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Abstract: In this paper, we investigate the solution of fractional kinetic equation (FKE) associated
with the incomplete [-function (IIF) by using the well-known integral transform (Laplace transform).
The FKE plays a great role in solving astrophysical problems. The solutions are represented in terms
of IIF. Next, we present some interesting corollaries by specializing the parameters of IIF in the
form of simpler special functions and also mention a few known results, which are very useful in
solving physical or real-life problems. Finally, some graphical results are presented to demonstrate
the influence of the order of the fractional integral operator on the reaction rate.

Keywords: fractional kinetic equation; Riemann-Liouville fractional integral operator; incomplete
I-functions; Laplace transform

1. Introduction

Arbitrary-order calculus (AOC) is a useful mathematical device that enables the study of
arbitrary-order integrals and derivatives [1-4]. Its origin dates back to the 1695 letter from Leibniz
to L'Hopital. The noble developments in the field of fractional-order calculus (FOC) in relevant
conceptual research and in solving real-time problems have been extensively studied comparatively
recently. The pioneering contributions in fractional calculus were given by legendary mathematicians
viz. Euler, Fourier, Abel, Liouville, or Riemann. For explicit knowledge of arbitrary-order derivatives
and integrals, one can refer to [5] and the references therein. The intellect of fractional derivative
equations (FDEs) along with their implications have had a significant impact on various science and
engineering systems. In particular, the kinetic equations (KEs) characterize the relationship between
concentrations of the materials and time. KE is applied in gas theory, plasma physics, aerodynamics,
etc. The solution of KE gives the distribution function of the dynamical states of a single particle,
which often depends on the coordinates, time, and velocity. The expansions and generic nature of
arbitrary-order kinetic equations associated with the fractional-order operators was well established
in [6-9]. Since the last few decades, fractional kinetic equations in several shapes and configurations
have been widely and productively employed in describing various significant problems of physics
and astrophysics (see the recent papers [10-17]).
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The FDE describing the rates at which the reaction, destruction, and production change
was determined by Haubold and Mathai [6], which is presented in the following equation:

e _
dw

d(Ow) + p(Ow), 1)

where ® = O(w) gives the reaction rate, d = d(®) gives the destruction rate, p = p(©®) is the
production rate, and ®,, represents the function defined by ©,,(w*) = O(w — w*),w* > 0.

Now, if the spatial fluctuation and the inhomogeneities in the quantity ®(w) are ignored, then (1)
is converted into:

do;
dw

= —ciO;(w), )

subject to the initial condition that ©®;(w = 0) = @ is the number density of species iat initial time
(W = 0) ,¢ > 0.
Equation (2) can be written after integrating:

O(w) — @ = —coDy,'O(w), 3)

where D! is known as the integral operator.
Haubold and Mathai [6] gave the extension of Equation (3) (known as the fractional kinetic
equation (FKE)) as follows:

O(w) — @ = —cF D, PO (w), @)

where D,,? denotes the familiar Riemann-Liouville fractional integral operator.
The solution of FKE (4) is given below:
- (D"

@(W) :®0 2 T

L e+ @ ®

From the perspective of the effectiveness and great significance of the KE in many physics and
astrophysical problems, we established a solution of FKE involving the IIF.
The very familiar gamma function I'(s) is defined as follows:

Jo e uS " du, (R(S) > 0)
Q) = . (6)
r((gf), (S eC\Z;; ReNy),

where () g denotes the Pochhammer symbol defined (for & € C and & € Ny) by:

ﬁ)_{l, (R=0; SeC\{0})
=

(S)a =
I(S+1) - (S+s—1), (R=s5eN; 3eC),

@)

provided that the gamma quotient exists.
The incomplete gamma functions (IGFs) (S, x) and T(S,x) are presented in the
following manner:

(S, x) = /0 WSt du, (R(S) > 0;x 2 0), ®)
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and:
r(x) = /xoo uS~le M dy, (x 20; R(¥) > 0 when x =0), )
respectively, which satisfy the subsequent decomposition formula:
7(S,x) +T(S, x) =T(9), (R(3) > 0). (10)

The gamma function I'(J) and IGFs (S, x) and I'(S, x), which is defined in (6), (8), and (9),
respectively, play the main role in the field of communication theory, probability theory, groundwater
pumping modeling, quantum physics, mathematical physics, statistics, solid state physics, engineering,
and science (see, for example, [18,19]; see also the recent papers [20-28]).

