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RESEARCH ARTICLE

Approximate Solution and Simulation for
Fractional Burger Equation with
Two Initial Conditions

Huda Emad Aldeen Jameel® * Fatimah Ahmed Shihab®, Saad Naji Al-Azzawi

Department of Mathematics, College of Science for Women, University of Baghdad, Baghdad, Iraq

ABSTRACT

This paper considers the nonlinear homogeneous fractional Burger’s equation as a type of nonlinear fractional partial
differential equations (FPDE). Our goal in this paper is to show that an initial value problem (IVP) can be modified
with a second initial condition when (« € (1, 2]) as the velocity of the movement, and the obtained solution agrees
with the nature of the wave with space and time for the problem. The Caputo fractional derivative is used in all the
fractional derivatives. Also, the algorithm of the Laplace transform decomposition method (LTDM) for fractional PDEs
is presented. The approximate solution converges to the exact solution in Theorem 1. Also, a numerical simulation is
made to confirm the theoretical results. In addition, the solution is displayed graphically for three values of («) that
belong to the interval (1, 2] to study the effects of changing the value of the fractional order derivative on the wave
solutions of the time-fractional Burger PDE. The time interval is extended in each graph to check the effect of time on
the number and shape of the waves in addition to changing the fractional order. Finally, a comparison of the obtained
solutions is made.

Keywords: Burger’s equation, Caputo fractional derivative, Initial value problem, Laplace decomposition method, Mittag-
Leffler function

Introduction

Fractional calculus is considered a basis for many mathematical applications. Researchers have given a lot of
attention to Fractional differential equations (FDE), both ordinary and partial, due to their wide applications in
all fields such as science, engineering, electrochemistry, viscoelasticity, and optics.! Burgers’ fractional partial
differential equation (BFPDE) is a fundamental convection—diffusion equation and it is used widely in applied
mathematics.? It was first introduced by Bateman H in 1915 and he found its steady solutions.® Burgers JM
studied the equation in 1948 as a type of equation used to describe mathematical models of turbulence.® Qazza
A introduced the direct power series technique in solving various types of time-FPDEs and systems.* Ahmed SA
et al. considered the Double Sumudu-Elzaki transform to solve FPDE with boundary conditions. ® Tarate SA et al.
used the new Sumudu T iterative method to find the solution of nonlinear PDEs.° Elbadri M used the fractional
Laplace transform with the Adomian decomposition method (ADM) to obtain the approximate solutions of
Burgers’ equation with the Caputo-Katugampola Fractional derivative.” Mohammed Mulla MA developed a
numerical method for solving nonlinear (FDEs), with the Caputo-Fabrizio fractional operator and the fractional
Laplace transform.® Javed I applied ADM to obtain approximate solutions for the nonlinear FPDEs. ° Jassim HK
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and Al-Rkhais HA employed the fractional Sumudu DM to solve the time-FPDEs and system of time-FPDEs. !°
Kadri I et al. used combined Laplace transform (CLT) and ADM to find the solutions of nonlinear time-fractional
Burgers’ equation.'! Alquran M, et al. used the Laplace transform (LT) method with the Differential transform
(DT) method to solve non-homogeneous linear PDEs. '? Ali Al, et al. solved a coupled system of nonlinear PDEs
by using the power series (PS) technique with fractional order. '® Jafari H proposed the iterative LTM for solving
systems of linear and nonlinear FPDEs. '* The method of Laplace residual PS is also used to obtain the solution
of systems of FPDEs.'® Sultana M, et al. introduced a new method which is called Aboodh Tamimi Ansari
transform to solve systems of linear and nonlinear FPDEs. '® Magdy E, et al. presented a numerical strategy
to find approximate solutions for the nonlinear time fractional Burgers’s equation.'” Youssri YH and Atta AG
used a combination of Lucas polynomials basis to solve the time-fractional diffusion equation spectrally. '

In this paper, the Laplace transform DM is used to prove the approximate solution of the homogeneous
Burger’s FPDE. Two initial conditions were included in the equation and were satisfied in the obtained solution.
An application of Theorem 1 is introduced for another fractional Burger’s type equation. The graph of the wave
solutions was illustrated by taking different values for the fractional order («) of the FPDE and a comparison
is made for the obtained results.

