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In this work, the double Sumudu-Elzaki transform was used for solving fractional-partial differential equations (FPDEs) with
starting and boundary conditions. We will use the fractional-order derivative (Caputo’s derivatives) idea. Theorems and facts that
are crucial to the newly introduced transform are also discussed and illustrated. By using this newly designed integral transform
and its properties, FPDEs can be reduced into algebraic equations. This strategy has the precise answer since it does not need any
discrimination, transformation, or limited assumptions. Five further instances were given to support our conclusions. The results
showed that the recommended strategy is superb, reliable, and efficient. It is also a simple method for solving specific problems in a

number of applied scientific and technical fields.

1. Introduction

Integral transformations are seen as the most efficient method
of resolving fractional-partial differential equations (FPDEs).
FPDEs can mathematically describe a wide variety of phe-
nomena in mathematical physics and in many other scientific
fields, making them valuable [1-5]. With integral transforma-
tions [6-9], these equations can also be modified to identify
precise FPDE solutions. The direct power of transformation
techniques has been the inspiration for ongoing research to
understand and improve them. Many integral transforms
were developed and implemented to solve FPDEs. These
transformations allow us to get the exact solutions of the target
equations without having to linearize or discretize. They are used
to convert FPDEs to ordinary equations when using only one
transformation and to algebraic equations when using a double
integral transformation. Some examples of these transforma-
tions are: the Sumudu transform [10], the natural transform
[11], the Elzaki transform [12], the novel transform [13], the
Aboodh transform [14], the double Sumudu transform [15, 16],
the double Elzaki transform [17], the double Shehu transform
[18], and the double Laplace-Sumudu transform [19, 20].

Diverse partial differential equations have recently been
effectively solved using the double Sumudu—Elzaki transform
(DSET), a novel double integral transform technique [21].
Unfortunately, unlike other integral transforms, this trans-
formation is unable to handle complex mathematical models
or nonlinear problems. In order to handle a variety of non-
linear differential equations, some researchers have com-
bined these integral transforms with additional techniques,
such as the homotopy perturbation method, the variational
iteration method, the differential transform method, and the
Adomian decomposition method [22, 23].

The primary goal of this research is to broaden the appli-
cation of DSET by using it to solve FPDEs. We show the
effectiveness of the proposed method by applying DSET to a
number of interesting applications to get the exact solutions.

The following subjects will be covered in this essay’s
succeeding sections. We provide some basic definitions and
theorems of CFDs in Section 2. Section 3 presents the funda-
mental DSET definitions, features, and theorems. Section 4
describes the model and process for using the DSET to pro-
vide accurate analytical answers to the specified FPDEs. Five
exemplary scenarios are utilized in Section 5 to illustrate the
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recommended approach’s liability, convergence, and efficacy.
In Section 6, we explain the numerical results and show
how the DSET is accurate and efficient. Section 7 also has
conclusions.

2. Preliminaries

In this section, we present basic definitions and notions that
will be used in the present work.

Definition 1 (see [24]). Suppose that &(u, t) is a continuous
function. Then, the RLPFIs (Riemann—Liouville partial fractional
integrals) are given by:

1800) = [ (6= 0P el s = 7 <),

)
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Definition 2. The CPFDs (Caputo partial fractional deriva-
tives) of order ¢>0, and v>0, of £(u, t), are given by:

) N[ ),
0 ot

o I'(m-p)
m—1<p<m,mée N,

(3)
daé:(u’ t) _ 1 " _ ~\n—a-1 0”5(;, t)
ou*  I'(n-a) /O(u <) oc" de.
n—-1l<a<mn,n € N.
(4)

Definition 3. Assume that the function E; ,(u) denoted to
Mittag—Leffler [25], then

0 k
Epo(u) = gom, u, €C, Re(p)>0, Re(a)>0.

()

3. Double Sumudu-Elzaki Transform (DSET)

In this section, a new integral transform called the DSET is
introduced that combines the Sumudu transform and the
Elzaki transform. We present the fundamental DSET defini-
tions, features, and theorems.
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Definition 4. Let £(u, t) is a real-valued function of two vari-
ables u, and v, then

(i) The SST (single Sumudu transform) of &(u, t) w.r.t u
denoted by S,[é(u,t):w] =¥ (w,t) and defined as
follows:

S.fE(wt):w] = ¥(w.t) = © / :Ce-%g(u, )dus, u>0.

