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Study of hysteresis in the ferromagnetic random field 3-state clock model
in two and three dimensional periodic lattices at zero temperature and in

the presence of dilution and an absorbing state

Elisheba Syiem1, R. S. Kharwanlang1∗

We numerically study hysteresis in the ferromagnetic random field 3-state clock model in
two and three dimensional periodic lattices at zero temperature and in the zero frequency
limit of the driving field. The on-site quenched disorders are continuous and are drawn from
a uniform distribution. We numerically analyzed the effects of disorder on the dynamics
of the model and hence on the shape of the hysteresis loops. We also study the model in
the presence of dilution and an absorbing state.

I Introduction

Hysteresis in quenched disordered systems has been
the subject of numerous research studies over the
past years [1, 2]. These studies are crucial because
they offer a wealth of insights into the rich field of
phenomena associated with nonlinear and random
systems, and they also have numerous practical ap-
plications, for example in the magnetic recording
industry [3–5]. Systems with quenched disorder of-
ten possess large number of metastable states that
are separated from each other by energy barriers
much larger than the thermal energy. The barriers
have a distribution of heights that depends strongly
on the details of the system. The metastable states
correspond to local minima in the free-energy land-
scape of the system. The system remains trapped
in a local minimum for a long time and is unable to
attain thermal equilibrium over the practical time
scale of interest. However the system can be driven
from one metastable state to another by the ap-
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plied external field. As the field is varied continu-
ously, the response of the system consists of irregu-
lar jumps arising from the non-uniformity of barrier
heights. This gives rise to Barkhausen noise. The
non-equilibrium random-field Ising model at zero
temperature was proposed by Sethna [6] to study
hysteresis and phase transitions in systems with
quenched disorder. The disorder in their model
is characterized by on-site quenched random fields
having a Gaussian distribution with mean value
zero and standard deviation σ. The model is able
not only to reproduce hysteresis loops that resem-
ble the observed experimental loops but also pro-
vide an understanding of other aspects associated
with it, for example, the Barkhausen noise, return
point memory etc. The model also exhibits a non-
equilibrium critical point σ = σc, h = hc at which
the Barkhausen jumps become scale invariant. For
σ < σc, there is a first order jump in the magnetiza-
tion on each half of the hysteresis loop. As σ is in-
creased, the size of the jump decreases continuously
to zero at σc. In addition to this model, other spin
models have also been formulated to study hystere-
sis and phase transitions in systems with quenched
randomness [7–11]. The present work studies the
zero temperature hysteresis in the random field 3-
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state clock model and in the limit of zero frequency
of the driving field. In our model the random field
has a fixed magnitude, so we vary the ferromag-
netic interaction J . We found that the response of
a system to an applied field in the high J limit (low
disorder) consists of first order jumps in the mag-
netization. As J is decreased, the size of the jump
decreases gradually to zero at a particular value
J = Jc and h = hc. The point (Jc, hc) marks the
existence of a non-equilibrium critical point of the
model. In the present work we focus on the analysis
of the shape of hysteresis loops rather than estimat-
ing the value of the critical point Jc. The shape of
the hysteresis loop has practical importance as it
relates directly to the dissipation of energy in the
system. We also found that at very high value of
J , spins flipped directly from first state to third
state and no spins flipped to the second state as
the field was varied continuously from h = −∞ to
h = ∞. In the present work we also study the ef-
fect on the hysteresis loop when dilution and an
absorbing state are incorporated into the system.
An absorbing state is a state in which the spin de-
grees of freedom of the system remain frozen over
the practical time scale of interest [12, 13]. In the
present work, the second state is considered as an
absorbing state. As the field is increased gradually
from sufficiently large negative value, spins flipped
from the first state to the second state or to the
third state. The spins that had flipped to the sec-
ond state remained frozen and could not leave the
state throughout the entire journey of the applied
field.

II Model

The model is defined by the Hamiltonian,

H = −J
∑
i,j

S⃗i.S⃗j −
∑
i

h⃗i.S⃗i − h⃗.
∑
i

S⃗i (1)

where S⃗i is a 2-component unit spin vector lo-
cated at the site i. S⃗i can point along any of the
three directions defined by the angles θ = θa, θ = θb
and θ = θc that the spin vector makes with the
+x-axis. We set 2π/3 < θa ≤ π, π/3 < θb ≤ 2π/3,
and 0 ≤ θc ≤ π/3 as shown in Fig. 1 below. At
each site i there is a 2-component quenched ran-
dom field unit vector h⃗i. The vector h⃗i is assumed
to be continuous and it is defined by an angle αi
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Figure 1: The figure depicts the spin states defined
by angles θa, θb and θc.

