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Abstract. Fractional kinetic equations are investigated in order to describe the various

phenomena governed by anomalous reaction in dynamical systems with chaotic motion.

Many authors have provided solutions of various families of fractional kinetic equations

involving such special functions as (for example) a generalized Bessel function of the first

kind [18] and the Aleph function [6]. Here, in this paper, we aim at presenting solution of a

certain general family of fractional kinetic equations associated with the generalized Mittag-

Leffler function. It is also shown that the result presented here includes, as its special cases,

solutions of many fractional kinetic equations which were investigated in earlier works. In

our investigation, we have found it to be more convenient to use (and the closed-form results

derived here appear to be considerably simpler by using) the Sumudu transform instead of

the classical Laplace transform.
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1. Introduction, notations and preliminaries

Fractional calculus, the differentiation and integration of arbitrary order,
arises naturally in various areas of science and engineering. During the last
several decades, fractional kinetic equations of different forms have been widely
used in describing and solving several important problems of physics and as-
trophysics. Saxena et al. [28] introduced the solution of the generalized frac-
tional kinetic equation associated with the generalized Mittag-Leffler function.
Subsequently, Saxena et al. [31] developed an alternative derivation of the
generalized fractional kinetic equations in terms of special functions with the
Sumudu transform. More recently, Kumar et al. [18] gave the solution of a
generalized fractional kinetic equation involving the Bessel function of the first
kind; Choi and Kumar [6] presented the solution of the generalized fractional
kinetic equations involving the Aleph function. For other results involving var-
ious classes of fractional kinetic equations and their solutions, one may refer
to such works as (for example, [4, 10, 23, 26, 27, 28, 29, 31, 43]). In particular,
Tomovski et al. [43] presented the corrected version of an obviously erroneous
solution of a certain fractional kinetic equation which was given by Saxena
and Kalla [26, p. 508, Eq. (3.2)] and also derived the solution of a much more
general family of fractional kinetic equations (see, for details, [43, p. 813,
Remark 3 and Theorem 10]).

Here, in this paper, we propose to investigate solution of a certain general-
ized fractional kinetic equation associated with the generalized Mittag-Leffler
function (see [25]). It is also pointed out that the result presented here is gen-
eral enough to be specialized to include many known solutions for fractional
kinetic equations.

Fractional kinetic equations have gained popularity during the past decade
or so due mainly to the discovery of their relation with the theory of CTRW
(Continuous Time Random Walks) in [13]. These equations are investigated
in order to determine and interpret certain physical phenomena which govern
such processes as diffusion in porous media, reaction and relaxation in complex
systems, anomalous diffusion, and so on (see also [12]).

Consider an arbitrary reaction characterized by a time-dependent quantity
N = N(t). It is possible to calculate the rate of change dN

dt to be a bal-
ance between the destruction rate d and the production rate p of N , that is,
dN/dt = −d+p. In general, through feedback or other interaction mechanism,
destruction and production depend on the quantity N itself, that is,

d = d(N) and p = p(N).

This dependence is complicated, since the destruction or the production at a
time t depends not only on N(t), but also on the past history N(η) (η < t) of
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the variable N . This may be formally represented by the following equation
(see [10]):

dN

dt
= −d (Nt) + p (Nt) , (1.1)

where Nt denotes the function defined by

Nt (t∗) = N (t− t∗) (t∗ > 0).

Haubold and Mathai [10] studied a special case of the equation (1.1) in the
following form:

dNi

dt
= −ciNi (t) (1.2)

with the initial condition that Ni (t = 0) = N0 is the number density of species
i at time t = 0 and the constant ci > 0. This is known as a standard kinetic
equation. The solution of the equation (1.2) is easily seen to be given by

Ni (t) = N0 e
−cit. (1.3)

Integration gives an alternative form of the equation (1.2) as follows:

N (t)−N0 = c · 0D
−1
t N (t) , (1.4)

where 0D
−1
t is the standard integral operator and c is a constant.