Recently, Bansal and Kumar ([29], p. 1248, Equations (1.6)—(1.9)) defined the incomplete I-functions
O (z) and VI (z) associated with the IGFs (S, x) and T'(S, x) as follows:

(e1, Ev, x), (€j, Ej)ons (e, Eje)n1,p,

O (2) =Dee |2 (1)
(fir E)1,m (fies Fie) ma1,q,
1
-
= / K(,x)z%d¢,

for all z # 0; here, i = +/—1 and:

[(1—e; — EqG,x) f{lr(f,»wjé) f[zf(l —¢j—Ei¢)

K(& x) = - W’_ , (12)
% [ 1 I(1—fje—Feg) T1 T(eje+Ejf)
(=1 |j=m+1 j=n+1

and:

(e1, E1,x), (ej, Ej)2n, (eje, Eje)nt1,p,
(mMpmn () =g (13)

Peder Peder
(fj/ Fj)l,m/ (fjé/ Fjﬂ)m+1,q1

= [ L,

S 2mi Je

for all z # 0; here, i = +/—1 and:

Y1 — ey — E18, %) ﬁ T(f + F¢) [12 I(1 ¢~ Ef)

L(¢, x) = = mf . (14)
5 [ Il I(1-fjo— JZC) IT T(eje+Ejf)
(=1 |j=m+1 =n+1

The incomplete I-functions " I}"% (z) and (WI}V% (z) in (11) and (13) exist for all x > 0 under
the set of conditions as mentioned below.

The contour £ in the complex ¢-plane extends from  —ico to 7y + ico, v € R, and poles of the
gamma functions I'(1 — ¢; — E;¢), j = 1, n do not exactly match with the poles of the gamma functions
L(fi+F¢), j= 1,m. The parameters m, n, py,q, are non-negative integers satisfying 0 < n < p,,
0 <m < gpfori = 1,r. The parameters Ej, F]-, E][, Fjg are positive numbers, and e-,f]-, Ejg,f]'g are
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complex. All poles of K(¢, x) and LL(¢, x) are supposed to be simple, and the empty product is treated
as unity.

H; >0, |arg(z>|<§f),», i=1r, (15)

920, |arg(z)] <29 and  MW(E)+1<0, (16)

where:

n m pi qi
Hi=YE+)YF- Y Ei— ) F (17)
R, =

j=2 j=n+1 j=m+1
m n qi Pi 1 )
=) fi—Ye+ Y Ei— ) Fi+5(pi—a), i=1r. (18)
j=2 j=2 j=m+1 j=n+1

The incomplete I-functions " IJV% . (z) and (V1'% .(z) presented in (11) and (13) reduce to the

PeAer
many well-known special functions as follows:

1. Onsetting x =0, (11) and (13) reduce to the I-function proposed by Saxena [30]:

- (e1,E1,0), (ej, Ej)2n, (€je, Eje)nv1,p, (e, Ej)1,ns (ejes Eje)nt1,p,
Loaer |2 R . (19)

(fjr F]’)l,mz (fj(/ Fjé)m+1,w (f]/ Fj)l,m: (f]'ér Fjl)erl,W

2. Again, setting ¥ = 1 in (11) and (13), then it reduces to the IHFs introduced by Srivastava [31]
(see also [32]):

- (e1,E1, x), (¢j, Ej)2n, (€je, Eje)n+1,p, (e1,E1,x), (e, Ej)o,p
m,n _T1m,
IPMM =107 |z , (20
(fi F)1ms (fie, Fie)ma1,q, (fi Fi)iq
and:
. (e1,E1, %), (ej, Ej)on (€je, Eje)nt1,p, (e1,E1,x), (e, Ej)ap
mmn _omn
g |2 =y |z @D
(fir E)1,ms (fies Fie)ma1,q, (fir Fi)q

A complete description of IHFs can be found in the article [31].

