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The one-dimensional linear advection–diﬀusion equation is solved analytically by using the Laplace
integral transform. The solute transport as well as the ﬂow ﬁeld is considered to be unsteady, both of
independent patterns. The solute dispersion occurs through an inhomogeneous semi-inﬁnite medium.
Hence, velocity is considered to be an increasing function of the space variable, linearly interpolated in a
ﬁnite domain in which solute dispersion behaviour is studied. Dispersion is considered to be proportional
to the square of the spatial linear function. Thus, the coeﬃcients of the advection–diﬀusion equation
are functions of both the independent variables, but the expression for each coeﬃcient is considered in
degenerate form. These coeﬃcients are reduced into constant coeﬃcients with the help of a new space
variable, introduced in our earlier works, and new time variables. The source of the solute is considered
to be a stationary uniform point source of pulse type.

1. Introduction
Pollution can be classiﬁed in many ways. On the
basis of the environment where it occurs most, it
can be classiﬁed as air pollution, soil pollution, surface water pollution and groundwater pollution. Its
source may be natural or anthropogenic. One type
of source of these pollutions is a point source. Stationary point sources include volcanoes, factories,
electric power plants, mineral smelters, petroleum
reﬁneries and diﬀerent small-scale industries; while
mobile point sources include all sorts of transport
vehicles on road, rail or air. A point source is a
speciﬁc site in a medium (air, water or soil) where
the discharge of pollutant’s solute particles, in the
form of eﬄuents or particulate matters from such a
source, enter the environment and are transported
away from the source due to diﬀusion and advec-

tion. Groundwater pollution occurs due to inﬁltration of wastes through rainwater, from garbage disposal sites, septic tanks and mines, and discharge
from surface water bodies polluted due to industrial and municipal inﬂuents. Much of the natural impurities in rainwater and wastes get removed
during inﬁltrating through soil strata but overexploitation of groundwater increases pollution.
The pollutant’s solute transport from a source
along the ﬂow ﬁeld through a medium of air or
water is described by a partial diﬀerential equation
of parabolic type derived on the principle of conservation of mass, and is known as the advection–
diﬀusion equation (ADE). Also, ADE has similar
role in life processes (Shukla et al 2008). Its analytical solutions are of fundamental importance
in understanding and describing physical phenomena because they explicitly take into account all
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parameters of the problem. The literature presents
several methods to analytically solve ADE. The
literature also features the use of mathematical
substitutions in obtaining analytical solutions to
partial diﬀerential equations. Such methods are
very well reviewed in a recent paper (Guerrero
et al 2009) in which a formal exact solution of
the linear advection–diﬀusion transport equation
with constant coeﬃcients for both transient and
steady state regimes is presented by using a classical substitution. At this point it is necessary to
mention the existence of many closed-form solutions either in integral form or series formulations,
with the main property that both solutions are
equivalent. Among them we mention some works
(Rounds 1955; Smith 1957; Ogata 1970; Marino
1974; Scriven and Fisher 1975; Demuth 1978). All
of these studies were done in one-dimension, and
have been compiled (van Genuchten and Alves
1982; Lindstrom and Boersma 1989). In earlier
studies, a comparable substitution was used to
obtain a transient, one-dimensional solution for
miscible ﬂuid displacement in ﬁnite length beds
(Brenner 1962). An analytical solution for reactive solutes with linear adsorption, a source/sink
term, a ﬁnite domain, and continuous-ﬂux plugtype inlet conditions at the inlet boundary was
presented (Selim and Mansell 1976). Later, an
equivalent substitution was used by Golz (2003)
for studying convective–dispersive solute transport with constant production, ﬁrst-order decay
and equilibrium sorption in a porous medium. An
analytical technique for solving ADE with hyperbolic asymptotic distance-dependent dispersivity
was presented (Chen et al 2008), in which the solution was derived by applying the extended power
series method coupled with the Laplace transform. An analytical model was presented for solute
transport in rivers, including transient storage in
hyporheic zones (Smedt 2007), which consists of
an ADE for transport in the main channel with
a sink term describing diﬀusive solute transfer to
the hyporheic zone. A classiﬁcation of existing
modelling approaches was proposed and theoretical models are reviewed with an emphasis on their
mathematical formulations and their capacities to
model the scale eﬀect in longitudinal dispersion
(Frippiat and Holeyman 2008).
Analytical solutions of advective–diﬀusive transport problems continue to be of interest in validating more comprehensive numerical solutions of
the governing transport equations. Until recently
it was frequently the case that numerical schemes
were only tested against known analytical solutions to the ADE with constant coeﬃcients.
A reason for this was that there were very few analytical solutions to the ADE with variable coeﬃcients, with few notable exceptions (Shevelev 1969;

