ÆÝÒÔ, 2007, òîì 131, âûï. 6, ñòð. 10731080

2007
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Within a mean-eld approa h, we study the stationary states of the kineti spin-1 Blume  Capel model in
presen e of a time-dependent os illating external magneti eld. We use the Glauber-type sto hasti dynami s to des ribe the time evolution of the system and obtain the mean-eld dynami equation of the motion.
The dynami phase transition points are al ulated and phase diagrams are presented in the temperature and
rystal-eld intera tion plane. A ording to the values of the magneti eld amplitude, we nd three fundamental types of phase diagrams in whi h they exhibit a dynami tri riti al point and only two of them a dynami
zero-temperature riti al point.
PACS: 05.50.+q, 05.70.Fh, 64.60.Ht, 75.10.Hk

1. INTRODUCTION

stru ted the general theory of DPTs near the transition point based on the mean-eld des ription su h as

The physi s of equilibrium phase transitions is now

Landau's general treatment of equilibrium phase tran-

rather well understood (see, e.g., [1℄) within the frame-

sitions. The DPT has also been found within the one-

work of equilibrium statisti al physi s. But the me ha-

dimensional kineti

nism behind the nonequilibrium or dynami phase tran-

aries [11℄.

sitions (DPT) has not yet been explored rigorously, and

tended to more

basi

order parameter systems, e.g., the Heisenberg spin sys-

phenomenology is still undeveloped. Hen e, fur-

ther eorts on these
lems, espe ially

hallenging time-dependent prob-

al ulating the DPT points and

on-

spin-1/2 Ising model with bound-

Re ent resear h on the DPT is widely exomplex systems su h as ve tor-type

tems [12℄, the XY model [13℄, the Zi  Gulari  Barshad
model for CO oxidation with CO desorption to peri-

stru ting the phase diagram, must be rewarding in the

odi

future.

Ising model, e.g., the kineti s of the mixed spin-1/2 and

The DPT was rst found in a study within

variation of the CO pressure [14℄, the mixed-spin

a mean-eld approa h to the stationary states of the

spin-1 Ising models [15℄, the kineti

kineti

tems [16℄, and the kineti

spin-1/2 Ising model under a time-dependent

os illating eld [2, 3℄, by using a Glauber-type sto hasti

dynami s [4℄, and it was followed by the Monte-

Carlo simulation, whi h allows the mi ros opi
ations, resear h of kineti

u tu-

spin-1/2 Ising models [58℄,

as well as further mean-eld studies [9℄.

Moreover,

Tutu and Fujiwara [10℄ developed a systemati

We also mention that experimental eviden es for the
DPT has been found in highly anisotropi
and ultrathin Co/Cu(001) ferromagneti
in ferroi

systems (ferromagnets, ferroele tri s, and fer-

roelasti s) with pinned domain walls [19℄.
Re ently [20℄, we used the mean-eld approa h to

on-

study stationary states of the kineti

8
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(Ising-like)

lms [18℄ and

method

for obtaining the phase diagrams in DPTs and

* E-mail:

spin-1 Ising sys-

spin-3/2 Ising systems [17℄.

spin-1 Blume 

Capel model with the help of the Glauber sto hasti
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dynami s in presen e of a time-dependent os illating

nonequilibrium properties of the model have not been

external magneti

as thoroughly explored. As in Ref. [20℄, Fiig et al. [24℄

eld.

Espe ially, we investigated

the behavior of the time dependen e of the magneti-

used dynami

zation and the behavior of the average magnetization

nami

in a period as fun tions of the redu ed temperature

Capel model and found that the de ay of a parti ular

and redu ed external magneti

metastable state might happen either dire tly or via a

DPT points.

eld and

al ulated the

We only presented the phase diagrams

in the redu ed magneti

T)

du ed temperature (

h

su

Monte-Carlo simulations to study a dy-

behavior of metastable states in the Blume 

ession of separate steps, depending on the availabil-

eld amplitude ( ) and re-

ity and relative stability of a se ond metastable state

plane and obtained ve dier-

intermediate between the initial one and the equilib-

ent phase-diagram topologies. We also

al ulated the

rium phase.

Manzo and Olivieri [25℄ have used this

Lyapunov exponent to verify the stability of a solution

model to study the metastability and nu leation by

and the DPT points. On the other hand, one should

also using the dynami

study phase diagrams of the dynami

phase boundaries

et al. [26℄ have studied the dynami s of the Blume 

rystal eld intera tion plane.