The fractional generalization of the equation (1.4) is given as in the following
form (see [10]):

N (t)−N0 = cν 0D
−ν
t N (t) , (1.5)

where 0D
−ν
t is the familiar Riemann-Liouville fractional integral operator

(see, e.g., [14] and [20]) defined by

0D
−ν
t f(t) =

1

Γ (ν)

∫ t

0
(t− u)ν−1 f (u) du

(
< (ν) > 0

)
. (1.6)

In terms of the generalized Bessel function ωl,b,c (t) of the first kind, Kumar
et al. [18] studied the following equation:

N (t)−N0 ωl,b,c (t) = −dν 0D
−ν
t N (t) , (1.7)

whose solution is given by

N (t) = N0

∞∑
k=0

(−c)k Γ (2k + l + 1)

k! Γ
(
l + k + b+1

2

) (
t

2

)2k+l

Eν,2k+l+1 (−dνtν) , (1.8)

where Eν,2k+l+1 (·) is the above-mentioned generalized Mittag-Leffler function
(see [21, 45]; see also [36]).
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Srivastava and Tomovski [42] introduced the following generalization of the
Mittag-Leffler function:

Eγ,κα,β (z) =

∞∑
n=0

(γ)κn
Γ (αn+ β)

zn

n!
(1.9)

(
α, β, γ ∈ C; < (α) > max {0,< (κ)− 1} ; min {< (β) ,< (κ)} > 0

)
,

where, in terms of the Gamma function Γ(z), the widely-used Pochhammer
symbol (λ)ν (λ, ν ∈ C) is defined, in general, by (see, for details, [40] and [41];
see also [38])

(λ)ν :=
Γ(λ+ ν)

Γ(λ)

(
λ ∈ C \ Z−0

)
=

 1 (ν = 0; λ ∈ C \ {0})

λ(λ+ 1) · · · (λ+ n− 1) (ν = n ∈ N; λ ∈ C),

(1.10)

it being understood conventionally that (0)0 := 1 and assumed tacitly that
the Γ-quotient in (1.10) exists. Here and in the following, we denote by C, R,
R+, Z−0 , and N the sets of complex numbers, real numbers, real and positive
numbers, non-positive integers, and positive integers, respectively. A special
case of the generalized Mittag-Leffler function Eγ,κα,β (z) when κ = q ∈ (0, 1)∪N
was studied earlier by Shukla and Prajapati (see [35]).

Saxena and Nishimoto [30] studied a further generalization of the general-
ized Mittag-Leffler function (1.9) in the following form:

Eγ,κ [(α1, β1) , · · · , (αm, βm) ; z] =

∞∑
n=0

(γ)κn
m∏
j=1

Γ (nαj + βj)

zn

n!
(1.11)

(
αj , βj , γ, κ ∈ C; min{< (κ) ,< (αj) ,< (βj)} > 0 (j ∈ {1, · · · ,m}) ;

<

 m∑
j=1

αj

 > max {0,<(κ)− 1}

)
.

The special case of (1.11) when γ = κ = 1 reduces to the following multi-
index Mittag-Leffler function (see [15]; see also [5]):

E1,1 [(α1, β1) , · · · , (αm, βm) ; z] =
∞∑
n=0

zn

m∏
j=1

Γ (nαj + βj)

(1.12)

(
αj , βj ∈ C; min{< (αj) ,< (βj)} > 0 (j ∈ {1, · · · ,m})

)
.
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The Mittag-Leffler function Eα(z), the generalized Mittag-Leffler function
Eα,β(z), and all of their aforementioned extensions and generalizations are
obviously contained as special cases in the well-known Fox-Wright function

pΨq defined by (see, for details, [40, p. 21]; see also [14, p. 56])

pΨq [z] = pΨq

 (a1, α1) , · · · , (ap, αp) ;

(b1, β1) , · · · , (bq, βq) ;
z

 = pΨq

 (ai, αi)1,p ;

(bj , βj)1,q ;
z



=
∞∑
n=0

p∏
i=1

Γ (ai + αin)

q∏
j=1

Γ (bj + βjn)

zn

n!
.