(6)
(ii) The SET (single Elzaki transform) of &(u,t) w.rt ¢,

denoted by E,[E(u,t):q] =¥ (u,q), and defined as
follows:

E[5(u.t):q] =¥ (u.q), :q/me‘ﬁé(u, t)dt,t>0.  (7)

0

Proposition 1 (see [26]). Assume that ¥(w, t), and Q(w, 1)
be the ST of é(u, t) and w(u,t), respectively, then the ST of
the convolution theorem is given by as follows:

Sul(Exy)(u.1): (w, )] = w ¥ (w, ) Qw, 1). (8)

Proposition 2 (see [12]). Assume that ¥'(u,q), and Q(u,q)
be the ET of &(u, t) and w(u,t), respectively, then the ET of
the convolution theorem is given by

E[(&x ) (. 0): (1 )] :ém, DOuq).  (9)

Lemma 1 (see [26]). Assume that a>0, and &(u,t) is the
exponential order. Then, the SST of ,I%E(u,t) is given by:

Sulul®E(u, t)] = w* S, [E(u, t)]. (10)

Proof. From Equation (2) above,

T 1) zﬁt“‘l x E(u, t), (1)

by applying ST to Equation (11), and using Proposition 1, we
get
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SuLu1 0.0 =5, (7 )

. I(a)
g e (12)
:m(a— DS, (E(u, t)) = w*S, (E(u, t)).

O

Lemma 2 (see [27]). Assume that $>0,E(u,t) is the expo-
nential order. Then, the SET of I7&(u,t) is given by:

E/[JJP&(u,t)] = ¢’ E/[&(u,t)]. (13)

Proof. From Equation (1) above,

:Ltﬁ-l x E(u,t), (14)

by applying ET to Equation (11), and using Proposition 2, we
get

B[ 1P&(u,t)] = E, <L 1 % E(u, t))

rp)
e
' ( )Er(f VE(&(u, 1)) (15)
1
:m (B = DIPE (E(u,t)) = ¢PE (E(u t)).

O

Definition 5. The DSET) of &(u, t), w.r.t u and ¢ denoted by
SuE/[E(u, t): (w, q)] = ¥(w, q) and defined as follows:

SJE[¢(u, 1) : (w, q)]

q// (ngé) E(u. t)du dt, e

provided the integral exists.

Or
(w, q)] = ¥(w,q)
=q / / ~WHD) - E(wu, gt)du dt. (17)
Recall that: S,E[&(u,t)]=E,S,[é(u,t)], when &(u,t)

satisfies the necessary conditions [28].

The inverse (S,)™"(E,)™"[¥(w.q)] = &(u,
by:

t) is defined

(S0) 7" (Eg) ' [# (w. 9)) = &(u. 1)
:L./pﬁmlei [L./qu e (w, q) dq| dw. (18)

Lice W |27 Jy_ico

Theorem 1 (see [21]) (existence condition). If a function &(u,

t) in all finite interval (0,U) and (0,T) is a continuous

function as well as on an exponential scale e* %!, then DSET

(z’af(u, t) exists for all L and é supplied Re[;]>c, and Rel[]
62.

Lemma 3 (see [21]). If S,E[é(u,t)]=Y¥(w,q), then the

DSET of the FPDs gi , ‘;‘f , gi‘f and ‘;tf, can be represented as
follows:
(D) S.E 5] =5 ¥ (w.q) =3 #(0.9).
(I S,E (% ] é&”(w q)—q ¥ (w,0).
(II) S,E;[25 % =5 ¥ (w,q) - HE(E(0,1) - E(6,(0,1))
(IV) S,Ei[55) = ¥ (w. q) = S(£(1. 0)) = g S(& (1. 0))

The results mentioned above can be generally expanded
as follows:

SuE: [%] =w™" ¥(w.q) - Zw‘””‘E [aa: &(o, t)}
(19)
A ml, o
S.E; [at—m] =q" ¥ (w, q) ]Z:O qz +i S, |:at] f(u, 0):| .
(20)

Theorem 2. The DSET for some functions is given below

(I) S,E[c: (w,q)|=cq* ceR.