Capel model using the path probability method with

in the temperature and

Monte-Carlo simulations. Ekiz

Therefore, the aim of this paper is to present the phase

point distribution [27℄ in order to investigate how to

diagrams of the kineti

obtain the metastable phases with long-range order pa-

spin-1 Blume  Capel model in

presen e of a time-varying (sinusoidal) magneti
in the redu ed temperature and

eld

rystal-eld intera tion

plane by using the Glauber sto hasti

dynami s.

The outline of this paper is as follows.

rameters and also to see the atness property of the
metastable state and the unstable state.
also

In Se . 2,

They have

al ulated the phase transitions of the metastable

and the unstable bran hes of the order parameters be-

the spin-1 Blume  Capel model is presented briey and

sides the stable bran hes and presented the

the derivation of the mean-eld dynami

phase diagram.

equations of

motion is given by using a Glauber-type sto hasti

dy-

nami s in the presen e of a time-dependent os illating
external magneti

eld. In Se . 3, the DPT points are

The Hamiltonian of the spin-1 Blume  Capel model
is given by

al ulated, and the obtained phase diagrams are presented and dis ussed in the redu ed temperature and

H=

rystal eld intera tion plane. A summary is given in
Se . 4.

2. THE MODEL AND THE DERIVATION OF
MEAN-FIELD DYNAMIC EQUATION OF
MOTION

where

Si

J

X
hiji

Si Sj

a tion or single-ion anisotropy, whi h is often

alled

the spin-1 Blume  Capel model or simply the Blume 
Capel model, was rst introdu ed by Blume [21℄ and
independently by Capel [22℄.

The model has been a

subje t of many theoreti al studies sin e its introdu -

X
i

D

J

!

X
i

Si ;

(1)

rystal-eld intera tion

H

is a time-dependent

H (t) = H0 os !t,
= 2 are the amplitude and the angular

external os illating magneti
and

H

is the bilinear ex hange in-

is the

or a single-ion anisotropy, and

H0

Si2

1 or 0 at ea h site i of a
hij i indi ates summation over all pairs of

nearest-neighbor sites;
rystal-eld inter-

D

take the values

latti e and

tera tion parameter;
The spin-1 Ising model with a

omplete

eld:

frequen y of the os illating eld. The system is in

on-

ta t with an isothermal heat bath at absolute temperature

tion [21, 22℄ nearly 40 years ago be ause it plays a
fundamental role in multi riti al phenomena asso iated

TA .

We apply the Glauber-type sto hasti

dynami s to

with various physi al systems, su h as multi omponent

obtain the mean-eld dynami equation of motion. The

uids, ternary alloys, and magneti

system evolves a

systems. The in-

21; 22℄ were based on well-known methods

ording to a Glauber-type sto hasti

tive eld theory, the renormalization-group te hniques,

1= transitions per unit time. We
P (S1 ; S2 ; : : : ; SN ; t) as the probability that the
system has the S -spin onguration, S1 ; S2 ; : : : ; SN , at
time t. The time dependen e of this probability fun -

and the Monte-Carlo simulations (see, e.g., [23℄). While

tion is assumed to be governed by the master equation

the equilibrium properties of the model have been ex-

that des ribes the intera tion between spins and heat

tensively investigated by many dierent methods, the

bath and

vestigations [

pro ess at a rate of

in equilibrium statisti al physi s su h as the mean-eld

dene

approximation, the

luster variation method, the ee -
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Dynami

Wi (Si

d
P (S1 ; S2 ; : : : ; SN ; t) =
dt
0

X X

=

Si 6=Si0

i

1
Wi (Si ! Si0 )A 

Wi (Si !
ith spin

+

Si

to

Si0 ,

temperature

Si

to

Si0

TA ,

and

onta t with a heat bath at absolute
ea h spin

an

i

i

 P (S1 ; S2 ; : : : ; Si ; : : : ; SN ; t) +
0
0
X

Wi (S )

Si0 6=Si

hange from the value



1 Xexp [ E (Si ! Si0)℄ ; (3)

exp[ E (Si ! Si0)℄

d
hS i =
dt k

3
2
X
2 sh 4J Sj + H 5
*
hji
3
2
+
X
2 h 4J Sj + H 5 + exp(

= 1=kB TA, kB is the Boltzmann onstant, the
1 and 0 for Si0 ,

hji

1
0
X
Sj + H A (Si0 2
S i ) J
i

Si

spin

balan e

hji

Si2 )D


(4)

hange in the energy of the system when the
hanges. The probabilities satisfy the detailed
ondition

