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Accepted on: 2 /5/ 2023 and on its general fractional derivative formula. By modifying the general
Keywords: fractional partial | fractional derivative formula of 1y(x,t)and with the aid of the linear
differential equations, FPDE, another new formula can be found for the approximation wuy/(x,t).

polynomial approximation. This is the basic idea of the proposed method. Furthermore, the

mathematical proof of the convergence and stability of this method have
been studied. Some numerical examples show that the proposed method
exhibits a satisfactory results.

1. Introduction

Fractional ordinary differential equation (FODE) is an equation that contains fractional derivatives of
an unknown function of a single variable, while fractional partial differential equation (FPDE) is an
equation that contains fractional partial derivatives of an unknown function of several variables.

Analytical solutions of FODEs and FPDESs are now a available in some special cases. But the solution

to many FDEs (ordinary and partial) will have to relay on approximate and numerical methods, just like
their integer-order counterparts.

Fractional derivatives have been around for centuries but recently they have found new applications in
many fields of science and engineering. Applications of fractional ordinary derivatives in viscoelasticity
may be found in (1997) Diethelm [2] and in (1999) Diethelm & Freed [3] . Also, some mechanical
damping models have been presented in(1998) Yuan & Agrawal [14] as FODEs, in (2001) Hanyga [4]
find Multidimensional Solutions of Space - Fractional Diffusion Equations, in (2001) Schmidt & Gaul
[11] Application of Fractional Calculus to Viscoelastically Damped Structures in the Finite Element
Method may be found.

Moreover, fractional ordinary time derivatives have been used in (2000) Tseng, liu &Hsia [13] to
compute the velocity and acceleration of some applications in signal processing, such as, radar and
sonar applications.
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Applications of FPDEs are found in physics (2004) Shen & Liu [12], seismology (2002) Hanyga [5],
hydrology (2005) Meerschaeh & Gaul [10], and perhaps surprisingly, FPDEs have been linked with
stable distributions, where a FPDE was introduced in (2003) Lix [8] whose solution gives nearly all the
stable distributions, In (2000) Meerschaert & Tadjeran [9] use Finite Difference Approximations for
Two-Sided Space-Fractional Partial Differential Equations

This work is focused on solving the linear FPDEs with constant coefficients of the form:

ou(x,t)

Dfu(x,t) + 'BT =g(xt),(x,t) €D 1)

when the Riemann- Liouville integral operator is invertible, B e and D ={(x,t): c<x <d,a<t<b}.

2. New Formulation of the Approximation wu(x,t)

It is popular to use the approximation

uy(x,t) = D2, 202 a;0:(x) @;(t) 2)

in the two-dimensional polynomial, orthogonal polynomial, and spline approximations. Many authors
and researchers used the approximation (2), such as, In (1988) Hopkins [6] which used the above
approximation in two-dimensional orthogonal polynomial, and spline approximations while In (2001)
Iglesias [7] used this approximation in two-dimensional spline approximation. It’s popularity was due to
it’s simple shape, but this simple shape hide several disadvantages, such as, the difficulty in the matrix
formulation of the used method (if it needed), and the number of additional terms in (2) that add
worthless work.

Here a new formulation for the approximation 1w, (x, t)will be derived. This formulation was constructed
using some ideas given in (1980) Davies [1] as it will be illustrated below.

It was given in [1] that each one of the approximations of the form
u(x, t) ¥ apg+ax+ ast =[1 x tl{ay a, a,)
and

ulx, t) ¥ ag+a,x + at + azx® + asxt+agt® + agx’t + arxti+...
=[1 xtx? xt t? x%¢ xt%.. . fap ap, s @yyen .}

has the form u(x,t) = p(x,t) a

where p(x,t) is a row vector of linearly independent functions, and a is a column vector of constants. For
example, if we want to approximate the unknown function u(xt) in the partial differential equation:

du(x, t)
dx

one may guess that the following approximation could be used

+3ulx,t) = 2x + 3(t +x%)

ulx, t) 2 [1xtx*lfapa,a, a3} = ap+ a,x + a,t + azx?