(0 < αi < π) that it makes with the +x-axis.
The summation in the first term is over the near-
est neighbors of the spin S⃗i. The uniform external
field h, |⃗h| = h is applied along the x-axis. J is the
ferromagnetic interaction between spins (J > 0).
The first and the last terms in Eq. (1) favor paral-
lel alignment of spins while the second term intro-
duces disorder in the system, thereby making each
spin point in the direction of the random field h⃗i.
Writing Eq. (1) in terms of the effective local field

f⃗i acting at each site i,

H = −
∑
i

f⃗i(t).S⃗i(t);

f⃗i(t) = J
∑
j

S⃗j(t) + h⃗i + h⃗ (2)

At zero temperature, the energy of a spin, and
hence that of the entire system, is minimum when
each spin points along the direction of the local
field f⃗i at its site. Since |S⃗i| = 1, the state of each
spin in the lattice at any applied field h is wholly
ascertained by the direction f̂i of the local field f⃗i.
Let Sx

j and Sy
j denote the components of the spin

S⃗j along the x-axis and the y-axis respectively and
similarly let hx

i and hy
i be the components of the

vector h⃗i along the x-axis and the y-axis respec-
tively. The x- component of f̂i is

cos θi = (3)

J
∑

j S
x
j + hx

i + h

[(J
∑

j S
x
j + hx

i + h)2 + (J
∑

j S
y
j + hy

i )
2]1/2

.
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We are interested in looking only at the ordering
of the spins along the field direction. Assuming no
global ordering along the y-axis, we set

∑
j S

y
j = 0.

Writing Eq. (3) in terms of the angles θ and α that
the spin vector and the random field vector make
with the +x-axis, we have

cos θi =

J
∑

j cos θj+h+cosαi

[(J
∑

j cos θj+h)2+2(J
∑

j cos θj+h) cosαi+1]1/2
.

(4)

As the field is continuously varied from h = −∞
to h = ∞, cos θi in Eq. (4) can take any values
from −1 to +1. Since in our model the spin can
take only three states, we set the states of the spin
as follows:

cos θi=

 Sa = cos θa for cosπ ≤ cos θi < cos(2π/3)
Sb = cos θb for cos(2π/3) ≤ cos θi < cosπ/3
Sc = cos θc for cosπ/3 ≤ cos θi ≤ cos 0

(5)
At any applied field value h, the state of a spin
is represented either by a single projection Sa =
cos θa or Sb = cos θb or Sc = cos θc. Furthermore, in
a given state at h, Sa or Sb or Sc is a representative
of the various projections/directions that the spin
vector makes with the field direction in that state
at h. Evidently, a spin that is stable in a given
state at h can have a range of minimum energy
values rather than a single value. For example, a
spin that is stable at the third state Sc at h has
minimum energy value ϵi in the range − cos θi ≤
ϵi ≤ − cos θi cosπ/3. The range of ϵi is independent
of the dimension of the lattice but the values of ϵi in
the corresponding range are different for different
dimensions of the lattice. For example in a cubic
lattice (3D) the range of ϵi is the same as that of a
square lattice (2D) but the values of ϵi are different
from that of a square lattice as given by Eq. (4).
Rewriting Eq. (4),

γi(h) =
A+ βi

(A2 + 2Aβi + 1)
1
2

(6)

where A = J
∑

j γj(h) + h; γi = cos θi;
βi = cosαi; and −1 ≤ γi ≤ 1; −1 ≤ βi ≤ 1.
Starting from a sufficiently large and negative ap-

plied field when all spins are in the first state Sa,

α = θ

α = θ
i i

i i

β =γ

i i

i i

+

β =−γ
−

X

Y

Si

S
i

Figure 2: The case A = 0 where the spin vector
S⃗i points along the random field h⃗i. β+ and β−

are the projections of h⃗i along the direction of the
applied field.

