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Abstract: The aim of the present paper is to establish the solution of advanced generalized fractional order
kinetic equation and a main theorem based upon the multivariable I-function, Mittag —Leffler function,
generalized M-series, generalized K, — function, and generalized Mittag- Leffler function, Riemann-Liouville
operator. The solution of the generalized fractional kinetic equation involving the multivariable I-function is
obtained with help of the Laplace and Sumudu transform. Due to its simple formulation and consequent special
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I. INTRODUCTION AND PRELIMINARIES

The fractional calculus has many important developments. Fractional calculus is a field of applied
Mathematics that deals with derivatives and integrals of fractional order. Recently, a remarkable interest has
been developed in the study of the solution of fractional kinetic equations due to their importance in
astrophysics and mathematical physics. Due to the importance of kinetic equation in mathematical physics many
authors have generalized the standard Kinetic equation time to time. The kinetic equations of fractional order
have been successfully used to determine certain phenomena governing diffusion in porous media, reaction and
relaxation processes in complex systems etc.

In the recent paper of Haubold and Mathai [10] have derived the fractional kinetic equation and
thermonuclear function in terms of well known Mittag-Leffler function. The Sun which is a big star is assumed
to be in thermal equilibrium and hydrostatic equilibrium. To describe a model, we consider it is a spherical
symmetric, self-gravitating non-rotating. The features of its area, mass, luminosity, diameter, effective surface
temperature, central temperature and density. The assumptions of thermal equilibrium and hydrostatic
equilibrium imply that there is no time dependence in the equations describing the internal structure of the star
like sun (Kourganoff 1976 ,Perdang 1976, Clayton 1983). Energy in such stars being produced by the process of
chemical reactions. For details we refer to [10].

As extensions of the work of Saxena et al. [18] have generalized the standard kinetic equation with
generalized Mittag- Leffler functions. Further, Chaurasia and Kumar [22] generalized and studied the kinetic
equation with generalized M-series of Sharma [13], generalized K,-function of Faraz and Salim [2, 27]. For
more result one can refer to the work of Saichev and Zaslavsky [4], Sexcena et al [16, 18], Zaslavsky [9] and
Sexena and Kalla [17].

Haubold and Mathai [10] have established a functional differential equation between rate of change of
reaction, the destruction rate and the production rate as follows

= —d(V,) +p(V;) (1)

where ' = WV (¢) the rate of reaction, d = d(V') the rate of destruction, p = p(WV') the rate of production
and denotes the function defined by NV, (¢*) = N (# — £%),£* > 0.

They have studied a the special case of (1), for spatial fluctuations or in homogeneities in the quantity NV (¢)

are neglected, namely the equation
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dn;

— = —alM(®@) (2)

together with the initial condition that V;(# = 0) = JV; is the number of density of species i at time ¢ =
0,c; > 0. Dropping the index i and integrate the standard kinetic equation (2) we obtain

N (@) =Ny = —coD; " N (£) ®3)
Replacing the Riemann integral operator D! by the fractional Riemann-Liouville operator DV [19] in
equation (3), we obtain
N(#) = No = —coD " N (%) C)
Haubold and Mathai in [10] found the solution of (4) as follows

NG
N(’t):]\fo;m(c’f) k (5)

Also, Sexena , Mathai and Haubold [18] studied the generalizations of the fractional kinetic equation in terms
of the Mittag-Leffler functions which is the extension of the work of Haubold and Mathai [10].
Over the set of function,

A={f(O1IM,1,7, > 0,|f(®)] < Me"V7,if t € (1) x [0,00) } (6)
the Sumudu transform is defined by

Gw) = SIF(©)] = j futetdt, ue(-11,7) %

0
For more detail and properties of Sumudu transform (see in [14, 17, 18, 23]).The Riemann-Liouville
fractional integral of order 9 is defined by [1, 12]

_ 1 0t _
oD Y N(x, t) = ) fo (t —w)?'N(x,w)du, Re(®) >0 (8)

The Sumudu transform of the Riemann-Liouville fractional integral is defined as [12, 1]