Particularly, it is not easy to give definite rules which are applicable in all cases. For this reason
complete polynomials are often favorite. The necessary terms for all possible polynomials up to
complete quintic are shown below [1]:
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Thus a complete linear polynomial is of the form

g+ a1 X + ast

while a complete cubic polynomial is of the form

g+ a,x +at+asx’+asxt+ act®+agxt+a;xt+ agxt® + aqt?

The above ideas are the outlines that we used to establish the following new formulation u(x,t) of the
function u(x,t):

r Ty 3 Tin ] n My ]
uy(t) = X2 axd + B0 ay ot + 5 KT aps it (3)

where p1 = ng + Ny, ps1= Px + Mk, K =1, 2,...,n3, such that n;, ny, n3 and my, for k =1, 2,...,n3, are given
nonnegative integers, and N is the number of terms in this approximation, i.e. N is the number of the
unknowns coefficients a; . Eq. (3) represents the general polynomial approximation that may be used to
approximate u(x,t). A special case is given whenn; =n,=n,nz=n—1,and mg=n -k, as follows:

u*""{:x’ t} = ;?:D a}-xf + E;;la”ﬂ'tj + E;{z;i jf!:_i{ amcﬂxjtk (4)

where p1 =2n, pke1 =pc+ (N—Kk); k=1, 2,...,n =1, and n is a given nonnegative integer. It is obvious
that eq.(4) represents the complete polynomial approximation for u(x,t). To illustrate this let n = 2, then:

2 2 12—k
uyl(x,t) = E a;xd + Za}-“ th + Z Z e
=0 =1 k=17=1

Hence
uplx,t) = ap+a,x + a,x*> + agt + a.t* + agxt

which is the complete polynomial of order two.

First of all, we explore the weak form of the problem in order to build an approximation of the
finite element. We multiply the first equation by an arbitrary function ( test function ) v €
H}(Q), integrate the result and then use the Green formula.

ffvdxzf—Auvdx+fb-\7u
Q

Q Q
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J.fvdxszu-Vvdx— f(n-Vu)vds+fb-|7uvdx

Q Q
=0

J.fvdx—fVu Vvdx+fb Vuvdx

The weak formulatlon of (1) — (2) and by i |nner product form is: Find u € H1(Q) where

(Vu,Vv) + (b - Vu,v) = (f,v), Vv e HH Q) 3)
The bilinear define a(-,) = H1(Q) x H1(Q) - R by
and a(u,v) = (Vu,Vv) + (b Vu,v) 4
Then ,The FEM is: Find u;, € V,, € H*(Q) such that
(Vth Vvh) + (b ) Vuh' vh) = (f' vh): Vv, € Vhr (5)
and ap(up, vp) = (f,vp) Voo €V, (6)

where the space of finite elements

V, = {v:viscontinuouson Q ; v|x € P,(K), K € Tj,}.

Assume that u is approximated over a finite element triangle K by
3

u(x,y) = up(x,y) = z uf ol (x,y), (7)

j=1
where uj‘ is the value of u, at the jth node of the element, and <p}’-< is the Lagrange interpolation
function, such that

of (xi,y:) = 6.
We must compute the following element matrices over each element K.
Putting (7) into (5) and test function v, = @X, i = 1,2,3, respectively,
and the source function f is

3
f(x,y)sz]q)]K(x,y), f}:f(xj'yj)'
The element diffusion matrix is obtained (stiffness matrix)
Ajj = j Voi Vol dxdy, i,j=123, (8)

K
the element convection matrix

Bij = j(b'V%'-()st( dxdy, i,j=123, (9)

K
and the element mass matrix

M;; = f (p] oK dxdy, i,j=1,23, (10)
K
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we collect all the elements K,,, 1 < n < N, of the grid T}, We find a set of linear equations for the
numerical solution u; at each node:

Nk Nk
Z(Aij + Byj)u; = Z Mi;f; - (1
n=1 n=1

For a unique of the solution, a(:,") must be coercive provided that

(—%V b > 0). Indeed,

1
a(v,v) = (Vv,V) + (b-Vv,v) = (|VWv]?) + (_EV . b) v? > CIIvIIiQ,

Where C is a positive constant with |-|; o be the norm in H*(Q2). Thus, the Lax-Milgram lemma leads
to an unique special solvability.