we increase the field in small steps. At each step,
the dynamics given by Eq. (6) is applied recursively
keeping h constant, until each spin in the lattice is
oriented along the direction of the local field at its
site and in line with Eq. (5). This results in a con-
figuration of spins in the lattice consisting of spins
that are stable in the first state Sa or the second
state Sb or the third state Sc. It is a local minimum
of the energy of the system within the approxima-
tion explained above and it represents a stable state
of the system at zero temperature. At non-zero
temperature it would become a metastable state
if the barriers of thermal fluctuations are smaller
than that of the quenched random fields. If, af-
ter a spin is relaxed, the energy at the neighboring
spin increases, then the neighbor is relaxed in the
next step. Holding h constant, we allow this pro-
cess to continue till all spins are relaxed along the
directions of their respective local fields. The frac-
tion of unstable spins that are relaxed during this
process determines the size of the avalanche. Keep-
ing the applied field constant during the avalanche
justifies the assumption that the frequency of the
applied field is infinitely slow and that the spins are
relaxed infinitely quickly as compared to the time
of variation of the field. Writing Eq. (6) in terms
of the random fields βi,
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β±
i (γi, A) = (7)

−A(1− γ2
i )± γi(1−A2 +A2γ2

i )
1
2

with −(1− γ2
i )

− 1
2 ≤ A ≤ (1− γ2

i )
− 1

2 . It is easy to
see that,

β+
i (γi, A) = β−

i (−γi, A)

β+
i (γi, A) = −β−

i (γi,−A) (8)

The geometrical picture of β+ and β− is shown
in Fig. 2. For example, we consider A = 0, un-
der this case, Eq. (6) gives θi = αi. This may be
expected because a spin can now lower its energy
only if it is aligned along the direction of the ran-
dom field. Fig. 2 shows the projections β+ and β−

along the field direction. We choose to work with
β+
i . For any given A value, it is seen from Eq. (7)

that β+
j (γj) > β+

i (γk) for γj > γk. In the present

work, the random fields −∆ < β+
i < ∆ are con-

tinuous and are drawn from a uniform probability
distribution,

p(βi) =

{
1
2∆ if −∆ < βi < ∆
0 otherwise

(9)

III Simulations

We increased the field slowly from h = −∞ to
h = ∞ in small steps. Successively at each field
step we run the dynamics described by Eq. (6) until
all spins are stable. This drives the system through
a succession of local minima. If on reversing the
field from h = ∞, the system visited a sequence
consisting of different local minima, the system is
said to exhibit hysteresis. In the present work we
are interested in studying the zero temperature hys-
teresis loops of the model in the two dimensional
square lattice as well as in the three dimensional
cubic lattice and in the presence of dilution and
an absorbing state. We run the simulations with
L = 3000 spins for 2D lattice and L = 1000 spins
for 3D lattice. At each value of the applied field we
averaged the magnetization per spin of the system
over 10000 realizations of the random fields. We
estimated the statistical error involved in our nu-
merical calculations at several values of h. At each
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Figure 3: Hysteresis in 2D for J = 0.1, Sa = −0.75,
Sb = 0.0, Sc = 0.75, L = 3000.

h value, we binned the 10000 data of average mag-
netization into 100 bins, where each bin contains
100 data. From each bin we compute the average
magnetization and estimate the error by calculating
the standard deviation with respect to the average
magnetization at h. The error computed is approx-
imately 0.000367. At the starting field h = −∞, all
spins are stable in the first state Sa. On increasing
the field slowly, at some value h of the applied field,
some spins may become unstable. This arises be-
cause the direction of the local fields at their sites
no longer points along the directions relevant to
state Sa. We call them the seed spins. The seed
spins are relaxed either to the second state Sb or
to the third state Sc depending on the direction
of the local fields at their sites. The neighbors of
seed spins may find themselves in a more favored
position to become unstable and they are also re-
laxed. This leads to an avalanche of flipped spin at
h. After the avalanche had stopped, we calculated
the magnetization per spin at that value of the ap-
plied field. We found that at very small values of
J , the hysteresis loop area is very small and has
a constriction along the middle portion of the tra-
jectory. These loops are called wasp-waisted hys-
teresis loops. The small hysteresis loop area can
be attributed to the fact that at very low J , the
disorder in the system is very strong and the spins
act almost independently from each other.