S{oD7? fF(©);u} = u? f (w) €))
We also use the following interesting result
st [u}"l(l - wuﬁ)_s] = t'1E) (wth) (10)
The Laplace transform of the function N(x, t) with respect to t is
L[N(x,t)] = f e SEN(x,t)dt =N*(x,s), x€R R()>0 (1)
0

And its inverse transform with respect to s is given by
1 y +ico
L7YN*(x,5)] = —f eS!N*(x,s)ds = N(x,t) (12)
2mi ), o

y being a fixed real number.
In 1903, the Swedish mathematician Gosta Mittag-Leffler introduced the function E, (z) [15] is defined as

Zn
Ea(Z)=Zom, a € C, ER((Z)>0 (13)

Where z is a complex variable and I'(.) is a gamma function o > 0.The Mittag-Leffler function is the direct
generalization of the exponential function to which it reduces for a = 1. For 0<a < 1, it interpolates between

the pure exponential and hypergeometric function 11: Mittag-Leffler function naturally occurs as the solution of

the fractional order differential equations.
Wiman [6] studied the generalization of E,(z), that is given by

Zn
Ep(2) = Z;m @B ECR@Q >0, REB) >0 (14)

which is known as Wiman’s function.
Prabhakar [21] investigated the function EZ(‘B (z) as
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@) 2"

— r'tna + B) n! (15)

E;'ﬁ (z) =

Il. THE SOLUTION OF FRACTIONAL KINETIC EQUATION IN TERMS OF MULTIVARIABLE I-FUNCTION :
In this section, we solve fraction kinetic equation to generate a solution in terms of I-function and Mittag-Leffler,

using the Laplace and Sumudu transform and their inverse.
The multivariable I-function is defined [24] as

D 5 ®
r] — I{On o {(m )}

A+ B
I[Zlmz : |
Ppiaid,, (PP D))

D

- Gy J, ], vieo 0 H{%(é’iﬁf Yagi.ag e
where = -1,
[H;lklr(l —ay + X ak,)fl)]
SRR

T [T (1—bk,+zgfl/;,g;>;)] a7

lp(fl' ey f

-] [mra-o v

(pi(fi) = [©0) (18)
pi ® _ (t) q® @ @
[H =n@D41 ( fl)] [H] =m®D+1 r(l - bk +ﬁk 51)]
Vi € {1, ...,7}. Also,
{0,n;}2, :=0,ny:...:0,ny,
{poaidor '= P2, 2t i Prs Gy
((nOmO)" = (0O, n D) (m, ),
{(pD, g} = (p®,q®); ..; (p©, q™),
—. ey () — @ @) . Y] )]
A ._.{(ai]-,aij L, Oy ) } = (azj,azj T )l,pz . (arj,ar]. s O iy
—. ® (t) — (D (1) (™ )
B = {(a )111(‘)} (a )1 1 ...,(aj s )1,;;(’) ,
— .p @ (1) (2) .o oD ™
c._.{(b,.j,ﬁij e B = (b B, B, (b B B),
—. @ py1 — (pD pM . (p™ ™)
D= {6, 51" o} = (57 8), i =i (B B,
Such that n;,p;, q;, mD,n®,p®, ¢q® are non-negative integers and all au,bu,au,ﬁl,; ; b(l) (‘) [3(‘) are
complex numbers and the empty product denotes unity.
The contour integral (16) convergence, if
1
|argzi|<EUi7t,Ui>0,i=1,...,r, (19)
where
n® p® m® q® ny P2
U, =Zaj<z)_ Z a]-(”+ZBj(”— 2 B + Z(Xg? Z o
j=1 j=n@41 j=1 j=m®41 j= i—nz+1
Pr q2
+ot Z - Z a) |- Zﬁz(‘) +- +Zﬁ(‘) (20)
j=n,+1 j=1

And I[Zl,...,zr] - 0(|lea LN |Zr|ar) !max{lzll [N |Zr| } -0 ’
@) ( @_ )
) b a; -1
where a; = ?;7<m(l) < (,)> B = ;";x<n(z)ﬂ§<—;g) ) i=1,

l
For the condition of convergence and analyticity of multivariable I-function we refer [24, 25].