3.  Further, taking m = 1,n = py, q; is replaced by g, + 1, and taking the suitable parameter, then the
functions (20) and (21) reduce to the incomplete Fox-Wright ¥-functions p‘I’(SF) and pTgW), which
were defined by Srivastava et al. [31].

Ly (1—e1,Eq,x), (1 —ej,Ej)ap - (e1, E1,x), (¢, Ej)o,p;
patl | 2 =pty z|, (22
(0/1)/ (1 _fj/Fj)l,q (fj/Pj)l,q;
and:
Ly (1—e1,E,x), (1 —¢j,Ej)ap ) (e1,E1,x), (ej, Ej)2,p;
'Yp',q+1 -z =¥, z| . (23)
(0/1)/ (1 _fj/Fj>l,q (f]/F])l,q/
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4. Next, we take x = 0 and » = 1in (11). The incomplete I-function reduces to the familiar Fox’s
H-function, which is defined and expressed in the following manner (see, for example, [33], p. 10):

(e1,E1,0), (ej, Ef)2,n, (€je, Eje)ns1,p, (e1,E1), -+, (ep, Ep)
Oprn |z =Hp" |z . (24)

pedel
(f]r )1 mrs (f]// ]é)m-&-l,qg (flel)/' o /(fq,Fq)

Numerous special functions can be obtained from the incomplete I-functions for which some
interesting functions are used in Section 3.

2. Arbitrary-Order Kinetic Equation
This part deals with the solution of FKE associated with the incomplete I-functions (11) and (13).

Theorem 1. Ifx > 0,0 >0,>0,c>0,0 >0,E,>00t=1,---,p),and F, >0(1=1,--- ,q), then the
following arbitrary-order kinetic equation:

(elr El/ X), (el/ El)z,nr (elf/ Elf)nle,p(j
O(w) — O 1Mt | Py = —PoD,PO(w), (25)

Peder
(fz/ Fz)l,m/ (fzﬂf Flﬁ)m-&-l,qg

has a solution of the form:

(e1,E1,x), (1 — o, B), (e, Et)on, (€10, Evt)nin p,

O(w) = Oguw"~ 12 —cPuwh)* I;Zif;ﬁ“ —pPwh . (26)

k= (fl/Fl)l,ml(l _"‘_ﬁK/ﬁ)/(fM,Fm)m+1,q;

Proof. Taking the Laplace transform [34] on both sides of FKE (25), we obtain:
_ 1 I'(a—BE) Py
—O)— —pBy e A T PY g — Py h
O(p) @0y [ (&) (~oP) T gt =~ Po(p),
where K(¢, x) is given in (12).
Upon simplifying the above equation, we get:

_ ) 1 I(a—p7)
OB) = (17 7y 2t Jo K0 (-9 i,

=0 Y (-1 (g [ (-of) O

27ti

Finally, taking the inverse Laplace transform on both sides of the trailing equation, we get the
desired result (26). O

Theorem 2. Ifx > 0,a >0,6>0,c>0,0>0,E,>00t=1,---,p),and F, >0(1=1,--- ,q), then the
following arbitrary-order kinetic equation:

(e1, E1,x), (e, Er)an, (€10, Evt)ny1,p,
O(w) — @pu® 1M mn | oPyb = —FoDPO(w), (27)

Peder
(fu Fz)l,mr (fz(r Fzé)m—l—l,q(g
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has a solution of the form:

(e1,E1,x), (1 —a, B), (e, Er)an, (€6, Evt)nv1,p,

O(w) = @ ! Y (~Pwfy @l Pl . (28)

= (Fir E) s (1= = B, B), (Futs ey,
Proof. The proof of Theorem 2 is given in a similar way as that of Theorem 1. O

3. Special Cases and Remarks

In this part, we record certain interesting corollaries of the main results (Theorems 1 and 2):

Corollary 1. Ifa > 0, > 0,c > 0,0 > 0,E, >0 =1,---,p),and F, > 0(1 = 1,--- ,q), then the
following arbitrary-order kinetic equation:

(el/ El)l,n/ (ezér Ezé)nJrl,pé
O(w) — Qw11 | —pPuwbf = D LO(w), (29)

Peder
(fz/ Fz)l,m/ (fzﬂl Fzﬂ)m-i-l,qg

has a solution of the form:

(1—a,B), (e, E)1ns (er, Ez()n+1,p4

O(w) = Ogw* ! Y (—Fwh)* IZZKT;HH —pPwb . (30)

=0 (flrFl)l,mr (1 —&— ﬁK/ ﬁ)r (fzfr sz)m«kl,q(

Proof. Taking x = 0 in the result (25), we get the desired result. [J

Corollary 2. Ifx >0,a4 >0, >0,c>0,0 >0,E,>00=1,---,p),and F, >0 =1,--- ,q), then the
following arbitrary-order kinetic equation:

(61, El/ -x)/ (el/ El)z,p
O(w) — O™ 1T | — pPrf = —FyD,PO(w), (31)
(fl/ Pl)l,q

has a solution of the form:

(ellEll ) (1_‘x ﬁ) (el/ l) ,p
O(w) = Opw* ! Z —cPwbyrrmnrl By . (32

p+1,49+1
(flfFI)l,q/ (1—a—px,p)

Proof. Again, setting r = 1 in Theorem 1, we achieve the desired result (32). O

Corollary 3. Ifx >0, >0,>0,c>0,0>0,E,>00=1,---,p),and F, >0 =1,---,q), then the
following arbitrary-order kinetic equation:

(ell El/ x)/ (elr El)Z,p
O(w) — O™y | —pPuf = —FoDPO(w), (33)

(fl/Fl)l,q
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has a solution of the form:

o0 (e1, By, x), (1 —a, B), (€1, E)op

O(w) = Opw* ! 2(—cﬁwﬁ)"7mf+q£rl —pPwh . (34)

k=0 (quz)l,qr(l_D‘_.BK'ﬁ>

Proof. Setting r = 1in Theorem 2, we arrive at the desired result (34). O

Corollary 4. Ifx >0,&4 >0, >0,c>0,0>0,E,>00=1,---,p),and F, >0t =1,--- ,q), then the
following arbitrary-order kinetic equation:

(61/ El/ x)/ (el/ El)z,p
©(w) — O 1wy | pPuf = —FD PO (w), (35)

(flfFl)l,q

has a solution of the form:

- (e1, E1,x), (1=, B), (e, Er)p
O(w) = Oquw*~ 12 —cPuwh) PJrl\Ilq-H PP . (36)

= (fv F)1,q (1 —a— Bx, B)

Proof. Taking the suitable parameter in Equation (31), we get the desired result. [

Corollary 5. Ifx > 0,a4 >0, >0,c>0,0>0,E,>00=1,---,p),and F, >0 =1,--- ,q), then the
following arbitrary-order kinetic equation:

(@1, El/ x)/ (el/ EZ)Z,p
O (w) — Ogu 1, w1 | b — —FDy PO (w), (37)

(fZ/Fz)l,q

has a solution of the form:

) (e1,E1,x), (1 —a,B), (e, l)
O(w) = w1 Y (—Puwh) i) | pPuf NG

k=0 (leFz)l,qf(lf’XfﬂKmB)