Fig. 3 shows the magnetization of the system
for a 2D lattice with L = 3000 at J = 0.1, and
Fig. 4 shows the corresponding magnetization for
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Figure 4: Hysteresis in 3D for J = 0.1, Sa = −0.75,
Sb = 0.0, Sc = 0.75, L = 1000.

a 3D lattice with L = 1000 at J = 0.1. As J is
increased further, the wasp-waisted shape of the
loop disappears and we get the normal hysteresis
loops as shown in Fig. 5 and Fig. 6. In Fig. 7
and Fig. 8, we plotted the hysteresis curves of
the second state Sb in increasing (blue curve) and
decreasing field (green curve) in 2D and 3D lattices
and at J = 0.385 and J = 0.257, respectively. The
separation of the two curves starts at h = 0. This
can be understood as follows:
The field value at which spins start flipping from
the first state Sa in the increasing field is given by
h = −J

∑4
i=1 Sa − 1√

(1−cos2 π/3)
and on decreasing

the field from h = +∞ the dynamics starts at h
= −J

∑4
i=1 Sc + 1√

(1−cos2 π/3)
. The seed spin in

the increasing field has all nearest neighbors in
the first state Sa while on decreasing the field,
the neighbors of the seed spin are all in the third
state Sc. Since Sa = −Sc, then from the above
two equations we see that the separation starts at
h = 0. The separation of the two curves increases
as J is increased.

In our model the disorder is tuned by the ferro-
magnetic interaction J . As J increases, the disor-
der in the system decreases. We found that at high
values of J , there is a first order jump in the mag-
netization and as we lower J the size of the jump
decreases continuously to zero at a critical value Jc.
Jc marks the non-equilibrium critical point of the
model. In the present work we are not in a posi-
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Figure 5: Hysteresis in 2D for J = 0.5, Sa = −0.75,
Sb = 0.0, Sc = 0.75, L = 3000.

tion to determine the exact value of Jc numerically,
but instead we identify the range within which the
value of Jc lies. In Fig. 9 we show the hysteresis
curves in increasing field for 2D lattice at J = 0.25
(violet), J = 0.3 (green) and J = 0.35 (light blue).
The hysteresis curve at J = 0.25 is continuous and
the curve at J = 0.35 has a discontinuity. The cor-
responding value of Jc in 2D appears to lie between
J = 0.25 and J = 0.35. Fig. 10 shows a similar be-
havior in 3D lattice for J = 0.1 (violet), J = 0.15
(green) and J = 0.2 (light blue). The value of Jc in
this case appears to lie between J = .15 and J = .2.
The value of Jc in 3D is found to be lower than that
in 2D. In Fig. 11 we plotted the minor hysteresis
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Figure 6: Hysteresis in 3D for J = 0.4, Sa = −0.75,
Sb = 0.0, Sc = 0.75, L = 1000.
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Figure 7: Trajectory of the fraction of spins at the
second state in increasing and decreasing field in
2D for J = 0.385, Sa = −0.75, Sb = 0.0, Sc = 0.75,
L = 3000.

loops of the model along with the major hysteresis
loop for the 2D lattice at J = 0.4. We increase
the field slowly from h = −0.7 and reversed the
field at a value h = 0.3 before the magnetization is
saturated. The reversed curve touches the return
major loop at h = −0.09. On increasing the field
again from h = −0.09, the curve meets the point
where it was last reversed at h = 0.3. A minor loop
within a minor loop is also traced in Fig. 11. This
shows that the model exhibits return point mem-
ory. The minor hysteresis loops for the 3D lattice
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Figure 8: Trajectory of the fraction of spins at the
second state in increasing and decreasing field in
3D for J = 0.257, Sa = −0.75, Sb = 0.0, Sc = 0.75,
L = 1000.
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Figure 9: Jumps in magnetization in 2D lattice
in increasing field for J = 0.25 (violet), J = 0.3
(green) and J = 0.35 (light blue), L = 3000.

at J = 0.22 is shown in Fig. 12.

At high value of J , for example at J = 1.54 in
2D lattice, spins from the first state flipped directly
to the third state and no spin flipped to the second
state. This can be explained below. In Fig. 13
we traced the random field profile from Eq. (7)
for spins in the 2D lattice and at J = 1.54. In
this plot, for example at the h value along the red
vertical line, CD gives the range of random fields
where spins with one nearest neighbor in second
state Sb and the remaining three in the first state
Sa remain in the first state Sa at h. The range

-0.8

-0.7

-0.6

-0.5

-0.4

-0.3

-0.2

-0.1

 0

-0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1  0

M
a
g
n
e
ti
z
a
ti
o
n

Applied Field

Figure 10: Jumps in magnetization in 3D lattice
in increasing field for J = 0.1 (violet), J = 0.15
(green) and J = 0.2 (light blue), L = 1000.
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Figure 11: Minor hysteresis loops in 2D lattice for
J = 0.4, L = 3000.