(1.13)

Suppose that f(t) is a real- (or complex-) valued function of the (time)
variable t > 0 and s is a real or complex parameter. The Laplace transform
of the function f(t) is defined by

F (s) = L{f (t) : s} =

∫ ∞
0

e−st f (t) dt

= lim
τ→∞

∫ τ

0
e−st f (t) dt,

(1.14)

whenever the limit exits (as a finite number). The convolution of two functions
f(t) and g(t), which are defined for t > 0, plays an important rôle in a number
of different physical applications. The Laplace convolution of the functions
f(t) and g(t) is given by the following integral:

(f ∗ g)(t) =

∫ t

0
f(τ) g(t− τ) dτ = (g ∗ f)(t), (1.15)

which exists if the functions f and g are at least piecewise continuous. One
of the very significant properties possessed by the convolution in connection
with the Laplace transform is that the Laplace transform of the convolution
of two functions is the product of their transforms (see, e.g., [34]).

The Laplace Convolution Theorem. If f and g are piecewise continuous
on [0, ∞) and of exponential order α when t→∞, then

L{(f ∗ g)(t) : s} = L{f(t) : s} · L {g(t) : s}
(
<(s) > α

)
. (1.16)

The so-called Sumudu transform is an integral transform which was defined
and studied by Watugala [44] to facilitate the process of solving differential
and integral equations in the time domain. The Sumudu transform has been
used in various applications of system engineering and applied physics. For
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some fundamental properties of the Sumudu transform, one may refer to the
works including (for example) [1, 2, 3, 39, 44]. It turns out that the Sumudu
transform has very special properties which are useful in solving problems
involving kinetic equations in science and engineering.

Let A be the class of exponentially bounded functions f : R→ R, that is,

|f(t)| <


M exp

(
− t

τ1

)
(t 5 0)

M exp

(
t

τ2

)
(t = 0),

(1.17)

where M , τ1 and τ2 are some positive real constants. The Sumudu transform
defined on the set A is given by the following formula (see [44]; see also [6])

G (u) = S [f (t) ;u] :=

∫ ∞
0

e−t f (ut) dt (−τ1 < u < τ2) . (1.18)

The Sumudu transform given in (1.18) can also be derived directly from the
Fourier integral. Moreover, it can be easily verified that the Sumudu transform
is a linear operator and the function G(u) in (1.18) keeps the same units as
f(t); that is, for any real or complex number λ, we have

S[f(λt);u] = G(λu).

The Sumudu transform G(u) and the Laplace transform F (s) exhibit a
duality relation that may be expressed as follows:

G

(
1

s

)
= s F (s) or G (u) =

1

u
F

(
1

u

)
. (1.19)

The Sumudu transform has been shown to be the theoretical dual of the
Laplace transform. It is also connected to the s-multiplied Laplace trans-
form (see [19]). The use of the convolution theorem for the Sumudu transform
in (1.6) gives us the following identity:

S
[
0D
−ν
t f (t) ;u

]
= S

[
tν−1

Γ (ν)
;u

]
· S [f (t) ;u] = uν G (u) . (1.20)

In connection with the definition (1.18), in case the parameter u takes on
negative or complex values, the dualities such as those described in (1.19) do
not hold true, in general, because (after the change of variables) the contour
of integration in the Laplace integral changes accordingly.

In our present investigation, we have chosen to make use of the Sumudu
transform instead of the classical Laplace transform. In fact, for the various
problems considered here, the Sumudu transform has not only been found to
be more convenient to use, but the closed-form results derived here also appear
to be remarkably simpler (see also [39]).
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Throughout this paper, it is tacitly assumed the all involved complex powers
of (for example) complex numbers take on their principal values.

