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We analytically study the one-dimensional kinetic Ising model with Glauber dynamics in the presence of
quenched impurities. We derive the evolution equations for the expectation value of spin and the equal-time
pair correlation function. The scaling form of the structure factor is given By(t)
=(1-p)t¥%g((1— p?)K?t, p?t) with the impurity concentratiop, and its scaling function is calculated at zero
temperature. We also obtain the average pinned domain size at long time for quenche® tm one
dimension, and find that it scales inversely with impurity concentration for the srpall
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Recently, the effects of impurities or vacancies on domairlength characterizing the domain structure and scales as
growth have attracted more and more attenfibr6]. In real  L(t)~t". It is well known[7,8] that the growth exponemtis
materials the presence of impurities or vacancies is quitd/2 for the nonconserved order parameters and 1/3 for the
important since they play a significant role in determiningconserved order parameters. Moreover, the scaling functions
the properties of the material. There are two kinds of impu-have been obtained exactl9,10] for the one-dimensional
rities [2]: quenched impurities, which are immobile and havelsing model with Glauber dynami¢41]. However, the pres-
the form of macroscopic second-phase particles, and diffusence of impurities has been shown to affect these scaling
ing impurities, which take the form of individual atoms and properties[1-4]. In the simulations of a two-dimensional
show behavior similar to diffusing vacancies. Numbers ofnonconserved Ising model with quenched and random impu-
theoretical works, especially computer simulations, haveities carried out by Grest and Srolovitz], the average do-
been carried out to study the mechanism of quendhe?] main sizel (t) was observed to increaseta® at early times,
and diffusing[2—6] impurities. and then become pinned at a constant which scales as the

Most of the simulations are based on the kinetic Isinginverse square root of the impurity concentratipnfor
model, where a system is quenched from an initial high temguenches toT=0, or become a logarithmic growth for
perature to a final temperature less than This nonequi- quenches to a final>0. The scaling behaviors of domain
librium process exhibits many important dynamic scaling be-growth for the simulations of mixed spin flip and impurities
haviors which have been of great inter¢3t8]. For the diffusing dynamics are similar, that i$,(t) was found to
domain growth without impurities, the equal-time pair corre-crossover from thé*? growth law to a saturate valyé&] or
lation function G(r,t) and its Fourier transformation, the an effectively logarithmic growth behavidB]. While the
equal-time structure facto6,(t) have the scaling forms growth law for the impurity mechanism has been studied in
G(r,t)=f(r/L) and G,(t)=L%(kL), respectively, where considerable detail, the scaling forms of the correlation func-
d is the spatial dimensionality and(t) is the correlation tion and structure factor have received less attention.
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In this paper we analytically study the one-dimensionalThe up or down spin is flipped with Glauber probability

Ising model with Glauber spin-flip dynamics at zero tem-

W=[1-tanh(BAH/2)]/2, where AH is the change

perature in the presence of quenched impurities, and exactlyf the total energy associated with the spin flip, and

calculate the scaling forms of the equal-time structure factog=1/kgT.

Therefore, wusing Eg. (1) and the

and correlation function, as well as the average domain sizglentity tanfigd(S,+S,)]=x(S+S)+Y($S+S,S), where
in the pinned state. The Hamiltonian for this Ising model isS;= + 1,0, x=tanh3J, andy = (1/2)tanhz8J—tanh3J, we ob-

written as

N
—321 NiNi 41005+ 1,
|=

H (1)

whereg;= =1 is the normal spin variabl®;=0,1 is the site
occupation variable, anm = 0 represents the impurity on the
lattice. Thus,S;=n;o; is defined as+1 for the up spin,
—1 for the down spin, and O for the impurity.

tain the transition probability for this one-dimensional non-
conserved Ising model

W(n;,o9)= 3 {1-no[X(Ni_10_1+ N 107+1)

@

+yni_iNis1(oi—1+ o)1}

In this kinetic model the impurities are randomly placed The master equation for the spin configuration probability

on the lattice with concentratiop and become immobile.

