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Abstract. The model of directed compact percolation near a damp wall is
generalized to allow for a bias in the growth of a cluster, either towards or
away from the wall. The percolation probability for clusters beginning with seed
width m, any distance from the wall, is derived exactly by solving the associated
recurrences. It is found that the general biased case near a damp wall leads to a
critical exponent 5 = 1, in line with the dry biased case, which differs from the
unbiased damp/dry exponent 3 = 2.

Keywords: solvable lattice models, percolation problems (theory)

© 2012 IOP Publishing Ltd and SISSA Medialab srl 1742-5468/12/P11001+18%$33.00


mailto:h.lonsdale@ms.unimelb.edu.au
mailto:owczarek@unimelb.edu.au
http://stacks.iop.org/JSTAT/2012/P11001
http://dx.doi.org/10.1088/1742-5468/2012/11/P11001

Directed compact percolation near a damp wall with biased growth

Contents
1. Introduction 2
2. Calculation 5
2.1. Recurrences for ri(m,y) . . . . . ..o 5
2.1.1. Away from the wall, y >m. . . . . . . .. .. ... ... ... 5
2.1.2. Adjacent tothewall, y=m. . . . . .. ... ... ... ... 6
21.3. Onthewal,l y=m—1. . . . . . .. .. ... ... ... .... 7
2.2. Solving for Q(m,y). . . . . ... 8
2.2.1. Recurrences for Q. . . . . . . ..o 9
2.2.2. Form of solution. . . . . . . . .. .. 9
3. Results 11
3.1. Result with bias . . . . . .. .. .. 11
3.2. Result without bias . . . . . . . .. .. o 11
4. Analysis 11
4.1. Percolating region . . . . . . . ..o 11
4.2. Asymptotic form, pg > % ............................ 12
4.3. Asymptotic form, pg < % ............................ 14
4.4. Asymptotic form, pa~ 5 . ... 14
4.5. FEffect of varying each of the variables . . . . . ... ... ... .. ... .. 15
5. Conclusions and special cases 16
5.1. Special cases . . . . . .. 16
5.1.1. Bulk comparison.. . . . . . . ... 16
5.1.2. Wet wall comparison. . . . . . .. ... ... ... 16
5.1.3. Dry wall comparison.. . . . . . . .. .. ... o 17
5.1.4. Damp wall comparison. . . . . . . . . .. ... L 17
5.2. Conclusion . . . . . . . . 17
Acknowledgments 17
References 18

1. Introduction

Lattice models of percolation have continued to play a central role in our understanding of
the integrability and critical behaviour of statistical mechanical systems [1]-[3]. They also
model a vast array of physical systems [4]-[7]. One of the integrable models of percolation
is that of directed compact percolation. The directed compact percolation model, first
introduced by Domany and Kinzel [8], has been modified in several ways to investigate
this exactly solvable model. Essam [9] generalized the bulk case to allow for a bias in the
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Table 1. The rules of the growth process for directed compact percolation near
a damp wall, with bias.

A>c 33 §°

(a) Pr(C occupied) = 1 ) Pr(C occupied) = ) Pr(C occupied) = pqy
) Pr(C occupied) = 0 ) Pr(C occupied) = p,, ) Pr(C occupied) =0

growth of clusters, which did not change the critical behaviour of the cluster properties.
Another modification that has been considered in several different cases is the addition of
a wall to restrict the lateral growth of a cluster. A wet wall causes the cluster to remain
attached to the wall, and was shown in [10] to have the same critical behaviour as the bulk
case. This model naturally exhibits a pre-determined biased growth, since the attachment
to the wall means there is a strong bias towards the wall, with the cluster moving towards
the wall with certainty, leaving the probability away from the wall as the only free variable.