2. Solution of generalized fractional kinetic equations by using
the Laplace transform

We first find the solution of the generalized fractional kinetic equation in-
volving the generalized Mittag-Leffler function (1.11) by applying the Laplace
transform technique. We begin by stating and proving the following lemma.

Lemma 2.1. Let min {< (λ) , < (ρ) , < (s)} > 0. Then the following Laplace
transform of Eγ,κ [(α1, β1) , · · · , (αm, βm) ; z] holds true:

L
{
tλ−1 Eγ,κ [(α1, β1) , · · · , (αm, βm) ; tρ] : s

}
=

s−λ

Γ (γ)
2Ψm

 (γ, κ) , (λ, ρ) ;

(βj , αj)1,m ;
s−ρ

 , (2.1)

where 2Ψm[·] is the Fox-Wright function given by (1.13) and all involved
complex powers of (for example) complex numbers are assumed to take on
their principal values.

Proof. Using the definition (1.14) of the Laplace transform and (1.11), we can
obtain the result (2.1). In the course of the proof, the interchange of the order
of integration and summation can be justified under the stated conditions. �

For later convenience, a special case of (2.1) when λ = β1 and ρ = α1 is
given in Lemma 2.2 below.

Lemma 2.2. The following formula holds true for min{<(s),<(α1),<(β1)} >
0 :

L
[
tβ1−1Eγ,κ {(α1, β1) , · · · , (αm, βm) ; tα1 ] : s

}
=
s−β1

Γ (γ)
1Ψm−1

 (γ, κ) ;

(βj , αj)2,m ;
s−α1

 , (2.2)

where all involved complex powers of (for example) complex numbers are as-
sumed to take on their principal values.

Theorem 2.3. Let c, d, ν, λ, ρ ∈ R+. Also let αj , βj , γ, κ ∈ C with

min{< (αj) ,< (βj)} > 0 (j ∈ {1, · · · ,m}) ,

< (κ) > 0 and <

 m∑
j=1

αj

 > max {0,<(κ)− 1} .
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Then the solution of the following generalized fractional kinetic equation:

N (t)−N0 t
λ−1Eγ,κ [(α1, β1) , · · · , (αm, βm) ; dtρ] = −cν 0D

−ν
t N (t) (2.3)

is given by

N (t) =
N0 t

λ−1

Γ (γ)

∞∑
r=0

(−cνtν)r 2Ψm+1

 (γ, κ) , (λ, ρ) ;

(νr + λ, ρ) , (βj , αj)1,m ;
dtρ

 . (2.4)

Proof. Applying the Laplace transform (1.14) to the equation (2.3) and using
the identity in Lemma 2.1, we obtain

N (s) =
N0

1 + (c/s)ν

∞∑
n=0

(γ)κn
m∏
j=1

Γ (nαj + βj)

Γ (ρn+ λ)

sρn+λ
dn

n!
,

where, just as in the definition (1.14),

N (s) := L{N(t) : s} .
Using the geometric series:

1

1 + (c/s)ν
=

∞∑
r=0

(−1)r
(c
s

)νr
(|s| > c),

we find for |p| > c that

N (s) = N0

∞∑
r=0

(−cν)r
∞∑
n=0

(γ)κn
m∏
j=1

Γ (nαj + βj)

Γ (ρn+ λ)

sρn+νr+λ
dn

n!
. (2.5)

Now, by inverting the Laplace transform on each side of (2.5) and using the
following well-known identity:

L{tν : s} =
Γ(ν + 1)

sν+1

⇐⇒ L−1
(

1

sν+1

)
=

tν

Γ(ν + 1)

(
<(ν) > −1; <(s) > 0

)
, (2.6)

we get

N (t) = N0 t
λ−1

∞∑
r=0

(−cνtν)r

×
∞∑
n=0

Γ (γ + κn) Γ (ρn+ λ)

Γ (γ) Γ (ρn+ νr + λ)
m∏
j=1

Γ (nαj + βj)

(dtρ)n

n!
,
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which, in view of the definition (1.13) of the Fox-Wright function, leads us
easily to the right-hand side of (2.4). This completes the proof of Theorem
2.3. �

Theorem 2.4. Let c, d, ν ∈ R+. Also let αj , βj , γ, κ ∈ C with

min{< (αj) ,< (βj) > 0 (j ∈ {1, · · · ,m}) ,

< (κ) > 0 and <

 m∑
j=1

αj

 > max {0,<(κ)− 1} .