Zoppou and Knight 1999). The limitation of such
solutions was discussed by Neelz (2006). In the
last few years, special attention has been given to
searching for analytical solutions. Seven diﬀerent
classes of linear boundary value problems of heat
and mass diﬀusion were studied (Mikhailov and
Ozisik 1984), and resulted in the development of
three-dimensional general solutions for each of the
seven classes of problems by using the generalized
integral transform technique (GITT) in the context
of separation-of-variable or eigen function expansions. This technique is much used in recent works
(Cotta and Mikhailov 1997; Wortmann et al 2005;
Cassol et al 2009; Moreira et al 2009). Advection–
diﬀusion multilayer method (Costa et al 2006) is
another method for use in this context.
The Laplace integral transform technique
(LITT) is simpler and more viable for solving an
initial and boundary value dispersion problem than
any other method. Using LITT, we obtained analytical solutions of some dispersion problems in our
recent works (Jaiswal et al 2009; Kumar et al 2009,
2010), in which the two coeﬃcients, one of which
represents dispersion parameter and the other represents velocity of the ﬂow ﬁeld, were considered
as either temporally dependent or spatially dependent. In the present study, both the coeﬃcients
of one-dimensional ADE are considered in more
general form – each coeﬃcient is a function of
both the independent variables (space and time
variables) expressed in degenerate form. The reason and usefulness of choosing such variable coefﬁcients is explained in the following section. It
brings the assumptions of the present study closer
to real problems. In the present study, the temporal dependence of dispersion or advection is considered to be either exponentially decreasing or
increasing in nature. Other time-dependent functions may also be considered if an explicit relationship between the two new time variables, such
as the one obtained in the present study, is possible. In most of the real-world unsteady solute
transport phenomena, dispersion as well as convection is exponential in nature. Therefore, the analytical solution proposed in this study is expected
to be more useful in validating numerical solutions of a more general nature. The analytical solution is obtained using LITT, which describes the
unsteady (of exponential nature) solute transport
from a pulse-type stationary point source of uniform nature along the unsteady ﬂow (also of exponential nature) through a semi-inﬁnite medium of
linearly increasing inhomogeneity. From this solution, those obtained in our earlier works cited
above, and in the dispersion problems with constant coeﬃcients, may be obtained as particular
cases, as explained in section 3.1. These solutions
are compared with each other by plotting the
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concentration values. This validates the integrity
of the solution obtained in this study.
2. Unsteady solute transport along unsteady
ﬂow through inhomogeneous medium
The linear advection–diﬀusion partial diﬀerential
equation in one dimension may be written as:


∂c
∂
∂c
=
D (x, t)
− u (x, t) c ,
(1)
∂t
∂x
∂x
where c is the solute concentration at a position x
at time t, the ﬁrst coeﬃcient D(x, t) is the solute
dispersion parameter and the second coeﬃcient
u(x, t) is the velocity of the medium transporting
the solute particles. In the present study, this equation is solved for a dispersion problem in which
both the coeﬃcients remain variable, i.e., they
remain functions of independent variables x and
t. The medium is considered to be of semi-inﬁnite
extent and is inhomogeneous.
Owing to the inhomogeneous nature of the
medium, the velocity of the ﬂow ﬁeld transporting
the solute particles along its downstream is considered spatially dependent. An increasing function for it is linearly interpolated in terms of a
position variable in a ﬁnite longitudinal region, in
which concentration values are evaluated (Jaiswal
et al 2009; Kumar et al 2009, 2010). Further, the
velocity is also considered temporally dependent.
The expression for velocity is written in degenerate
form as:
u (x, t) = u0 f1 (m1 t) (1 + ax) ,

(2)

where a is the inhomogeneity parameter whose
dimension is the inverse of that of the space variable. Its diﬀerent values represent media of varying
inhomogeneity. The variable m1 is an unsteady ﬂow
parameter whose dimension is the inverse of that of
t. The solute dispersion is also considered unsteady
but not in the same proportion in which velocity
varies with time. Its spatial dependence (due to
the inhomogeneity of the medium) is considered to
vary with the square of the spatial dependency of
the velocity (Scheidegger 1957), and so we consider
the following equation:
2

D (x, t) = D0 f2 (m2 t) (1 + ax) ,

(3)

where m2 is the another unsteady dispersion
parameter for solute transport whose dimension
is the inverse of that of the time variable. While
choosing expressions for f1 (m1 t) and f2 (m2 t), it is
ensured that f1 (m1 t) = 1 for m1 = 0 and f2 (m2 t) = 1
for m2 = 0. Both represent steady ﬂow and steady
solute transport, respectively. Also, it is ensured
that f1 (m1 t) = f2 (m2 t)=1 at t = 0. This represents
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the velocity and the dispersion at the initial stage.
The temporally dependent and spatially dependent expressions are in non-dimensional terms,
and so the constants u0 and D0 in equations (2)
and (3) may be referred to as uniform velocity of
dimension (LT −1 ) and the initial dispersion coeﬃcient of dimension (L2 T −1 ), respectively. Thus, the
advection–diﬀusion equation (1) may be written as:
∂c
∂
=
∂t
∂x



2 ∂c
D0 f2 (m2 t) (1 + ax)
∂x

− u0 f1 (m1 t) (1 + ax) c .

(4)

3. Initial and boundary value problem:
analytical solution
The medium through which solute dispersion
occurs is considered to be of semi-inﬁnite extent
along the longitudinal direction. Initially it is considered solute free. The source of the pollutant’s
solute is considered to be a point source and to be
situated at the origin of the medium. It is of pulse
type and uniform nature. In other words, the input
concentration at the origin remains uniform up to
a certain time period until the source is present,
and just after the source is eliminated, it becomes
zero. For example, smoke coming out of a chimney of a factory or waste meeting a riverbed at a
uniform rate vanishes as soon as the factory or the
drainage system is closed.
A ﬂux-type homogeneous condition is assumed
at the far end of the medium. Thus, the analytical
solution, c(x,t) of the advection–diﬀusion equation
(4) is desired with respect to the following initial
and boundary conditions:
c(x, t = 0) = 0, x ≥ 0,

C0 ; 0 < t ≤ t0
c (x = 0, t) =
,
0;
t > t0
∂c
= 0;
∂x

x → ∞, t ≥ 0.

(5)

(6)

(7)

The basic approach is to reduce the variable
coeﬃcients of the advection–diﬀusion equation (4)
into constant coeﬃcients. This is initiated with
the introduction a new space variable through a
transformation (Jaiswal et al 2009; Kumar et al
2010):
X=

1
log (1 + ax) ,
a

(8)
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and a new time variable through another transformation (Crank 1975)
T∗ =

and lastly the introduction of another time variable
through a separate transformation
t

t
f1 (m1 t) dt.