The addition of a dry or non-conducting wall, considered in [11]-[14], produced
different critical exponents from the wet and bulk cases. However, it was found in [10]
that when a bias is introduced, either towards or away from the dry wall, the exponents
revert to the bulk/wet values; so it is only the unbiased dry case which exhibits different
critical behaviour. Due to the differences between the wet and dry wall models, it was of
interest to consider a damp wall which interpolates between the two. The unbiased case
of the damp wall model has been considered in [15]-[18], and was found to produce the
same critical behaviour as the unbiased dry wall model. This paper extends the work in
the damp case to consider biased growth, building on the equivalent work which has been
done for a dry wall, and it is found that again it is only the unbiased case which exhibits
different critical behaviour from the bulk, with any bias resulting in the bulk/wet critical
exponents.

Thus we adapt the model of directed compact percolation near a damp wall [15] to
introduce a bias in the growth of clusters, as was done for the dry wall in [10]. The model is
defined on a directed square lattice, the sites of which are the points in the ¢, x plane with
integer coordinates such that t > 0, x > 1 and ¢t + x is even. The damp wall is represented
by the sites at x = 1, where each wall site is ‘wet’ (occupied) with probability py, and ‘dry’
(unoccupied) with probability ¢y, = 1 —py,. We begin with an initial seed of m contiguous
sites at ¢t = 0, the midpoint of which is located y units above the wall. The seed is placed
with certainty, and a cluster is grown from this one column at a time, according to the
rules of directed compact percolation as illustrated in table 1.

doi:10.1088/1742-5468/2012/11/P11001 3
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T T T T T T T T T >
t

Figure 1. An example cluster, grown from a seed of width m = 2 with
midpoint located y = 4 units from the wall. The probability of this cluster
being grown from the seed can be calculated a column at a time, as

(1)(qupa)(quga) (qupa) (Pupad) (quPw) (Pu) (qudw) (qupa) (qudw) = PAGLPIaPwTa-

To ensure compactness, the site (¢,z) becomes wet with certainty if the sites
(t — 1,z £ 1) are both wet. If only (t — 1,z — 1) is wet then the site (¢,2) becomes
wet with probability p,, corresponding to cluster growth in the ‘upward’ direction, and
hence remains dry with probability ¢, = 1 — p,. Similarly if only (¢t — 1,z + 1) is wet
then the site (¢,2) becomes wet with probability pq, corresponding to cluster growth in
the ‘downward’ direction, and remains dry with probability g4 = 1 — pq. Where the sites
(t — 1,2 £ 1) are both dry, the site (¢,z) remains dry with certainty. In this way each
successive column can be determined, and then acts as a seed for the remainder of the
cluster. We can similarly use these rules to calculate the probability that a particular
cluster is grown from a given seed by this growth process, as in the example in figure 1,
or to consider all possible clusters that can be grown from a given seed.

We define the percolation probability P, ,(pu,pd,pw) to be the probability that a
cluster grown from a given seed, of width m and midpoint y units from a damp wall,
becomes an infinite cluster. Within the range of possible values of the probabilities py, pq
and py,, there will be some low-density region, where there are only finite clusters, for which
the percolation probability will be zero. Above some critical threshold, determined by these
probabilities, there will be a high-density region where there is a non-zero probability of
a given seed producing an infinite cluster. That is, we have

0, low-density region;

Pm us Pds Pw) — . . .
v(PusPas ) {Pm,y, high-density region;

(1)

where P, , > 0.

The behaviour of the percolation probability approaching this critical threshold from
above is given by a simple power law, with critical exponent /3. In the bulk [9] and wet
wall [10] cases, it was found that 3 = 1, whereas the dry wall case [10] was found to have
critical exponent 5 = 2 in the unbiased case, reverting to f = 1 when a bias towards or
away from the wall was introduced. The specific unbiased damp case considered in [15]
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was similarly found to have § = 2, which we will confirm for clusters grown from seeds of
any width or distance from the wall.

