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1. Introduction

Fractional calculus was born in the letters of L'Hospital to Leibniz in 1965 (Podlubny [20]).
Recently, fractional calculus has played an important role in various fields such as engineering,
physics, biology, chemistry, medicine, etc. In the last and present centuries, fractional
calculus has attracted many researchers (Miller and Ross [16], Oldham and Spanier [17]).
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Many of the real-world problems arising in mathematical physics and engineering are described
by fractional differential equations. There are several definitions of fractional derivatives,
such as the Grunwald-Letnikov, Riemann-Liouville, Caputo, Riesz, and Hadamard etc. Out of
these various definitions, the most popular ones are Riemann-Liouville and Caputo. But these
derivatives have some limitations, as they do not obey the chain rule and product rule of
differentiation. Also, the appearance of integral forms in their definitions makes our calculations
hard. Due to this, some difficulties arise in the applications of the fractional derivative in
science and engineering. To address these issues, researchers seek straightforward and efficient
definitions that uphold the fundamental properties of classical derivatives. In 2014, Khali et
al. [13]] defined the new definitions of derivative called the conformable derivative (CD). These
derivatives seem to be the natural extension of classical derivatives and hence satisfy the basic
properties of classical derivatives. Since the conformable derivative is defined in the limit form,
it is easy to handle. Now it has been accepted so quickly and has become the subject of interest.

For instance, Korkman [14] used the wave transform for the conformable KP-equation,
modified Kawahara equation, Kdv equation, and Burgers equation. Ali et al. [2] combined
the G'/G method and modified Kudryashov method to obtain an exact solution of conformable
time fractional (1 +2) dimensional extended Zakharov-Kuznestov equation (2D-FZKE). Chen
and Jiang [5] investigated the simplest equation method and applied it to obtain an exact
solution of some time fractional CPDE. Eltayeb et al. [8] obtained exact and approximate
solutions of singular coupled conformable pseudoparabolic and pseudohyperbolic equations.
Hashemi [9] investigated the invariant subspace method to get an exact solution of the coupled
system of CFDEs. Cenesiz and Kurt [4] obtained the exact solution of the conformable heat
equation by using the conformable Fourier transform. Kadkhoda and Jafari [10] applied the
new Sine-Gordon method to obtain an analytical solution of the Conformable space-time
Duffing model and space-time Eckhaus equation. Yavuz [23]] developed an analytical solution
of CDE using the conformable fractional Adomian decomposition method and conformable
homotopy perturbation method. Kaplan [11] applied the modified simple equation method
and exponential rational function method for solving a nonlinear conformable time fractional
equations. Ozkan and Kurt [18] investigated the solution of some conformable fractional partial
integro-differential equation. Ayata and Ozkan [3] have discussed the conformable Newell-
Whitehead-Segel (NWS) equation and found the solution by using the Laplace transform method.
Khalil and Shaab [12] solved CDE by applying the Fourier series and separation of variables.
Saad and Brahim [21]] used the Fourier series method to obtain an analytical solution of the
conformable fractional telegraph equation. Thabet et al. [22] discussed the differential transform
method to obtain an analytical solution of a system of CPDEs.

The conformable partial differential equations (CPDE) arise in various fields of science and
engineering. The solution of such equations is needed for the study of geometrical and physical
interpretation. Due to the appearance of conformable derivatives, the solution of conformable
differential equations seems to be more complicated with the existing method. Therefore, an
efficient and reliable method for solving such differential equations is needed. As we know,
the Laplace transform method plays a vital role in finding solutions to differential equations.
Recently, Debnath [6], and Dhunde and Waghmare [7]] have investigated the double Laplace
transform and obtained the solution of partial differential equations arising in mathematical
physics. For the differential equations involving conformable derivatives, Abdeljawad [1] in

Commaunications in Mathematics and Applications, Vol. 16, No. 3, pp.[1051H1066| 2025



Newly Defined Conformable Double Laplace Transform and Partial Differential...: M. B. Labade et al. 1053

2015 defined the concept of the fractional Laplace transform, which is known as the conformable
Laplace transform. In 2018, Ozkan and Kurt [19] extended the concept of conformable Laplace
transform and defined the conformable double Laplace transform (CDLT). They implemented
the method to solve some homogeneous and non-homogeneous partial differential equations.