T =

(9)

Advection–diﬀusion equation (4) becomes:
f2 (m2 t) ∂ 2 c
∂c
=
D
0
∂T ∗
f1 (m1 t) ∂X 2


D0 f2 (m2 t) ∂c
− au0 c. (10)
− u0 1 − a
u0 f1 (m1 t) ∂X

accomplishes the desired objective. The initial and
boundary value problem with constant coeﬃcients
in (Z, T ) domain is obtained as follows:
∂C
∂T

c = C exp (−au0 T ∗ ) .

∂C
f2 (m2 t) ∂ 2 C
=
D
0
∂T ∗
f1 (m1 t) ∂X 2


D0 f2 (m2 t) ∂C
,
− u0 1 − a
u0 f1 (m1 t) ∂X
X ≥ 0,


C0 exp (au0 T ∗ ) ;
C (X = 0, T ) =
0;
∗

(13)

(15)

f2 (m2 t)
D0 f2 (m2 t)
=1−λ
(16)
u0 f1 (m1 t)
f1 (m1 t)

be deﬁned as another time-dependent expression
in non-dimensional variable (term), mt, where λ =
(aD0 /u0 ), is a non-dimensional parameter. So,
equation (12) may be written as:
∂C
1
f2 (m2 t)
= D0
∗
f3 (mt) ∂T
f1 (m1 t) f3 (mt)
∂C
∂2C
.
− u0
×
2
∂X
∂X

f1 (m1 t)
f3 (mt) ,
f2 (m2 t)

(21)

∂C
= 0;
∂Z

Z → ∞,

T ≥ 0.

(23)

It may be noted here too that for expressions of
f1 (m1 t) and f2 (m2 t), the dimension of T will be
that of t; hence, it is referred to as new time variable. Additionally, these expressions are so chosen
that for t = 0, T = 0 is ensured so that the nature
of initial condition does not change.
Further, to write the input condition (22), the
time variable T * occurring in condition (14) has
to be expressed in terms of another time variable,
T . For this, we chose two independent temporally
dependent expressions: the one of exponentially
increasing nature and the other of exponentially decreasing nature, for same unsteadiness parameter (m1 = m2 = m). So, we consider
f1 (mt) = exp (mt)
and
f2 (mt) = exp (−mt) .

(24)

From transformation (9), we have:
∗

t

T =
(17)

Further, the introduction of another non-dimensional space variable through a transformation
Z=X

Z ≥ 0,


C0 exp (γau0 T ) ; 0 < T ≤ T0
C (Z = 0, T ) =
0;
T > T0
(22)

(12)

Let
f3 (mt) = 1 − a

(20)

−2

0 < T ∗ ≤ T0∗
,
T ∗ > T0∗
(14)

T ∗ ≥ 0.

T > 0,

where γ = (1 − λ) , and

and
X → ∞,

∂2C
∂C
;
− u0
2
∂Z
∂Z

C (Z, T = 0) = 0,

(11)

As a result, the initial and boundary value problem
becomes:

= D0

0 ≤ Z < ∞,

Further, the ﬁrst-order decay term in the above
partial diﬀerential equation is eliminated through
another transformation:

∂C
= 0;
∂X

(19)

0

0

C (X, T ∗ = 0) = 0,

f12 (m1 t) 2
f (mt) dt,
f2 (m2 t) 3

exp (mt) dt =

1
[exp (mt) − 1]
m

0

or
exp (mt) = 1 + mT ∗
or

(18)

−1

exp (−mt) = (1 + mT ∗ ) .

(25)
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Also, from transformation (19), we have:

f2 (m2 t) = exp (−mt) for m2 = m,

t

f3 (mt) = 1 − λ exp (−2mt) ,

2

exp (3mt) {1 − λ exp (−2mt)} dt

T =
0

λ=

or
T =

λ2
1
exp (3mt) −
exp (−mt)
3m
m
−

209

aD0
,
u0

T∗ =

μ=

2λ
1
λ2 2λ
exp (mt) −
+
+
m
3m
m
m

γ=
2

1
λ
3
−1
(1 + mT ∗ ) −
(1 + mT ∗ )
3m
m
−

u20
+ γau0 ,
4D0

and

or
T =

1
[exp (mt) − 1]
m

1

2.