In this paper we find the percolation probability, and associated critical exponent,
in the biased damp case. Despite the addition of an extra variable, py, we find that
the percolation probability for the biased case of directed compact percolation near a
damp wall can be found using similar methods to the dry case. By solving the recurrence
relations, we arrive at a general expression for percolation probability near a damp wall
under biased growth, for clusters beginning with a seed of width m with midpoint y units
from the wall:

) e (G -GG e
N e el o) M e ] VM

which has critical exponent 3 = 1, when p, # pq, in line with the bulk, wet and biased
dry wall results. However, the unbiased damp case of p, = pq leads to the different critical
exponent [ = 2, generalizing the result found in [15] to general cluster size and position,
as in the unbiased dry case.

2. Calculation

2.1. Recurrences for r¢(m,y)

Let r(m,y) be the probability that a cluster grown from a seed of width m, midpoint
y units from the wall, has exactly ¢ growth stages before terminating. We now set up
recurrences for r,(m,y) by considering the growth of the cluster from one time step to the
next. As this will differ depending on the interaction with the wall, we treat separately
three classifications of seed location: away from the wall, adjacent to the wall or on the
wall.

2.1.1. Away from the wall, y > m. A seed with lowest occupied site a distance d > 2
from the wall will not lead to any interaction with the wall in the following column. This
corresponds to the midpoint of the seed being a distance y > m from the wall, which gives
four possibilities for cluster growth in the following time step, as shown in table 2. When
the cluster’s midpoint, or centre of mass, shifts upwards, this corresponds to the ‘top’ of
the cluster propagating upwards with probability p, and the site adjacent to the bottom
of the cluster remaining unoccupied with probability ¢q. Similarly shifting downwards
corresponds to an unoccupied ‘up’ site with probability ¢,, and the cluster propagating
downward with probability pq. When the cluster width increases or decreases, it means
both the ‘up’ and ‘down’ adjacent sites have either become occupied with probability p,pq,
causing the width to increase, or remained unoccupied with probability ¢.qq, causing the
width to decrease. We can write this as the recurrence

re(m,y) = puqari—1(m,y + 1) + qupari—1(m,y — 1) + pupari—1(m + 1, 7)
+ qugare—1(m—1yy),  y>m, m>1 t>0. (4)

doi:10.1088/1742-5468/2012/11/P11001 )
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Table 2. All possible configurations, and corresponding probabilities, for clusters
beginning distance d > 2 away from the wall, illustrated with a cluster of initial
seed width m = 4.

Possible configurations:  (a) (b) (c) (d)
[ ‘(f o/. é
‘.
dI \. dI ﬁ d I d I \.

I B N

Second column, t =1

Cluster width: m+1 m—1 m m
Midpoint-wall distance: vy Y y+1 y—1
Probability: PuPd quqd Pudd quPd

We consider separately the case m = 1, for which one of the configurations will cause the
cluster to terminate, hence we have

re(1,y) = pudare-1(Ly + 1) + quparea(Ly = 1) + puparea1(2,y),  y>1, >0, (5)
where this case can be covered by (4) if we define

r(0,y) =0, y>m, t>0. (6)

We now consider the case t = 0. For ro(m,y) to be non-zero, it must be possible for
the cluster to terminate immediately. Due to the rules of compactness, a cluster with seed
width m > 1 must propagate into the next column, so cannot terminate immediately. So
we have

However, a seed consisting of a single occupied site has some probability of terminating
immediately, if both adjacent sites remain unoccupied. Away from the wall this probability
is determined by the two bulk occupation probabilities p, and pgq, so for the cluster to
terminate we have

ro(L,y) = quaa, Yy > 1L (8)
2.1.2. Adjacent to the wall, y =m. We say that a seed is adjacent to the wall if its lowest

site is immediately above the wall, and as such we must consider the occupancy of a wall
site in the next time step. This corresponds to a seed with midpoint y = m units from the

doi:10.1088/1742-5468/2012/11/P11001 6
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Table 3. The different configurations possible for a cluster beginning adjacent to
the wall, and their probabilities, shown through a sample cluster of initial seed

width m = 4.
(a) (b) (c) (d)

Possible configurations:

Second column, t =1

Cluster width: m+1 m—1 m m
Midpoint—wall distance: m m m+1 m—1
Probability: PuPq Gudw DPuldw GuPw

wall, and leads to the same four possibilities of physical configurations as in the bulk case,
as seen in table 3. We adjust the probability of each configuration compared to the bulk
case by simply replacing pq with py in the recurrence in (4), as downward movement of
the cluster will correspond to an occupied wall site. This results in the recurrence adjacent
to the wall:

Tt(ma m) - quth—l(W% m + 1) + Qprrt—l(mu m — 1)
+ pupwri—1(m + 1,m) + quqwre—1(m — 1,m), m>1, t>0. (9)

For the case m = 1 we have a similar relationship, omitting only the final term which
would correspond to a terminated cluster. Thus we have

re(1,1) = putwre-1(1,2) + qupwri-1(1,0) + pupwri1(2,1), >0, (10)
which can be united with (9) by the definition
r+(0,1) = 0. (11)

The case t = 0 corresponds to a cluster terminating immediately, which is only possible
for a seed of width 1, so for all other seeds we have

ro(m,m) = 0, m > 1. (12)

A single site adjacent to the wall will terminate if both the wall site is dry, with probability
¢w, and the cluster does not propagate upwards, with probability ¢, hence

TO(L 1) = Gufw- (13)

2.1.3. On the wall, y =m — 1. When y = m — 1, the seed includes a site on the wall.
In this case there can be no further downward movement of the cluster in the next time
step, and there are only two possibilities—as shown in table 4. These depend solely on

doi:10.1088/1742-5468/2012/11/P11001 7
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Table 4. The different configurations possible for a cluster beginning on the
wall, and their probabilities, shown through a sample cluster of initial seed width
m = 4.

Possible configurations:  (a) (b)

Second column, t =1

Cluster width: m—1 m
Midpoint—wall distance: m —1 m
Probability: Qu Pu

the occupation of a single site adjacent to the seed in the ‘up’ direction. So we have the
recurrence

re(m,m — 1) = pyri—1(m,m) + quri—1(m — 1,m — 1), m>1, t>0. (14)

Again we consider separately the m = 1 case, which eliminates one of the possible
configurations with the result

ri(1,0) = puri—1(1, 1), t>0, (15)
which can be covered by (14) if we make the definition
r(0,0) = 0. (16)

The case t = 0 corresponds to a cluster terminating immediately, which is not possible for
clusters with seed width m > 1, so we have

ro(m,m —1) =0, m > 1. (17)

We note that a single site on the wall can only propagate upwards, and will hence terminate
with probability ¢, giving

ro(1,0) = gu. (18)

2.2. Solving for Q(m,y)

We define Q(m, y) to be the probability that a finite cluster is grown from a seed of width
m and midpoint y units from the wall. This can be expressed as the sum of all finite
clusters of length ¢ grown from that seed, so we can define

Q(m7y> = Zrt(m7 y)7 m > 07 Yy 2 m — 17 (]‘9)

t=0

doi:10.1088/1742-5468/2012/11/P11001 8
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noting that we have omitted the trivial case of m = 0 from our definition. Although we
have defined 7:(0, y), this was for convenience—so that the more general recurrence would
hold for the m = 1 case for each seed classification—and did not come from a physical
interpretation. We note that Q(m,y) will be of the form

1 low-density region;

Q(m,y) = { (20)

Qm.y, high-density /percolating region.

Thus, in finding the expression in the high-density region, @, ,, we will also discover the
percolating region for the biased damp case. We will then be able to find an expression
for the percolation probability in the biased damp case, which in the high-density region
is equal to

Pry=1—=Qmy- (21)

2.2.1. Recurrences for Q,,,. We can obtain recurrences for @), , by summing those found
for r,(m,y) over t > 1 and adjusting for the t = 0 term where necessary to obtain the form
in (19). Away from the wall, that is y > m, we obtain a general recurrence for @,,, by
summing (4) for t > 1. We treat the m = 1 case separately, as this is the only recurrence
which will lead to a non-zero ¢ = 0 term as given in (8). The resultant recurrences for
(Qm,y in the bulk are