The CDLTM provides an innovative analytical method for solving CFPDEs with multiple
fractional orders. Utilizing the local and limit-based characteristics of the conformable
derivative, this method effectively generalizes the classical double Laplace transform to
the fractional domain, maintaining its fundamental operational properties. In contrast to
traditional fractional transform methods, which typically rely on complex convolution theorems
or special functions, the conformable double Laplace transform streamlines the solution process,
reduces computational complexity, and closely emulates the behavior of integer-order systems.
Consequently, it acts as a powerful and efficient tool for analyzing a wide variety of space-time
fractional models in physics and engineering, particularly those involving memory effects or
anomalous diffusion behavior.

2. Preliminaries

Definition 2.1 (Conformable Derivative (CD) [1]). The left conformable fractional derivative of

the function y :[a,00) — R, starting from a of order a, 0 < @ <1 is defined as [1],
t+e(t—a) %) —y(t
(1950 = lim 2 EC= O = 5(0)
e—0 €
For a =0, we write Khalil’s definition as,

t+et!™)—y(t
(T“)y(t):linéy( € D=0 0 0<a=1.
€— €

Similarly the right conformable fractional derivative terminating at b of order « is defined as,

y(t+e(b— )17 — y(t)
€ b

BTHy(@) = —lina O<a<l.
€E—

Definition 2.2 (Conformable Partial Derivative (time) [22]). The conformable (time) fractional
partial derivative of the function y(x,t):R x (0,00) — R, of order 8, 0 < 8 <1 is defined as,

y(x,t+eti Py — y(x,t)
- .

B R T)
(T; y(x,0)) = lim

Definition 2.3 (Conformable Partial Derivative (space) [22]). The conformable (space) fractional
partial derivative of the function y(x,#):R x (0,00) — R, of order a, 0 < @ <1 is defined as,

y(x +ex % ) — y(x, t)
. .

(T%y(x,t)) = lim
e—0

Definition 2.4 (Conformable Integral [13]). For the function f :[a,00) — R, the left conformable
fractional integral of order a starting at a is defined as [13]],

t t
IDf () = f F)d g = f £(0) (e —a)® L dix.

For a =0, we write

t t
(Ia)f(t)=f0 f(x)dax:](; Fx)x* tdx.
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The right conformable fractional integral of order a terminating at b of f is defined as

b b
GIDf (@)= f f)dax = f f@) (b -0 dx.
¢ t

Properties of Conformable Derivative
Let 0 < a <1 and y1,y2 be a-differentiable at ¢ > 0, then

(1) Tolay1 +by2) =aT(y1)+bTy(y2), for all constants a and b,
(2) T4(y)=0, for all constant functions y(¢) =c,
(3) Ta(y1ry2) =y1Ta(y2) + y2Ta(y1),

(5) if y is differentiable then T\ (y) = t1=%y/(2).

Conformable Derivative of Standard Functions
(1) Tyt* =kt*=2 for all real number #,

(2) To(1)=0,

(8) Tye™ =atl~%et, Ta(e%) = ae%, for all a € R,

(4) Tosin(at) = at'~%cos(at), Tysin(al) =acos(al ), for all a €R,
(5) Tycos(at) = —at'*sin(at), T, cos (a%) = —asin (a%), for all a € R,

(6) To(L)=1.

3. Conformable Double Laplace Transform (CDLT)

Definition 3.1 (Function of Exponential Order). A function y(¢) is said to be of exponential
order a if there exists a positive constant M such that,

ly(¢) < Me®, for sufficiently large t.

A function y(x,t) of two variables is said to be of exponential order a and b if there exists a
positive constant M such that

ly(x,8)] < Me® P for sufficiently large x and ¢,

that is, it does not grow faster than the exponential function e®**%.

Definition 3.2 (Conformable Single Laplace Transform (CSLT)). Let f(¢) be a function of
exponential order then the Conformable Single Laplace Transform (CSLT) of f(¢) is defined
as [1],

Lalf(0)] = fo e PT f(t)dgt = F(p),

where Re(p) >0, 0 < a <1 and the integrals are fractional integrals in a conformable sense.
The corresponding conformable inverse Laplace transform denoted as L,! and is defined as,

c+ioo

1 P
LY F(p)l=— e PTF(p)dap =f(t),

271 Je—ico
where ¢ =0, 0 < a <1 and the integrals are fractional integrals in conformable sense.
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Definition 3.3 (Conformable Double Laplace Transform(CDLT)). Let y(x,t) be a piece wise
continuous function defined on [0,00) x [0,00) and be of exponential order then the conformable
double Laplace transform (CDLT) of y(x,#) is defined as [[19]],

o0 0O & Y
LLP[y(x, 0] = f f e P IF y(x, 1) dox dt,
0 0

where Re(p),Re(q) > 0,0 < a,B <1 and the fractional integrals are in conformable sense.
The conformable single Laplace transform of the function of two variables y(x,¢) with respect to
x is given by,

