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Abstract. This paper introduces a novel fractional-order integral trans-
form within the field of fractional calculus and applies it to the solu-
tion of fractional burger’s equation with different fractional differential
operator. In this study, we apply the newly proposed transform to sev-
eral fractional differential, including Caputo, Caputo-Fabrizio, Riemann-
Liouville, New Fractional Derivative and Atangana-Baleanu operators in
both the Riemann-Liouville and Caputo senses. For varying values of
»(s), 1 (s) and (t), the over 200 existing integral transforms and frac-
tional integral transforms can be considered special cases of the proposed
transform when applied to the aforementioned derivatives. This suggests
the versatility and applicability of our newly introduced fractional-order
integral transform within the broader context of fractional calculus, engi-
neering and physics. The analytical solution of Fractional order Viscous
Burger’s equation with different differential and integral operators are also
discussed.
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1. INTRODUCTION

The credit of being the father of classical calculus goes to two famous mathematician
known as Isaac Newton and Gottfried Wilhelm Leibniz. But Leibniz is also a pioneer
of fractional calculus (FC). On September 30, 1965, he wrote a letter to L’Hospital and
asked about the half order derivative, which led to the formation of FC. However, oth-
er than fractional order the field can converge to complex order also. Initially, FC faced
some challenges in its promotion due to lack of knowledge about its practical application
in real world’s problems. Even Leibniz himself doesn’t propose any work on fractional
calculus.[34] But with the passage of time, mathematician keep working on it and made
many fractional differential and integral operators along with formation of functions and
integral transformations. After that in 19th century along with many other researcher, Leib-
niz, Eular, Fourier, Laplace, Liouville, Riemann, Grunwald, Letnikov, and Hamdard are
few names who worked on FC and presented their definitions.[36] Liouville was the one
who give two definition, but the most important paper was given by Riemann who came
after Liouville. The bulk of scientific domains have seen FC use during the 20th century.
In 20th century, not only FC field progressed rather first conference and book on it is pub-
lished where many uses of FC came in view using some famous differential operators like
Riemann-Liouville, Caputo, Caputo-Fabrizio and many others.

The RL derivative,[41] which includes both Lacroix’s and Liouville’s formulas, is a
generalization of Cauchy’s integral function. The Riemann-Liouville fractional derivative
has the drawback that it does not have a fixed base point; instead, the base point varies from
function to function. The RL derivative converges to Lacroix’s formula when the base point
is zero and to Liouville’s when the base point (lower bound) is zero [6]. The Riemann-
Liouville fractional derivative was improved by Caputo in 1967, and he then provided a
new fractional derivative with a single exponential-type kernel. The only shortcoming of
the Caputo derivative is the singularity issue.

In 2015, Caputo and Fabrizio altered the Caputo derivative’s singularity problem. They
provided a brand-new definition devoid of a single (exponential type) kernel [16]. Atangana
and Baleanu further alter the exponential kernel by applying the non-singular and non-
local derivatives of the one-parameter Mittag-Leffler functions. Both Riemann-Liouville
and Caputo senses of the Atangana-Baleanu derivative are provided in [6, 34]. Jassim and
Hussein further updated the Liouville-Caputo derivative by presenting a New Fractional
Derivative (NFD) without a singular kernel and with order « > 0. They employed an
exponential-type kernel, and this NFD has an advantage over the other derivative in that it
converges to classical calculus more quickly [16].