Qm,y = qude,y+1 + QUdem,yfl + pudeerl,y + Qqumel,w m > 17 Yy > m,
(22)
Q1y = Pu@aQ1y+1 + qupaQiy—1 + PupaQ2y + quda, y > 1 (23)

Adjacent to the wall, corresponding to y = m, we sum (9) for ¢ > 1, adjusting for the t = 0
term in the m = 1 case as given by (13). The resultant recurrences for @,,, adjacent to
the wall are

Qm,m = quWQm,m-l-l + QprQm,m—l + puprm—l-l,m + QuQWQm—I,m; m > ]-; (24)
Q11 = Pugw@12 + QuPw@1,0 + Pubw21 + qulw- (25)

On the wall, for y = m — 1, we sum (14) and adjust for ry(1,1) as given by (18). The
resultant recurrences for @), , on the wall are

Qm,m—l = qum,m + QUQm—l,m—la m > 1a (26)
QI,O = qul,l + qu- (27)

We will now solve the six recurrences in (22)—(27) to find Q.

2.2.2. Form of solution. We search for separable solutions of the general recurrence in
(22), defining @, to be of the form

Qmy = M(m)Y (y). (28)
We substitute this into (22), separating the terms to obtain

M{(m) = pupaM(m +1) = qugaM(m = 1) _ puga¥(y +1) + qupa¥(y — 1)
M(m) Y(y) ’

doi:10.1088/1742-5468/2012/11/P11001 9
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where we have assumed M(m) # 0, Y (y) # 0—noting that either of these would lead to
Qm,y = 0, which does not satisfy the boundary conditions.

We allow both sides of (29) to be equal to a separation variable s, and rearrange to
get the recurrences

pude(m + 1) + (S - 1)M(m) + QquM<m - 1) = 07 (30)
pugaY (Y +1) = sY(y) + qupaY (y — 1) = 0. (31)

Following the work done on the biased dry wall case in [10], we choose s = puyqq + qupa,
and assume an exponential form for M (m) and Y (y). When substituted into (30) and
(31), this leads to the solutions

m Yy

M(m)=1 or (unId> and Y(y)=1 or (qupd) : (32)
PuPd Puda

which are not sufficient alone to satisfy all conditions on @, . Guided by the work of [10]

and [12] we now choose s = p,pq + ¢uqq, which leads to further exponential solutions of

the form
m m Yy Yy
M(m) = (q—u) or (q—d> and Y(y) = <@> (@) )
Du Pa Pu 4d

We note that all forms of solution found thus far have been identical to those in the
dry wall case. This is expected as at this stage we are seeking a form of solution which
satisfies the general recurrence away from the wall, which corresponds to directed compact
percolation in the bulk.

We now discard the solutions from (32) to (33) which are unbounded as y increases
in the high-density region, in addition to the constant term, as we know that the result
must tend to the bulk as y increases. That is

lim Qu, = (q“Qd)m. (34)

(33)

y—oe PuPd

Combining the remaining terms from (32) to (33), we have a trial form of solution
for the probability of a finite cluster being grown in the case of biased directed compact
percolation near a damp wall

m m+y m Y
(B e () () (@) e
ng — ];u];;l m ];u om Pa Pu (35)
A2<u > +Bg<—u> —|—CQ, y:m—l
PuPld u

We note that this form will satisfy (22), by construction, and now seek to find the

coefficients such that it will satisfy all other constraints on @),,,. Substituting (35)

into equations (23)—(27) and solving the resultant simultaneous equations, we find the

coeflicients to be

(1 —qd — Qu)<Qd — Gu — (1 — qu)Qw)
(94 = qu)(1 = Ga — Gu + Guaw)

doi:10.1088/1742-5468/2012/11/P11001 10
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1 - — Yu - Yu — ]- - Yu)Yw
oy — L= 90— 6) (%0 = g = (1 = @)4w) (38)
(¢a — qu)(1 — g4 — qu + quaw)
A, — = )1 = g)(1 — 200)
qd(Qd - Qu)(l —qd — Gu + unW)
(1 =g —qd — qu)(ga — qu — (1 — qu)gw)
qu(ga — qu)(1 — ga — qu + quaw)

Cy = 0. (41)
So, using these coefficients in (35), we have an expression for the probability of a finite
cluster being grown from a given seed.