BC and AB give the values of random fields where
such spins can flip to second state Sb and third
state Sc at h respectively. As we increased the field
slowly at J = 1.54, some spins with all neighbors
in the first state Sa start flipping to second state at
hs = −J

∑4
i=1 Sa − 1√

(1−cos2 π/3)
≈ 3.465. This is

shown in Fig. 13 when the red vertical line touches
the light blue curve at h ≈ 3.465. We call these
spins seed spins. The random field profile of seed
spins is governed by the light blue curve in Fig. 13.
After a seed spin is flipped, it may cause one of its
neighbors to flip to third state if the random field
of the neighbor is in the range AB. Once flipped to
third state, the neighbor in question can then cause
an avalanche that spans across the entire system,
where spins can flip directly from the first state to
the third state. This is because, at h = hs and
J = 1.54, it can be seen from Eq. (6) that a spin
with one neighbor in the third state and the re-
maining three neighbors in first state can always
flip from the first state to the third state even if it
has the minimum random field value β = −1. A
similar behavior is also seen in 3D lattice.

i Hysteresis in the presence of dilution and
an absorbing state

On diluting the lattice, most spins find themselves
surrounded by vacancies. Vacancies are lattice sites
that are not occupied by spins. At low dilution we
observed that the behavior of the model is similar
to that of the non-dilute model. In the limit of ex-
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Figure 12: Minor hysteresis loops in 3D lattice for
J = 0.22, L = 1000.

treme dilution, hysteresis starts at a higher value
of J as compared to that when there is no dilu-
tion. This is expected because the system is now
punctuated by large numbers of isolated clusters
of spins. These spins behave independently, as the
field is continuously changing. In this limit there
is no possibility of occurrence of avalanches that

-1
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Figure 13: Distribution of random fields at J =
1.54 for 2D lattice. The curve at the right (light
blue) is for spins with all nearest neighbors in the
first state Sa. The middle curve (green) is for spins
with one nearest neighbor in the second state Sb

and the remaining three in the first state Sa. The
left curve (black) is for spins with one nearest neigh-
bor in the third state Sc while the remaining three
are in the first state Sa.
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Figure 14: Trajectory of the fraction of spins at the
second state in increasing and decreasing field in 2D
lattice with vo = 0.8 as the fraction of vacancies in
the system and for J = 0.5, L = 3000.

span across the entire system, and consequently no
possibility of macroscopic jumps in magnetization,
hence no possibility of critical behavior. Fig. 14
shows the trajectory of the fraction of spins at the
second state in increasing and decreasing field in
the 2D lattice at high dilution v0 = 0.8 and at
J = 5.0, and Fig. 15 shows the magnetization plot
in a 2D lattice at the same values v0 = 0.8 and at
J = 5.0. As shown in Fig. 14, the trajectory of the
system in increasing field as well as in decreasing
field consists of two peaks. It starts with the big-
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Figure 15: Hysteresis curves in 2D lattice with v0 =
0.8 as the fraction of vacancies in the system for
J = 5.0, L = 3000.
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Figure 16: Random field profiles for spins with
all neighbors vacancies (green) and spins with one
neighbor in the first state with the remaining three
being vacancies (violet). The hysteresis curves in
increasing field for the second state in 2D lattice
with v0 = 0.8 as a fraction of dilution in the sys-
tem and at J = 5.0, L = 3000 is also plotted here.

ger peak and then the smaller peak. The bigger
peaks in the increasing and decreasing field over-
lapped with each other. This can be understood as
follows.

In Fig. 16 we plotted Fig. 14 (in increasing field)
together with the random field profile given by
Eq. (7) at J = 5.0. The green curve is the ran-
dom field profile for spins with all nearest neigh-
bors as vacancies and the violet curve is that for
spins with one nearest neighbor in the first state
and the other three as vacancies. In the increasing
field, the dynamics start when spins with all near-
est neighbors as vacancies start to flip from first
state to the second state. This occurs at a field
value h = −J

∑
cos θj − 1√

(1−cos2 π/3)
≈ −1.154

with cos θj = Sb. It is clearly seen from Fig. 16
that the bigger peak occurs due to the flipping
of these isolated spins to the second state. Since
these spins can flip independently from each other,
their response to the field in increasing and de-
creasing trajectory is exactly the same. This ex-
plains the overlap of the bigger peak in increasing
and decreasing field. The maximum value of the
peak also occurs at a field value where the range
of random fields accessible to these spins at the
second state is maximum (green curve in Fig. 16).
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Figure 17: Trajectory of the fraction of spins at the
third state in increasing and decreasing field in 2D
with absorbing state, J = 0.3, L = 3000.