(I1) S E [u"t":(w,q)] = minlw™ q’“r2 mneZ’.
() S,E [+ : (w,q)] = m .
(IV) S,E;[si (clu)sm(czt) (lfcs ‘13)] T 1+chqu'
(V) S,E,[1-e%": (w.q)) =725
(VD) S,E[(1 —eCZ )sin(ciu) : (w. 9)] = 3G Ty CZ;;(?ZZI 7

Proof. Here, we will provide evidence for results (I), (III), and
(VI).
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TasLe 1: DSET for some functions.
Sr. no. E(u,t) SE[E(u.t)] =¥ (w.q)
1 c cq, ceR
2 u™t" mne€Z* mlnlw™ g2
+opt ’
3 e aw=ag
. 2
4 sin(c,u + ¢,t) %
P 1= cug)
5 cos(c u+ cyt) Wl(fﬂ%ff)
. 9’ (w+6q)
6 sinh(c,u + ¢,t) m
2 (14¢ wq)
7 cosh(c;u+ cyt) W‘(f_%qz)
2
s Jolb Vi D .
(I) Gives us
u
q o) oo T\ +
S,Elc: (w,q)] = —/ / e \W E(u, t)du dt
wJ)oJo

(21)

(III) Gives us

t
q o) oo <E + 7)
SuE,[ec‘”"'Czt:(w, q)] :_/ / e \W q) autat 4 dt

0

(=) (=)
1 foo {7 —6C |u o T Ta)t
:—/e w du q/e q dt

wJ o 0

1 q2 2

(1-aw) (1 -cq)

q
(1-quw)(1-aq)

(22)

(VI) Gives us

SuE[(1 = e2)sin(cu) : (w, q)]
u t
:%/:O/:oe_ (w+q> (1 —e2")sin(c,u) du dt

_G / :Oe—ﬁ sin(clu)du> <q / je‘é(l - efzf)dt>

qw -6q°

=Sulsin(cu) :w JE,[1 - %' ] = (1+c’w?) (1= cq)

_CICqu3
(1+ca’w’)(1-6q)

(23)

The same method can be used to demonstrate the
remaining results.
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The DSET for some fundamental functions is summed
up in Table 1 below. O

Lemma 4 (see [20, 27]). The single ST of u'H"‘Eﬁ,a(/mﬁ),
takes the form:

S, 8 By )] = w1 = )l <,
(24)
and the single ET of t~'"Ey ,(ut”) takes the form:

E [t By (ut)] = q* ' (1= ug’)™' lul<|d’|. (25)

Lemma 5 (see [12, 29]) (DL-DSE duality). If the DSET of &(u,
t) exist, then

subletesw.a) = L[ (T1)] o)

where  L,L[E(u,t):(w,q)] =¥ (w,q)= [ [Fewutat)
E(u, t)du dt.

Theorem 3. Assume &(u,t) and y(u,t) are two functions
with the DSET, then

(D) SuE[cé(u.t) + ey (u, t)] = i S, Ei[&(u. 1) : (w. q)]
+ 0SBy (ut): (w. q)].
(1) S,E,[ev-oe(u,1): (., q)] = (2B ¥ (hy ).
(1) SE[E(Au.put):(w.q))=7¥(. D) r=du.
(IV) (=1)"*"8,E;[u"t" &(u, 1)
L oara (2B [E(u, 1) (w, q) ]].

Proof.

(I) The use of the DSET specification makes the proof
of (I) simple to demonstrate.

(1I)

SuEilem = E(u,t) : (w, q)]
u t

e
:—/ / e \W 4/ eau=alg(y t)du dt
wJjodJo
1 1
q 00 0C—<—+C1)u—(—+C2>t
:—/ / e \W q E(u, t)du dt
wJjoJo

_<1+clw> _(1 —l—czq)t
zi/w/xe w 9 /) &(u,t)du dt.
wJolJo

(27)
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Put p= , then

W o=
I+qw?’ 1+c q’

SuEi[em ™28 (u )+ (

| e 9}
1+eq / / (u, t)du dt
l—l—clw p
_1+C2qY](ps)_1+C2qT w q
Cltqw U l4qw \U+qw'ldog)

(28)
(III) Suppose y =Au and n=pu t, then

SWENS(Au,pt): (w,q)]
:_/ / < ) £, 1)du dt
7w/0 w<q/oeq§(/1u,ut)d>d

1 © 0 _n
— e‘E e wE(Au,n) d >du
~ (q/O (Au,n) dn (29)
1
— e‘E‘P (/lu, Q) du
T pw Il
1 OO1
I G
1 w q
S
HA (ﬂ M)

(IV) Here, by combining Lemma 5 with the properties of
DLT in [23], we obtain,

(=1)"™ S By [w™ £ &(u, 1) : (w, q)

Theorem 4 (see [12, 29]) (convolution theorem). Assume
that E(u,t) and w(u,t) are two functions with the DSET,
then,

E[(Exy)(u.t): (w,q)] =—¥(w,q)R(w.q),  (31)

where (Exy)(u,t) = [4[LE(u—1.t—¢) w(z,¢) dr de.