This paper includes three sections. Section one introduces some definitions that will be needed in this
research. In section two, the Laplace ADM will be proposed. Finally, in section three, the results will be
discussed, as well as introducing to the numerical simulation with comparison.

Preliminaries

Definition 1:'%2° If f: R, - Randn—1 <a <n, n e N, then:

DEFO = ot /0 t — o fO (0 )dr,

n—oa)

where I is the gamma function, called the Caputo fractional derivative of order «, provided it exists.

Definition 2:?! The one parameter Mittag-Leffler (ML) function is defined by:

Et) =y —, 0, teC.
) gr‘(ak—i—l) “=bte

The two parameters Mittag-Leffler function is given by

Ea’ﬂ(t) = g m, Re(Ol) > 0, ﬂ € (C, teC.

Lemma 1:? The Laplace transform (LT) for Caputo’s fractional derivative is given by:

n—1

LD f(O)) = SE,(s) = )" O (0),

k=0

wheren < « <n+ 1 and o € N. Laplace transform for the fractional PDEs with respect to t is given by:

B

du(x, 0 3%u(x, 0 " u(x, 0
LolDfuCx, D)) S*Lafule, ) — (5“—1 u(x, 0) 452 WD) | geos TUOOD) %)

Methodology

In this section, we introduce the Laplace ADM for solving the fraction Burger’s PDE. This method is very
effective in dealing with nonlinear equations and systems and it helps to simplify the terms for the application
of the Laplace transform. Considering the following FPDE in its general form:*!

Diu(x,t) + D¢u (e, t) +R@(x, t)) + N u(x,t)) = f(x,t), @D)

with the I.C’s.
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u(x,0) =g (x)

w60 =g o) X700 T<a=2 -

Where:

D¢: linear operator in Caputo’s sense of order o with respect to t,
D¢: highest order linear differential operator with respect to x,
R: a linear term with a lower derivative,

N: anonlinear term,

f(x, t): non-homogeneous part,

x, t: the spatial dimension and time, respectively.

Algorithm of laplace transform decomposition method (LTDM)

The following steps will be applied to the IVP in Egs. (1) and (2):
Step 1: Applying the Caputo Laplace transform'° to both sides of Eq. (1) with respect to t, yields:

Lo {D{u(x, 1)} + Lo {Dfu(x, )} + Lo {R W@ (x, 1)) + N (x, )} = L, {f (x. )} (3)
Using Lemma 1 and Eq. (2), in Eq. (3), yields
S*Lofulx, )} — S* tulx, 0) — S*2u,(x, 0) + Lo {D%ulx, )} + Lo {RWlx, t)) + N(ulx, £))} = Lo {f(x, £)}. @)

Step 2: Dividing by s* and applying the Caputo inverse LT to Eq. (4), yields:

Lo{ulx, t)} — —u(x 0) - ut(x 0)+ £ {Dfu(x, t)} + E {R(u(x, t)) + N(u(x,t))} = —E {f(x,t)},

u(x, t) = { u(x, 0)+ S Ut (X, 0)+ —Lo{f(x, t)}} { Lo {DZu(x, t)}+ E {R(u(x,t)) + N(u(x, t))}}

()

Step 3: Presenting the solution of Eq. (5) as an infinite Series:

u(x,t) = Zun(x, t). (6)

n=0

Decomposing the nonlinear term as follows:

N(u(x,0) =) An, )
n=0
where A, are the Adomian Polynomials of ug, u;, uy, ..., u,, and it will be decomposed as follows:

ot

wheren=0,1,2,3, ...
Substituting Egs. (6) and (7) in Eq. (5), yields

D ule, ) =L { Sl 0) + < : S, 0) + < .c {fx, t)}} {Sl {D“Zun(x t)+R(Zun(x t))
n=0

n=0

+ ZAn” : 9)
n=0
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Step 4: Matching both sides of Eq. (9), gives the following iterative algorithm:

up(x,t) = L1 {lu(x, 0) + lzut(x, 0) + lalla{f(x, t)}} :
s s s
=u(x,0) +tu(x,0)+ L, { 1 Lo{f(x, t)}}

1
Uo(x, t) = g1 (x) +tg2(0) + L, {S—aﬁa{f(x, t)}} .

Unia (6, 8) = —L, [ {D Zun(x t) +R (Zun(x t)) +ZA ”

(10)

(1mn

By calculating enough terms of u,, the solution u(x, t) can be obtained from Eq. (6) which is the approximate

analytic solution of Egs. (1) and (2).