(39)

BQI

(40)

3. Results

3.1. Result with bias

Using (21), we calculate the percolation probability for a cluster grown, according to
biased directed compact percolation, from a seed of width m, with midpoint y units from
a damp wall, to be

e () BB (-G E) e
42
Gulw(2pu — 1) <Qqu)ml _ (Pu = ga) (PuPw — Pa) (@)ml 3)

(Pu — Pa)(Pd — Pwu) \PuPa (Pu — Pa)(Pd — Pwu) \Pu

where this result holds for the high-density region, and elsewhere the percolation
probability is zero.

Pm,m—l =1~

3.2. Result without bias

We can consider the unbiased case by setting p, = pq = p in (42) and (43). We rearrange,
factoring out apparent singularities, to get an expression for the percolation probability
in the unbiased case,

2m m-+y
w 1 —2q)m
_ q

1 —2q+qqw) \P
m,y(p7p7pw) (q)Qm—l qw(l . 2q)(m . p) <q)2m—1 ( )
1—|~= - - ) y:m_]"
p q(1 —2q+qqw) \p

which holds for p > %, the percolating region for the unbiased case as found in [15]. This
result can also be verified by solving the recurrence relations in the unbiased case [19].

4. Analysis

4.1. Percolating region

The percolating region corresponds to the region where P, , > 0. Setting the expressions
in (42) equal to zero, we rearrange with the assumption that it must hold for all m,y.

doi:10.1088/1742-5468/2012/11/P11001 11
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P3,2(pu5pd: 08)

Figure 2. The percolation probability for a cluster beginning on the wall with
seed width 3, where the wall occupation probability has been set to py, = 0.8 so
that the dependence on p, and pq can be seen.

This means that the transition point should be independent of seed width or distance
from the wall. We find that P, , = 0 when either p, = % or pu—+pq = 1, regardless of p,,.
The positive P, , region is to the right of these lines, as shown in figure 4, identical to the
high-density region in the dry wall case. We also see very clearly the percolating region
in the graph of percolation probability given in figure 2. Similarly, the percolating region
in the unbiased case is p > %, as can be seen in figure 3. This corresponds to the section
of the biased percolating region where p, = pq.

Hence in the biased damp case we have a critical curve consisting of two line segments
intersecting at the crossover point p, = %, Pa = % On this critical curve there is a phase
transition, between clusters of only finite sizes being grown from a seed and the possibility
of an infinite cluster. To analyse the critical behaviour we consider separately the three
‘sections’ of the critical curve: for pg > %, where the phase transition occurs on the line
Pu = %; for pg < %, where the phase transition occurs on the line pq + p, = 1; and pq ~ %,
where the phase transition occurs at the crossover point.

4.2. Asymptotic form, pg > %

In the region pq > %, the phase transition occurs at the line p, = % Using Mathematica,
we take the series expansion of the expression in (42) in p, about % with the result

Py = f(pa,pw,m,y)(2pa — 1), y=m, (45)
Pm,mfl = g(pdapw> m)(2pu - 1)7 (46)

where

_ qa\" (9™ 2pagw(y — 1) + pwy — 4pdqdy)
fPar s, 3) = 2 (m o <pd> " (1 (pd) ) (2pa — 1)(2pa + qw — 1) ’
(47)

doi:10.1088/1742-5468/2012/11/P11001 12
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P11(p,p, puw)

Figure 3. The percolation probability for a cluster beginning with a seed of
a single site adjacent to the wall, in the unbiased case of directed compact
percolation near a damp wall. The line at p = % denotes the transition from

the low-density to the high-density region.

