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ABSTRACT

The aim of this paper is to set up a dynamics of vaiting time

distribution (WTO) under the condition of sudden applying interaction.

The relation between, true and effective activation energy is also

derived.

The time decay of a fractional exponential form of thermoremanent

magnetization observed in spin glass is explained in our theory.
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I. INTRODUCTION

The continuous time random walk (CTRW) theory has been proved to be a

powerful approach towards the tinderstanding of the incoherent transport in
1) 2)

the disordered system ' . The physics of nearest neighbour CTRW is as

follows: Let R(n) be an arbitrary quantity of discrete time random walk,

for example, the mean-square displacement travelling in n steps ^r (n)N. .
SB »

Its corresponding quantity of CTRW is R(t) * 2. -» R(n) P(n,t), for example ,
» n • 1

/r2(t)N * y [ ^ 2 ( n ) S . P(n,t) where P(n,t) is the probability '
^ ' n - 1 ^ '

that n step hopping events occur at time t and is determined by a site-

independent WTD Q(t) which is the probbability that a hopping event does not

occur until time t. The form Q(t') is postulated in Ref.l as

Q(t) - e" ( t / x ) , o,ct > 1 - (1)

The relation between WTD and time-dependent hopping rate function W(t) is

W(t) - - Q'(t)/Q(t) .

Many works have concentrated on deriving the form of Q(t). Blumen and

Zumofen obtained Q(t) » exp(at / n ) , where n • 6,8,... are the order of many

moment interaction for exciton transfer. Ngai pointed out that Q(t) should

be determined by microscopic dynamics of transfer and made an initial try .

Young studied the dielectric relaxation in terms of p(u) • n,u> + n-u + ...

and two-time Green function .

Wen and Liu have proposed a dynamical model which gives the form of

Q(t). Wen and Liu consider a walker hops among sites 1, 1',... Assume

there is interaction between walker and phonon.

Eint - XI W > <2>
i

where q. is a dimensional co-ordinate of phonon with mode i, A, is a

dimensionless coupling constant and V is only related to the walker. Wen

and Liu showed that

W(t) - P'(t) (3)

Qft) - exp[-P(t)] y (4)

where P(t) is a probability that the walker is in any position 1* at time

t and was in position 1 at time 0. Following the conventional treatment of

first order time dependent perturbation theory P(t) is

P(t) - A J [2nU) + lj (1 - cosut) A2(w) p(u) dW<u2 . (5)
0
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where A « Y l ̂ W U ' ^ » n(w) " l/texp(u/T)-l] The density of states

p(w)©C w (p' >-1, u < u ) is proved by using the probability theory.
2 fi

Therefore, X (w) pCtu) • au . In the case of high temperature, i.e. u << T

P(t) - 2a AT t2"P B(p) , 0 < p < 2, u t » 1 s (6)
c

where B(p) • ir/[2r(3-p) sin(n(2-p)/2)] . If p < 0, the integral of £q.(5)

is divergent, therefore unreasonable. If p > 2, P(t) •+ constant (when

tr •+ • ) , so there is no irreversible transition. If we consider that there

are only two positions for a walker hopping, then Eq.(6)can also be used

for the electric and magnetic dipole systems.

II. RESTRICTION CONDITION FOR p AND EFFECTIVE ACTIVATION ENERGY

There are two deficiencies in theory given in Ref.6. The value of

(1-n) inEq.(Uis 0 < l-n< 1. But the value of (2-p) in Eq.(7> is

0 < 2-p < 2. So, we should look for other restriction conditions. Another

deficiency is that there is no activation energy in Eq.(6). This section

will remedy the above two deficiencies.

A hopping particle will feel interaction with environment only when

it begins to hop. So, the derivative of P(t) at t - 0, i.e P*(t), should

be infinitive. From Eq.(60 and P'(t « 0) - «• it can be concluded that

1 < P < 2. In other words, we can say that under sudden approximation we

should neglect the 1 > p. If 1 < p < 2, then 0 < 2-p < 1.

Besides feeling the interaction with phonon, a hopping particle will

also feel a potential barrier when it is in the hopping process. The

probability of nearest neighbour hopping of particle is the product of the

probabilities of two processes. The probability corresponding to pass

through the potential barrier with activation energy E is exp((-E/T).

Instead of Eq.(4)the W(tJ should be

W(t) - P'(t) exp(-E/T) - (7)

Correspond ingly,

Q(t) - exp[-P(t) exp(-E/T)] . (8)

When T » CJc

Q(t) - expt-(t/t)2*P] , wct > 1, 1< p < 2 9 (9)

where the effective relaxation time T is



exp(Ef/T)

E1 - E/(2-p) . (11)

III. TIME DECAY OF A FRACTIONAL EXPONENTIAL FORM IN SPIN GLASS

The time decay of thenaorenmenfc magnetization in spin glass system

is a fractional exponential form . We want to derive it from the theory

in this paper.

The Hamiltonian proposed by Edwards and Anderson to describe spin

glass is

i.j

where S. are m-component classical vectors of unit length on the sites in

the solid. The case n >1 is an Ising model and m - 3 is a classical

Heisenberg system. In the following we take m • 1. the coupling constant

J(r, .) can be independent random variables with a probability distribution

P(r. .) often taken to be symmetric. J(r..) can be expanded as

ie~~' 'V'ij^ij •» (13)

where Ar,. is a small displacement of atom j along rj~r4 direction.

Inserting Eq.(13) into Eq.(12) we get

lJO<rij> + "0(rlJ>'VriJ1 SiSj '

The second ten H~j represents the coupling of spin with medium and can be

rewritten as

II /_+ ^i°i (15)

ci X
Assume that there is only one spin in Eq.(15), i.e. i • 1. The spin flip

interaction in Eq.(15) can be written in terms of dimensionless co-ordinate

of phonon as
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In Chamber1in «t al's. experiment one technique of investigating the slow

relaxation behaviour in spin glass systems Cu:Mn or Ag:Mn is to apply a

field B, when the sample is in the paramagnetic region, field coop it

through T , then remove B and measure the thermoremanent Magnetization

°TRM ' The foriQ of °TRM observed is ?>'9>

°TRM

G.expt-aT /T] t (19)

The demagnetization process is a transition process of every spin between

|+ > and |+ > under the action of HJJ . The physical meaning of WTD Q(t)

is the probability of looking for a particle to keep initial state until

time t under the action of particle with medium. In physics, Q(t) should

be proportional to OVpu • an(* t n e proportional coefficient is the number

of spin in unit volume. In comparison of Eqs.(18) and (19) with

Eqs.(9)-(11) we get the 1-n - 2-p, T « E \ G « [2aAB(p)T]1/(2'P) .

Ngai et al. investigated the slow relaxation phenomena in the spin

glass system, and obtained the form of Eq.(18). But, in Ref.10 there is

no expression of Tn which shows the connection between ta and microscopic

transition process. So, the slow relaxation theory given in Ref.10 still

bears some phenomenological character.
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