Proof. Using Lemma 5, we obtain,

stesmtn-tm) =L e (5]

)
((% AR t):(w,q)]) (%%Ef["’(”’ f):w. ”))

(SuBel€(u, 1) : (w, @)]) (Sukr[w (u. 1) : (w, 9)])

¥ (w, 9)L2(w, q).

&IS@ISSI& El&
[95)
I
IS
=3

Lemma 6 (see [24]). Assume that f,a>0, and &(u,t) are
exponential orders. Then, the DSET of I7&(u,t), and
I %E(u, t), respectively, are given by as follows:

E[ I7&(u.t)] = ¢ S,E[£(u. 1)), (33)

SuEt[uI aé(”? t)] = wa SuEt [5(“! t)] (34)

Lemma 7 (see [24]). Assume that f,a>0, and E(u,t) are
exponential orders. Then, the DSET of 17 ,1%¢(u,t) is given by:

SE[ 1P % (u,t)] = w*q’S,E,[é(u, t)]. (35)

Theorem 5. The DSET for CFDs can be expressed as follows:

(D) S,E[25] = z"_ow-a+kE[ (0, 1)),
—1<a<n
. ?Eai]ﬁ;?f” S, 5 £(u.0).

Proof. Here, we will provide evidence for result (I).
The CFD w.r.t u, for the function &(u, t) can be rewritten
as follows [30]:

9* 1 J"E(u,t
5 = un_a_l X M

ou* I'(n-a) ou" (36)



by applying DSET to Equation (36), we get

s 1 a1 L 0" E(u,t)
Sufi [au"} = Suky (F (n—a) ! X o

1 e 0"§(u.t)
=——  _S,E(u*")S,E
u t(u ) u t( ou" )
k

r'n-a)
—wh |:.P(;Ur:q> _ :g:)w—n+kEt |:aauk 5(0, t):|:|
_ Y’(wa: q kg, {a_kkg(o, t)] .

w k=0 ou

(37)

The same method can be used to demonstrate the remain-
ing result. O

4. Applications of DSET

In this section, we will apply the DSET to a family of FPDEs
and get a simple formula for the general solution.

We consider a general nonhomogeneous FPDE of the
form:

8 a
2T D) | e 1) = h(w. ). .10,

m-1<f<m,n-1<a<n, mmnéecN,
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and the BCs:

0k&(0,t)

auk = N = 15 (40)

fi(t), k=0,1,...

where a, b, and c are constants, R(&(u, t)) is a linear opera-
tor, and h(u, t) is the source term.
Applying DSET to Equation (38), we get

a (q"’ ¥(w.q) - TZ_;qZ"’“ Su [% &(u, 0)} )
n-1 41

+b (w‘“‘P(w, q) — Y w*kE, [ik (0, t)} ) 1)
k=0 ou

+eSuE; [R(¢(u, 1))] = H(w, q) -

Using the SST for the conditions Equation (39) and the
SET for the conditions Equation (40), to get

IE(u,0 . oo,
Su[ (()tf )}_Gj(w)vJ—O,l,...,m—l’Et[a(uk)}

:Fk(q),k: 0, 1,

,n—1.
(42)

By substituting Equation (42) into Equation (41), we
have

(38)
5 )
on the ICs: “ (q ¥(w.q) jgo 7 Gj(w)
+ b(w_“Y’(CI )= T wretkE (61)) )
; Jw)— Yw
ajé(ufo):g-(u),j:O,l,...,m— 1, (39) k=0 k
o7 = H(w.q) - ¢ S,E, [R(&(u.1))] .
Simplifying Equation (43), we obtain
oS i Gw) )| + b(nilw‘““‘ Fk(q)> +H(w. q)
Y(w.q)=lag”? +bw "¢\ ! o ’ (44)
—cS,E; [R(&(u,t))]
\
Taking (S,,)™"(E,;)™" of Equation (44), we get
&(u.t)=
m—1 . n=1 —a
sorte v { (B0 <o Grsna) can |

—c SuE; [R(S(u, 1))]



Mathematical Problems in Engineering

5. Illustrative Examples

In this section, we will construct a few different examples to
show how the DSET can be used and how effective it is.