Wi (Si ! Si0 )
Wi (Si0 ! Si )

=

P (S1 ; S2 ; : : : ; Si0 ; : : : ; SN )
:
P (S1 ; S2 ; : : : ; Si ; : : : ; SN )

Substituting the possible values of

Si0 )

hji

D)

;

(8)

;

(9)

Si , we obtain

j

is independent of

Si ,

we

hS i +

hS i + H0 os !t)℄
+ 2 h [2JzshhS i[Jz
+ H0 os !t℄ + exp(

where

z

evolves a

(5)

1) = Wi (0 ! 1) =
D)
= 1 2 h( exp(
;
a) + exp( D)
Wi (1 ! 1) = Wi (0 ! 1) =
(6)
a)
;
= 1 2 h( exp(
a) + exp( D)
Wi (0 ! 1) = Wi ( 1 ! 1) =
a)
= 1 2 h( aexp(
) + exp( D) ;
P S + H . We note that be ause
where a = J
!

d
hS i =
dt

is the

an write

oordination number.

D)

The system

ording to the dierential equation given by

Eq. (9), whi h

Wi (1 !

Wi (Si

+

or, in terms of the mean-eld approa h,

E (Si ! S 0) =

gives the

and

hSk i +

sum ranges the three possible values
and

Sk

taking the average, we obtain

Si

= (Si0

1
P (S1 ; S2 ; : : : ; Si ; : : : ; SN ; t)A :

Be ause the sum of probabilities is normalized to

0

where

i

unity, by multiplying both sides of Eq. (7) by

with the probability per unit time

Wi (Si ! S 0 ) =

1

(7)

in this sense the Glauber model is sto hasti . Be ause
the system is in

X

(2)

is the probability per unit time

hanges from the value

0

0

 P (S1 ; S2 ; : : : ; S 0 ; : : : ; SN ; t);

that the

:::

Then the master equation

i

i

where

Wi (Si0 ).

spin-1

X X
d
Wi (Si0 )A 
P (S1 ; S2 ; : : : ; SN ; t) =
dt
i
S 6=S

Si 6=Si0

Si0 )

! Si0 ) =

be omes

 P (S1 ; S2 ; : : : ; Si ; : : : ; SN ; t) +
0
1
X X
Wi (Si0 ! Si )A 
+
i

phase transition in the kineti

an be written as

d
m= m+
d

m + h os  )=T ℄
+ h [(m +sh[(
; (10)
h os  )=T ℄ + exp( d=T )=2
where m = hS i,  = !t,
= !, T = ( zJ ) 1 ,
d = D=zJ , and h = H0 =zJ . We x z = 4 and = 2 .
3. DYNAMIC PHASE TRANSITION POINTS
AND PHASE DIAGRAMS
In this se tion, we rst solve the mean-eld dynami

equation and present the behavior of average

order parameters in a period as a fun tion of the redu ed temperature.

As a result, the DPT points are

al ulated. For these purposes, we rst have to study
the stationary solutions of the dynami

1075
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T , d,

and

h

are var-

1

ied. The stationary solution of Eq. (10) is a periodi
fun tion of



with period

of two types a

2.

Moreover, it

ording to whether it has or does not

m( +  ) = m( ):
ri

solution, whi h

solution.

m( )
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m

a

an be one

0

have the property

(11)

A solution that satises Eq. (11) is

òîì

1

alled a symmet-

orresponds to a paramagneti

1

(P)

0

50

m

100

150

200



b

In this solution, the average magnetization

os illates around the zero value and is delayed

with respe t to the external magneti

eld.

0

The se -

ond type of solution, whi h does not satisfy Eq. (11),
is

alled nonsymmetri

ferromagneti

solution and

(F) solution. In this

orresponds to a

1

ase, the magneti-

zation does not follow the external magneti

eld, but

1

instead of os illating around a zero value, it os illates
around a nonzero value.

150

m

300

450

600



These fa ts are seen expli -

itly by solving Eq. (10) numeri ally.

Equation (10)

0

is solved using the numeri al method of the Adams 
Moulton predi tor

0

orre tor method for a given set of

parameters and initial values, and is shown in Fig. 1.