(1 − λ)

Relationship (26) may also be obtained for the
same two expressions in equation (24) but in
reversed role, that is, for the following combination
of the two time-dependent functions:

2

λ
2λ
2λ
1
(1 + mT ∗ ) −
+
+
.
m
3m
m
m

The unsteady parameter m is considered to be
much smaller than 1, and so its second- and higherdegree terms in the binomial expansions in the
above equation are omitted. So, we obtain

f1 (mt) = exp (−mt)
and
f2 (mt) = exp (mt) .

T = (1 − λ) T ∗
2

or T ∗ = γ T,

(26)

where γ is deﬁned in condition (22).
Now, the analytical solution of the initial and
boundary value problem deﬁned by equations (20)–
(23) may be obtained by using LITT, as follows:

F (x, t) ;
0 < t ≤ t0
c (x, t) =
,
F (x, t) − F (x, t − t0 ) ; t > t0
(27)
where


 
u0
μ
C0
exp
Z
−√
F (x, t) =
2
2D0
D0

Z
× erfc
− μ T ∗ /γ
2 D0 T ∗ /γ

+ exp

μ
u0
+√
2D0
D0


× erfc

Z
2 D0

T ∗ /γ

 
Z

+ μ T ∗ /γ

f1 (m1 t) f3 (mt)
log (1 + ax) ,
a f2 (m2 t)

f1 (m1 t) = exp (mt)

for m1 = m,

So, solution (28) may be used for the above combination of the two functions, but in that case,
f3 (mt) = 1 − λ exp (2mt)
and
T∗ =

1
[1 − exp (−mt)] .
m

It may further be noted that the solution in the
case of uniform continuous input concentration
may be written as:
c (x, t) = F (x, t) ;

t > 0,

(30)

where F (x, t) will be given by equation (28).
3.1 Particular solutions
The key feature of this solution lies in obtaining
the solutions in all possible cases dealt with the
diﬀerent theories of solute dispersion, which are
discussed below:

,
(28)

Z=

(29)

• m1 = m2 = 0. It represents steady solute transport along steady ﬂow but through inhomogeneous medium, the inhomogeneity being deﬁned
as in the above section. We have f1 (m1 t) = 1,
f2 (m2 t) = 1, f3 (mt) = 1 − λ, T ∗ = t, Z = (1 − λ) /
a log(1 + ax), and so on. Solution (27) reduces
to the solution given by equation (50) (Jaiswal
et al 2009) and the solution (30) reduces to the
solution given by equation (18) (Kumar et al
2010).
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• m1 = 0; m2 = m. This case represents the unsteady solute transport along steady ﬂow
through the inhomogenenous porous media
(Matheron and de Marsily 1980), and the corresponding analytical solution may be obtained
from solution (27) for pulse-type uniform input
or from the solution (30) for continuous uniform
input, with proper substitution in the expression
(28) of F (x, t). The similar problem but through
a homogeneous medium is dealt with in section
2.1 (Jaiswal et al 2009).
• m1 = m; m2 = 0. This case represents the steady
solute transport along unsteady ﬂow through the
inhomogenenous porous media, and the corresponding analytical solution may be obtained
with the proper substitution.
• f2 (mt) is proportional to f1 (mt). In this case,
solute dispersion becomes proportional to the
velocity (Rumer 1962).
• f2 (mt) is proportional to square of f1 (mt). In
this case, solute dispersion becomes proportional
to the square of the velocity (Scheidegger 1957).
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t = 1.9 (year)
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c/C0
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4. Illustrations and discussions
0.45