The Laplace transform of the caputo fractional derivative (see, e.g., Podlubny [11])
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n
L[(DEN(x,t)] = s*N*(x,s) — Z STTLODETTN(x, )], n—1<R(@)<n,neN (21)

r=1
We also use the following result obtain by Mathai and Saxena [15] as

()i (ax®)*
I"(ak +8) Kl
where, 8,y,a € C, R(a) > 0,R(B) > 0,R(y) > 0and |as‘“| < 1.

LYsFPA—as™)V;x}=xF"1 xP1EY 5 (ax®)

Remark: If we put y = 1, then equation (22) reduces to

L7 sP(1 —as™) 7} x} = xP1E, g (ax®)
If further we put B = 1, then equation (23) reduces to

L7711 —as™ )L x} =E,(ax%)

Theorem1.Let 9 >0, ¢ >0, w>0, p>0, Re(p) > |w|”/® ,c # w then for the solution of the
generalized fractional kinetic equation

N(@) = NotPH[wP tny, ..., w9, | = =% \DTO NV (£)
Then holds the result
o) Y49
B . T wbt
EGE E (=D ()™ [0 (n O @) | A B
e, ) (@D O ’ :
— pi+La;+1}3,: {(pW.qV)} Wﬁtﬁm c D

where
= . ® @) @ @)
A= {(1 - p;9..9), (az],azj 2y ) . (a Arj; @y, e, O 1.p,}'
= ® 4O (™ )
(141 )
1 2 1
{(sz,ﬂ( LB, i (b BB, (= p =00 .00}

p= {(b(o 50))1 @’ (b(r) "Bf(r))l,q(r)}'

(22)

(23)

(24)

(25)

(26)

Proof . To obtain (26), express the multivariable I-function in terms of Mellin-Barnes type of contour integral

by (16), we get
No t°

N@© - Qrw)"

Applying the Laplace transform both sides, we have
L) = e [ [ v fr)]_[ B €D (wn)" }ag, . dg,
)r

x L{t? Zizifito=1) cﬁL{O SN}

Using the result (21), we get

N) =

N r i
oy ), o, e | [{oeown) Yas s,

r
X F(p + ﬁzgi>p_ﬁ’_l92}r=1$i — Cﬂp—ﬁN(p)
i=1

Or

N@)(1+cp?) = 0 j J Yo, fr)l_[ ¢ (wn,)"} dé, ...dg,

Qrw)"
X F(p + 192 fl> p_P_ﬂZlT:ﬁ’i
i=1

f IR fr)l_[ B tn)"}dgy .. dg, =~ DN (@)
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No
Qrw)T

¢
T
xT (p + 192 §i> pP P Zimadi(1 + cﬂp_ﬁ)_1

i=
Now taking inverse Laplace transform both the sides and making use the result of (24), we get the desired result
(26).

Now we will use Sumudu transform to get the result of theorem 2.

N(p) =

& | [{eowon)"} s . ag,
i=1

Theorem 2. Let 9 >0, ¢ >0, w >0, p > 0, Re(u) > |[w|?/% ,c # w then for the solution of the generalized
fraction kinetic equation

N(@) = NottH[w? t0ny, ..., w9y, | = =% \DTO N (6) (27)

Then holds the result

- . (@ ONLT .
W) =Ny ) (DK ey (0m Bl T A B (28)
= pi+Lai+1}2,: {(p©.q W)} witin. c : D
where
- . 1 @) 1) )
A= {(1 = p;9..9), (ay; @y, 3 ) S (T l:pr}'

= O 4O (g™ ()
B_{(aj p(l)""'(‘lj 1 G )1,,,0)}'

(1= p—9K;9 ...19)},
Lar

{(bz, B3 85, (b B B

p= {(b'@' ﬂf(i))m(l)‘ -5 (57, ""ﬁj(r))m(r)}’

