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Abstract. The diffusion of a tracer particle with dipolar moment in the paramagnetic or para- 
electric overlayer is considered. The dependence of the diffusion on the direction of dipolar 
moments and on the strength of dipolar interactions is discussed. 

Consider the random walk of a tracer particle with a dipolar moment in the two- 
dimensional paramagnetic or para-electric overlayer with a simple square lattice. The 
dipolar moment of the particle interacts with dipolar moments in the overlayer by dipolar 
interactions. The results that we have obtained in this paper apply to different problems 
[l], e.g. they describe the diffusion of thermalised positrons trapped in the paramagnetic 
or para-electricoverlayer on the metal surface [ 2 ] .  We denote by lP,(x, y)l the probability 
that the particle starting at the point (0,O) is at the point (x, y )  after n units of time; 
R2(n) and D(n) are the mean-square displacement and the diffusion coefficient after n 
units of time respectively. 

Let us first assume that the dipolar moments are in a direction parallel to the plane 
of the overlayer. The quantity P,(x, y )  can be written in the following form [3,4]: 

P,(%Y) = c, jz j n  exp(-iK,x) exp(-k,y) (cos K, + cos K,) 
-n -n 

6(1 - COSK,) 
exp(COS K, -t COS Ky - 3 

where the parameter 6 expresses the strength of dipolar interactions. When 6 increases, 
the modes with K, # 0 are increasingly damped; so the mode with K~ = 0 becomes more 
and more favoured. This causes R2(n) and D(n)  to increase when 6 increases. 

Let us now assume that the dipolar moments are in the direction perpendicular to 
the plane of the overlayer. The quantity P,(x, y )  can be written in the form [3,4] 

P,(X,Y) = c, In j n  exp( -iK,x) exp( -iKyy) 
--R -n 

(cos K, + C O S K ~ )  exp COS K, -t COS Ky - 3 ) ] " d K , d ~ ~  
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For 6 < 4 the modes with K,, K~ = 0, +n are dominant. When 6 increases, the damping 
of the mode with K, = K~ = 0 increases. On the contrary the factor cos K~ + cos K~ is 
largest for K~ = K~ = 0. The dominant modes thus become the modes with K,, K~ = K, # 
0, fn. For y1+ CO one can write 

P,(x, y )  = C, cos(xx) cos(xy) exp[( -x2 - y2) /nD] .  (3) 
When 6 increases, the modes with K, # in and K~ # K, are increasingly damped, so 
R2(n)  and D increase. 

and for dipolar moments parallel to the plane of the 
overlayer the probability iP,(x, y)l is Gaussian with D increasing for increasing 6. For 
n + and dipolar moments perpendicular to the plane of the overlayer the quantity 
P,(x, y )  has spatial oscillations (the dipolar moment of the particle may reverse) with 
Gaussian damping and D increasing for increasing 6. 

We conclude that for n -+ 

Acknowledgment 

This work was supported by the Ministry of Education in Poland under Grant CPBP- 
01.08. 

References 

[I] Barber M N and Ninham B W 1970 Random and Restricted Walks-Theory and Applications (New York: 

[2] Ewertowski R and Swiatkowski W 1987 Phys. Status Solidi a 102 555 
[3] Korneta Wand Pytel Z 1988 Surf. Sci. 200 374 
[4] Korneta W and Pytel A 1988 Proc. 12th Int. Coll. Magnetic Films and Surfaces (Le Creusot) p 62 

Gordon and Breach) 