1
|
|
Pd wet-like | percolating
transition region
1
2 crossover
point
bulk-like
transition
1
3 1
0 2 Pu

Figure 4. The critical curve for biased directed compact percolation near a damp
wall, for any py. This replicates the results near a dry wall shown in [10].

o(papusm) = dm 4+ 2= 4pa — 4pa(dw = 2) = 4w = Pa(5pw + 4w (4a/Pa)™)) (43)
o (1= 3pa +2p3)(2pa + gw — 1)

So we see that the critical exponent
[hias — for pq > 1. (49)
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The physical interpretation of the behaviour in this region is that of a push towards the
surface, because the downward probability is greater than half. Thus it is not surprising
that the critical exponent in this region is the same as the wet wall critical exponent. We
hence call this section of the critical curve the wet-like transition, as shown in figure 4.

4.3. Asymptotic form, pg < %

In the region pgq < %, the phase transition occurs at the line p,+pq = 1. Using Mathematica,
we take the series expansion of the expression in (42) in p, about 1 — pgq with the result

Pm,y = h(pd,pw; m7y)<pu +pd - 1)7 (50)
Pum-1 = j(pd, Py, m)(pu + pa — 1), (51)

where

h(pa, pus ) = — — <<@>m_y - (g)mﬂ/) Gall + pu) = 1 (52)

Paqd Pa qa qwpa(2pa — 1)’
. m 1 pa\"" [ @ a2 1—pq—p3
) Padd  Palw qa Pigw  Pi(2pa—1)]  qapa(2pa — 1) )
So we see that the critical exponent

phas =1, for pq < 3. (54)

The physical interpretation of this region is of a push away from the surface. For pq < %,
there is decreased growth in the direction towards the wall. Along the line p, =1 — pq
we have that as pq decreases, p, increases—meaning that there is a definite preference for
growth away from the wall. We hence call this section of the critical curve the bulk-like
transition, as shown in figure 4.

4.4. Asymptotic form, pg = %

To find the critical exponent at the crossover point, where p, = % and pq = %, we consider
approaching the point from a distance r along a line at angle 6 to the p, axis. We can
hence express the coordinates of the point along these lines in terms of r and 6 as

pu =3 +7cosb, pa =3 +rsind. (55)
We substitute this into the expression for the percolation probability in (42), and expand
about r = 0, to find the asymptotic behaviour as r — 0,

16

Py = —m(py + qwy)r? cos (cos 0 + sin6), Yy >m, (56)
8
Prm-1 = —(2m?qy + (1 — 2¢y)(2m — 1))7? cos (cos 0 + sin 6). (57)

This shows that the exponent
e = 2 (59)

along any such line approaching p, = %, Pa = %, as was found in the case of a bias near a
dry wall in [10]. However, at any other point on the critical curve, only one of the factors
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Figure 5. The percolation probability for varying py, with all other variables
fixed.

(2py — 1) or (py + pa — 1) is equal to zero. This means that everywhere except at the
crossover point we have 8 = 1, as found in the pg > % and pg < % regions, which is the
critical exponent in the bulk and wet wall cases.

4.5. Effect of varying each of the variables

We can consider the effect of varying each of the variables present in our general solution
for the percolation probability in (42) and (43), that is each of p,, pa, pw, m and y.
The effect of varying p, or pq can be seen in figure 2, and it is these variables which
determine the percolating region as shown in figure 4. The critical behaviour also changes
depending on the relative relationship of p, and py. Any bias away from the wall tends
to the bulk case, and any bias towards the wall tends to the wet wall case; these results
mimic the findings of biased growth near a dry wall [10]. The critical exponent, when a
bias is present, is equal to the bulk/wet value of 1; however, in the unbiased damp case
the critical exponent is equal to 2. So the unbiased case of directed compact percolation
near a damp wall is a special case, as any bias either towards or away from the wall leads
us back to the bulk critical exponent.