3. New General Formula of the Fractional Derivative of w(x,t)

In this section a new general formula of the fractional derivative of the approximation was wuy(x,t)
established.

Proposition(3.1):
Let &> 0 and uy(x,t) be the two dimensional polynomial approximation which was given in eq.(4). The
fractional derivative of wu(x,t) is given by:

—iw

Dfuy (1) = [ty (x, £) + £ (3, £)]

F(n—a+1)
where
flxt) = Ricgy(0,n)xla; + E” lyGomitiags; + Xz lE” PRy (k, n)xit¥ay, +; (5)
and
10m =y e, T ©
Proof:
Recall eq.(4):

n—1ln—k
uy(x,t) = Za}xj+2a,!+_,t +ZZapw+jx}t
where p; = 2n, pre1i=px + (N =K); fork=1, 2,...,n 1.

Then the 'fractional derivative' of u, (X,t) is given by

) kld
Dfuy(x,t) = a;——t~ % + 2,7 —E’-’ @ L yrclynck, — ke
t wlx, } _;| =0 _:'1— (1) E ”"'J'[ (j—a+1) Ek 1==1 "prti Flk—a+l)
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Rearrangement the above equation to get

Dfuﬁ{:x,t] [E:lz in— n+l}x}-+zu _Mt}+znz 1 :lz kﬂ L‘Hl} -’tk](7)

Fin-= =f+l} U e =104 T ma) P r(k-a+1)
SinceIl'lh+1l-a)=n-aIT'h—-a)=h-a)(n-1-a) - B-a)2-a)1-aT(1- )

then for any integer i, 0 <i < n we have:

Frn+1—a) =l (-l +1-a) (8)
Put eq.(8) into eq.(7) , then using eq. (6) to get:

n—1 n

T
: t—= . .
Dfup(x,t) = Fl[——-l-l} Za} (1_[£+ ¥(0, Tl})x-’ + Q5! 1_[ f+y(j,n) |t! +a,nt"
n—a = =1 f=j%1
n—ln—k
Z Z Ayt j (1_[ £+ }f{ﬁk,ﬂ})x*"t"
[Sk+1
Since j!IIF- ;.4 = n!, therefore;
t-a n n—1
Dfuy(xt) = ————— Z a;(n!+y(0,n))xd + Z @psj(n!+ jly(jn))t! +a,nit"
rn—a+1) = o

n—1ln—k

+Z Z Qs (0! + Ky (k, n))xlt*
k=1j=1

= Difuy(x,t) =
n—1

Z}({ﬂ Tl]lx}ﬂ, +Z.j FU 'J‘l]lt Qnsj

n— J. n—k i ke
Iin- rf+l}[nl{ j=e -’x +E-’ la”"’-’t +E laPF{"‘ix}t }

From equations (4) and (5) we conclude that:

Deun(et) = me 05D

[ntuy(x, t) + f(x, t)]

4. Construction of the Polynomial Approximation Method

Our aim is to solve the linear FPDE with constant coefficients (1) when the R-L integral operator is
invertible. Here, the approximated solution u(x, t) will have the form

u-.,{xjt] :'z ma t_;|+;-:n+zn m— J.En k- mﬂfp,,_.+_;|x}tk+m (9)
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Accordingly, the fractional derivative of uy(x,t) which have been given in proposition (1) will be:

Dfuy(x,t) = [nlup(x,t) + fx,t)] (10)

t
Fin—a+l)
where
flat) = B0 +m)ly (G + mn)tima; + TRCRT Rk + m)ly(k + myn)xtFtma,, . (11)
and uy(x,t) is defined in eq.(9).