Lly(x, ] = Y (p, ) = f e P e t) .
0

The conformable single Laplace transform of the function of two variables y(x,¢) with respect to
t is given by,

00 B
Loy, 01 = Y (x,q) = fo ¢ 97 y(x, 1) dgt.

Definition 3.4 (Inverse Conformable Double Laplace Transform). If L;‘C‘Lé3 [y(x,t)] =Y (p,q)
then, the inverse conformable double Laplace transform of the function Y (p,q) is denoted as
(Lff)_l(Ltﬁ)‘l[Y(p,q)] and is defined as,

c+ioo @ 1 d+ioco

1 5 ot
L LAY (p, )l = =— e P dop —— e TFY(p,q)dpq = y(x,0),
271 Je—ioo 271 Jd-ico

where ¢,d =0, 0 < a,f <1 and the fractional integrals are in conformable sense.

Conformable Double Laplace Transform of Some Standard Functions
Let LEL [y(x, )] = Y (p,q), then

Br11- 1

(1) LEL,[1]= g7

o Lant(2]"(5)'1= B

B a%+b£ _ 1
@) LLi[e" 7| = Graay»

(4) LgLf[sin%] :% a 2,LgLf[cos%] :%

pi+a

(5) LOLPIF(x) g)] = LEIf (01 LP1g(0)1,
(6) LELYIf ()= L LeIf (),
(7) L°LYlg®1= L LiTg®).

Properties of CDLT

In the conformable fractional framework, the Conformable Double Laplace Transform (CDLT)
retains the essential operational characteristics of the classical double Laplace transform,
such as linearity, shifting and convolution.The basic and essential properties of the CDLT are
presented as follows.

Theorem 3.1 (Existence condition of CDLT). If a function y(x,t) is piece wise continuous on
(0,00) and is of exponential order a and b, then the CDLT of y(x,t) exists for all Re(p) > a,
Re(g)>b.
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Proof. Let y(x,t) be a piece wise continuous on (0,00). Suppose that y(x,t) is a function of
exponential order a and b.
Therefore, there is a real number M > 0 such that

£+b£

ly(x, t)] <Me*a"F,

From the definition of CDLT, we can write

ar B _ ([ —p%—q§
LyL[y(x,t)] = A e y(x,t) dox dgt
[ee] (ee] & B
f f e_p7_q%y(x,t)dax dﬁt‘
o Jo
o0 0O 2% B
Sf f |e_p7_q%y(x,t)daxd/3t|
o Jo

oo 2@ oo o £
:Mf e (Pm)E daxf e V% dgt
0 0

1
<M —— .
(p—a)qg->b)
Now for any Re(p) >a and Re(q) > b, we have

Am [Y(p,)[=0 or lim¥(p,q)=0.
q—00 q—00

Hence, the existence of CDLT of y(x,¢) is established. O

Theorem 3.2 (Linearity Property). If CDLT of y1(x,t) and ya(x,t) exists then, for all constants c
and d,

LeLPleyi(x, ) + dya(x, )] = cLELP yy (x,0) + ALELP o, 0).
Proof. The definition of CDLT allows us for a straightforward derivation of this result. O
Theorem 3.3 (First Shifting Property). If L;'C‘L{;j y(x,t) =Y (p,q) then,

g th

LL) [T 7 y(x,0)] =Y (p —a,q — b).
Proof. See [19]. O
Theorem 3.4 (Change of Scale Property). If Lffo y(x,t) =Y (p,q) then,

b q

Y|=—,=|.
negP (n’ 9)
Proof. See [19]. O

LeLYly(px,01)] =

We now proceed to derive the CDLT for conformable partial derivatives. This derivation is of
fundamental importance, as it provides the necessary framework for extending the classical
double Laplace transform into the conformable fractional setting. By establishing the transform
of conformable partial derivatives, we create a systematic approach that enables the effective
formulation and solution of conformable fractional partial differential equations (CFPDEs).
Thus, this derivation forms an essential basis for the application of the CDLT to diverse problems
arising across physical and engineering domains.
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Lemma 3.5. If Lj'C‘Lé3 y(x,t) =Y (p,q), then CDLT of a-th and B-th order conformable partial
derivative is,

LELOIT  y(x, )] = pLELP[y(x, )1 - LP1y(0,)] = pY (p,q) - Y (0, ), (3.1)
LELPITP y(x, )1 = qLELPLy(x, )] - Ly (x,0)1 = ¢Y (p,q) - Y (p, 0). (3.2)