Then the solution of the following generalized fractional kinetic equation:

N (t)−N0 t
β1−1Eγ,κ [(α1, β1) , · · · , (αm, βm) ; dtα1 ] = −cν 0D

−ν
t N (t) (2.7)

is given by

N (t)=
N0 t

β1−1

Γ (γ)

∞∑
r=0

(−cνtν)r 1Ψm

 (γ, κ) ;

(νr+β1, α1) , (βj , αj)2,m ;
dtα1

 . (2.8)

Proof. Proof of the result asserted by Theorem 2.4 runs parallel to that of
Theorem 2.3. Here we use (2.2) instead of (2.1). The details are, therefore,
being omitted. �

Remark 2.5. For κ = q ∈ (0, 1)∪N, the results in Theorem 2.3 and Theorem
2.4 reduce to those for the generalized fractional kinetic equation involving the
generalized Mittag-Leffler function studied by Saxena et al. [33].

By setting m = 1 in (2.3), we get an interesting generalized fractional kinetic
equation with its solution given by the following corollary.

Corollary 2.6. Let c, d, ν, λ, ρ ∈ R+. Also let α, β, γ, κ ∈ C with

< (α) > max {0,< (κ)− 1} and min {< (β) ,< (κ)} > 0.

Then the solution of the following generalized fractional kinetic equation:

N (t)−N0 t
λ−1Eγ,κα,β [dtρ] = −cν 0D

−ν
t N (t) (2.9)

is given by

N (t) =
N0 t

λ−1

Γ (γ)

∞∑
r=0

(−cνtν)r 2Ψ2

 (γ, κ) , (λ, ρ) ;

(νr + λ, ρ) , (β, α) ;
dtρ

 , (2.10)

where Eγ,κα,β [z] is the generalized Mittag-Leffler function defined by (1.9).
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In its further special case when κ = q ∈ (0, 1) ∪ N, Corollary 2.6 would
reduce immediately to Corollary 2.7 below.

Corollary 2.7. Let c, d, ν, λ, ρ ∈ R+. Also let α, β, γ ∈ C with min {< (α) ,< (β)} >
0. Suppose that q ∈ (0, 1) ∪ N. Then the solution of the following generalized
fractional kinetic equation

N (t)−N0 t
λ−1Eγ,qα,β [dtρ] = −cν 0D

−ν
t N (t) (2.11)

is given by

N (t) =
N0 t

λ−1

Γ (γ)

∞∑
r=0

(−cνtν)r 2Ψ2

 (γ, q) , (λ, ρ) ;

(νr + λ, ρ) , (β, α) ;
dtρ

 , (2.12)

where Eγ,qα,β [z] is the above-mentioned special case of the generalized Mittag-

Leffler function in (1.9) when κ = q ∈ (0, 1) ∪ N.

Remark 2.8. The result asserted by Theorem 2.4 can also be suitably spe-
cialized to deduce solutions of certain generalized fractional kinetic equations
analogous to those which are dealt with in Corollary 2.6 and Corollary 2.7.

3. Solution of generalized fractional kinetic equations by using
the Sumudu transform

In this section we propose to investigate the solution of the generalized
fractional kinetic equation involving the generalized Mittag-Leffler function
(1.11) by applying the Sumudu transform technique. The following lemmas
will be required in our derivations.