1

From Fig. 1, we see that three dierent solutions exist in the system:

the P, F, and

oexisten e (P+F)

solutions, in whi h the F and P solutions

450



Time variations of the magnetization m:
exhibiting a paramagneti phase (P), d = 0:25,
h = 0:5, and T = 0:75; b) exhibiting a ferromagneti phase (F), d = 0:25, h = 0:2, and T = 0:5;
) exhibiting a oexisten e region (F+P), d = 0:25,
h = 0:75, and T = 0:1
a)

solution is found; therefore, we have

the F solution. Neither solution depends on the initial
values. On the other hand, in Fig. 1 , both the symand nonsymmetri

300

Fig. 1.

and hen e we have the P solution, but in Fig. 1b, only

metri

150

oexist. In

Fig. 1a, only the symmetri solution is always obtained,
the nonsymmetri

0

solutions always exist in the

system, and hen e we have the F+P solution. In this
ase, the solutions depend on the initial values, seen in
Fig. 1

expli itly.

Thus, Fig. 1 shows that we have two types of solutions, symmetri

and nonsymmetri .

Moreover, it

displays that the P solution or phase, the F phase, and
the F+P phase exist in the system. To see the boundaries between these three regions, we have to
DPT points, and then we

al ulate

an present phase diagrams

of the system. DPT points are to be obtained by investigating the behavior of the average magnetization in a
period, whi h is also

alled the dynami

magnetization,

as a fun tion of the redu ed temperature.
we also

Moreover,

al ulate the Lyapunov exponent to verify the

stability of a solution and the DPT points.
The average magnetization in a period or the dynami

magnetization

M

is given by

Z2
1
M=
2 0 m() d:

The behavior of

M

as a fun tion of the redu ed temper-

ature for several values of

h and d is obtained by

om-

bining the numeri al methods of the Adams  Moulton
predi tor

orre tor with the Romberg integration; the

results are plotted in Fig. 2 together with the Lyapunov
exponent

.

Figure 2a represents the redu ed temper-

ature dependen e of the average magnetization

h = 0:75 and d = 0:25.

In this ase,

M de

M

for

reases to zero

dis ontinuously as the redu ed temperature in reases,
and therefore a rst-order phase transition o

Tt

= 0:2950.

variations of

Figures 2b and 2

M

for

h

dierent initial values
In Fig. 2b,

M

urs at

illustrate the thermal

= 0:675 and d = 0:25 for two
= 1 and M = 0, respe tively.

M

de reases to zero

ontinuously as the re-

du ed temperature in reases, and therefore the system

(12)

exhibits a se ond-order phase transition at
In Fig. 2 , the system undergoes two su

T

= 0:46.

essive phase

transitions. The rst is a rst-order transition from the
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Dynami

M; 

:::

spin-1

M; 

1:0

M

0:8 0:008

1:0

a

0

0:4
0:2

n
0:1

0

M

0:6

M

0

b

0:8

0:6 0:008

0:016 n
Tt s
0
:
024
0:4
0:28 0:32
0:2

0:2

phase transition in the kineti

Tt
0:3

0:2

M

0

s

0:2

0:4

T

M; 

n

T
0:2

0

s
0:6

0:4

M; 

1:0

1:0

0:8

d

0:8

M

0:6

T

M

0:6

0:4

0:4

0:2

M

0

s

0:2

n

Tt
0:2

0

0:2

M
T

0:4

0:6

M

0

s

0:2

T

n
0

s
0:8

T
0:2

0:4

0:6

T

The redu ed temperature dependen e of the dynami magnetization M (the thi k solid line) and the Lyapunov
exponents s and n (the thin solid line), the subs ript  s indi ates a symmetri solution whi h orresponds to the P phase
and  n indi ates a nonsymmetri solution that orresponds to the F phase; Tt and T are the rst- and se ond-order phase
transition temperatures, respe tively. The F+P region exists for d = 0:25 and h = 0:675. a) Exhibiting a rst-order phase
transition from the F phase to the P phase for d = 0:25 and h = 0:75; Tt is found to be 0.2950; b) exhibiting a se ond-order
phase transition from the F phase to the P phase for d = 0:25 and h = 0:675; T is found to be 0.460; ) exhibiting two
su essive phase transitions, the rst one is a rst-order phase transition from the P phase to the F phase and the se ond
one is a se ond-order phase transition from the F phase to the P phase for d = 0:25 and h = 0:675; Tt and T are found
to be 0:1950 and 0:460, respe tively; d) exhibiting a se ond-order phase transition from the F phase to the P phase for
d = 0:25 and h = 0:4; Tt is found to be 0:6720

Fig. 2.