Proof. To obtain (27), express the multivariable I-function in terms of Mellin-Barnes type of contour integral by
(16), we get

N(t) -

. fr)l_[ $: (50w en)) }d . dfe = —c? oD W (0)

Applying the Sumudu transform both sides, we have

e §r) 1_[ {d)i(fi)(wﬁ Tli)ﬁ} dé, ...dé&, . S{t19 Xiz1 5i+P—1}
i=1

= cIS{D7PN(t) }
Using the result (9), we get

_ _ Ny - ¢
¥ (@) = WL ...Lrw(fl,...,EJQ{%(EJ(WMJ }dé, ..az,.
xI{p+9 fl-)p“"”?ﬂff—cﬁuﬁﬁ(u)
g9

F@+en)= e [ v f»l_[ B:(6)(w'n) "} g, .. dé,

QCrw)" J,, )y,

F(ﬁ + ‘925) uP o L éimt
i=1

SV} = 3 o

Or
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No
Qrw)T

xF<p+ﬁZ )p’”ﬁzl 18- 1(1+cl9ul9)

1
Now taking inverse Laplace transform both the sides and making use the result of (10), we get the desired result
(28).

N(p) =

) ﬂ{@(&)(wﬂm)““}da dE;

Corollary 2.1 Whenn; =0,p; =0,q; =0, i = 2,---,r — 1 (the empty product denotes unity) the (26) reduces
to the multivariable H-function.

Corollary 2.2 If we take n; =0,p; =0, =0and m=n=p=q=0,r =1 in (26) reduces to the H-
function of single variable.

I11.THE SOLUTION OF FRACTIONAL KINETIC EQUATION IN TERMS OF GENERALIZED M-SERIES BY USING
SUMUDU TRANSFORM

A new generalization of Mi-series was introduced and developed by Salim et al. [27] as

19!:“ i (al)km,...,(ap)km nk

M )=
p,q;mmn = (b1)kn» ---,(bq)kn 'Ok + u)

where n,9,u € C, R(Y) >0 and m,n are non-negative real numbers. The series in (29) is absolutely
convergent for all values of m provided that pm < gn + R(9), moreover if pm = gn + R(I) the series
convergent for || < & = 97.

(29)

9,u
Some special cases of the generalization M-series M () are the following:
p.g;mn
(1) If we setm =n=11in (29), we get generalization of M-series introduced by Sharma and Jain [23], and
defined as
191.“ 7.9:# © (al)k;---:(ap)k nk
M ()= M@= 5 5 T@k+0)
p.q;11 p.q = ( Dk q)k #
(I If we take p = g = 1in (29), the get the following generalized Mittag-Leffler function by means of power
series, derived by Salim and Faraz [20]:
U, u (ar) k
m n
M — Eal,blm Z 1 k 31
DT Boanm = 200, Tk GV

where 9, u,a;, b, € G min(ER(ﬁ),‘.R(u),m(al),‘ﬁ(bl)) > 0.

(30)

(111) 1f we consider = u = 1and p = q = 1, then (29) reduces in to generalized hypergeometric function ,F,

[27] as
11 = (a) ( )
ai )k a,
" =/ (b)) P. (b 2
D,.q; 1,1(n) =0 (bl)k'---,(bq)k q[(a1)1 (b1)1 77] (32)

where a;, b € G;i=1,2,...,p; j=12,..,qand b; # 0,—1,-2,...and (a), is the Pochhammer symbols.

Remarks 3.1 Throughout this section, we need the following well known relation

a),(x)"
Z( ), (x) e 33)
Theorem 3. If 9 > 0,c > 0 u> 0,w # c, then for the solution of the generalized fractional kinetic equation
9,u
N@E) =Nttt M (—w?t?) = —c? DNV (L) (34)
p,q;m,n
Then holds the result
9,u+9r
N(E) = Nyt Z( D M (—w’t?) (35)
p,.g;mn

ISSN: 2231-5373 http://www.ijmttjournal.org Page 132




International Journal of Mathematics Trends and Technology (IJMTT) — Volume 55 Number 2- March 2018