Calculus, often known as the mathematics of change, is the study of change and is
concerned with limits, differentiation, and integration. In the classical calculus, the deriv-
ative has an important geometric interpretation; namely, it is associated with the concept
of tangent, in opposition to what occurs in the case of FC.[36] The 300-year-old subject of
fractional calculus can be considered as an old as well as, as a novel field because it serves
as a testing ground for various transformations and differential and integral operators and
due to its inadequacy of a exact limit boundary that gives the exact results of the differential
or integral problem just like classical calculus.
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The FC era spans the 18th and 19th centuries. Numerous transformations of the Laplace
type are performed, which is helpful in solving integral and differential equations of various
types and orders [34]. These transforms offer an alternative to integration by simplifying
complex equations into straightforward algebraic ones. In this study, a novel fractional-
order integral transform is suggested. The bulk of scientific domains have seen FC use dur-
ing the 20th century. FC has applications outside of mathematics, physics, and engineering,
including in the areas of medical, engineering, physics, economics, demographics, finance,
signal processing, artificial intelligence, robotics and electrical circuits [42, 6, 16, 10].
The new fractional integral operator introduced by [49]. This operator is helpful for rela-
tionship between weighted extended Cebysev version and Polya-Szego type inequalities.
The iterative Elzaki transform method was introduced by [40] for the solution of nonlinear
fractional Fishers model. The analytical solution of Burgers fluid with a fractional deriva-
tives model analyzed through a rotating annulus [17].

Integral transformation is the easiest, simplest, and most effective mathematical tech-
nique and plays an important role in modeling real-world problems. They are used in a
wide range of fields like medical and other sciences,engineering, technology, commerce,
finance, economics, etc., and are mostly used to convert complex differential equations into
easily solvable algebraic equations. Likewise, integral transforms are widely used to solve
mathematical models like cancer models, tumor growth models, chemical reaction models,
decay problems, health science models, and traffic flow models.
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FIGURE 1. Represents the flow chart of our contributions and paper structure.

In this study, we provide a generalized integral transform that takes into account both
fractional and integer orders. The main characteristic of this transform is that it may be used
as a special instance of our suggested method for almost all existing integral transforms
belonging to the Laplace family of integral transforms. We demonstrate how our transform
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is applied to fractional derivatives. We also go over the specific instances that our suggested
transforms produce in the form of derivatives of already-existing transforms. Moreover, we
border its use to fractional viscous Burger’s equation by applying it with six well known
fractional differential operators. Burger’s equation attract the attention of researchers for
many years and has its application in many field and mathematical models like Traffic
flow, fluid mechanics, nonlinear wave propagation, gas dynamic, heat conduction, financial
mathematics, mathematical physics, applied sciences and engineering.

1.1. Motivation. In the domain of fractional calculus and integral transforms, existing in-
tegral transforms such as the Laplace, Fourier, and Sumudu transforms have shown signifi-
cant utility. However, none of these provide a unified framework capable of simultaneously
addressing both integer-order and fractional-order transforms across various fractional op-
erators. This lack of generality limits their applicability, especially when dealing with
complex mathematical models involving diverse types of fractional derivatives.

To address these limitations, we propose a highly generalized integral transform de-
rived from the Laplace transform family. This new transform offers a unified structure that
encompasses and extends over 200 known fractional differential transforms.

The main contributions and highlights of our work are as follows:

e Our proposed transform encapsulates a wide range of fractional differential trans-
forms as special cases, depending on the choice of kernel functions ¢®(s),(¢)
and ¥ (s).

e We demonstrate the application of the transform in solving the fractional viscous
Burgers’ equation using various well-established fractional derivatives.

e We have extensively applied these proposed transforms to fractional viscous Burg-
er’s equation using well-known fractional derivatives.

o The transform is successfully applied to fractional operators such as Caputo, Caputo-
Fabrizio, Riemann-Liouville, Atangana-Baleanu (in both Riemann-Liouville and
Caputo senses), and the New Fractional Derivative.

e Our approach provides a consistent and unified methodology for analyzing frac-
tional models, extending the versatility and applicability of integral transforms in
the field.

The contributions of our work and the structure of our paper are depicted in a flow chart,
illustrated in Figure 1. This visualization provides a concise overview of the main aspects
of our research and the organization of the paper.

2. NEW INTEGRAL TRANSFORM

In this section, we introduce the most comprehensive integral transform, encompass-
ing nearly all existing integral transforms within the Laplace transform family as well as
fractional-order integral transforms.

Let f(t) be an integrable function defined for all ¢ > 0,~(¢) is a polynomial, ¢*(s) # 0
and ¢ (s) is a positive real function. Then, the new integral transform is defined as follows
[48]:

S{f(t):s) = Fls) = 6%(s) / T (e (bt @1
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Provided that the integral exists for some % (s) and the inverse of the transform is the
original function f(t) = S~1{F(s)}. After applying the proposed transform to some
functions, results are summarized in Table 1.