Proof. Taking the suitable parameter in Equation (33), we get the desired result. [

Corollary 6. Ifa > 0, > 0,c > 0,0 > 0,E, >0 =1,---,p),and F, > 0(1 = 1,--- ,q), then the
following arbitrary-order kinetic equation:

(ez/ Ez)l,p
O(w) — O™ 'HI | — PP = —cFyD PO (w), (39)
(fz/ Fz)l,q
has a solution of the form:
(1= p), (e, E)p
O(w) = Oyw* ! Z —cPuwh) HZTf;lH — pPwP . (40)
= (fir F)1g (1 —a = Br, B)

Proof. Again, taking x = 0 in (31), we achieve the required result. [
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Corollary 7. Ifa > 0, > 0,c > 0,0 > 0,E, >0 =1,---,p),and F, > 0(1 = 1,--- ,q), then the
following fractional kinetic equation:

(511 Ez)l,p
O(w) — Oy W, | pPuf = —cFyDy PO (w), (41)

(flfFl)l,q

has a solution of the form:

(1—ua,pB), (e, 1)1p
O(w) = Oquw*~ 12 —cPwh) ) pr1V¥gi1 oPuwP . (42)

(fv F)1,g (1 —a — Bx, B)

Proof. Again, taking x = 0in (35) and (37), we arrive at the required result. [
Corollary 8. Ifx > 0,a4 > 0,8 > 0,c > 0, p > 0, then the following arbitrary-order kinetic equation:

(ellx)IEZI e /ep

O(w) — ®ow”‘*1pl"q pPwf = —cﬁoD;ﬁ(@(w), (43)
i fa
has a solution of the form:
0 1—e,1,x),(a —e,
T IR L R L AR Y
(w) = Ogw Z( cPwP)*T piigin |97W . (44)
<=0 (0,1), (1 = fi, V)1, (& + Brc, p)

Proof. Again, setting E, = F, =1(1=1,---,p;k=1,---,q) in Equation (31), we arrive at the desired
result (44). O

Corollary 9. Ifx > 0,0 > 0,8 > 0,c > 0, p > 0, then the following arbitrary-order kinetic expression:

(e1,x),e2, - ,ep

O(w) — g™ v, |pPuf = —cﬁoD;ﬁGD(w), (45)
i fa
has a solution of the form:
- - (1—e,1Lx),(a,B),(1—e,1)2,
@(w) — ®0w“_1 Z( Cﬁwﬁ)Kr)/pfil q+2 pﬁwﬁ . (46)
=0 (0,1), (1 = fu V)1, (& + Brc, B)

Proof. Again, setting E, = F,=1(1=1,---,p;k=1,--- ,q) in Equation (33), we arrive at the desired
result (46). O

Corollary 10. Ifa > 0,8 > 0,c > 0, p > 0, then the following arbitrary-order kinetic expression:
ell .« o o ,ep

O(w) — Oyw* 1, F, | pPuP = —cFoDPO(w), (47)
fi o fy
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has a solution of the form:

o) 1p41 (1 —eq, 1)/ (0‘/ ,B)/ (1 — € 1)Z,p
O(w) = Ogw* ! Z;(—cﬁwlg)"Hp’_quJrz oPuwP . (48)

=0 (0,1), (1= fi, 1)1,4, (2 + B, B)
Proof. Again, setting x = 0 in Equation (43), we arrive at the desired result (48). O

w,B
Remark 1. If Fox’s H-function reduces to generalized M-series qu(u1,~~~ ,ap;bl,---,bq;z) in

Equation (39), then the result is that recorded by Chaurasia and Kumar ([35], p. 777, Equation (14)).

Remark 2. If the Fox-Wright function ,V,(z) reduces to the Mittag—Leffler function E, g(z) in Equation (41),
then the result is that recorded by Saxena et al. ([15], Equation (21)).