The main results

Laplace transform decomposition method will be used to find an approximate solution for the following

initial value problem of the homogeneous Burger’s FPDE:

%ulx,t)  9%ulx,t aulx,t)  u(x,t
u(x, t) B u(x, t) oulx. ) u(x, t) n u“(x,t) _o,
ot ax2 ax ax

with I.Cs:

u(x, 0) = sinx,

-1
u(x, 0) = m sin x,

1<a<2, t>0andxeREq. (12) is the homogeneous fractional Burger’s equation. !

Theorem 1: The solution of Eq. (12) is

uCx,t) = (Ea(—t) _ ;DEa,z(—t)) sinx.

I'o +

Proof: Applying the LT with Caputo sense '’ to both sides of Eq. (12)

2 2
Ca{DiuCx, )} — £ {g 2}+z: { —2u(x, t)a“(’; 2 a(”(;‘)’ct)) }:o.

92 w9
S¥L{ulx, )} — ¥ ulx, 0) — S 2, (x, 0) — Lo § 2 4+ 228 — wl_y
9x2 0x 0x

Dividing both sides of the above equation by S*

L {u} = —u(x 0) + lut(x 0)+ E

u— =
82+ ax  ox

1 92 d ou
{uzu u}

Let

u(x, t) = Z U, (x, t).

n=0

(12)

(13)

14
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Substituting Eq. (14) in Eq. (13), gives

> 1 1 1, |92 =9 Y o u?
LJE)mmﬁ=§me+EMxm+§@ Z"°””+ Xj’“—léﬂﬁ

Let
00
A, = Z uﬁ(x, t),
n=0
Ao =13,
A1 = 2up uq,

2
Az = 2upuy + ug,

And
o0
u,
B, = U,—,
n E: a9y
n=\
Bo = upugy,

By = upui1x + uiloy,

By = uploy + Uy + Ualpy,

Substituting the above terms in Eq. (15) yields:

2B, —

3272 Un N 9An
9x2 ax |’

) 1 1 .
Lq {Z Un (2, t)} = gu(x, 0) + S—ZUt(X, 0)+ S—aﬁa {

n=0

1 1 92 0A
{Z un}z—u(x O)—i——ut(x 0)+ —Lqy {%— a"—i—ZBn},

Then

1 1
Lo {ug(x, )} = ;u(x, 0)+ s—zut(x, 0),

1 2y 2 u,  dA
Loy = L, —=0 T T 1 2B,t.
1} = “{ 3x2 ox A

Now, applying the Caputo inverse LT for both sides of Eq. (16):
1
Uo(x,t) = { u(x, 0) +3 o Ue(x, 0)}

=u(x, 0) +t u(x, 0),

. t .
Uo(x,t) =sinx — ———sinx,
o(x. £) T(a+1)

0x

1245

(15)

(16)
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1 32 0A
un+1(x7t):£;1{_£a{ un__xn‘i‘ZBn}}'

s ax2 a
Forn=1
1 32110 3A0
w=L'1—L,|— - —+2B ,
! “ {s"‘ [ dx2 ax + 0“

1 uy  oud
= L;l {S—aﬁa {WZO — 8__)(? +2U.0ux}} y

2
2 . t . . t .
_ 1 . 0 (smx ~ D smx) d (smx - T smx)
S K 9x2 ax

t t
+2(sinx — ————sinx | | sinx — ————sinx ,
( IN'a+1) ) ( (e +1) )xH

=r! ! L sinx + sinx — 2sinxcosx + 4 sinx cos x 2% sin x cos x
I P I(ax+1) I'(a+1) (T(a + 1))
+2sinxcosx sinx cos x : sinx cos x + 207 sin x cos x}}

MNa+1) MNa+1) (T +1))2 '

1 t
= E;l {S—aﬂa {—sinx—i— mSiHX}} s

1 1 1
=L = 5=———-< — = )sinxy,
* {s"‘ (szl"(ot—i—l) s)smx}

t(x+1 o .
th = (F(a TDr@+2) T+t 1)) i

Forn=2.
1 %u;  0A;
U =L =Ly — — — + 2B | ¢,
2 * s { 0x? ax Mt }}
_ 1 82u1 9(2uouy )
— Eal s_Ol ” { %2 — Ix + 2(uglirx + ul”Ox)}} ,
) Y . . a+1 o .
L 1 i 9 ((F(a+l)tr‘(ot+2) — r(oi+1)) s1nx) 0 (2 (1 - ﬁ) Smx (F(a+i)[‘((x+2) - r(o€+1)) smx)
- ~a s« o 9x2 ax