dp(nl,()'l, P ,nN,O'N,t)

dt

+2i W(ni =_a-i)p(n110-l7 B

Since the impurities initially placed at random are
guenched and immobile, the impurity configuration
{ny,n,, ... Ny} is fixed. Therefore, we can obtain the evo-
lution equations for the expectation value of spB) and
the equal-time pair correlation function G;;(t)
=(Si(t)S;(t)) for i#] by first fixing the impurity configu-

ration and following the derivation process of Glauber’s pa-

per[11], and then averaging over the impurity distribution.
The equations of motion we derive are

d
<Si> =—(S)+(N[X(S-1+Si+1)

+yY(Ni—1S+1+Ni11S-1)]1), (4)

and

dG;j(t)
dt

=—2(SS)+(N[X(S-1+S+1)+Y(Ni_1S+1

+N11S -1 1S) H(SN[X(Sj-1+S;+1)
+Y(Nj_1Sj+1+nj41S-1)]1). 5

Moreover, as the configuration and distribution of

guenched impurities remain unchangeable during the kinetic dt

process, for the site occupation variablewe have

d(n;)
dt

:0,

d(nin;)
dt

:—EI W(ni 10-i)p(n110-17 CICREN)

p(nl,(rl, PP ,nN,O'N,t) |S

ni yTjy ves 1nN10-N1t)

,ni,_O'i,...,nN,U'N,t). (3)

(6)

According to the initial random distribution of impurities on
the lattice with concentration p, Eq. (6) gives
(njy=1-p=const,(nn;)=(1-p)? with i#], .... There-
fore, due to the random distribution and independent corre-
lation between the immobile impurities as shown above,
we assume that; and S;=n;o; are uncorrelated for
i#j, that is, (nS)= <n|)<S) (1-p)(S;), and
similarly (nin;S)=(1-p)%(Sd, (MSSY=(1-p)(S S0,
(NiniSS) = (1 p)X(SS), fori#j+#k#l, etc. Thus, Egs.
(4) and(5) are written as

d(Si(1))
dt

=—(Si()+ 3 Y [(S—1(1)) +(S 1)1, (D
and

dG;
4G _ —2Gjj(t)+ 5 ¥Y'[Gjj—1(1) + Gij 1 1(t) + Gi_q(1)

+Gitqj(D], ®

where

y' =(1-p)?y+2p(1-p)tanh], 9

with y=tanh28J. Fori=j, we have
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Gii(t)=(S)=1—p. 10  —(1-p)2[2p*(1—pH) ][ 2p°+ (1~ p?)k?], which cor-
responds taG(r,t)— (1— p)exp{—[2p%/(1—p?) V).

It is noted that Eq<.7) and(8) are similar to the equations One of the main phenomena in the two-dimensional simu-
derived by Glaubef11] for the pure one-dimensional Ising lations with quenched impuritiel] is the pinned domain
model without impurities except for the expressiomuf If state at long times for quenchesTie- 0. The average pinned
p=0, that is, there is no impurity, we hay€ =y from Eq. = domain size can be calculated by studying &jwith trans-

(9) and Egs(7) and(8) recover the results of Glaubgt1]. lational invariance. The solution of this equation has been
The exact solutions to these two equations have been givegiven by Glaubef11] as
by Glauber, and the scaling function of the equal-time cor-

relation function has been exactly calculated by Bi@lyand *
by Amar and Family[10] for the pure one-dimensional G(m,t)=nm+e‘2t2 [G(1,00— 7' 1[I (27'1)
Glauber model at zero temperature. In the following, we de- =1
rive the scaling forms of the structure factor and the pair _ /
Im1(2¥'0], (16)

correlation function for the model with quenched impurities.