c/C0

To illustrate solution (27), the input values are chosen as: reference concentration, C0 = 1.0; initial
velocity, u0 = 0.60 (km/year); initial dispersion
coeﬃcient, D0 = 0.71 (km2 /year); inhomogeneous
parameter, a = 0.1 (km)−1 ; and unsteady parameter, m = 0.1 (year)−1 . The concentration values
are evaluated in a ﬁnite longitudinal space domain,
0 ≤ x(km)≤1.0, of the semi-infinite medium. So, due
to inhomogeneity of the medium only, i.e., at t = 0,
from equation (2), it may be seen that the velocity varies from a value 0.60 at the origin (x = 0) to
a value 0.66 at the end (x = 1) of the ﬁnite space
domain considered. Figure 1(a) is drawn in the
time domain t < t0 , at t(year) = 0.1, 0.7, 1.3, 1.9,
and ﬁgure 1(b) is drawn in the domain t > t0 at
t(year) = 2.2, 2.8, 3.4, 4.0. The time of elimination
of the source of pollution is considered as t0 = 2.0
(year). Thus, the time interval is considered to
be 0.6 years. The full line curves (unmarked) in
both the ﬁgures are drawn for the functions deﬁned
by equation (24), i.e., the unsteady pattern of
the ﬂow ﬁeld is considered to be of exponentially
increasing nature, while that of the solute transport is of exponentially decreasing nature. It may
be observed that in the presence of a uniform pollutant source, concentration values decrease with
position and increase with time. In almost 2 years,
the longitudinal domain becomes polluted at the
level slightly below that of the input concentration.
Once the source of the pollution is removed, the
input concentration becomes zero and, at a particular position concentration level, starts decreasing

t = 2.2 (year)

t = 3.4 (year)
t = 2.8 (year)

0.30

0.15

t = 4.0 (year)
0.00
0.0

(b)

0.2

0.4

0.6

0.8

1.0

x (km)

Figure 1. Solute transport due to exponentially decreasing
time-dependent dispersion along exponentially increasing
time-dependent ﬂow through inhomogeneous medium (a) in
the presence of the uniform pulse-type point source, shown
by the four unmarked curves. The curve marked with circles
shows the numerical solution of the same problem. The curve
marked with stars shows the analytical solution of the ADE
with constant coeﬃcients subjected to same conditions and
(b) in the absence of the uniform pulse-type point source,
shown by the four unmarked curves. The curve marked with
circles shows the numerical solution of the same problem.
The curve marked with stars shows the analytical solution
of the ADE with constant coeﬃcients subjected to same
conditions.

with time and appears to settle at a minimum level
after 2 years. The increase in concentration level
(in the presence of the source) or decrease in the
same (in the absence of the source) is faster at the
initial stage.
To establish the accuracy and integrity of the solution obtained in the present study, it is compared
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1.0

with two more solutions. One is the numerical solution of the same problem and the other one is the
analytical solution of the problem with constant
coeﬃcients (van Genuchten and Alves 1982, problem A1 for the value of retardation factor, R = 1),
which is that of the ADE