Proof. The proof relies on the integration by parts formula, which remains valid for conformable
integrals.
The definition of CDLT allow us to write,

ar Brma R —pﬁ—qﬁ @
Lth[Txy(x,t)]:f f e T TP TYy(x,t) dox d gt (3.3)
0 0

o0 _ i o0 _ e
:f e qﬁf e P aTYy(x,t) dox dgt. (3.4)
0 0
Let us consider the integral,
S°] a
I:f e P e TYy(x,t)dgx.
0

To use integration by parts, let us choose u =e™” T and v = TZy(x,t).
Therefore we obtain,

I=[e™% I[T% y(e, 0] - fo (—ple P % T2 y(x, )] doi

oo 2@
— (0,04 p f P y(x, ) o,
0

where I% is the conformable integral and I*(T{ y(x,t)) = y(x,t).
With this equation (3.4) becomes,

o0 B oo %@
L;'C‘Lf[Tg‘fy(x,t)]:fO e_q%[—y(O,t)wLpf0 e Pay(x,t)dox1d gt

oo o0 _ ﬁ_ ﬂ o0 _ £
:pfo fo e 97 p“y(x,t)daxdﬁt—fo e quy(O,t)alﬁt

= pLLP[y(x, 0] - LY 15(0, )]
=pY(p,q)-Y(0,q).
Similarly, we can prove the statement (3.2). O

Lemma 3.6. The CDLT of mixed conformable partial derivative is given by,
LELIITET y(x, 1= paY (p,@) - Y (p,0)~ g¥ (0,4) + Y (0,0).
Proof. The definition of CDLT and Lemma (3.5|allows us to write,
LALPITH TP y(x, )] = p LELAIT  y(x, 001 - LEITP (0, )]
=plgY(p,q)-Y(p,0)]1-1gY(0,9)—Y(0,0)]
=pqY(p,q)—pY(p,0)—qY(0,q) +Y(0,0). O

Theorem 3.7. Let LgLfy(x,t) =Y (p,q). If T:®y(x,t) and T“tiﬁy(x,t) exists for i = 1,2,...,m,

j=1,2,...,n, where T'* and Ti P denotes i-times ath order and J-times Pth order conformable
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partial derivative with respect to x and t respectively then,

m-1 . )
LELPIT™ y(x,0)1 = p™Y (p,q) - p™ 'Y (0,9)— ¥ p™ T ILPITI%y(0, 1)),
=1

n-1 . .
LELITY y(x, 01 = Y (p, @) - ¢" 'Y (p,0) - Y. ¢" Y ILYT y(x,0)1.
j=1

Proof. To prove (3.5), we use principle of mathematical induction.
The case m =1 follows from Lemma [3.5

Now assume the result for m = k.

Therefore, we must have

k-1 . .
LELPIT  y(x, )1 = p"Y (p, ) - p* 1Y (0,9) - ¥ p* 1 ILPIT (0, 1)1.
i=1
To prove the result (3.5) for m =% + 1, let us consider,

LELOIT# D% y(x, 0)] = LELYI Ty (x, DN T [y (x, D11,
Utilizing Lemma [3.5]in conjunction with assumption (3.7), we arrive at,
LELPIT® V% (2, 1)] = pLELIIT y(x, )] - LT 5(0, )]

(3.5)

(3.6)

3.7

k-1 ) )
=p |P*Y(p, @)~ p* 1Y (0,0~ Y p* LTI Y0, 01| - LOITE (0, 0)]

=1

k ) )
=" Y (p,q) - p* Y (0,q)- Y p*ILPITI%y(0,1)].
i=1

Hence, the result (3.5) is true for m =k + 1.

Thus, by the principle of mathematical induction, the assertion (3.5) is valid for all positive

integers m.
Using a similar approach, we can demonstrate (3.6).

O]

The subsequent theorems provide a formal relation between the CDLT and the classical

Laplace transform.

Theorem 3.8. L2LYy(x,t) = Lth[y((ax)%),(ﬁt)%)], where L.L; denotes double Laplace

transform operator, which is defined as,

o0 o0
LiLily(x,0)] = f f e P y(x 1) dux dt.
0 0
Proof. We have

xa

0o oo B
LELP[y(x, )] = f f P T y(x, ) dox dt
0 0
00 foo
:fo fo e P T F y(x, ) 1P da dt.