At h = 1√
(1−cos2 π/3)

= 1.154, no such spins re-

mained in the second state and all of them had
flipped to the third state. Similarly, the lower hys-
teresis loop in Fig. 15 below the plateau is due to
the flipping of these spins from the second state
to the third state. As the field is increased from
h = 1.154, no spins flip until the point where spins
with one nearest neighbor in the first state and
whose remaining neighbors are vacancies start to
flip at h = 2.596. This explains the presence of
the plateau in the lower hysteresis loop in Fig. 15.
Similarly the plateau in the corresponding upper
hysteresis curve in the reversing field can be ex-
plained from the reversed trajectory of the second
state. A similar behavior is also observed in 3D
lattice.
In the present work we also consider the case

when the second state is an absorbing state. When
a spin flipped to the absorbing state, it cannot leave
the state even when the field is very strong. As
such, spins in the absorbing state remained in that
state throughout the entire journey of the applied
field. Therefore in the increasing field spins can
flip from first state to second state or from first
state to third state while no spins can flip from
second state to third state. Similarly, on reversing
the field, spins from third state can flip to either
second or first state while no spins can flip from
second state to first state. We observed that the
jump in magnetization, and hence the critical be-
havior of the system, occurs only in the increasing
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Figure 18: Trajectory of the fraction of spins at the
third state in increasing and decreasing field in 3D
with absorbing state, J = 0.3, L = 1000.

field. This is expected because when a spin flips
in the increasing field it also causes an avalanche
of flipped spins. On reversing the field, the spin
cannot flip back unless the neighbors are flipped
first. If a neighbor of a spin flipped to the absorb-
ing state after the spin had flipped to the third
state, then on reversing the field, the spin cannot
flip back because its neighbor remained in the sec-
ond state. Such a spin can flip back only by the
influence of the field. And as the field is continu-
ously varied, the spin of interest will flip back to
the second state. Therefore, the presence of an ab-
sorbing state in our model prevents the occurrence
of avalanches of flipped spins from the third state
to the first state in the decreasing field. In Fig. 17
and Fig. 18 we plot the trajectory of the fraction of
spins at the third state in the increasing as well as
decreasing field in the 2D and 3D lattices, respec-
tively, when the second state is an absorbing state
at J = 0.3. As shown in the graphs, the hysteresis
loops are asymmetric and have the wasp-waisted
shape.

IV Discussion and conclusions

We have presented in this work the numerical study
of the zero temperature hysteresis of the random
field 3-state clock model in two and three dimen-
sional lattices and also incorporated the effect on
the hysteresis loops when dilution and an absorb-
ing state are present in the system. In this study,
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we observed that the presence of quenched disor-
der in the system has a strong effect on the shape
of hysteresis loops as well as on its critical behav-
ior. The shape of hysteresis loop is not univer-
sal; nonetheless, it has significance as it measures
the amount of memory stored in the system. The
presence of dilution breaks the system into isolated
clusters of spins. The spins in this case act almost
independently from each other. In the low dilu-
tion limit, the behavior of the model is qualitatively
similar to the undiluted model. At high dilution,
the model behaves differently. For example, as the
field is increasing slowly from h = −∞ to h = ∞,
we found no first order jump in the magnetization.
The presence of dilution prevents the formation of
an avalanche that would span across the system.
In the presence of an absorbing state, the critical
behavior of the system is seen only in the increas-
ing field, disappearing when the field is decreased
slowly from h = ∞. The hysteresis loops in this
case are asymmetrical and acquire a wasp-waisted
shape. These loops are observed in many diverse
systems, for example in magnetic rocks [14], shape
memory alloy [15], martensites [16], etc. We have
also studied the cases when θc(= −θa) takes any
value 0 < θc < π/3. We observed that as θc is
varied continuously from π/3 to zero, the range of
Jc decreases towards Jc = 0 in 2D as well as in
3D lattice. The behavior of the model is qualita-
tively similar, though the distribution of random
fields is drastically different in each case. We hope
the work presented in this paper motivates further
studies with more refined analysis.
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