P phase to the F phase at

Tt = 0:1950 and the se

dm
d

ond

is a se ond-order transition from the F phase to the P

T = 0:46. Finally, Fig. 2d shows the behavM as a fun tion of the redu ed temperature for
h = 0:4 and d = 0:25. It is easily seen that the system
phase at

then the Lyapunov exponent

ior of

T



(13)

is given by

2
1 Z F d:
2 0 m
stable when  < 0.

=

undergoes only a se ond-order phase transition, from
the F phase to the P phase at

= F (m; );

= 0:6720.

The solution is

(14)
The behavior

of the Lyapunov exponent as a fun tion of temperaIn order to

he k the DPT points and verify the

stability of solutions, we must
exponent

.

al ulate the Lyapunov

If we write Eq. (10) as

s

ture is also shown in Fig. 2, thin lines (

and

n

are

the Lyapunov exponents asso iated with the symmetri

1077
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in Fig. 3. One of the most interesting behavior of the

a

0:8

h

phase diagram is that the P phase always exists at low

= 0:1

P

h

values of

= 0:4

P+F
0

1

1

m( ) / exp( =
for m( ) always

2

). As  ! 1, the stationary solution

orresponds to the paramagneti

vanishes.

ferent phase diagram topologies a
of the redu ed external magneti

P+F
0

0:5

1:0

1:5

T

order phase transition lines merge, and signals
temperature higher than the dynami

= 1:25

hange

temperature, the dynami

tri riti al point

phase boundary between the

P phase and F phase is always of a se ond order. The

P

dynami

F
P+F

rst-order for the temperature lower than the dynami
tri riti al temperature. Moreover, as the

Z

1:3

1:2

phase boundaries between the P and the P+F

phases and the P+F and the F phases are always of a

0:025
0

tri riti al point, where both rst-

from a rst- to a se ond-order phase transitions. At the

d

0:050

h.

0 < h  0:6562, the phase diagram is presented for h = 0:1 and h = 0:4 in Fig. 3a. The system

exhibits a dynami

0:5

ording to the values
eld amplitude

1. For

Z

0:075

solu-

magnetization

As seen in Fig. 3, we have obtained three main dif-

P

h

reases, the se ond term

tion or phase, and hen e the dynami

M

F
1:0

The reason

in the right-hand side of Eq. (10) disappears. Thus, the

T

0:1

d.

an be seen analyti ally from Eq. (10) as follows. When

d

0:2

and high negative values of

solution for the time-dependent magnetization be omes

0

b
h = 0:8

T

d takes negative values and in

F

0:4

0

òîì

1:1

1:0

rease, a dynami

0:9

tri riti al point o

h

peratures and the F+P region shrinks, as

d

values in-

urs at low teman be seen

in the gure. The topology of this phase diagram

an

be readily obtained from the phase diagrams in Figs. 7a

Phase diagrams of the Blume  Capel model in
the (T; d) plane. The P, F, and F+P phase regions are
found. Dashed and solid lines represent the dynami
rst- and se ond-order phase boundaries, respe tively,
the dynami tri riti al points are indi ated with solid
ir les, and Z is the dynami zero-temperature riti al
point

Fig. 3.

and 7b in Ref. [20℄.

h

2. For

0:6562 < h  0:9828, shown in Fig. 3b for

= 0:8, the phase diagram exhibits the dynami

riti al point and the dynami
al point

Z.

zero-temperature

For the high negative values of

tririti-

d, the sys-

tem undergoes a se ond-order phase transition, whi h
separates the P phase from the F phase. For the low
negative values of

to zero

ontinuously as the temperature approa hes

d, a se

ond-order transition o

urs at

high temperatures and a rst-order transition appears

the phase transition temperature, the temperature, at

at low temperatures; the se ond-order line separates

whi h

the F phase from the P phase and the rst-order line

n

= s = 0, is the se ond-order phase tran-

sition temperature
the

 in

T

.

On the other hand, if one of

reases to zero dis ontinuously and the other

in reases to zero



ontinuously as the temperature ap-

separates the F phase from the F+P phase, seen in
the gure. Moreover, for very low negative values of
and also for all positive values of

d,

d

the system always

proa hes the phase transition temperature, the temper-

undergoes a rst-order phase transition that separates

ature, at whi h the dis ontinuity rst o

 and the other  = 0, is the rst-order phase transition temperature Tt . Moreover, if we ompare the
behavior of M and  in Fig. 2, we see that Tt and T

the F+P phase from the P phase.

found by using both

temperature

urs for one of

the

We

al ulations are exa tly the same.

an now obtain the phase diagrams of the sys-

tem and the

al ulated phase diagrams are presented

this phase diagram

h; T )

vious (

The topology of

an also be obtained from the pre-

phase diagrams, namely Figs. 7

in Ref. [20℄, ex ept the o
riti al point

and 7d

urren e of a dynami

Z.