Setting % =u and % =v, we get x* 1dx =du and tP~1d¢t = dv.
Therefore, inequities become,

ar B — R —pu—qu 3 %
LiL,Ty(x,t)] o e y((auw)e,(pv)?)du dv

(3.8)

(3.9)

(3.10)
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_ foofooe-m-qty((ax)é,(ﬁt)%)dx dt (3.11)
0 0

= L,Lly(ax),(BP)]. (3.12)

0

Theorem 3.9. L“Lﬁ[y(xa i )] = L, L y(x,t)], where L,L; denotes double Laplace transform
operator, which is defined as

Lth[y(x,t)]:[ f e P* 9 y(x,t) dx dt.
o Jo
Proof. We have
x® th Pt tf (x® th
O [ e
xa a t'B
f f qﬁy(x )x“‘lt/"ldxdt. (3.14)
a’ p

Setting % =u and % =v, we get x* 1dx =du and t#~1d¢ = dv.
Therefore, eq. (3.15) becomes

LeL?

o« 4B
LeL? (x— t—) ffepu 0 y(u,v) du dv (3.15)
_ f f e P¥ Uy (x.£) dx dt (3.16)

0 0
= L.L,Iy(x,b). (3.17)
0

4. Methodology

This section is dedicated to exploring the application of the CDLTM in solving conformable
fractional partial differential equations (CFPDESs). This approach furnishes a structured and
effective analytical tool for solving CFPDEs with multiple fractional orders. Through illustrative
examples and theoretical results, we highlight the effectiveness of the CDLTM as a powerful
tool for deriving analytical and simplified solutions to such equations.

To illustrate the method, we consider a linear space and time fractional CFPDE of the
following form,

m . n .
Y Ty, )+ Y b, T y(x,0) = f(x,0) (4.1)
1=0 j=0

with initial and boundary condition,
TP y(x,0)= gi(x), i=0,1,2,...,m—1, (4.2)
TIy0,6)=h;(t), j=0,1,2,...,n—1, (4.3)

where T'* and Tg P denotes i-times ath order conformable fractional partial derivative with
respect to x and T{ P denotes J-times Bth order conformable partial derivative with respect to ¢
of a function y(x,?).
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Taking the CDLT on both sides of eq. (4.1) yields,

m
Fe

. 2
pY(p,)- Y. p" LTI y(0, 1)

1=0 r=0
n ) J s
+Y b | Y(p,@)- Y " TELUT y(x,00) | = F(p,q). (4.4)
j:O s=0
Applying CSLT to initial and boundary conditions (4.2) and (4.3), we obtain
LUTIF y(x,0)) = LUg:(x) = Gi(p), (4.5)
LAT*y(0,1) = LY (h () = Hj(q). (4.6)
Using eq. (4.5) and in eq. (4.4), we obtain
m ) i n . J
Y ai [pY(,9)- Y. "V THAQ |+ Y. b | Y(0,9)- Y. ¢V Gy(p) | =F(p,@). (4.7)
i=0 =0 j=0 s=0
Simplifying, we get
m _ n ) i J
Y(p,@) | Y aip'+Y biq’ |- Y. p" " TH(@)- Y ¢" " Gs(p)=F(p,q), (4.8)
=0 Jj=0 r=0 s=0
i J
F(p,q)+ ;Op’"‘l"‘Hr(q)— goq”‘l‘sGs(p)
Y(p,q)= — : (4.9)
Y a;p'+ ¥ bjq/
i=0 j=0

Taking conformable inverse Laplace transform on both sides of equation (4.9),
) =LIL) Y (p,)]

i j
, F(p,q)+ Zopm‘l‘rHr(q)— Zoq”‘l‘sGs(p)
_1 r= S=
= (LILP) — (4.10)
a;p'+ ) b;q’
=0

™3

1=0
which is the solution of CFPDE (4.1).
We now proceed to implement the CDLTM on a well-known partial differential equation
that incorporates both space- and time-fractional conformable derivatives. This application not
only illustrates the practical utility of the CDLTM but also demonstrates its effectiveness in

simplifying the solution process for complex fractional models.

Example 4.1. Consider a linear, space-time fractional Klein-Gordan equation,
thﬁy(x,t)—y(x,t) = Tf“y(x,t), x,t=0,0<a, <1 (4.11)

with initial and boundary conditions,

y(x,0)=1+sin (%) TP y(x,0)=0, (4.12)
P
v(0,t) = cosh (ﬁ) , Tiy0,8)=1. (4.13)
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Applying CDLT on both sides of eq. (4.11) and CSLT on both sides of eq. (4.12) and (4.13), we
obtain

7*Y (p,q) - qY (p,0)— LP(T%4(0,8)) - Y (p,q) = p2Y (p,q) - pY (0,q) - LE(T? y(x,0)),
q

Y(p,q)= + . (4.14)
U= @2+ plg?- 1)
Taking inverse CDLT on both sides of eq. (4.14), we obtain
_ _ 1 q
LELOY Y (p, ] = (LELP)™ [ + ] ,
g Pq t qg(p2+1) p(g2-1)

41 1 -111 ¢
) =(L2LP 1[——] +(Ler? [— ]

a B
y(x,t) = sin (x_) + cosh (t—)
a p

which represents the analytical solution of eq. (4.11).