Remark 3. If the incomplete H-function reduces to the Bessel function of the first kind ], (z) in (31), then the
result is that recorded by Habenom et al. [12].

4. Numerical Results and Discussion

In this section, we simulate the numerical results for FKE (25) at different values of various
parameters presented in the form of Figures 1 and 2 by using Maple. We can see from Figures 1 and 2
that the value of ® decreases with time w. It is also noticed from Figures 1 and 2 that as the value
of B increases, the corresponding value of @ initially enhances, but after some time, it depicts the
opposite nature.

[—B=1-"" p=0.90 ——p=0.80 B=0.70|

Figure 1. Plots of solution ® for the fractional kinetic equation (FKE) (25) when ®yp = 5,0 = 0,
and c = 0.5.
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l—B=1""" p=090——p=080  — B=0.70]

Figure 2. Plots of solution ® for FKE (25) when @y =10, p = 0,and c = 1.
5. Conclusions

In this work, we introduced generalized FKEs of the FKE associated with the incomplete
I-functions and found their solutions in terms of incomplete I-functions. The novelty and importance of
the present work were that we suggested a novel computable extension of FKEs in terms of incomplete
I-functions and presented some numerical results in graphical form, which were very useful to study
reaction rate. The FKEs could be employed to determine the particle reaction rate and interpret the
statistical mechanics pertaining to the particle distribution function. We also derived some special
cases by assigning particular values to the parameters of incomplete [-functions and also provided
some known and important results. The outcomes of the present study are very useful in astrophysics
and space science.

Author Contributions: Conceptualization, M.K.B. and D.K.; methodology, M.K.B. and ].S.; software, M.K.B. and
D.K,; validation, D.K., PH., and ].S.; formal analysis, PH. and ].S.; investigation, M.K.B. and D.K.; resources,
M.K.B.; data curation, D.K.; writing, original draft preparation, M.K.B. and ].S.; writing, review and editing,
PH. and ].S,; visualization, D.K.; supervision, D.K. and J.S.; project administration, M.K.B.; funding acquisition,
M.K.B. All authors read and agreed to the published version of the manuscript.

Funding: The present investigation was supported, in part, by the TEQIP-III under CRS Grant 1-5730065311.

Acknowledgments: The authors would like to express their deep-felt thanks for the reviewers’ valuable comments
to improve this paper as it stands.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Miller, K. S.; Ross, B. An Introduction to the Fractional Calculus and Fractional Differential Equations; John Wiley
& Sons, INC.: New York, NY, USA, 1993.

2. Oldham, K.; Spanier, J. Fractional Calculus: Theory and Applications of Differentiation and Integration of Arbitrary
Order; Academic Press: New York, NY, USA, 1974.



Fractal Fract. 2020, 4, 19 11 of 12

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Kilbas, A.A.; Srivastava, HM.; Trujillo, J.J. Theory and Applications of Fractional Differential Equations;
North-Holland Mathematical Studies; Elsevier (North-Holland) Science Publishers: Amsterdam,
The Netherlands; London, UK; New York, NY, USA, 2006; Volume 204.

Podlubny, I. Fractional Differential Equations; Academic Press: San Diego, CA, USA, 1999.

Srivastava, H.M.; Saxena, R.K. Operators of Fractional Integration and Their Applications. Appl. Math.
Comput. 2001, 118, 1-52. [CrossRef]

Haubold, H.J.; Mathai, A.M. The fractional kinetic equation and thermonuclear functions. Astrophys. Space
Sci. 2000, 273, 53-63. [CrossRef]

Saichev, A L; Zaslavsky, G.M. Fractional kinetic equations: Solutions and applications. Chaos 1997, 7, 753-764.
[CrossRef] [PubMed]

Saxena, R.K.; Mathai, A.M.; Haubold, H.]. On generalized fractional kinetic equations. Physics A 2004, 344,
657-664. [CrossRef]