Now, recall eq.(1):

Bdlxr}

Diu(x,t)+ 8

- g{x.l I‘-} ] (X’ t) € D
where D={(x,t):0<x<d,0<t<Db}.
Differentiate eq.(9) with respect to x and put the result with eq.(10) into eq.(1) to get:

[nluy(x,t) + Fx, )] + B ERCy R M ap,.; jxl TR = g(x,t)

Fin— :r+1}

(12)

Simple arrangements in eq.(12) yield:

uy(x,t) = 6(x,t) —=F(x,1) (13)
where

606, t) =TT g (1) (14)

F(x,t) = f(x, :}+ﬁr{n—a— BT DV o el SR P L]
and f (x,t) is defined in eq.(11).

Now, equations (9) and (13) will be used to find the unknown coefficients a;’s. Let us first consider the

unknowns a, .;, for k =0,...n -m -1; j=0,...n-k —m. Since when n = m such terms do not exist in the

approximated solution u(x,t), we shall find equations for the unknowns a, ,; foralln>m+ 1.

It is clear that differentiating both sides of equations (9) and (13) with respect to t , r-times ,and with
respect to x  s-times, and equating them at a certain point in D will give the unknowns a, . ;. So,

differentiate both sides of eq.(13) with respect to t, we obtain
n—m—1

a : 1 : : : L
auw{x t) = 3t G{_XJ t) — o Z (G +m)y(j +mn)(j+m)tiFm g,
}:

n—m—1ln—-m-1

* Z Z [{k+ ﬂ'l}!}f{k +ﬂ'1_,1'1]|{:k +1|-n}tk+i']‘]—1x_;|'
k=0 _:|':j_
+iMn—a —1j{a+k+ :rn}_jtfHk+m—1x_,-_1]apk+j}

Repeat differentiation m-times to get:
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n—m—1 i
m . m . 1 - - . )
atmu\;{_x, t) ﬁ!f?{_x, t)— - Z J+mily(j+m,mn) 1_[ ({+m) |t a;
j=o I=j—-m+1
n—-m—1ln—k—m k
+ Z Z (k+m)!y(k+m,n) 1_[ (f+m) |t*xia,, 4;
k=0 Jj=1 [=k—m+1l

n—-m—-ln—k-m m—1
+ Z Z Brin—a+1) (n{fx +k+m-— .{})jr“”‘xj‘lapkﬂ-
k=0 =1 £=0
Hence, for r > m we have:

a_u:"'"{:xi t) = a_lf'[.x t) _i{z;'!::m:ni{j +T1‘1]'}""U+ m, ?1}( i‘ - ,+J_'['~'f+1rrl]')t}'+’”_"ﬂj

ar’
n—-m—1ln— k m
Z Z (k +m)!y(k + m,n) 1_[ (£ +m) |thimTxig, .
k=r—-m j=1 {=k—-r+l
+ﬁF{Tl—|‘I+l}E” m—1 :lz k m(l‘[ {[I+.i|.+’.l‘l‘l—-f}}jtﬁ+k+m ryd-1 P?H'_:"} (15)

Now, differentiate eq.(15) with respect to x, we get
n—-m-—1 k

l i . i
——G(x,t) — Z si{k + m)!y(k + m,n) 1_[ (f+m) |t* ™ Ta, 4y
k=r—m [=k—r+l

ﬂ'"+1 ) l§|-:'+J.
- o Jt
axar Wt = 5o

n—m—2In—k—m

Z Z s (k +m)!y(k + m,n) 1_[ (£ +m) |jeRim ryl™lg, .