along with initial and boundary conditions given by
equations (5)–(7). The former solution is obtained
by using the two-level explicit ﬁnite diﬀerence
method. The step sizes along the two axes of independent variables are chosen according to the stability norm. This solution is shown by a full line
curve marked with circles at t = 0.1 (year) and
t = 2.2 (year) in ﬁgure 1(a) and 1(b), respectively.
The latter solution is shown by the curve marked
by stars at t = 0.7 (year) and t = 2.8 (year) in both
the ﬁgures respectively. The diﬀerence between the
concentration values in the latter comparison will
become more signiﬁcant in case higher values of
unsteady parameter m and inhomogeneity parameter a are chosen. Both the comparisons validate
the result of the present study.
In view of the particular cases discussed in
section 3.1, the concentration values are evaluated
from solution (27) and are plotted in ﬁgure 2(a and
b) for the following ﬁve cases:
• exponentially decreasing time-dependent dispersion along exponentially increasing time-dependent
ﬂow, the forms given by equation (24),
• exponentially increasing time-dependent dispersion along exponentially decreasing time-dependent
ﬂow, the forms given by equation (29),
• steady dispersion along steady ﬂow, discussed as
the ﬁrst particular case in section 3.1,
• exponentially decreasing time-dependent dispersion along steady ﬂow, discussed as the second
particular case in section 3.1, and
• steady dispersion along exponentially decreasing time-dependent ﬂow, discussed as the third
particular case in section 3.1.
In ﬁgure 2(a), all the ﬁve concentration curves
are depicted at t = 1.3 (year), but at t = 0.1 (year),
only the curves for the ﬁrst two cases are drawn.
Similarly, in ﬁgure 2(b), the ﬁve curves are drawn
at t = 3.4 (year) and at t = 2.2 (year) only two
curves are drawn. It may be observed that in the
presence of the source of pollution, solute transport
is the slowest in the ﬁrst case, is the fastest in the
last case, and that of the third case lies in between
the second and the fourth cases, the solute transport in the latter being the fastest among the three
cases. Similarly, in the absence of the source, the
rehabilitation is the fastest in the ﬁrst case.
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Figure 2. Comparison of solute transport in ﬁve cases of
unsteadiness of dispersion and the ﬂow through inhomogeneous medium (a) in the presence of the uniform pulse-type
point source and (b) in the absence of the uniform pulse-type
point source.

One time-dependent form f (mt) = exp(mt) tends
to inﬁnity as t → ∞; hence, it may be argued that
ultimately the solute transport or velocity of the
ﬂow ﬁeld increases enormously. But this situation
will never occur because, as observed from the ﬁgures, after a certain time period, an equilibrium
stage is reached and the source becomes ineﬀective with regard to it polluting the domain. Once
the source is removed, the rehabilitation process
is almost completed in a ﬁnite time period. The
unsteadiness and inhomogeneity in diﬀerent media
will vary. In air the two may be on the higher
side, while in soil and in aquifer they will be on
the lower side. The present study may be useful
to account for the dispersion through any medium
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by appropriate choice of values of the respective
parameters. In aquifer, the velocity will satisfy the
Darcy law and its value may be chosen between
2 m/day and 2 m/year (Todd 1980). The nomenclature of the dependent variable in diﬀerent disciplines stated at the outset of section 1 may be done
accordingly, e.g., in wound healing the variable
c will represent cell concentration or the growth
factor (chemical) concentration. Additionally, such
study will be useful particularly in:
• validating numerical solutions of more real dispersion problem,
• in assessing the rehabilitation process of a polluted domain once the source of pollution is
eliminated forever, and
• in assessing the unsteady nature of dispersion of
the pollutants and advection, and heterogeneity
of the medium.
Further, as with the chosen values of u0 , D0 , inhomogeneity parameter, a, and unsteadiness parameter, m, the variations in velocity and dispersion
remain of small order, and so the Fickian law of
conservation of solute mass is not disobeyed.
5. Conclusion
The increasing demand for analytical solutions of
ADE, with variable coeﬃcients in more realistic
and general forms, has motivated us to obtain one
such solution by using a simpler LITT. Particular
solutions may be obtained from it for less real and
ideal cases. With the help of new independent variables introduced through separate transformations
at the diﬀerent stages, the variable coeﬃcients were
reduced to constant coeﬃcients. The source of pollution is considered to be stationary uniform point
source of pulse type. The independent functions for
the unsteadiness of solute dispersion, ﬂow and the
inhomogeneity of the medium are the key features
of the present study. More time-dependent expressions for f1 (m1 t) and f2 (m2 t) may be chosen for
which an explicit relationship, such as the one as
in equation (26), may be derived. In future work,
a moving point source (Crank 1987) may be considered. Additional eﬀects on the solute transport
due to adsorption, ﬁrst-order decay and zerothorder production may also be modelled and studied
(Toride et al 1993). This work may be extended to
two- and three-dimensions.
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