TABLE 1. Shows the results of some functions after applying the new transform.

Function f(t) = S~1F(s) Ne:v integral transform F'(s) = S{f(t); s}
¢ ol
Lf(t) IF(s) X
¢ D(n + 1) oty
oot 6 (5)
P(s)—x
f'(t) U(s)F(s) — ¢%(s)f(0)
7t U (3)F(s) = 6°(s) Ko w1 (5)£4(0)
Jo f(w)dw w(ls)F(s)
[zf1(t) + yf2(1)] [zF1(s) + yFa(s)]
S1(t) * fa(t) s Fi(s)Fa(s

3. THE SOLUTION OF FRACTIONAL VISCOUS BURGER’S EQUATION WITH
FRACTIONAL DIFFERENTIAL OPERATORS

In this section, the solution of fractional Burger’s equation with different fractional dif-
ferential operator is presented. The proposed linear transform in combination with adomian
decomposition method is used to get the exact solution.

3.1. The solution of Burger’s equation with Caputo fractional operator. We consider
the fractional viscous Burgers’ equation, where the viscosity coefficient is assumed to be
1 for simplicity. The model is defined over a one-dimensional spatial domain and does
not include any external force terms. The function y(z,t) is assumed to be sufficiently
smooth (i.e., continuously differentiable where necessary) to permit the application of both
analytical and numerical methods. The equation is given by [16]:

oD y(x, ) + Yo = You ¥y(x,0) =2, (3.2

where y is velocity field, ¢ is the time and z is the spatial coordinates. Now, consider
equation ( 3. 2 ) with Caputo fractional derivative, it becomes

§DPy(2,t) + YYo= Yow  y(2,0) = . (3.3)
The Caputo fractional derivative for n = 1 is
1 t
§DrY@t) = o [ =00 G. 4
After putting ( 3. 4 ) in ( 3. 3 ) and applying the proposed transform

S{rgea [ -0 V0 - Sl = Sl
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By using the integral and transform properties, it becomes
S SO @0} = Slues — ).
Using properties from Table 1 simplifies as,
1 ¢*(s)L(1 — &)
P —a)p(s) L pl=a(s)
After using IC, the above equation takes the form

S{y(l’,t)} = q::((ss))x + w%(s)s{yzx - yym}

After applying the inverse transform on both sides

y(z,t) = xsl{i((j } + S*l{wal(s) S{Yue — yyx}}

Using properties of inverse transform

1
P (s)

y(x,t)=x+5_1{ S{ymx_yyaz}}'

o0

{0()S{y(@. D)} = 6 (Ju(w, 0} | = ${yar — v}

Using decomposition series we have, y(z,t) = >~ yn(x,t), where nonlinear term can

be decomposed as,

1 a

Ny(z,t) = An(y) = An(yo + v1 + Y2, s Yn) = e

k=0
So the equation takes the form

@)+ Y e t) = w4 S TS e — Y Auw)} 1
n=1 n=0 n=0

Y (s)
This implies
yo(x,t) = .
So, a recursive relation is defined as
1
Yk 1l‘,t :S_l{ Sykxw_Aky }a kZOa
) ekl o

Fork =1,putk =0in (3. 5), we have

1
y1(z,t) = S—l{—S Yozz — YoYo(x }
1( ) 1/20‘(5) { ( )}
After putting the value of yo(z,t) = z, in above equation, we have
tOt
) = —z——.
(1) "Tla+1)

Fork =2,putk =1in (3. 5), we have

ya(z,t) = S_l{wal(s)

S{ylww - (yOylz + yOwyl)}}

[N(Z )\kyk)]A:(),n = 0, 1, 2, ce

3.5)
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After simplifying the above equation
t()t
2r——.
Ta+1)
The solution of the equation ( 3. 2 ) with Caputo fractional derivative is

te te
yc(m,t):x(l—r(aJrl)+2F(2a+1)+...). (3. 6)

ya(x,t)