Saxena, R.K.; Kalla, S.L. On the solutions of certain fractional kinetic equations. Appl. Math. Comput. 2008,
199, 504-511. [CrossRef]

Chaurasia, V.B.L.; Pandey, S.C. On the new computable solution of the generalized fractional kinetic
equations involving the generalized function for the fractional calculus and related functions. Astrophys. Space
Sci. 2008, 317, 213-219. [CrossRef]

Goswami, A.; Singh, J.; Kumar, D.; Sushila. An efficient analytical approach for fractional equal width
equations describing hydro-magnetic waves in cold plasma. Physics A 2019, 524, 563-575. [CrossRef]
Habenom, H.; Suthar, D.L.; Gebeyehu, M. Application of Laplace Transform on Fractional Kinetic Equation
Pertaining to the Generalized Galué Type Struve Function. Adv. Math. Phys. 2019, 2019, 1-8. [CrossRef]
Kumar, D.; Singh, J.; Tanwar, K.; Baleanu, D. A new fractional exothermic reactions model having constant
heat source in porous media with power, exponential and Mittag-Leffler Laws. Int. J. Heat Mass Transf. 2019,
138, 1222-1227. [CrossRef]

Kumar, D.; Singh, J.; Qurashi, M.A.; Baleanu, D. A new fractional SIRS-SI malaria disease model with
application of vaccines, anti-malarial drugs, and spraying. Adv. Differ. Equ. 2019, 2019, 278. [CrossRef]
Saxena, R K.; Mathai, A.M.; Haubold, H.J. On Fractional Kinetic Equations. Astrophys. Space Sci. 2002, 282,
281-287. [CrossRef]

Yavuz, M.; Ozdemir, N. Numerical inverse Laplace homotopy technique for fractional heat equations.
Therm. Sci. 2018, 22, 185-194. [CrossRef]

Yavuz, M.; Ozdemir, N. European vanilla option pricing model of fractional order without singular kernel.
Fractal Fract. 2018, 2, 3. [CrossRef]

Abramowitz, M.; Stegun, I.A. Handbook of Mathematical Functions with Formulas; Graphs; and Mathematical
Tables, Applied Mathematics Series; National Bureau of Standards: Washington, DC, USA, 1964; Dover
Publications: New York, NY, USA, 1965; Volume 55.

Andrews, L.C. Special Functions for Engineers and Applied Mathematicians; Macmillan Company: New York,
NY, USA, 1985.

Bansal, M.K.; Kumar, D.; Jain, R. Interrelationships Between Marichev—Saigo-Maeda Fractional Integral
Operators, the Laplace Transform and the H-Function. Int. J. Appl. Comput. Math 2019, 5, 103. [CrossRef]
Bansal, M.K,; Jolly, N.; Jain, R.; Kumar, D. An integral operator involving generalized Mittag-Leffler function
and associated fractional calculus results. J. Anal. 2019, 27, 727-740. [CrossRef]

Bansal, M.K.; Kumar, D.; Jain, R. A Study of Marichev-Saigo-Maeda Fractional Integral Operators Associated
with S-Generalized Gauss Hypergeometric Function. Kyungpook Math. . 2019, 59, 433-443.

Goswami, A.; Singh, ].; Kumar, D.; Gupta, S.; Sushila. An efficient analytical technique for fractional partial
differential equations occurring in ion acoustic waves in plasma. J. Ocean Eng. Sci. 2019, 4, 85-99. [CrossRef]
Kumar, D,; Singh, J.; Baleanu, D. On the analysis of vibration equation involving a fractional derivative with
Mittag-Leffler law. Math. Methods Appl. Sci. 2020, 43, 443-457. [CrossRef]

Kumar, D.; Singh, J.; Purohit, S.D.; Swroop, R. A hybrid analytical algorithm for nonlinear fractional
wave-like equations. Math. Model. Nat. Phenom. 2019, 14, 304. [CrossRef]