Proof. Applying the Sumudu transform both sides of eq. (34), by using the definition (29), we get

2 (@i (@), (~w?)"
4 (b, o, (by),, Tk +u)

N (u) — N, S{e?k 1Y} = — U W (u)

solving for V' (u)
1)kmt" (ap)
0 (bl)kn!" (bq)

N @) = (1 + cﬁu‘?)_lNo km ( ﬁ)k yPk+u—1

using the result (33),we get

. 1)kmt""( P)km w0 Ok o —1
N(”)—NOZ( D7y kzo(bl),m,.. 50),. =

Now, taking inverse Sumudu transform on both sides for the last equatlon we have

T N S N o
N(t) =Ny th™ 12( 1) tﬁ) Z (bl)knt“"(bq)kn IOk + (u+ 9r))

Or
© 9, u+0r
N (D) = Nyth? Z(—nr @ M (-w't?)
r= p,g;mn
This completes the proof of theorem 3.

When m = n = 1 in (34), then we arrive at the following result recently obtained by Chourasia and Kumar [22]
Corollary 3.1 Letd >0, ¢ >0, w >0, u> 0, R(w) > |w|?/® ,c # w then for the solution of the generalized
fraction kinetic equation

g,u
N(@) — Not* ™' M (ay,..,ay; by,..,b,; —w’t?) = —c? D77V (¢) (36)
b, q
Then holds the result
> L Outor
N(t) = Nyttt Z(—l)r(cﬁtﬁ) oM, (ar,..,ap; by,..,b,; —w’t?) (37)

r=0
If we set p = q = 1 the result in (34) reduces to the following result.
Corollary 3.2 Letd >0, ¢ >0, w> 0, u> 0 and c # w then for the solution of the generalized fraction
kinetic equation

N(t) = Nt L EGL™ (—wPt?) = —c? (DO V(D) (38)
Then holds the formula
_ r b1,
N(E) = Nyt" 1Z(—l)r(cﬁt‘?) Egior n (—W't") (39)

Further takingp =q=1,m=n=1,b; = 1 and c = w in (38), then we obtain the interesting result given by
Mathai et.al. [3].

Corollary 3.3 Letd >0, ¢ >0, w> 0, u >0, then for the solution of the generalized fraction kinetic
equation

N (@) = Noth T Egl, (~wPt?) = —c? DT V(1) (40)
Then the following integral formula holds true:
N(E) = Npt" T EGLT (—w?t?) (41)

If we set p = g = 0in (36), it becomes in to the known result given by Mathai et.al. [3].
Corollary3.4Let9 >0, ¢ >0, w> 0, u > 0and c # w , then the solution of equation
N(&) = Not' P Eg, (—w?t?) = —c? D7 V(1) (42)
is given as
tu—ﬁ—l
NO =N 55 [Eg ot (-w’t") = Eg g (-wt”) ] (43)
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If we can also obtain results concerning fractional kinetic equation by putting ¢ = w, p = ¢ = 0 in (36), then
we arrive another result obtained by Mathai et.al. [3].
Corollary3.5Let9 >0, ¢ >0, w> 0, u> 0, then the solution of equation

N(®) = Not* P Eg, (—w?t?) = —c? (D72 NV (1) (44)
is given as follows

No .
W(E) = G0 [Boyoa (w0 t7) + (10 = ) = B, (—wt")] (45)
IV.THE SOLUTION OF FRACTIONAL KINETIC EQUATION IN TERMS OF GENERALIZED K;-SERIES BY USING
SUMUDU TRANSFORM
Recently, Salim and Faraz [5] have introduced the generalized IK,—function defined as
K@i gy N @i (&) @ @F ¢ = e
4(m,n) (n) - | —
i (b)ins 0 (bg),, k! I'((k +v)9 — p)

(46)

where R(9y —u) > 0.

The series (2.1) is defined when non of the parameters b;'s is a negative integer or zero. If any numerator
parameter a; is a negative integer or zero, then the series terminate to a polynomial of .