2(1- ) oo (i 1))

U e )" FerDrer 2 " Tern) ™),
(Farom 1) ((1- mm) ™)
\ferore+r2 Tern/)"™ ' " Tarn)™ }}

A l _t(x+1 t¥ o

= L {saﬁa{(F(a+1)F(a+2)+F(a+1)>( sinx)

a(1 t ta+1 t . 9 1 t toz+1
B ( - F(a+1)) (r(a+1)r(a+2) B r(oz+1)>s“”“:°sx+ (( - r(a+1)) (r(a+1)r(a+2)

t¥ . t to:+1 t .
Tt 1)) SIn X cosx+ (1 BCE 1)) (r(a TDrM@+2) T +1)> Smmsx)”’

—El{lﬁ {( e + t >sinx”
T s T I\ + D@ +2) Te+1) ’
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=r! lE —t sinx + Lsinx
T s T | T(a 4+ D0(e + 2) Ma+1) ’

1 { 1 { —I'(e + 2)sinx F(a—i—l)sinx”

s | set2(a + Do + 2) | s@H (o + 1)

_t2a+1 t2a
t= (F(a FDr2e+2) TRat 1)) —
Forn = 3.
1 32112 3A2
=L =Ly —— — —— + 2By},
1 “ {s“ {8x2 9x + 2}}

1 02uy 0 (2uougp + u?
=L <Ly 22 - (2uotz + u) + 2 (uolox + Usllax + Ualox) ¢ ¢
s ax ax
2 t2a+1 tZa
1 9 <_ NCEY e F(2a+l)) t —t2otl 2
=1 =c sinx —2(1-— sin x)?
S P dx2 ( F(a—i—l)) (F(a + DIr2a+2) * I'a + 1)) (sin.x)

totl t* . 2 t ‘ 2o+l $20 ‘

! <<F(w+1JF(a+2) - F(a+1)) Smx> X 2 [(1 - F(a+1)) T ((F(a + Do + 2) * I'2a + 1)) Smx);J

o+l t ) o+l o ‘
((F(cx +DM(ae+2) T(a+ 1)) smx) ((I‘(a + DM +2) T(a+ 1)) Smx)x

_t2ot+1 t2a ¢

i 1—- ———)sinx

((F(a+1)r(2a+2) * r(2a+1)>smx> (( F(a+1)> )xH
o l t2a+1 B 20 ) . B < B t ) ( 2o+l 20 )
=L, {<sa£a{[‘(a+1)l“(2a+1) et D) sinx —4(1 e+ D F(a+1)F(2a+2)+F(a+2)

t _t2a+1 t2a t(x+1 t¥ 2
xsinxcosx+4(1— + sinxcosx — 2 —
( I'(a + 1)) (F(a+1)r(2a+2) [ + 2)) (F(a + D +2) T(a+ 1))

ta+l t 2
xsinxcosx+2< ) sinxcosx ¢,

+

+

Te+Dlr(@+2) T(a+1)

) 1 t2a+1 tZa .
= L s_aﬁ“{<r(a+1)r(za+1) N r(2a+1)>‘°’mx}}’
_ l o +2) _ '2a+1) sinx
T st \s20t2T (o + 1IFRe + 2)  s2*HIT (20 + 1) ’

=L} ! ! sinx
- Fa 83a+21"(a +1) §3a+1 ’

t3a+l t3a .
= (F(a Y DrGBe+2) IGat 1)) s

Then series of the solution is

u(x,t) = Z Un(x, t),

n=0

=uo(x, t) +ur(x, t) +ualx, t) +usle, t) + - -,
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. t . totl t¥ ) 2+ 2 ‘
=sinx — (e +1) sinx + (F(oc +1DM(e+2) T(a+ 1)> Sinx -+ (F(a T DIRa +2) + T + 1)> sinx
{3+ 30 |
<F(cx +1DIBa+2) TI'Ba+ 1)> sinx+---,

_ 1 t tZa B tSa N B t 1 t¢ N tZa
_((_F(oc+1)+F(2a+1) IBa +1) ) F(a+1)< Fa+2)  TI'(a+2)

t30[ X
—m + - )) sin x.

