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KUBO - ANDERSON OSCILLATOR
AND NMR DYNAMICAL PROBLEMS

Marcin Olszewski and Nikolaj Sergeev

Instituie of Physics, University of Szezecin

The Kubo-Anderson oscillator is described by equation [1.2]
r=igi)-x , 1)

where () is a stochastic function of the time and the distribution of all possible values i)
is described by the function pier). The jumps from one value @(f) to other are independent
and distributed uniformly over the time with density v, (the value v, dr determines the

average jumps value happen on the time interval i ).
The average solution of Eq.(1) has the form

{x J}=<.t[0)-exp| J'Ia[r Dyl i> . (2)
L] J
where symbol (} means an operation of averaging over all realizations of the random
process.
In NMR ({and EPR) there are many dynamical problems, which may be described by

the Eq.(1). We consider only some of these problems.
1. The shape of free induction decay Gi¢) (or the shape of NMR line Ile)) for the

case when NMR resonance frequency wit)=a(r) is the random function of the time [3,4].
This random time dependence of eir)is appeared as a result of spectral or usual (spatial)
diffusion. In this case x(r) = G(r), where G(r) is the shape of free induction decay (FID).

2. The shape of spin echo signals in spin systems with stochastic NMR resonance
frequency i) [3.4]. Here also as in the case of FID random time dependence of wir)is

appeared as a result of spectral {spin) or usual (spatial) diffusion. For example, for the case of
two-pulse echo the echo signal is determined by equation [3,4]

{Verny= <ex]:n‘- a'l[a;{r “yely! —a';i_a;[r ! i> ) (3
w0 r ;

3. The dipolar correlation function fir) in the case of non-Markovian molecular
mobility [5]

\,
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Here F is the second moment of motionally narrowed NMR line; M, is the second
moment of NMR spectrum of “rigid” lattice; v.(f) is the random depended correlation
frequency which describes the molecular mobility. For this case in Eq.(1) we have
i)y =ive(i).

The general solution of Eq.(1) can be easily obtained using the method of the
differentiation formulae described in [6]. Using this method we obtain



o .
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Here
x, =(a) x. (a)
The Laplace transformation of Eq.(5) has the form
b TL - {.1'1 (DJ}= TL-rl _V(IT1 +¥y: (':'l.a:'l > {1} s ':?J
where
([J'{):J* ) (1) = [ e ({a’a}* } {1} di | E: J'r' o -{.1'1 }u’r ) (&)
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Assuming that the stochastic process is stationary process [([;+v[,+ia(r}}l">z

= {{:_ +Vp + f'ﬂ[ﬂ}}l")) and using Eq.(7) we obtain

Ii[{l’]'.l’l{D] _
ot I—v, p(z) ' N nit el 0y +v,

In Eq.(9) the function pic) describes the distribution of e(0).

For the case when frequency jumps between two frequencies ai(f)=wif)j= LA
[plen)=[diw+A)+ 8 (w—-A)]/2} and x(0)=1 from Eq.(11) it follows the well known result
for NMR line shape [7].

Using Eq.(9) for Laplace transformation of two-pulse echo signal we obtain

Velnzi= [ dr - r'”j de e Veira)=

a i}

= pleg)- deo

lztv, —iw) (s +v, +iw) (10)
[]—vn- ;r[sJ]- [l—vt, : _:JI::_J] )

For the case, when piw)=[8{m+A) + 8(w—A)])/2 from Eq.(10) it follows the well
known result for the shape of two-pulse echo signal [8].
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