From the ratio test it is evident that the series is convergent for all , if pm < gn + R(9), also when pm =
qn + R(),it is convergent in some cases, let§ = XI"; a; — X', b;. It can be shown that when pm = qn +
R(I), the series is absolutely convergent for |n| = 1.1f R(&) < 0, conditionally convergent for n =-1 if
0 < R(&) < 1anddivergent for |n| = 1,if R(E) > 1.

Now, we state further relation with other special functions.

(I) On setting m = n = 1 in (46), it reduces to generalized K,-function defined by Sharma [29]

K(ﬁ,lt,y):(a,c):(p,q)(a Cabi b '7)) =z(a1)r.....(ap)r @), (@) (n—c)r+o-u-1 @
4 1 =0 Upy U1y ey Vg - (bl)r,...,(bq)r 1 F((T+]/)19 —M)
wesetu=9—puy=1a=1land c=0in , then we obtain the following relation
(mIf t ) 1 1 and 0 in (50), th btain the followi lati
> (al)rm,...,(a ) Y
@,9-p,1);(1,0);(p,9) — -1 P7rm n
K aq,..,a,; by, ....,b,;n) =n*
4(m,n) (a1 pr 1 ¢n) =1 a (bl)rm""'(bq)rm ra+u)
9,u
=t M (ay,..,ay; by, .., byin?) (48)
p,g;mn
(1) If we take p = q = 1 and a;, b; in (47), then we arrive at the following relation:
> — 0)rHr)9—u-1
@ @) _ _N' Wra” i -o)
K W) = Goy(@cm) = ) (49)
* wr i rt T((r+y)9—p)

where G ,,)(a, ¢, n) is the function G-function (but not the Mei}er’s G-function) defined by Lorenzo and

Hartley [29].
(IV) Further, if we put y = 1in (49), then KK, function readily yields the following relationship with R-function

had T+ —u—1
(ac) c
Kiﬁ.ﬂ.l),(a.c),(l.l)(l; 1;m) = :Rﬂ.# (a,c,n) = a ( )
rZ_O r(tr+19—p)

wheren >¢ > 0,9 = 0,R@ — ) > 0and Ry, (a,c,n) is the R-function defined by Lorenzo and Hartley [28].
(V) If we put ¢ = u = 0in (50), we get

(50)

[oe]

_ @+ -1
(9,0,1;(a,0);(1,1) UE))
K 1,1;n) = Fy(a, =Za— 51

4 ( T]) ﬁ( 77) - F((r + 1)19) ( )
Where Fy (a,n) is the F-function defined by Robotnov and Hartley, for example see [30].
Remark 4.1: The following formula is needed for investigation of next theorem.

() @ =a+or (52)
r

r=1
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Theorem 4. The general fractional kinetic equation

n

9,1,6);(—c n _
W) = MK 0 @ = 2N (MYt v (53)
r=1
holds the formula
9,u+nd ,6+n — ,0
N(O) = N, i(‘ﬂ[::) +n)s( )(pq)( ) (54)

Proof. Beginning with eq. (53), applying Sumudu transform both the sides and using result (46), we get

n

& @i 0 (3p), () (—cks {ekr®o-u-1} n
4 (b1)kn, ---,(bq)kn k! T((k+ 8)9 — ) T Z (r) ¢

N (- O AV (u)

r=1

solving for ¥ (u), it gives

_ > n — (@Dkms - (3p),  (8), (—cPu®)K
N 1+ 9.9y | — N §9—p—1 km
(u)( Z (r) (c®u”) ) ou 2, o (o), 5

r=1

Or

N S oo(a)m:---,a 8 _ 9,0k

N (U) z (n) (Cﬁuﬂ)r = M)u&‘i—p—l 17k ( p)km ( )k ( lC u )
r=0 r k=0 (bl)kn’ R (bq)kn k-

using the formulae (33) and (52),we have

N () = Myudd1-1(1 4 dud)~? Z C
k=0

l)km o (ap)km
b s s (bg)

Or
- @Dk s (ap)km (n + &) (—c®)¥ q+R—u-1

— (b )kn; .- (bq) k'
Now, taking inverse Sumudu transform on both sides for the Iast equation, we obtain the desired result (54).