k=r—m j=2 —r+1
n—-m—-2In—k-m r—1
Hr—at1) Y Y (ﬂ{jﬁﬂm—!});‘u—1}r“+"+’”"‘x*‘"fﬂpk+;
k=0 j=2 {=0
Continue this process to get:
ar+3 _ a-:"+3 mmeE d .
Wuﬁl[_x,t} pyerY ——G(x,t) — Z (k+m)y(k +m,n) 1_[ (f+m) |tFFmTa, ..
k=r—m [=k—r+l
n—m—3—1n—k—-m J
Z Z (kK +m)y(k+ m,n) 1_[ (f+m) 1_[ U E L i T
k=r—-m j=s+1 -+l [=j—s+1

+ﬁ1—-{?1_ a + l} E:lz m—s—1%n 3k+fn(l‘[ [J:]:[I'F.El. +'J‘1‘1—-'.'-]|}(HE i )t:r+k+m—;u~x_;|-_3—1apk+}.] (16)

In the same manner we can differentiate eq.(9) with respect to t, r-times, r > m, to get:

ar ) i . : —
Sorun(xt) = xi m(l_[f i ?+l{£+1rn})t}+”"" a;+Zp R (Mo (£+ m))xd o™
(17)

Then differentiate eq.(17) with respect to x , s-times:
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r+&

: _ ¥'n—-m—s k : k+m—r n—m—s—1vy'n—k—-m k :
At et ,_'l.{-,‘,-{xj t} k=r—m 5! {Hf=k—:'+1{.£ + ﬂl}}t m Cppts + Ek:i“_m j=s+1 {Hﬂ:k—;-{-l{_'{ +

ktm—r,j—= .
m}}( [=j—s+1 :]t X TOpyetj

(18)
Now, let (0, At) be any point in D which satisfies:
O< At <T; T =min{(2(n—m+ 1)R)™ "1} (19)
where
R =max{Q,|fM(n—a+1)IQ;} A
R

r—mtlsk=n—m
(= V(T (et ktm—i)) ( (20)
ri[nl+riy(rna)]

Q.=

O=k=n—-m—1
b=zsn—r
mers=n

Condition (19) in sure the convergence of this method as it will be illustrated later.

Equate eq.(16) with eq. (18) at the point (0, At) to get:

k=r—mS' [{HJE:J{—:~+1{:£ +m))(A)*tmor 4 f (k +m)ty(k +mn) (Il sy (6 + Tll}}'[:ﬂt}ﬁm_r] Apits

n—-m—s—1 ,r—1 s+1
1 ; - - atktm—r " e
+ﬁﬁ}."{_11 —a+1) Z n{_a +k+m—_£) 1_[.{ (At) Oppest1 = 5 oor —G(x,t)
' f=1

= =0 (0.4t)
This implies that:

141 I{. I]ﬂ

slr!+ 5! y(r,n)|ap 25

I n—m-—s k
+= 3 [ e+ m @i @ myye+mmla..
‘J‘l k=r—-m+l \{=k—r+l
|3+J.:I ﬁF{Tl —a+ l]l EJ! m— S—J.{l'[ {H‘l‘ k+m— l{}}{'ﬂt}n‘+k+m—ra . e ("{x t}| (21)
: Prtstl T Gagr (B4}

Dividing both sides of eq.(21) by the coefficientof a, . yield:

n—m—s k

1
+
Uor-mts ri[n! +rly(r 1r1}]

(£ +m) [(A)** ™ "[n! + (k + m)ly(k + m,n)] a2z
—-m+1 VW {=k—-r+l

-m—-z—1 ,r—1
+1)Br(n—a+1 1_[ :
+{_5 )JE {_Tl .ar ] Z ( (e+k+m— E]){_ﬂr}'“+k+?n_?1ﬂp;{+s+l
=0

ri[n!+rly(r,n)]