Considering the translationally invariant situation and av- . o .
eraging over the initial conditions, we can simplify E¢®) for m>0, wherel ,(x) is the modified Bessel function of the

and (10) as first kind, and# is given by
dG(r,t =y 1-(1-y'»)". 17
(fit ):—ZG(r,t)+y’[G(r—l,t)+G(r+1,t)], =
(1)  Thus, atT=0 we havenp=[1—p(2—p?)¥3/(1-p?) from
Eq. (9).
forr#0, and It is shown from Eq.16) that G(m,t) exponentially de-
. L o .

GO =1—p. (12) cays to its equilibrium solutiom™. Therefore, at long times

G(1}t) saturates at valueg, and then the average wall den-
At zero temperature, we obtain from E(Q) y'=1—p2  Sity [10] n(t)=[1-G(11t)]/2 is written as
Therefore, following the method given by Brg§], we solve
Egs.(11) and(12) by a combination of Fourier transforma- 1-79
tion in space and Laplace transformation in time, and give n(t)= o (18)
the result for the equal-time structure fact®g(t) in the
scaling limit provided that the initial state contains no long-

range order Thus, substituting Eq(17) into Eqg. (18) and using the

relationL (t) = 1/n(t), we obtain the average pinned domain
2 (1-p2)L2 sizeL(t) at long times for quenches to zero temperature
-2 ] gricte 21 )
-p
1 L(t)= (2= D)2 2 (19
X f dy y~Y3{2p%exp( — 2pty) +(1—p?)k? plemp P
0
When the impurity concentration is very small, Ed.9)
— 2 _ 2 2\2 _ 2 2\2
Xexp(—[2p°+ (1—p )k Jt+(1-po)kety)}. givesL (t)~p 1. This scaling result is different from that of
(13)  the two-dimensional simulations where the average pinned
. ) domain size is found to scale as 2. This inconsistency
Therefore, from Eq(13) we discover that the equal-time mgay he attributed to the different physics of the domain wall
structure factor in the presence of quenched impurities hagechanism, since the final domain size is determined by the
the scaling form impurity concentration at the domain edges. In two dimen-
PPN o2 2 sions the domain growth is driven by the curvature of the
G(1)=(1-p)t (1~ p?)Kt,p%D), 14 domain wall, while in one-dimensional growth the domain
where the scaling functiog(x,y) is given in Eq.(13). The walls perform independent random walks and their diffusion

pair correlation function in the scaling limit can be calculateg@nnihilation is expected to be the growth mechanism.
by a Fourier transformation of the structure factor, and from N summary, we have derived the evolution equations of

Eq. (14) its scaling form is expected to be the e.xpectation value Qf spin and the Qqua!—time correlqtion
function for the one-dimensional kinetic Ising model with
G(r,t)=(1-p)f(r?/(1-pdt,p). (15) Glauber dynamics in the presence of quenched impurities. At

zero temperature the scaling function of the equal-time struc-
It is noted that forpo—0, Egs.(14) and (15 give the ex- ture factor is calculated, and the scaling forms of the
pected and well known scaling forn@,(t) =t*%g(k?t) and  structure factor and the pair correlation function are
G(r,t)=f(r?/t), for the one-dimensional nonconserved dy-given by G,(t)=(1—p)t¥Zg((1— p?)kt,p?t) and G(r,t)
namics without impurities. Moreover, the scaling functions=(1—p)f(r?/(1—p?)t,p?), respectively. In fact, we can
g(y) andf(x) obtained by Bray9] are recovered from Eg. recover the well known evolution equatiofikl], the scaling
(13) as well as its corresponding Fourier transformation,forms of the structure factor, and the correlation function
respectively. For p?t>1, Eq. (13) gives Gy(t) [7.8], as well as their scaling functiori®,10] for the one-
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dimensional Glauber model without impurities by settingnoted that the scaling results we have derived need to be
p=0 in our corresponding results. Moreover, the averageverified by further experimental and simulation work.
pinned domain size at long times for quencheslte0 is

obtained. For the small impurity concentration, it is expected This work was supported by the High Technology Re-
to scale inversely withp in one dimension. It should be search and Development Program of China.
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