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ABSTRACT

A sample exposed to a series of r.f. pulse pairs with pulse separa-
tion T and repetition period T was comsidered. The echo signal
amplitudes were calculated for the initially nonequilibrium, effecti-
vely two-level spin system. Echo signals were observed in a poly-
crystalline'KReo4 sample and the dependence of their amplitudes on T
was experimentally obtained. A good agreement of the theoretical
results and experimental data was found.

INTRODUCTION

In the ahovementioned situation it is possible to observe physi-
cally detectahle spin echo signals within the time interval T< t<«T.
If T is large compared with themagnetic relaxation times of the
sample, the basic echo-signal at the moment 2T is observed. Dec-
rease in results in the appearance of the secondary 1agged-tjrpe and
advanced-type signals at the moments ( 3T, 4T, ete) and ( T-2T
and T-T ) respectively. With the growth of ‘T +the amplitudes of the
advanced signals increase and the signals shift to the left om the
time axis, the lagged signals shift to the right and their amplitudes
decrease. Some reports on the lagged echoes were published (ref. I).
We observed advanced echoes as well.

If the sample is subjected to a single-frequency excitation so
that only one transition between the energy levels of a single spin
may be excited, it is possible (ref. 2) to assign to the spins the
effective value I/2 and to introduce a fictitious magnetic field
inhomogeneons within the sample. The effective spims in the same
magnetic-field form an isochromatic group (ref. 3), magnetization
components of the group varying according to Bloch equations (ref. 4).
Since we are interested in the solutions to Bloch equations only
within the time interval T £t € T , the periodic boundary condi-
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tions are to be used: in the laboratory frame of reference the
initisal values of the isogroup magnetization components coinecide with
their values at the moment T . The solutioms to Bloch equation found

in the above-mentioned interval are to be averaged according to the
field distribution which was supposed to be normal.

Attempts have been made to realize such a program (ref. I). In

(ref. I) the periodiec boundary conditions have been formulated in the
frame of reference rotating with the basic r.f. pulse frequency

however, errors occurreé both in the computation and in the physical
interpretation of the results obtained.

In the paper presented the abovementioned rprogram was accomplished.
A non-traditional point of this realization lies in the obtaining of
the initial values of the isogroup magnetization components from the
reriodic boundary conditions. It was at this very stage of computa-

tion that errors have been made in (ref. I). Here are the initial
conditions obtained: '
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The expressions (I)-(3) are put down in the frame of reference rota-
ting with the frequency @ and to the first approximation with respect
to the quantities exp{- T/TQ} '(a-- 1,2) . Here T, and T, are
the longitudinal and transverse relaxation times respectively, m
gives, after averaging the equilibrium value of longitudinal magneti-
zation, §; and §, are dimensionless r.f.pulse durations, Aw is the
field strength in the frequency units acting in the rotating frame

of reference on the effective spins entering the isogroup in question.
In (ref. 1) the terms (I)-(3) containing sink; were omitted. For

T>T, the initial values (I)-(3) become equilibrium ones.



99

RESULTS
For the rotating frame of reference we obtained the following
expressions of the amplitudes of the echo signals of interest:
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where M denotes the averaged megnetization values and the arguments on

the left hand side are the observed moments of the corresponoding
echo-signals. For T>>T, the secondary signal amplitudes become infi-
nitesimal.

The comparison of the results obtained with those given in (ref. I)
shows that of two nomequilibrium corrections to the basic echo-signal
amplitude only the first one is detailed correctly in ref. 1. At the
same time, the expression suggested in (ref. I) for the amplitude in
question contains a term describing a "ghost echo" (ref. 5) cores-
ponding to the physically meaningless time 2T—T . The solutions
(5) and (6) were omitted in (ref. I), the first ome being replaced
with the physically meaningless solution corresponding to the "ghost
echo” associated with the moment 3T -—T . Finally, in the opinion
of the authors of (ref. I) the solution (7) "describes a free preces-
sion in the time interval T< 1< T " (ref. I).

A typical oscillogram of the echo signals observed in KReO, 1is
shown in Fig. I. The dependence of the signal amplitudes on T is
given in Fig. 23 it conforms well to the expressions (4)-(7). The
measurements have been made at ligquid nitrogen temperature with the
filling frequency w = 2m55,65 MHz ( transition 3/2 - 5/2 for
I187p, nuclei ) and the repetition period T = 1072 » 10~% seec.
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Pig. I. The oscillogram of KRe04 gpin echo signals. A‘EReO4 sample
was exposed to a series of pulse pairs with Pulse separation
T = I00 msec. and repetition period T = 700 msec. From left to

right the basic echo-signal and the secondary lagged and secondary
advanced echo-signals are seen.
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Fig. 2. The amplitude of the basic (I), secondary lagged (2), and

secondery advanced (3) and (4) echo-signals as functions of the r.f.
pulse separation T . Repetition period T = 700 msec.
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