=D
! r+z _
= . Gix, t
slvi[n! +rly(r,n)]dxat” (% 8) (0.48)
for r=mm+1,.,n—-1s=12 .., n—r (22)
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Eqg. (22) represents M equations with M unknowns a . ;, where M:ni (n-r).

r=m

Our next aim is to find (n —m +1)" equations for the (n — m +1) unknowns'

a;,J=0,1,...,n—m. To this end, equate equations (15) and (17) at the points (0, At) to get:

n—m i . n—-m—1 i
Z 1_[ (£+ 111}){ﬂt}j+’”"'a}- + Z (G +m)y(j + mn) 1_[ (¢ +m})'[:ﬂt}j+m_"ﬂj

j=r—m \[=j-r+l j=r—m [=j—r+l

n—-m—1 ,r—1
rm—a+1 . : 0"
+ﬁ{-—} Z ( (e+k+m-— 5}) (M) Mg, 4 = EG{-X’ )

1! £ 2 (AL
for r=mm+1,..,n (23)
Put r = nin eq.(23) to get:
Brin—a+1) e 1 ' _ 148" _
[ I T Yo l{l_[;'{‘zél[_mr +k+m-— .{}}{_ﬂt}rﬁhm "y = EFG{-X’ t}|.:mr;. (24)
Hence, for r <n -1 we get:
|:T! + W] ﬂ';|~—;|;r] + {HF:_;:H—;n—;H-l-J_{'I‘I’- + Tn}}{ﬂt} ”_rﬂ’?!—?ﬂ
n—m—1 i {
+ Z 1_[ (£ +m) |(At)+mT [l + =G +m)ly(G+m, 11}] a;
jer—m+l \{=j—r+l -
ﬁF{' " ]_} n-m—1 ,r—1 ar
n—a _ _ :
— Z n{_a +k+m—1{) | (Ar)etkimTrg, = FG{_XJ 318
n! s \1 1 t (0.4¢t)
This implies:
(TS gy (£ m) ) (AE)™T
Ar—m + ri[nl+riyirnl] n—m
n—m—1 i) I . s
+ Z 1_[ (C+m) | (ar)i+m—r [n. +(+m)ly(j+ m,n}] ;
- d - | -] e
jEr—m+l \=j+r+l T [’.I‘l. +r }({'TJ ’.I‘l]l]
ﬁf"{"ﬂ —a+ ]_] n—-m—1 ,r—1
+ : . a+ k+m—{) |(Ar)etkimorg L
yl [’.l‘l! + 7! }-"1:.’.!“, ’.l‘l]l] L ({_E{_ﬂf m ]) { ::' Cpptil
_ n! ar 6(x 1)
Crl[n! +rly(r,n)]8t" et (0.45)
for r=mm+1,..,n-1 (25)

Egs.(22), (24) and (25) are the N equations needed for the evaluation of the N unknowns ag, ay, ..., a-i.
These equations may be written in matrix form as:

Ha=B (26)
where
H = [hijlnxns H=[biln; 1,J=0, 1, ..., N-1, a=(ap ay, ..., an1)"

and
10
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rl,i=ji,j=01..N—-1
[n'lliz_l:_[_m+._l:{+:ﬂ}}|:.ﬂlr}j_[[:z!+lf_;'+m}!}rf_;l'+m_.u}] i1 n—m
(mtini+{m+idiyim+inll J = H

Brin—a+1) (I~} at+k+m—0))(ar) @+
(m+i)[ni+im+i)y(mtin)]
for i=0,..,n—m

=y +Lk=01,..,n—m—1

[ n:{: E—reglfFm) :lnj.ﬂr} Rt =T[4 (et iy e )]
rilni+rliy(rnll

J=pr +tsik=r—-m+1,.,n—m-—s (27)

(z+ 1) M n—a+1)( rE:;;l:rr+k+m—t'j|:|(.ﬂr a+k+m-r
rilni+riyirn)]

J=p+s+Lk=0 ., n—m-—-5s5-—1

for i=p_m,t+tsr=m,.,n—Lis=1..,n—r

i n!