Example 1. Consider the linear fractional heat equation:

%—%:0,0<ﬂ§1, (46)

with the ICs:
£(u.0) = sin u, (47)

and the BCs:
£(0.t) =0, &,(0.1) = E4(-#). (48)

Solution. Operating the DSET on Equation (46) and SST on
Equation (47) and the SET on Equation (48), we get

g ? ¥ (w,q) — ¢S,[E(u, 0)]
(49)

substituting the SST and SET of initial and boundary condi-
tions

0
S.E0)] = [ B0 =05, 50.1)
=q¢(1+4)7",
(50)
in Equation (49), and simplifying, we get
Fw.g) = L 51

(w?*+1)(1+¢%)’

taking (S,,) " (E;)™" of Equation (51), we get
wq*

E(u 1) = ()™ (Eg) ™! [m

] = Eg(—t")sin u.
(52)
In Figure 1, we sketch the approximate solution of

Equation (52) with different values of the fractional order
S when t=0.03 and u € (0,6).

E(u, t)

— =1
——— B=095

B =085
— B=075

FIGURE 1: 2D approximate solution of Equation (52).

Example 2. Consider the linear fractional Klein—Gordon
equation:

‘;’%ﬁé_g_gzo,qusz, (53)
on the ICs:
£(u,0) = sinu + 1,&,(1,0) =0, (54)
and the BCs:
£(0.t) = Eg(t'), £,(0.1)=1. (55)

Solution. Operating the DSET on Equation (53) and SST on
Equation (54) and the SET on Equation (55), we get

T $(w.0) - S 0) - 75, 5 £ 0)

_ Y(jw—w(w, :) - w2E,[£(0,t)] — w'E, [a_au &(o, f)} )
-¥(w.q) =0, (56)

substituting the SST and SET of initial and boundary condi-
tions



E(u, t)

— p=2
— B=195

=185
—— B=175

FIGURE 2: 2D approximate solution of Equation (60).

Sulew.0) = 125+ 1.5, [gau, oﬂ A

- B[] =¢

(57)
in Equation (56), we get
70T E——— ] (S
’q_(q‘ﬁ—w‘z—l) T \1+w
—w? (g’ (1-¢))7) —w g,
(58)
simplifying Equation (58), we obtain
2 2
wq q
¥ = 59
taking (S,,) ™" (E,;)™" of Equation (59), we get
-1 [ wd T : 5
E(u,t) = (Sy) " (Ey) . + -7 = sin u + Eg(t").
(60)

In Figure 2, we sketch the approximate solution of
Equation (60) with different values of the fractional order
p when t=1.5and u € (1,6).

Example 3. Consider the linear one-dimensional time frac-
tional Burgers equation:

1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6
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. 6
u
— p=1 B=0.85
—— B=095 — B=075
FiGure 3: 2D approximate solution of Equation (68).
’E e o
o _TE L% _p0<p<l, 61
o ou p< (61
on the ICs:
E(u,0) =e, (62)
and the BCs:
E0,1) = Ey(2t7), &,(0,1) = —Ey(21"). (63)

Solution. Operating the DSET on Equation (61) and SST on
Equation (62) and the SET on Equation (63), we get

a7 ¥ (w.q) - ¢7S,[(u. 0)]
- (w‘zﬁ”(w, q) - w2E[¢(0,t)] - wlE, {a—auf(o, t)] )
+w ¥ (w,q) —wE[£(0,t)] =0,

(64)
substituting
1 2 0
S.0)] = g BEO.0 =L B2 0.0
qz
T (-2
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in Equation (64), we get

1 1 qz
¥ (w, q)= w —w
W.9= 7 [q tw ¥ (1-2g)
2 2
-1 q -1 9
tw (1—2q”)+w (1—2‘1/})}
(66)

simplifying Equation (66), we obtain

2

_ 9
I TR TO)

(67)
taking (S,,) ™" (E,;)"" of Equation (67), we get
2

S(ut) = (Sw)_1 (Eq)_l [m} = e_”Eﬂ(Ztﬂ).

(68)

In Figure 3, we sketch the approximate solution of
Equation (68) with different values of the fractional order
B when t=0.8 and u € (1,6).