Lemma 3.1. Let min{< (λ) ,< (ρ) ,< (u)} > 0. Then the following Sumudu
transform holds true:

S
[
tλ−1 Eγ,κ [(α1, β1) , · · · , (αm, βm) ; tρ] ;u

]
=
uλ−1

Γ (γ)
2Ψm

 (γ, κ) , (λ, ρ) ;

(βj , αj)1,m ;
uρ

 . (3.1)
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Proof. By using (1.11), we readily have

S := S
[
tλ−1 Eγ,κ [(α1, β1) , · · · , (αm, βm) ; tρ] ;u

]
=

∫ ∞
0

e−t
∞∑
n=0

(γ)κn
m∏
j=1

Γ (nαj + βj)

(ut)ρn+λ−1

n!
dt

=
∞∑
n=0

(γ)κn
m∏
j=1

Γ (nαj + βj)

uρn+λ−1

n!

∫ ∞
0

e−t tρn+λ−1 dt. (3.2)

This last integral in (3.2) can be evaluated by means of Euler’s Gamma-
function integral: ∫ ∞

0
e−t tz−1 dt = Γ (z)

(
< (z) > 0

)
. (3.3)

We thus find that

S =

∞∑
n=0

(γ)κn Γ (ρn+ λ)
m∏
j=1

Γ (nαj + βj)

uρn+λ−1

n!

=
uλ−1

Γ (γ)

∞∑
n=0

Γ (γ + κn) Γ (ρn+ λ)
m∏
j=1

Γ (nαj + βj)

uρn

n!
,

which, in view of (1.13), leads us to the right-hand side of (3.1). �

Remark 3.2. We find it to be convenient to record here a special case of (3.1)
when λ = β1 and ρ = α1 as Lemma 3.3 below.

Lemma 3.3. Let min{< (α1) ,< (β1) ,< (u)} > 0. Then the following Sumudu
transform holds true:

S
[
tβ1−1 Eγ,κ [(α1, β1) , · · · , (αm, βm) ; tα1 ] ;u

]
=
uβ1−1

Γ (γ)
1Ψm−1

 (γ, κ) ;

(βj , αj)2,m ;
uα1

 . (3.4)

Theorem 3.4. Let c, d, ν, λ, ρ ∈ R+ and < (u) > 0 with |u| < c−1 (c 6= d).
Also let αj , βj , γ, κ ∈ C with

min{< (αj) ,< (βj)} > 0 (j ∈ {1, · · · ,m}) ,
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< (κ) > 0 and <

 m∑
j=1

αj

 > max [0,< (κ)− 1] .

Then the solution of the following generalized fractional kinetic equation:

N (t)−N0 t
λ−1Eγ,κ [(α1, β1) , · · · , (αm, βm) ; dtρ] = −cν 0D

−ν
t N (t) (3.5)

is given by

N (t)=
N0 t

λ−2

Γ (γ)

∞∑
r=0

(−cνtν)r 2Ψm+1

 (γ, κ) , (λ, ρ) ;

(νr+λ−1, ρ) , (βj , αj)1,m ;
dtρ

 .
(3.6)

Proof. Taking the Sumudu transform on both sides of (3.5) and using Lemma
3.1 and (1.20), we find that

N (u) = N0

∞∑
n=0

(γ)κn Γ (ρn+ λ)
m∏
j=1

Γ (nαj + βj)

dnuρn+λ−1

n!
− cνuν N (u) , (3.7)

where

N (u) := S [N(t);u] . (3.8)

Equivalently, we can write (3.7) as follows:

N (u) = N0

∞∑
n=0

(γ)κn Γ (ρn+ λ)
m∏
j=1

Γ (nαj + βj)

uρn+λ−1

1 + cνuν
dn

n!
. (3.9)

Using the binomial series expansion of (1 + cνuν)−1 in (3.9) and inverting the
Sumudu transform on both sides of the resulting equation, we get

N (t) = N0

∞∑
r=0

(−cν)r
∞∑
n=0

(γ)κn Γ (ρn+ λ)
m∏
j=1

Γ (nαj + βj)

dn

n!
S−1

{
uρn+νr+λ−1

}
.