In case of integer order, that is,for « =1 and =1 the exact solution is, y(x,¢) = sinx + cosh¢?,
which is same as solution obtained in [7].

We now plot 3D surface of solution y(x,¢) for various values of a and  using python.

350
300
250 5
200 €
150
100

50

(@) @=0.3,6=0.3

3.0

2.5

2.09

1)

ylx, t

154

104

0.5 4

0 p 2 6 8 10
(d) Comparison of integer vs fractional order solution

Figure 1. First three plots are the solution y(x,¢) of eq. for different values of a, § and plot (d) is
the comparison of integer order versus fractional order solution
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In Figure (1} plots (a) and (b) corresponds the solution for different combinations of a and S.
Plot (c) depicts the solution in the integer-order case. Finally plot (d) provides two-dimensional
solution y(x,t) at fixed ¢ = 1, x = 0, for the parameter pairs @ = 0.9,1 and 8 = 0.8,1.This
comparison highlights the behavior of the solution y(x,t) in both the fractional-order and
integer-order cases.

Example 4.2. Consider the space and time fractional third order Kdv equation,
TP y(x,t)+ T3y (x,t) = ~Ty(x,1), x,t20,0<a, =1 (4.15)

with initial and boundary conditions,

a

, b
yx,0=e"T,  y0,)=er, (4.16)
2P B

2
T2%9(0,t)=—e 7, T y(0,t)= e 4.17)

Applying CDLT on both sides of eqn. (4.15) and CSLT on both sides of eqn. (4.16) and (4.17), we
obtain

qY (p,q)~Y(p,00+[p°Y (p,q) - p2Y (0,q) — pLE(TEy(0,£)) — LY(T2% (0, )]
= -[pY(p,q)-Y(0,9)],

1 1

Taking inverse CDLT on both sides of eq. (4.18), we obtain,
1

ar By-1 _rarBy-1 1 at By-1
LELAY Y (p, ) = LELP) [p—+1](Lth) 3|

B

2t
B

y(x,t) = e_% e
which is the analytical solution of eqn. (4.15).

When both orders are integers, the solution unfolds as y(x,t) =e
the result found in [15].

In Figure 2, plots (a) and (b) display the solutions corresponding to different combinations
of a and B. Plot (c) present the solution in integer-order case. The fourth plot (d) is the 2D-
representation of the solution y(x,t) at fix £ =1, x = 0 and for pair of values a = 0.9,1 and
B =0.8,1. This comparison highlights the differences between the integer-order and fractional-
order solutions y(x,t).

—*+2 perfectly mirroring

le7

yix.t)

RN WAL G Y e

(b) =05, f=0.7 (c) a=05, =07

Figure 2 (continued)
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— =0.9,p=0.8
@=0.9, =1

12 4

— a=1,p=0.8

10 4 — a=1,B=1

1)

ylx, t

T T T T T T
0 2 4 6 8 10
X

(d) Comparison of integer vs fractional order solution

Figure 2. First three plots are the solution y(x,t) of eq. (4.15) for different values of a, § and plot (d) is
the comparison of integer order versus fractional order solution

Example 4.3. Consider a non-homogeneous space and time fractional Klein-Gordan equation,

T2 y(x,t) - T2 y(x, t) - 2y(x, £) = -2 sin(%) sin (g) , x%,t20,0<a, f<1 (4.19)
with initial and boundary conditions,

y(x,00=0, TPy(x,0)=sin (%) , (4.20)

¥(0,5)=0, T%y(0,t)=sin (%) (4.21)

Applying CDLT on both sides of eq. (4.19) and CSLT on both sides of eq. (4.20) and (4.21), we

obtain
1 )( 1 )
-2
1+p2)\1+¢2

p,q p p,q D 1 9 1 2 1 p)

1
1+p2)_ZY(P,Q):p2Y(p,CI)—pY(O,q)—( )

1+q2

a*Y(p,q)—q.0-

1
1+ p2

1 1
Y(p,q)=(1+p2)(l+q2). (4.22)

Taking inverse CDLT on both sides of eq. (4.22), we obtain
_ _ 1 _ 1
LEL)Y Y (p, ) = (LELP)™ sz] (LeLP) [ ]

1+q2
x% th
y(x,t) = sin (—) sin (—)
a B
which is the analytical solution of eq. (4.19).