Satisfying the initial Conditions of Eq. (12):

u(x,0)=((1-0)—0)sinx = sinx.

(x.t)=((0 at’”] 2t >+< 1 +(“+1)ta+...))sinx
e _<<_F(a+1)+r(2a+1) T@+1)  T(x+2) :

-1
ut(X, 0) = <(0) + (m —0+-- )) Sil’lX,

u(x,0) =

-1 .
— sinx.
IM'o+1)

The solution can be written as

= =) t = =) .
ux,t) = (Z Fa+1) Ta+1) ; F(ne + 2)) s

n=0

From Definition 2, the above solution can be represented by the ML function:

u(x,t)= (Ea (—t) — E,2 (—t)) sin x. m (17)

t
I'(e+1)
Application

In this subsection, another fractional Burger’s equation'! will be solved by using the same procedure as in
Theorem 1. Consider the homogeneous nonlinear fractional Burger’s equation:

3%u (x, t) dulx,t)  9%u(x,t)
_— ,t — =0, 18

o THED ox2 (18)
with I.Cs:
u(x, 0) = x,

x
) 0 = T <

(x, 0) Mo +1)

wherel <o <2, t>0andx e R.

Solution: Applying the steps of the LTDM on Eq. (18), yields

xt t
Llo(x,t)=x—m=x<1—m>, (19)

(1 92u
Unpr (. t) = L1 {S—aca {Wzn —An”. (20)
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Where

uCx, t) = Z u,(x, t),
n=0

and
2. du,
A = Zuna_s
n=0 X
Ag = Uglgy,

A1 = Uiy + Uy Uoy,

Az = Ugllay + UzlUiy + Usloy.

Se ax2
then,
t® 2ta+1 21_-01+2
Uy =—Xx — + . 21
FMoe+1) Tle+DIle+2) Tle+1)2T(ae+3)
Forn =2,

1 9%y
=L =L, — —Artt,
o= g 5 -l

1 92u
= {_['oz {Tl — (uou1x + u1u0x)” ,

22 2 (o + 4)t2etl 4 (o + 4) t2et2 4 (o + 4) £33
Uy =X . (22)

FCe+1) T(@+DrFRe+2) T(e+1)’T2a+3) I(e+1)°T (2a+4)
By the same way the rest of the terms can be found and then the series of the approximate solution is:

u(x,t)= Zun (x, 1),
n=0

=ug (x,t)+u (x,t)+us(x,t)+---,

_ (1 B t ) _x< t¥ B 2ta+1 N 2ta+2 )
B FT@+1) F@+1) T@+DIM(@+2) T(e+1)P°T(@+3)
x( 2% 2((@+4eet! 4@+Ht>2 A+ >
FrQRae+1) T(@+1DIrQRe+2) T@+1)’TRa+3) TI(a+1)3"Qa+4) ’

+

t t¥ ztoz-H 2ta+2 2t2a
- — + - +
Fae+1) T@+1) T@+Dlr@+2) Te+1)?*T@+3) TTRa+1)

u(x,t):x(l
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_ 2(@+et! d@+Ht>2 A+t N ) 23)
Fea+DIr2ae+2) TI(e+1P2rRa+3) TI(e+1)°TQ2x+4)

Satisfying the initial Conditions of Eq. (18) in Eq. (23):

ux,0)=x1-0-0+0..)=x,

u(xt)_x<0_ 1 B ot ! 2(a+1D)te B 2 (o +2)tet! _2(oz+4)(2<x+1)t2°‘

e F@+1) T(@+1) T@+DIr@+2) e+ T@+3) T+ Qx+2)
N 4ot2e-1 4 (o + 4) Qu + 2)t2etl _4(0:—i—4)(20z—i—3)t2°”rz )
F'2e+1)  I'(e+ 12T (20 + 3) [(e + 1)°T (2a + 4) ’

w6, 0)=x (0 040-0-04)=——>

IR T(a +1) T Te+1)

The approximate solution obtained in Eq. (23) satisfies the two given initial conditions.

