second pulse

9, - iw,a,+ iavexp[Zin(r - r)la: = 0. (1)

Here w_ is the complex natural frequency of the oscillations of the v-th mode

v
(w, = ws + img), 0. is a quantity that depends on the magnetic moment produced

v v
by the second pulse and the system parameters.

Solving Eq. (1) with the initial condition a, = aﬁ exp (iwvr) at ¢t = 1,
where ai is the amplitude of the oscillations produced by the flrst pulse, we

can show that an enhanced echo signal becomes phased~in at t = 2t. The ex-
pression for the gain is

1
K= — exp[la' (1 -expl -2m"r])]—
4 2w°°
lal .- v
- exp ———”(exp[~2m rl-1)]lexp(-4w”’7) (2)
@

368



An equation of motion in the form (1) is

obtained under the following conditions: (i) K, 4B
the frequency of the decaying and of the en- 4o -
hanced oscillations are equal (wvi = wvf);

(ii) the frequency of the decaying oscilla-

tion is double the frequency of the enhanced -
one (wvi/2 = wvf)‘ Relation (2) is valid both

when wvi = wvf and when Wy = ngf' However, wlh

in the second case |a|, and consequently also
K, 1s much larger, since 1t is determined by

the lower powers of the expansion of the Lan-
dau~Lifshitz equation in powers of m/M, [2]. B

It is therefore advisable to perform the

experiment on the enhanced echo at a pump fre- / . /; ! j?
quency double the signal frequency. Such meas- ’ g;éec

urements were performed on a cylindrical

single-crystal yttrium-iron-garnet. The power

of the 1.3 GHz signal was 107" w. A pump of 2.6 GHz frequency and 0.5 W power
was turned on at a time 1T after the application of the signal. The duration

of the exciting pulses ranged from 70 to 300 nsec. The enhanced echo pulse was
registered at the frequency 1.3 GHz.

The experimental setup made it possible to reallize successively both case
(1) (wvi = wvf) and case (ii) (wvi/Z = wvf>' The magnetizing field at which

the enhanced echo was observed remained the same on going from the first case
to the second. All this has made it possible to compare the efficiency of the
echo system under conditions of equal frequencies and for pumping at double the
frequency. The results of such a comparison are illustrated in the figure,

which shows a plot of the gain K = PeCho/P1 (Pecho and P1 are respectively the

powers of the echo signal and of the first pulse) on the interval 1 between
pulses. As seen from the figure, the case (i1l) is preferable from the point of
view of amplification, as follows indeed from the theoretical analysis. The
position of the maximum of the K(T1) curve is determined by the competing proc-
esses of amplification and relaxation. Naturally, the larger gain in case (ii)
leads to a shift of the maximum towards larger T.

The system relaxation frequency w", which was determined from the damping
of the K(1) curve at large T, retains the same value on going from case (i) to
case (i1), since in both situations the same oscillations take part in the for-
mation of the echo and lie near the lower limit of the spin-wave spectrum.

The performed experiments have, first, confirmed the correctness of the
given interpretation of the enhanced echo and, second, made it possible to ob-
serve a new phemomenon not found in other systems at maghetic resonance, namely
echo at different pulse frequencies and, third, made 1t possible to obtain a
much larger gain.

(1] D.E. Kaplan, R.M. Hill, and G.F. Herrmann, Phys. Rev. Lett. 20, 1156
(1968).
(2] H. Suhl, J. Phys. Chem. Sol. 1, 209 (1957).

369