N () = IV

Theorem 5.The general fractional kinetic equation

N(©) = MoIn PO () = — ¢ DN (D) (55)
There holds the result
N =N Z(_l)r (_Cﬁ) Ki‘zfn?ﬂ]/)'(aio).(%q)(t) (56)

r=0
Proof. If we apply Sumudu transform and using (53) and (9), (55) becomes

N(w-N S @i (@Bp)y O @F SO W
"L (0, (bg),, K T((k+y)a—B)

solving for ¥ (u) , it gives
N (u) = My (1 + cou®)~! Z
k=0 (
making use of (33), we get

k
N (W) _NOZ( 1) (—c®)r K2 (Y)k (a) yleHy)a—p+or-1

(@Dkm ) -+ (ap)km WMk @F ukty)a—p-1
bkns s (bg)y, K

Now, taking inverse Sumudu transform on both sides for the last equation, we arrive at the required result (56).

The result in Theorems 4 and 5 can be easily specialized to yield the corresponding kinetic equations involving
K,-function, G-function, R-function and F-function.

V. CONCLUSION

The generalized fractional Kinetic equation taken in the present paper involves various special functions. It is
not difficult to obtain several further analogues fractional kinetic equations and their solution as those exhibited
here by theorems 2 and 3 and its Corollaries. Moreover, in view of close relationships of the generalized H-
function, generalized M-series and generalized K,-function with other special functions, it does not seem
difficult to construct various known and new fractional Kinetic equations. The Mittag-Leffler function is a
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special function having an essential role in the solution of fractional order integral and differential equations.
Recently, this function is frequently used in modeling phenomena of fractional order appearing in the physics,
biology, and engineering and applied sciences. The results calculated are suitable for various numerical
computations like dynamical properties of the particle reaction rate, statistical mechanics associated with the
particle distribution.

(1]
[2]

[3]
(4]

(5]

[6]
[7]

(8l

(9]

[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]
[28]
[29]

[30]

REFERENCES

A.A. Kilbas, M.Saigo and R.K. Saxena, Generlized Mittag-Leffler function and generalized fractional calculus operators, Integral
Transform and Special Functions, Vol.15, pp.31-49, 2004

AFaraz, T. Salim, A. Sadik and J.Ismail, Solution of generalization fractional kinetic Equation in terms of special functions,
International Mathematical Forum, Hikari Ltd., Vol.9, No.33, pp.1647-1657, 2014.

A.M. Mathai, R.K. Sexena and H.J. Houbold, On generalized fractional kinetic equation, Physica A 344, pp.653-664, 2004.
A.Saichev and G. Zaslavsky, Fractional kinetic equations, solutions and applications, Chaos, Vol.7, pp.753-784.
http://dx.doi.org/10.1063/1.166272, 1997.

A.Faraz, T.Salim. S.Sadek and J.Ismail, Generalization K function and its application in solving kinetic equation of fractional order,
J.Math. Comput. Sci., Vol .4, pp.1-10, 2014.

A. Wiman, Uber de Fundamental Staz in der Theorie der Functionen E(X), Acta Mathematica, Vol. 29(1), pp.191-201, 1905.

F.B.M. Belgacem, A.A. Karaballi, Sumdu transform fundamental properties investigations and applications, International
J.Appl.Maths.Stoch. Anal., pp.1-23, 2005.

F.B.M. Belgacem, A.A. Karaballi and S.L. Kalla, Analytical investigations of the Sumudu transform and applications to integral
production equations, Mathematical problems in Engineering, Vol. 3,pp.103-118, 2003.

G. Zaslavsky, Fractional kinetic equation for Hamiltonian Chaos, Physica D, Vol.76, pp.110 - 122. http://dx.doi.org/10.1016/0167-
2789 (94)90254-2, 1994.

H.J. Haubold and A.M. Mathai, The fractional Kinetic equation and thermonuclearfunctions, Astrophys. Space Sci., Vol. 327, pp.53-
63, 2000.