Example 4. Consider the linear fractional Fokker—Planck
equation:

e RE O

R A <1 69
otf  ou* ou 0.0<f<1. (69)
on the ICs:
&(u,0) =u, (70)
and the BCs:
P
0.f)=———, £,(0,1) =1. 71
H0.0 = g 6000 @y

Solution. Operating the DSET on Equation (69) and SST on
Equation (70) and the SET on Equation (71), we get

a7’ ¥(w,q) = ¢S, [E(u,0)]
(W) - w B 0.0) w75 | 00

—(w'¥(w, q) - wlE[£(0, t)]) =0,
(72)

10

1 15 2 25 3 35 4 45 5 55 6
u

— B=1

—— B=095

B=085
—— B=075

FIGURE 4: 2D approximate solution of Equation (76).

substituting

S.w0) = w. BEO.0] =4 B2 £0.0] =

(73)

in Equation (72), we get

¥(w, q)
1 _ _ _ _
= (q_ﬁ —_ w—Z _ w—l) [qz /j w-w Zqﬁ+2 + w 1q2 -—w lqﬂJrz]’

(74)
simplifying Equation (74), we obtain
¥(w.q) = qw+ 4" (75)
taking (S,,) " (E,;)™" of Equation (75), we get
1) = (57 (B) P + ) mu b
' v 1 ra+p)
(76)

In Figure 4, we sketch the approximate solution of
Equation (76) with different values of the fractional order
p when t=4and ue(1,6).
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Example 5. Consider the linear fractional telegraph equation:

Mathematical Problems in Engineering

?¢ | 9 ¢
=— l<a<2, 77 7]
Spts TE=o s 1<a (77)
on the ICs: f«,
£(0.0) = Ey (1) + uEgo(u). &(.0) ) -
= = [Eo(u") + uEq, (u%)]
and the BCs:
E(0,t)=et, £,(0,t)=¢". (79) . 6
t
a=2 a=1.85
Solution. Operating the DSET on Equation (77) and SST on a=195 a=175
Equation (78) and the SET on Equation (79), we get FIGURE 5: 2D approximate solution of Equation (84).
substituting
0
—2 _
T w.0) - S,0.0)] - 45, 5 £0.0) RO (E N LI
+ 7 ¥ (w.q) = 9 S,[6(w.0)] + ¥(w.q) w(l —w?) " ot
9 (1+w) 0 9
_ —a —a+1 _ E y =E,|— y = s
(o) =B 0.0] - w50 ), S Bl0.0) =B |5 c0.0] =1L
(80) (81)
in Equation (81), we get
|
(1+w) (14+w) (1+w)
1 w(l—w“)_qw(l - w%) qw(l - w%)
Y’(wa q) = ( ) T 1 +1- —a) 2 ) s (82)
q q w —w? q _ w—lx+1 q
l+¢q 1+g¢

simplifying Equation (82), we obtain

7’ (1 4+ w)

YD =i g - w) (8”
taking (S,,) ™" (E,;)”" of Equation (83), we get
_ -1 s (1+w)

At =S gu-wn] (e

e’ [E,,(u”) + uE,,( u”)]

In Figure 5, we sketch the approximate solution of
Equation (84) with different values of the fractional order
awhen u=3and t€(1,6).

6. Results and Discussion

In order to show the accuracy and usefulness of the recom-
mended approach, in this section we will look at the numeri-
cal evaluation of the results of fractional equations that have
been proposed to be solved. Furthermore, we will compare
the numerical behavior of the solutions to FPDEs with that of
equations with integer derivatives. When f=1and a, f =2,
the closed-form solutions for Examples 1-5 is simply calcu-
lated. We have chosen to look at the numerical results for
different values of fractional-order values a and f. We
noticed that the solutions obtained for f=1,0.95,0.85,
0.75, and , f =2,1.95,1.85,1.75, are in coordination with
the solutions of the closed forms for f=1 and a, =2, as
shown in Figures 1-5. It is sufficient to note that when f — 1
and a,f — 2, the solutions resulting from the fractional
equations approach these exact solutions.
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7. Conclusion

This article discusses a new double transformation called
DSET. First, we applied the DSET to a few particular functions;
following that, some theorems and properties connected to the
DSET were presented and proved. To demonstrate the appli-
cability and efficacy of the proposed transform, we used DSET
to solve a wide range of FPDEs in mathematical physics. Based
on the obtained findings, we conclude that the provided trans-
form is efficient, suitable, reliable, and adequate to acquire the
accurate solutions of FPDEs according to the taken-into-
account starting and boundary conditions. Therefore, we
may state that a broad class of linear FPDE schemes can be
solved using this approach.
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