3.2. The solution of Burger’s equation with Caputo-Fabrizio fractional operator. Here,
we present the the solution of Burger’s equation ( 3. 2 ) with Caputo-Fabrizio fractional
derivative

6D Y( ) + yye = Yo, y(@,0) =z 3.7
After apply transform on ( 3. 7 ), it bocomes

S{gFCD?y(xat)}+S{yyr}:S{yrr}a y(l’,O) = .
By using IC and after simplification
e {vEse ) - 70} = Sl - ).
where L(«) is a normalization function, such that L(0) = L(1) = 1.
P(s)S{y(z, 1)} = % (s)r = ((1 = a)(s) + )S{Yax =YY }-
This implies
), (-l tay
S{y(e,t)} = oM o) S{Yze — yya}-

After applying the inverse transform

y(o,t) = z+ SI{WS{W - yyx}}

Using decomposition series we have

wole )+ Y ulet) = a+s (L0 agSh, S A ).

,(/J(S) n=0 n=0
This implies
yo(z,t) = x.
A recursive relation is defined as
(I =a)y(s) +a
_ _ > )
pena(o0) = ST S e — k), K20, G

For k =1,putk = 0in (3. 8), we have

yl(xvt) = S_l{(l_oiiq(l;(;)—’_as{ymnz - yoyOm}}

After putting the value of yo(x, t) = x, in above equation, we have

yi(z,t) = —z(1—a+at).
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For k =2,put k = 1in ( 3. 8), we have

PR (ETCER:

After simplification

ya(x,t) = (2 —4a+ 202 + (da — 40°)t + o2t?).

S{ylxa: - (yOylz + yoﬂh)}}

The solution of the equation ( 3. 2 ) with Caputo-Fabrizio fractional operator is
yoro(z,t) = z((2—-3a+2a%) + (3a —4aD)t + a2 + ... (3.9

3.3. The solution of Burger’s equation with new fractional operator. Here, we present
the the solution of Burger’s equation ( 3. 2 ) with new fractional derivative

(szDgy(xat) + YYz = Yz, y(x70) =, (3 10)

The new fractional derivative forn = 1 is
t
Mpey(x,t) = Ma/ y (x, t)e ™ MaT= gt 0<a<l, (3. 11)

where M, is the function of a, and M,, = I'}(1 — «), such that lim,,__,,, M,, = oco. After
putting ( 3. 11 ) in ( 3. 10 ) and apply transform, it becomes

t
S{Ma / Y (z, t)e_M“(T_t)dt} + S{yyz} = S{Yuz }-
After applying the properties of integral and simplify

(1= a)S{y () 0O} = §{yen —yya).
Using properties from Tablel, results is

) 1 . ¢°(s)
1201 - ) s { (V81w 0} = 6° (e 0)) S5 Ty = Sl — vk
After using the IC and simplify
FO-0) S0} - 6"} = Slua— o)
¥(s) +T2(1 — a) S)oY\T, s)x = Yzz — YYz 5-

This implies

ste0y = Sas LU gt ),

After applying the inverse transform

_ LY+ %1 - )
y(lz,t) = =+ S 1{ SEFEA o) S{Ywz — yy,}}
By using decomposition series, we get
oo _ L () +1%(1 — ) oo
anoyn(x7 t) = z+ S 1{ w(S)F2(1 _ ) S{En OynﬁfT - En:OA"(y)}}?
0 - +12(1 .
yo(l',t) +Zn:1yn(x7t) = r+5 1{,(/),1(;() )FQ(l(_ ) )S{Zn oYnzx — Zn:OAn(y)}}
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This implies
yo(z,t) = x.
A recursive relation is defined as
U(s) +I°(1— o
P(s)I?(1 - a)
Fork =1,putk =0in (3. 12 ), we have

Ypy1(z,t) =z + S‘l{ )S{ym - Ak(y)}} k>0, (3.12)

_ +I%(1 - a)
t :sl{w(s) ${yoss — vovos} }-
yi(z,t) V()21 —a) {Yozz — Yovou }
After putting the value of yo(x, t) = x, in above equation, we have
(z,t) = —x(é + t)
Y1z, - FQ(I — O() .