I.Podlubny, Fractional differential equations, VVol.198 of mathematics in science and Engineering ,Academic Press ,San Diego, Calif.
USA ,1999.

K.S. Miller and B. Ross, An Introduction of Fractional Calculus and Fractional Differential Equations, John Wiley and Sons, New
York, 1993.

M. Sharma, Fractional integration and fractional differentiation of the M-series, Fract. Calc. Appl. Anal., Vol.11(2), pp.187-192,
2008.

M.A. Asiru, Sumudu transform and the solution of integral equations of convolution type, International Journal of Mathematical
Education in science and technology, VVol.32, pp.906-910, 2001.

R.Gorenflo, A.A. Kilbass and S.V. Rogosin, On the general Mittag-Leffler type function, Integral Transform and Special
Functions,7(3-4) (1998), pp.215-224.

R.K. Sexena, A.M.Mathai, and H. Haubold, Unified fractional kinetic equation and a fractional diffusion equation, Astrophysics and
Space - Science, Vol.290, pp.299 — 310, 2002.

R.K. Sexena, and S. Kalla, On the solution of certain fractional kinetic equations, Appl. Math. Comput., Vol.199, pp.504 — 511, 2008,
http://dx.doi.org/10.1016/j.amc.2007.10.005.

R.K. Sexena, A.M. Mathai, and H. Haubold, On fractional kinetic equations, Astrophysics and Space - Sci, VVol.282, pp.281 — 287,
2002.

S.G. Samko, A.A Kilbas and O.l. Marichev, Fractional Integrals and Derivatives: Theory and Applications, Gordon and Breach
Science Publishers, Yverdon, 1993.

T.Salim and A.Faraz, A generalization of Mittag-Leffler type function and integral operator associated with fractional calculus, Jou.
Frac. Cal. Appl. VVol.3, No., pp.1-13, 2012.

R. Prabhakar, A singular integral equation with a generalized Mittag-Leffler function in the kernel, Yokohama Mathematical
Journal,Vol.19,pp.7-15, 1971.

V.B.L. Chaurasia and D. Kumar, On the solutions of Generalized fractionalKinetic equation, Adv. Stud. Theor. Phys.,\VVol. 4(16),
pp.773-780, 2010.

M.Sharma and R.Jain, A note on a generalized M-series as a special function of fractional calculus and applied analysis, Vol.(12), pp.
449-452, 2009V.B.L. Chaurasia and J.Singh, Application of Sumudu Transform in Schrodinger Equation Occurring in Quantum
Mechanics, Applied mathematical Sciences, VVol.4(57) ,pp. 2843-2850, 2010.

Y.N. Prasad, Multivariable I-function, Vijanana Parishad Anusandhan Patrika, VVol. 29(4), 231-235, 1986.

Y.N. Prasad, G.S. Yadav, Proc. Math. Soc. B.H.U., |, pp.127-136, 1985.

A.Faraz, T.Salim. S.Sadek and J.Ismail, A generalized of M-series and Integral operator associated with fractional calculus, Asian
Journal of Fuzzy and Applied Mathematics. VVol.2 (5), pp.142-155, 2014.

C.F.Lorenzo, and T.T. Hartley, R-function relationship for application in the fractional calculus, NASA/ TM, 2000-210361, 2000.
C.F.Lorenzo, and T.T. Hartley, Generalized functions for the fractional calculus. NASA/ TP, 1999-209424/ REVI, pp.17, 1999.

K. Sharma, On Application of Fractional differ integral Operator to the K,-function, Bol. Soc.Paran. Math., Vol. 30(1), pp.91-97,
2012.

T.T. Hartley and C.F.Lorenzo, A solution to the fundamental linear fractional order differential equations, NASA/TP-1998-208693,
1998.

ISSN: 2231-5373 http://www.ijmttjournal.org Page 136



http://dx.doi.org/10.1063/1.166272
http://dx.doi.org/10.1016/0167-2789
http://dx.doi.org/10.1016/0167-2789
http://dx.doi.org/10.1016/j.amc.2007.10.005

