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We consider tlfeiietically the formation of an echo of one
pulse in a systen with dynarnic, frequency.:hift. A single-pulse
echo was obtained e:gerinental ly fron l,tt" nuclei in l,lnCOs. The
erEerinental conditions for echo production and the echo charac-

i . .teristics are given.

Investigations of a two-pulse echo in nuclear spin systens with large ldynanic frequency

shifts tl - g] have shown that echo signals can be produced in such systems, besides by the

known nechaniin, also by the frequencylrnodulation nechanism proposed by Gold [a]. We shall show

that the Gold rnechanism can lead to production of echo signals of not only several pulses but

even of a single pulie. We consider here one of thb possibte situations that could be realized

relatively sirnply in e:cperinents.

The nain point iq that in systens with dynarnic frequency shifts the precession of the

nuclear magneti-zation il depends on the value of its projection n2 on the equilibriun direction

A  - r o n - . o * = a � n - r o o c o a 0 , ( 1 )

where u5 is the rmshifted NMR frequencl oD is the dynanic frequency s!ri{t, and 0 is the angle

through'which rn is deflected fron its equil ibriun direction under the influence-of the-hi$-.

frequincy (hf) f ield. We consider the Case when the nuclear system is excited by an hf f ield of

frequency o that differs fron the NMR frequency by an anount

l u . l=  h ,  
- .p  - ' l  > .>  ap(  ' r / . r12 / t  ,

t32

(2)



where o1/y is the anplitude of the hf f ield rith ellottance^for the arylif ication effect, antl Y
is the nuclear gyronignetic ratio. The quantity op(uJlluJp;z/r, as shom in [5], corresporrds to
the average change of the dynarnic shift when fi mvbs lmdir the inftruonce of the hf fielal. Ilris
change can be neglected in the first order rmder the condition (2), and then tlre problen reduces
to the notion of free spins-{* the presence of a large deltuning 6trl of the hf field. In e eoor-
dinate systen rotati-ng with frequency o, this dotion represents precession with a frcquency
equal to 6rrl in firi;t-order approxination. firen the value'of cos 0 &t the ihstant of ternination
of a pulse of duration t1 is given Uyf)

I  _  c o r  g = ( a t r l g a ) z  ( l  -  c o c  6 r t i l .  ( i )

After the pulse is turned off, the spins precess at a frequency O deternined by the given angle
e. The prlcession frequency 60 relative to the rotating coo"dinate systen is obtained by sub-
st i tu t ing (3)  in  (1)

8 O= O -  a r  =  D<, r  +  ro r (a t1 /8a  )1 ( l  -  coe  6ro?1) . (4)

According to [a], the appearance of a nodulating temwith cosdottl is sufficient to cause the
decay of the induction iignal to take the forn of a pulsation. Indeed, let us assune thEt the
detunlng 6o has in the inierval A a scatter thet is determlned by the,inhonogeneous broad+ning,
and let us consider a group of spins with drrr = 6oi. fire corresponding nuclear nagnetic nonent
ni at the time t after thqpulse, precessing about the equil ibriun direction, wil l experience a
pf,ase change anounting to

i i = 6 i - 6 S i '

6 i  =  t  1 6 < o ,  -  a o  (  a r / 6 a ; ) 2  )  -  r D a ' r '
where

(s)

(6)

I  g ,  - -  t a  r (  a  , / 6a , )4o r  6a r ,  t  .  ( 7 )

tet now t = tl, with trA >> l, so that the-phases o{.lh: init ial spin groups becone fully inter-

nixed d'ring a tine oitlrr" oii"l-";-;;. t},ln the additional phase _inciement for those groups of

;i;; ;;-;f,i"1 ,li i"o|"! !iii'i, aij;* o-,-.*J'i";;;;; ;roips oe'ppins reith -\/, : 9i s nn

we have 6Oi  t  0  tF ig.  l i .  t t r , -as fo l lows i rom Fig- . . l ,  a t  the instant  t  = t r  there ex is ts  a

resurtant -transverse nagnetization ttrai ".,rr", the high-frequency signal. ni t I t l  !!er-e.is
no correlation betweett-Oi""a lbe sign of 6Qi, and-the signai is equal to zero' Wo call this

phenomenon a singre-furi3 ecno2). we can sh6w analogousty that sinilar signal can arise algo at

the instants of t ine t = 2trp 3t1; etc.

The single-pulse echo sigrr.al was observed on l,tr55 nuclei in the easy-ptane antiferrornagnet

l,trCO, (FiS. 2). The signal wai observed at heliun t"tp"""tttes (4.2 - 1'7'k)' T?re unshifted

NMR frequency was,ur, =-6+O Uf". Under our conditions the aynanic shift wb's tb = 30 t'tlz'

The. echo signal was observed only when the NMR frequency did

not coincide with the hf field frequency. The miniural detuning at

which the single-pulse echo signal could be observed was 0.5 ltt lz,

whereas the two-pulse echo is maxinal in the absence of detuning.

Theecho -s igna l f r equencyco inc idesw i th theN l t |R f requency .
Figure I shows thi dependence of the echo-signal frequency on the

Fig. 1. Phase diagran of the distribution of the transverse

rnoients of the groups of spins at a tine ! 
= 

-tr following an

hf pulse. solid arrows - withgut allowance for nodulation,

dashed - with allowance for nodulation.
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Fig. 2. Oscil logran of single-pulse echo signal. Horizontal scale - 20 Usec/division'

,lpi"" trace - fr6quency-neter signal, Lower trace - induction and echo signal'

Fig. 3. spectrtrn of single-pulse echo at constant hf f ield frequency. Points: 0J =

610.4 l '&lz,-crosses - 0J = 616 l"ttz. solid l ine - NMR spectrum.

nagnetic f ield. The hf pulse frequency is constant at 610.4 Mtz (points) or 616 l4lz (crosses) '

The continuous line represents the NItR-spectrun obtained with the sane sample fron experinents

on two-pulse echoes.

lYe observed e:rperiuentally three peaks located at t1, 211, and !t1 past the hf pulse',

respectively. The first echo peak was 
-ob,s3rved 

with tr from 30 to 150 psec' The second and

third peaks, which were weakerby one oad'd?o'f pagnitude than the first, could be resolved only

at  snal l  t r  ?  30 usec.

The echo-signal amplitude depends strongly on the rise tine of the pulse front. When the

rise tine is increased fron 0.5 to 1 Usec, thE irnplitude of the signal decreases by-.one order of

nagnitude.

l{ith decreasing pulse duration, the echo-signal decreases e)gonentially', with a tine con-

stant close to the sfi in-spin relaxation tine neasured with the aid of a two-pulse echo.

When the detuning is varied, the intensity of the echo signal oscil lates and the distance

between the naxina is 6.OS l+tz. ihe acconpanying change of the echo signal is 20eo.
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valuable discussions

tJFornula (4) does not take relaxation processes into account.

2)th" 
, ign"l width is determined by the inhonogeneous broadening. A single-pulse echo

due to another nechanisn has been considered in [6]
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