Finally, we make use of the following formula:

S−1 {uν} =
tν−1

Γ (ν)

(
min {< (ν) ,< (u)} > 0

)
.
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After some simplification, we thus find that

N (t) = N0 t
λ−2

∞∑
r=0

(−cνtν)r

×
∞∑
n=0

Γ (γ + κn) Γ (ρn+ λ)

Γ (γ) Γ (ρn+ νr + λ− 1)
m∏
j=1

Γ (nαj + βj)

dntρn

n!
,

which, in view of (1.13), leads us to the right-hand side of (3.6). This complete
the proof of Theorem 3.4. �

Theorem 3.5. Let c, d, ν ∈ R+ and < (u) > 0 with |u| < c−1 (c 6= d). Also
let αj , βj , γ, κ ∈ C with

min{< (αj) ,< (βj)} > 0 (j ∈ {1, · · · ,m}) ,

< (κ) > 0 and <

 m∑
j=1

αj

 > max {0,<(κ)− 1} .

Then the solution of the following generalized fractional kinetic equation:

N (t)−N0 t
β1−1Eγ,κ [(α1, β1) , · · · , (αm, βm) ; dtα1 ] = −cν 0D

−ν
t N (t) (3.10)

is given by

N (t) =
N0 t

β1−2

Γ (γ)

∞∑
r=0

(−cνtν)r 1Ψm

 (γ, κ) ;

(νr + β1 − 1, α1) , (βj , αj)2,m ;
dtρ

 .
(3.11)

Proof. Our demonstration of Theorem 3.5 would run parallel to that of Theo-
rem 3.4. Here, in this case, we use (3.4) instead of (3.1). We, therefore, omit
the details involved. �

Upon setting m = 1 in Theorem 3.4, we can deduce the following simpler
result.

Corollary 3.6. Let c, d, ν, λ, ρ ∈ R+ and < (u) > 0 with |u| < c−1 (c 6= d).
Also let α, β, γ, κ ∈ C with

< (α) > max {0,< (κ)− 1} and min {< (β) ,< (κ)} > 0.

Then the solution of the following generalized fractional kinetic equation:

N (t)−N0 t
λ−1Eγ,κα,β [dtρ] = −cν 0D

−ν
t N (t) (3.12)
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is given by

N (t) =
N0 t

λ−2

Γ (γ)

∞∑
r=0

(−cνtν)νr 2Ψ2

 (γ, κ) , (λ, ρ) ;

(νr + λ− 1, ρ) , (β, α) ;
dtρ

 . (3.13)

If we set m = 1 and κ = q ∈ (0, 1) ∪ N in Theorem 3.4, we are led easily
to Corollary 3.7 below, which would follow also as a further special case of
Corollary 3.6 when κ = q ∈ (0, 1) ∪ N.

Corollary 3.7. Let c, d, ν, λ, ρ ∈ R+ and < (u) > 0 with |u| < c−1 (c 6= d).
Also let α, β, γ ∈ C with

min {< (α) ,< (β)} > 0 and q ∈ (0, 1) ∪ N.

Then the solution of the following generalized fractional kinetic equation:

N (t)−N0 t
λ−1Eγ,qα,β [dtρ] = −cν 0D

−ν
t N (t) (3.14)

is given by

N (t) =
N0 t

λ−2

Γ (γ)

∞∑
r=0

(−cνtν)r 2Ψ2

 (γ, q) , (λ, ρ) ;

(νr + λ− 1, ρ) , (β, α) ;
dtρ

 . (3.15)

We conclude this paper by remarking that the results presented here are
general enough to yield, as their special cases, solutions of a number of known
or new fractional kinetic equations involving such other special functions as
(for example) those considered by Haubold and Mathai [10] and Saxena et al.
[27, 28, 31]. Moreover, in our investigation here, our choice to make use of the
Sumudu transform instead of the classical Laplace transform is prompted by
the various problems considered here and also by the fact that the closed-form
results derived here happen to be remarkably simpler (see also [39]).
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