Varying the wall occupation probability p, also affects the percolation probability, as
seen in figure 5, although it does not change the percolating region. In the unbiased
case p, = pq, the critical exponent differs depending on whether p, < 1 (damp/dry
exponent 3 = 2) or p, = 1 (wet/bulk exponent § = 1). Increasing the seed width, m,
for clusters a fixed distance from the wall, leads to a strong increase in the percolation
probability, as shown in figure 6. This follows naturally from the rules of directed compact
percolation, since a cluster with a large seed width is much less likely to terminate than
one with a small seed width. The distance from the wall, measured by y, also affects
the percolation probability, although the effect becomes more subtle as the distance from
the wall increases. A cluster beginning on the wall or adjacent to the wall is naturally
more constrained in its growth than a cluster which begins away from the wall, since the
sites below the wall are unable to be occupied. As a result, clusters beginning nearer the
wall are less likely to grow into infinite clusters in the high-density region, and we note
accordingly in figure 7 that the percolation probability in the high-density region is lowest
for clusters beginning on the wall, and increases as we move away from the wall.
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Figure 6. The percolation probability for varying m, for clusters beginning
adjacent to the wall (y = m), with all other variables fixed.
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Figure 7. The percolation probability for varying y, with all other variables fixed.

5. Conclusions and special cases

We have found an exact general expression for the percolation probability for directed
compact percolation near a damp wall, with general seed width at any distance from
the wall and allowing for bias. This formulation allows all previously studied cases to be
obtained as special cases.

5.1. Special cases

5.1.1. Bulk comparison. In the case of a cluster beginning away from the wall, we can
take the limit ¥y — oo to find an expression for the percolation probability in the bulk
limit,

. dudd "
lim P,,=1—(——] , 59
Jim P, =1 (22) (59)

which reproduces the expression for the biased bulk case found in [9)].

5.1.2. Wet wall comparison We can use our general expression to derive the wet wall
result also, by setting py, = pg = 1. In this way our expression in (42) reduces nicely to
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the wet wall expression,
q 2m—1
u
Povylpu=pa=1 = 1 = (_> ) (60)
Pu

which reproduces the expression for the wet wall case found in [10].

5.1.3. Dry wall comparison. The result for directed compact percolation near a dry wall,
using biased growth, can be obtained from (42) simply by setting p,, = pq. This replaces
the wall with a row of sites which are occupied based on the bulk downward probability,
and the row below becomes the effective dry wall. Setting py, = pq in (42), we have

@qa\" Pu—qa [(@\" [(@\"] (@\'"
PuPd du — 44 Pu Pd Pu

which agrees with the expression for the biased dry wall case found in [10]. We can similarly
apply the expression in (44) to the unbiased dry wall case, by setting p, = p, with the

result
2m m+y
q m(2p—1) (q
Pm, p,p,p =1~ <_) - - ’ 62
y( ) ) p ) (62)

which rederives the percolation probability in the unbiased dry wall case found in [10].

5.1.4. Damp wall comparison. The result in (44) generalizes the result of the specific
unbiased case considered in [15], of a seed of width one beginning adjacent to a damp
wall, and we can see

(1—2¢)
Pia(p,p,pw) = 4 1= 0*(1 =20+ qqw)’
0, D

V

p
(63)

VAN
N =N =

which is the same as the result found in [15] using a mapping to pairs of weighted directed
walks.

So the expression for percolation probability in (42) has as special cases all previously
studied cases of directed compact percolation on a square lattice: that is, in the bulk, near
a wet wall, near a dry wall and near a damp wall, in both the biased and unbiased cases.

5.2. Conclusion

We have analysed our full expression pointing out behaviour in terms of each variable and
providing scaling analysis near the percolation transition which depends on the variable,
including the special crossover point where the system changes from bulk-like behaviour
to ‘wet-wall’-like behaviour. The exponents in these two cases are the same and it is the
crossover point where the system is unbiased that is special. We conclude that whether
the wall is dry or damp does not effect the gross behaviour of the percolating system.
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