The solution of eq. in case of integer order case is, y(x,t) = sinx sint¢, which aligns
with the solution obtained in [15].

Following are the plots of the solution y(x,¢) for various values of a and S.
In Figure 3, the first two plots (a) and (b) illustrate the solution for different combinations of «
and B.
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(d) Comparison of integer vs fractional order solution

Figure 3. First three plots are the solution y(x,¢) of eq. for different values of a, § and plot (d) is
the comparison of integer order versus fractional order solution

Plot (c) shows the solution in the case of an integer-order case. Fourth plot (d) is two-dimensional
plot of solution y(x,¢) at fixed ¢ = 1, x = 0 and for pair of values @ = 0.9,1 and g = 0.8,1,
which represents a comparative study of the solution y(x,?) for both the integer-order and the
fractional-order cases.

5. Conclusion

In our present study, we demonstrates the connection between the classical double Laplace
transform and the conformable double Laplace transform (CDLT). We derives the CDLT of
conformable fractional partial derivatives and applies to solve several conformable fractional
partial differential equations. The solutions are then graphed using Python to compare them
with both fractional and integer-order cases. The study concludes that the CDLT method is
a powerful and efficient technique for analyzing a abroad spectrum of space-time fractional
models. To address nonlinear systems in mathematical physics and engineering, we suggest
extending the CDLTM through the incorporation of Adomian decomposition and homotopy
perturbation techniques.

Commaunications in Mathematics and Applications, Vol. 16, No. 3, pp.[1051H1066| 2025



Newly Defined Conformable Double Laplace Transform and Partial Differential...: M. B. Labade et al. 1065

Acknowledgment

The authors wish to express their gratitude to the anonymous referees for their valuable
comments, which have substantially improved the clarity and quality of this work.

Competing Interests
The authors declare that they have no competing interests.

Authors’ Contributions
All the authors contributed significantly in writing this article. The authors read and approved
the final manuscript.

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

References

T. Abdeljawad, On conformable fractional calculus, Journal of Computational and Applied
Mathematics 279 (2015), 57 — 66, DOI:/10.1016/j.cam.2014.10.016.

M. Ali, M. Osman and S. Husnine, On the analytical solutions of conformable time-fractional
extended Zakharov—Kuznetsov equation through (G'/G2)-expansion method and the modified
Kudryashov method, SeMA Journal 76 (2019), 15 — 25, DOI: 10.1007/s40324-018-0152-6.

M. Ayata and O. Ozkan, A new application of conformable Laplace decomposition method
for fractional Newell-Whitehead-Segel equation, AIMS Mathematics 5(6) (2020), 7402 — 7412,
DOI:/10.3934/math.2020474.

Y. Cenesiz and A. Kurt, The solutions of time and space conformable fractional heat equations with
conformable Fourier transform, Acta Universitatis Sapientiae, Mathematica 7(2) (2015), 130 — 140,
DOI: 10.1515/ausm-2015-0009.

C. Chen and Y.-L. Jiang, Simplest equation method for some time-fractional partial differential
equations with conformable derivative, Computers & Mathematics with Applications 75(8) (2018),
2978 — 2988, DOI:10.1016/j.camwa.2018.01.025.

L. Debnath, The double laplace transforms and their properties with applications to functional,
integral and partial differential equations, International Journal of Applied and Computational
Mathematics 2 (2016), 223 — 241, DOI:/10.1007/s40819-015-0057-3.

R. Dhunde and G. Waghmare, Double Laplace transform method in mathematical physics,
International Journal of Theoretical and Mathematical Physics 7(1) (2017), 14 - 20,
DOI:(10.5923/.ijtmp.20170701.04.

H. Eltayeb, S. Mesloub, Y. Abdalla and A. Kilicman, A Note on double conformable laplace transform
method and singular one dimensional conformable pseudohyperbolic equations, Mathematics 7(10)
(2019), 949, DOI: 10.3390/math7100949.

M. Hashemi, Invariant subspaces admitted by fractional differential equations with conformable
derivatives, Chaos, Solitons & Fractals 107 (2018), 161 — 169, DOI:10.1016/j.chaos.2018.01.002.

N. Kadkhoda and H. Jafari, An analytical approach to obtain exact solutions of some space-time
conformable fractional differential equations, Advances in Difference Equations 2019 (2019), article
number 428, DOI:|10.1186/s13662-019-2349-0.

M. Kaplan, Applications of two reliable methods for solving a nonlinear conformable time-fractional
equation, Optical and Quantum Electronics 49 (2017), article number 312, DOI: 10.1007/s11082-
017-1151-z.