The o

zero-

urren e of this

surprising or unexpe ted result is elu idated at the end
of this se tion.
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Dynami

h > 0:928, the phase diagram was onh = 1:25, as shown in Fig. 3 . The phase

phase transition in the kineti

spin-1

:::

model in presen e of a time-dependent os illating external magneti eld. We use a Glauber-type sto hasti

diagram is similar to the one in Fig. 1b, ex ept the

dynami s to des ribe the time evolution of the system.

following two dieren es: (i) for positive

The dynami

d

values, the

phase transition (DPT) points are ob-

system always exhibits the P phase, and hen e does not

tained by investigating the behavior of the dynami

undergo any phase transition; (ii) the rst-order phase

magnetization as a fun tion of the redu ed tempera-

transition line o

ture. Phase diagrams are presented in the (

urs for high values of

d, separates the

T; d) plane.

F phase from the F+P phase (Fig. 3b), terminates at

We found that the behavior of the system strongly de-

zero temperature, and separates the F phase from the

pends on the values of

F+P phase (Fig. 3 ). Hen e, the P phase always o

phase diagrams, where the P, F or the P+F phases o -

for high values of

d and very low values of T .

urs

The topol-

h;

three fundamental types of

ur that depend on values of

h,

are found. Moreover,

ogy of this phase diagram an also be obtained from the

the system always exhibits a dynami

phase diagram in Fig. 7e in Ref. [20℄, ex ept for the o -

For

urren e of a dynami

Z.

The o

zero-temperature

riti al point

urren e of this surprising or unexpe ted re-

sult is also elu idated at the end of this se tion.
Finally, it is worthwhile to mention that we
the surprising result in Figs. 3b and 3
zero-temperature

riti al point

Z

h > 0:6562,

zero-temperature
and

an see

appears in these g-

Z point was not to be expe ted
h; T ) phase diagrams, shown in

h; T ) phase diagrams [20℄.

Figs. 3b and 3

and with

DPT points are
exponents.

e in Ref. [20℄:

h; T )

in Ref. [20℄.

h; T )

onsidering the previous (

he ked by

al ulating the Lyapunov

Z.

for the DPT has been found in highly anisotropi

an be elu idated by studying

(Ising-like) and ultrathin Co/Cu(001) ferromagneti

the phase diagrams in Figs. 3b and 3
ing the previous (

This unexpe ted result

Finally, we also mention that experimental eviden e

another dynami tri riti al point

zero-temperature

This unexpe ted result

h is unexpe ted

phase diagrams. The stability of the solutions and the

from the previous (
instead of a dynami

Z , whi

an be elu idated by studying the phase diagrams in

ures, although su h a
Figs. 7

riti al point

annot be readily obtained from only the previ-

ous (

that a dynami

tri riti al point.

the system also exhibits a dynami

riti al point
and

onsider-

phase diagrams in Figs. 7

h; T )

In the previous (

e

phase diagrams,

the P, F, and P+F phases exist for low values of

T

in-

luding the absolute zero temperature and the dynami

lms [18℄ by the surfa e magneto-opti
in ferroi

Kerr ee t and

systems (ferromagnets, ferroele tri s and fer-

roelasti s) with pinned domain walls [19℄.
the dynami

However,

phase boundary and the nature ( ontin-

uous/dis ontinuous) of the transition have not been

phase boundary between the P and F phases is always

studied in detail.

a se ond-order phase transition line.

reti al investigation, espe ially of the dynami

T,

It has a bulge

We hope that our detailed theophase

urren e of

boundary and the nature of the transition, may shed

some sort of a reentrant phenomenon. In Figs. 3b and

some light or explanation while the detailed experi-

3 , the se ond-order phase transition line between the

mental studies will be done with the above systems or

P and F phases should start at the

new systems.

for a

ertain range of

the P phase o

suggesting the o

Z

point, be ause

urs at absolute zero, seen in previous

h; T ) phase diagrams, and terminates at the dynami
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(

and Te h-

_

tri riti al point where the se ond-order phase transi-
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