Results and discussion

Numerical simulation

In this subsection, the approximate solution in Eq. (12) is explained graphically. Figs. 1 to 3 show 3D plots of
some of the obtained solutions for different values of @ € (1, 2] by using Mathematica. The figures illustrate the
change in the shape and number of waves when the time interval is extended and the spatial dimension is fixed.
Fig. 1 represents the solution when « = 1.75, 1.9 and 2 within the interval —10 < x <15 and 0 <t < 250.

10

0
(a) For a = 1.75 (b) Fora = 1.9

(c) Fora =2

Fig. 1. The fractional solutions u(x, t) of Eq. (12) for —10 <x < 15and 0 <t < 250.



BAGHDAD SCIENCE JOURNAL 2026;23(4):1241-1254 1251

Fig. 2 represents the solution when « = 1.75, 1.9 and 2 within the interval —10 < x <15 and 0 < t < 500.

10 10
0 0

(a) For @ = 1.75 (b) Fora = 1.9

10

(c)Fora =2
Fig. 2. The fractional solutions u(x, t) of Eq. (12) for —10 < x <15and 0 <t < 500.

Fig. 3 represents the solution when o = 1.75, 1.9 and 2 within the interval —10 <x < 15and 0 <t < 1000.

(a) For a = 1.75 (b) Fora = 1.9

1000

(c)Fora =2

Fig. 3. The fractional solutions u(x, t) of Eq. (12) for —10 <x < 15and 0 <t < 1000.
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The physical interpretation of the above figures is as follows:

1. The waves are oscillatory and nonperiodic depending on the x-coordinate, time and the fractional order of
the derivative.

2. The waves decrease and increase alternatively.

3. The amplitude of the waves grows at first then dampens with time.

4. The largest length of the wave before damping is at o = 2.

Comparing the results

In this subsection, the comparison between the solutions obtained in this paper and the solutions in'! for
Egs. (12) and (23) with Caputo sense. Tables 1 and 2 below show the details of each solution in the two works.

Table 1. Comparison between the solution in Eq. (17) and the solution in Eq. (40) in. ™!

Equation Initial Conditions  Interval of @ = Method of Solution  Solution
Solution in Eq. % — % - u(x, 0) =sinx o€ (0,1] Laplace transform u(x,t) = sinx E, (—t)
(40) in!! 2u(x, ) ED decomposition
w20t x method
S f— 0
Solution in u(x, 0) =sinx ac(1,2] u(x,t) =
Eq. (17) 1 (x,0) = (Ba (1) — gy Ba ()
D Sinx sinx

Table 2. Comparison between the solution in Eq. (23) and the solution in Eq. (67) in.

Initial Method of
Equation Conditions Interval of @ Solution Solution

Solution in % + u(x, t)% - ulx, 0) =x o € (0,1] Laplace transform ulx, t) =

Eq. (67) in!! utet) _ g decomposition x (1
ax2

method

t 22
T TletD + F2ea+1)

__6t3 + . )
TBa + 1) :

Solution in u(x,0) =x ae(1,2] u(x, t) =

Eq. (23) u(x. 0) = x(1- v - o

rrinx 2t

* Merhr@ s
2[u+2

T (e+1)%T(a+3)
2(a+4)r2e+1 + 212 +
I'(e+1)I2a+2) T'(2a+1)
A a2 t2
[(@+1)?T(2e+3)
[(@+1)3T(2a+4)

Conclusion

This work introduces a simple idea by suggesting an IVP consisting of the nonlinear homogeneous Burgers’
FPDE with two initial conditions and the fractional order («) belongs to the interval (1, 2]. The two initial
conditions represent the position and velocity and it was proven that they satisfy the approximate solution,
specially the second condition. The obtained solution in Theorem 1 converges to the one parameter and two
parameters Mittag-Leffler function. Another Burger’s type FPDE is solved by the algorithm of (LTDM) as an
application on Theorem 1. The approximate solution was illustrated graphically for three values of the fractional
order («). It can be Concluded from this work that an approximated solution obtained from the suggested IVP
may converge to the exact solution as in Theorem 1 (Eq. (17)) or it may be represented as an infinity series
without reaching its exact form as in Eq. (23), but in both cases it is a successful and interesting attempt to
solve such IVPs. In the future, researchers can extend the initial conditions and take a higher order for the
fractional derivative (o) and use another suitable method of solution.
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