0, otherwise
\

m+i

G(x, 1)

¥

()

(m+i)[n'+ (m+d!y(m+in)] g™

for i=01,..,n—m

n! rts

ste!l[n! +rly(rn)] 9t7ax*

G(x,t)

¥

(04r)

v for i=p_np,t+tsir=mm+1l.n—-1s5=12, ., n—r

Finally, the approximate solution wuy{x,t) in €q.(9) can be obtained by solving system (26) for the

unkno

WNS ag, ay, ..., an-1 Using the Jacobi or Gauss-Seidel methods.

The next two parts concerned requirements that must be met if the approximate solution (9) is to be

fairly

reliable approximation to the solution of the FPDE, eq.(1). These conditions are associated with

two problems, stability and convergence of the approximate solution to the solution of the FPDE

5. Numerical Examples

Example (5.1):
Consider the FPDE

. _ 10 0.9 12 1.9 _ 2
where 9(x.1) = r(1s) AT r(zs) ' >t
while the exact solution is  u(x,t) =5 x t?+ 3¢

Let n = 3, then

11
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uz(x,t) = apt® + a,t® + a,xt?, since we may take any value of At in the interval (0, 0.528], so let At=

1/3. The results of the polynomial approximation method are obtained. These results are given by ag =
0,a;=3and a; =5.

Example (5.2):
Consider the FPDE

5:’"“
&x

dulmt)
ar

D "u(x,t) -3 glx,t) ,0<x<1,0<t<1

where g(x,t) = {j% xt®® — 3t)e* | and the exact solution is u(xt) = t e*,

let n = 7. Since m = 3, then we get:
s (X, t) = apt+ ait* +at® +agzt®+ast” Fagxt? +agx it + a, ¥t + agx*t? + agxt* + qpxtt
+ﬂ11x334 + ﬂ-ljxtE + ﬂ-lgx:tE + G,thE'
Let At = 1x 10", or any value in (0 , 1.6288%10"°]. The results of the polynomial approximation
method with the least square error and the running time are listed in table (1):

Also, more accurate results may be obtained by increasing the number of the parameters a;’s. Depending
on the least square error and running time, a comparison has been made in table (2) between the exact
and approximate solutions, where the approximate solution was obtained with n =10 and At = 5% 10°° (

At € (0,8.773x10%)).

12
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Table (1)

0.00000000 W
0.00110517 w
0.2 Jo.2 Jo.00977122 w
0.03644619 0.03644558

04 Jo.4 J0.09547678 w
0.5 Jo5 J0.20609016 W
0.7 Jo.7 Jo.69071718 w
1.13786809

1.79305067 1.78884654

0.00002058

X

1

e ) S |
— o
(%2} ol =
m

Running Time 0:0:3:14
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Table (2)

0.00000000 0.00000000
0.00110517 0.00110517

0.2 o2 [ 0.00077122 0.00977121
0.03644619 0.03644616

0.4 §0.4 ]0.09547678 0.09547675
.5 0.20609016 0.20609023

0.39357766 0.39357838
0.7 §0.7 ]0.69071718 0.69072035

1.13947696 1.13948777

1.79305067 1.79308224

1

ENE
KN

o
(6]
Ei

II

0.00000000

Running Time 0:0:6:27

6. Conclusion

A new efficient method, which is called the polynomial approximation method, was introduced to find
the approximate solution of FPDEs. Several examples were included for illustration. The following
points have been identified:

1-This method gives the exact solution the moment the unknown function is a degree polynomial n,
while for other types of functions, the accuracy of the solution depends on the degree of the used
approximation.

2-A disadvantage of this method is the hand evaluation of the partial derivatives of the function G(x t) .

3-An advantage of this method is the few number of computations which is clear from its short running
time.

4-The convergence condition of this method gives us a range of values from which the value of At may
be chosen. This range depends on the given values of n and m.

14
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