Commaunications in Mathematics and Applications, Vol. 16, No. 3, pp.[1051H1066| 2025


http://doi.org/10.1016/j.cam.2014.10.016
http://doi.org/10.1007/s40324-018-0152-6
http://doi.org/10.3934/math.2020474
http://doi.org/10.1515/ausm-2015-0009
http://doi.org/10.1016/j.camwa.2018.01.025
http://doi.org/10.1007/s40819-015-0057-3
http://doi.org/10.5923/j.ijtmp.20170701.04
http://doi.org/10.3390/math7100949
http://doi.org/10.1016/j.chaos.2018.01.002
http://doi.org/10.1186/s13662-019-2349-0
http://doi.org/10.1007/s11082-017-1151-z
http://doi.org/10.1007/s11082-017-1151-z

1066 Newly Defined Conformable Double Laplace Transform and Partial Differential...: M. B. Labade et al.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

R. Khalil and H. A. Shaab, Solution of some conformable fractional differential equations,
International Journal of Pure and Applied Mathematics 103(4) (2015), 667 — 673,
DOI: 10.12732/ijpam.v103i4.6.

R. Khalil, M. A. Horani, A. Yousef and M. Sababheh, A new definition of fractional
derivative, Journal of Computational and Applied Mathematics 264 (2014), 65 — 70,
DOI:10.1016/j.cam.2014.01.002.

A. Korkman, The modified kudryashov method for the conformal time fractional (3 + 1)-dimensional
Kadomtsev-Petviashvili and the modified Kawahara equations, Preprints.org, (2016), 10 pages,
DOI:|10.20944/preprints201612.0004.v2.

D. Lensic, The decomposition method for linear, one-dimensional, time-dependent partial
differential equations, International Journal of Mathematics and Mathematical Sciences 2006
(2006), 042389, DOI:10.1155/IJMMS/2006/42389.

K. S. Miller and B. Ross, An Introduction to Fractional Calculus and Fractional Differential
Equations, John Wiley & Sons, Inc., New York, xii + 366 pages (2006).

K. Oldham and J. Spanier, The Fractional Calculus: Theory and Applications of Differentiation and
Integration of Arbitrary Order, Mathematics in Science and Engineer series, Vol. 111, Academic
Press, USA, xiii + 23 pages (1974).

0. Ozkan and A. Kurt, Conformable double laplace transform and its applications to fractional
partial integro-differential equations, Journal of Fractional Calculus and Applications 11(1) (2020),
70 — 81.

0. Ozkan and A. Kurt, On conformable double laplace transform, Optical and Quantum Electronics
50 (2018), article number 103, DOI:|10.1007/s11082-018-1372-9.

I. Podlubny, Fractional Differential Equations: An Introduction to Fractional Derivatives, Fractional
Differential Equations, to Methods of their Solution and some of their Applications, Academic Press,
USA, xxiv + 340 pages (1999).

A. Saad and N. Brahim, Analytical solution for the conformable fractional telegraph equation
by Fourier method, Proceedings of International Mathematical Sciences 2(1) (2020), 1 — 6,
URL: https://dergipark.org.tr/en/pub/pims/issue/55602/612420.

H. Thabet, S. Kendre and J. Peters, Analytical solutions for nonlinear systems of conformable
space-time fractional partial differential equations via generalized fractional differential transform,
Vietnam Journal of Mathematics 47 (2019), 487 — 507, DOI: 10.1007/s10013-019-00340-y.

M. Yavuz, Novel solution methods for initial boundary value problems of fractional order with
conformable differentiation, International Journal of Optimization and Control: Theories and
Applications 8(1) (2017), 1 — 7, URL: https://accscience.com/journal/IJOCTA/8/1/10.11121/ijocta.01,
2018.00540.

Commaunications in Mathematics and Applications, Vol. 16, No. 3, pp.[1051H1066| 2025


http://doi.org/10.12732/ijpam.v103i4.6
http://doi.org/10.1016/j.cam.2014.01.002
http://doi.org/10.20944/preprints201612.0004.v2
http://doi.org/10.1155/IJMMS/2006/42389
http://doi.org/10.1007/s11082-018-1372-9
https://dergipark.org.tr/en/pub/pims/issue/55602/612420
http://doi.org/10.1007/s10013-019-00340-y
https://accscience.com/journal/IJOCTA/8/1/10.11121/ijocta.01.2018.00540
https://accscience.com/journal/IJOCTA/8/1/10.11121/ijocta.01.2018.00540

	Introduction
	Preliminaries
	Conformable Double Laplace Transform (CDLT)
	Methodology
	Conclusion
	References