Singh, J.; Kumar, D.; Baleanu, D. New aspects of fractional Biswas-Milovic model with Mittag-Leffler law.
Math. Model. Nat. Phenom. 2019, 14, 303. [CrossRef]


http://dx.doi.org/10.1016/S0096-3003(99)00208-8
http://dx.doi.org/10.1023/A:1002695807970
http://dx.doi.org/10.1063/1.166272
http://www.ncbi.nlm.nih.gov/pubmed/12779700
http://dx.doi.org/10.1016/j.physa.2004.06.048
http://dx.doi.org/10.1016/j.amc.2007.10.005
http://dx.doi.org/10.1007/s10509-008-9880-x
http://dx.doi.org/10.1016/j.physa.2019.04.058
http://dx.doi.org/10.1155/2019/5074039
http://dx.doi.org/10.1016/j.ijheatmasstransfer.2019.04.094
http://dx.doi.org/10.1186/s13662-019-2199-9
http://dx.doi.org/10.1023/A:1021175108964
http://dx.doi.org/10.2298/TSCI170804285Y
http://dx.doi.org/10.3390/fractalfract2010003
http://dx.doi.org/10.1007/s40819-019-0690-3
http://dx.doi.org/10.1007/s41478-018-0119-0
http://dx.doi.org/10.1016/j.joes.2019.01.003
http://dx.doi.org/10.1002/mma.5903
http://dx.doi.org/10.1051/mmnp/2018063
http://dx.doi.org/10.1051/mmnp/2018068

Fractal Fract. 2020, 4, 19 12 of 12

27.

28.

29.

30.

31.

32.

33.

34.
35.

Srivastava, H.M.; Chaudhry, M.A.; Agarwal, R.P. The incomplete Pochhammer symbols and their
applications to hypergeometric and related functions. Integral Transform. Spec. Funct. 2012, 23, 659-683.
[CrossRef]

Srivastava, H.M.; Bansal, M.K.; Harjule, P. A study of fractional integral operators involving a certain
generalized multi-index Mittag-Leffler function. Math. Methods Appl. Sci. 2018, 41, 6108—6121. [CrossRef]
Bansal, M.K.; Kumar, D. On the integral operators pertaining to a family of incomplete I-functions.
AIMS Math. 2020, 5, 1247-1259. [CrossRef]

Saxena, V.P. Formal solution of certain new pair of dual integral equations involving H-functions. Proc. Natl.
Acad. Sci. India Sect. A 1982, 52, 366-375.

Srivastava, H.M.; Saxena, R.K.; Parmar, RK. Some Families of the Incomplete H-Functions and the
Incomplete H-Functions and Associated Integral Transforms and Operators of Fractional Calculus with
Applications. Russ. |. Math. Phys. 2018, 25, 116-138. [CrossRef]

Bansal, M.K.; Choi, ]. A Note on Pathway Fractional Integral Formulas Associated with the Incomplete
H—Functions. Int. |. Appl. Comput. Math. 2019, 5, 133. [CrossRef]

Srivastava, HM.; Gupta, K.C.; Goyal, S.P. The H-Functions of One and Two Variables with Applications; South
Asian Publishers: New Delhi, India, 1982.

Sneddon, I.N. The Use of Integral Transforms; Tata McGrawHill: New Delhi, India, 1979.

Chaurasia, V.B.L.; Kumar, D. On the solutions of generalized fractional kinetic equations. Adv. Stud.
Theor. Phys. 2010, 4, 773-780.

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1080/10652469.2011.623350
http://dx.doi.org/10.1002/mma.5122
http://dx.doi.org/10.3934/math.2020085
http://dx.doi.org/10.1134/S1061920818010119
http://dx.doi.org/10.1007/s40819-019-0718-8
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction
	Arbitrary-Order Kinetic Equation
	Special Cases and Remarks
	Numerical Results and Discussion
	Conclusions
	References