For k =2,putk = 1in (3. 12), we have

L (Y(s) +T2(1 - )
s { P(s)I2(1 — «)

yz(ﬂ% t) S{yl;ﬂw - (yOylw + yOmyl)}}

After simplification, we get
2 t
) = ( 4
va(,) SV TIPS R T gy

The solution of the equation ( 3. 2 ) with new fractional operator is

+t2).

ynrp(w,t) = x(1+ t+t2—|—...). (3. 13)

r2(11— ) + (F2(14— a) 1)

3.4. The solution of Burger’s equation with Atangana-Baleanu fractional derivative
in Caputo sense. Now, consider equation ( 3. 2 ) with Atangana-Baleanu fractional deriv-
ative in Caputo sense, then equation become

0PCDry(,1) + Yy = Yuur  y(@,0) =, 3. 14)
After applying the proposed transform on ( 3. 14 ), we have

S{5PCDiy(e, 0} + S{yya} = S{Yua}-
After using the IC and simplify

= aiiifis) T (S Ty 0} = 0° () y(@,0) = Sfue —ypa)

where L(«) is a normalization function, such that L(0) = L(1) = 1. After simplification
we have

o
Sym,t = $+<1_a+7)syww_yyw
fy(e,0)) )t }
After applying the inverse transform
o

y(z,t) = x+S‘1{(1—a+ )S{ym—yym}}-

P (s)
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Using decomposition series, we get

(e’ _ —1 _ « [e'e) _ o
o t) = w+ ST (1= 0t s ) SO gpnes — oA}

oS _ -1 _ o o) R gle)
Yo(x,t) + Eplyn(z,t) = =+ 8 {(1 a+ ¢a(5))s{zn:0ynm Zn:OAn(y)}}‘
This implies

yo(x,t) = .
A recursive relation is defined as
yer(@) = ST (1—a+ 2= )S{ya — Ap)l}, k20. (.19)
) ’1/)94(3) b -

Fork =1,putk =0in (3. 15), we have

yi(z,t) = 571{<1 —a+ L)S{y(nz - yOyOx}}'

e (s)
After putting the value of yo(z,t) = x, in above equation, we have
tO(
R (L |
y1(z,t) x a+ar(a+1)
For k =2,putk =1in (3. 15), we have
_ !
yo(z,t) = S 1{ ((1 —a)+ W)S{ym - (oY1 + yOa:Ql)}}'
After simplification, we have
9 9 o 9 t20¢
1) = (2 o+ 2 da—4 )
ve(:1) * o207+ (o —daT) ey ot r s

The solution of the equation ( 3. 2 ) with Atangana-Baleanu fractional derivative in Caputo
sense is

ta t20¢

t) = ((2-3a+20 — 4o’ 2 3.)16

papc(@0) = w((2=3a+20%)+ (3 Vet " TarD) )9

When a = 1, the approximate solution of equations ( 3. 6 ),(3. 9),(3. 13),and (3. 16 ) is
y(o,t) = (1 —t+ >+ ..).

The exact solution of the Equations (3. 6 ),(3. 9),(3. 13 ), and (3. 16 ) is

X
=2
vt = 17

3.5. The solution of Burger’s equation with Riemann-Liouville fractional derivative.
Now, consider equation ( 3. 2 ) with Riemann-Liouville fractional derivative, it becomes

(I)QLDtay(xvt) + YYr = Yaur  Y(x,0) = 2. 3.17)

Consider n = 11in ( 3. 17 ), with lower base a = 0, equation takes the form

d —«
FEDRy(t) = ol y),
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and
1 d

FI0) = e [ - D @,

(1—a)dt
This implies

F(lla)jt/ooo(t —T) ey, T)AT,

After putting ( 3. 18 ) in ( 3. 17 ), and applying the proposed transform
1 d [~
75{7/ t— 1)@ ,TdT}:S s — Yy }-
-\ ), (t=T)"y(z,T) {Yaw — Yy}

Using integral property, we have

5{1“(11—04)515 ((t)*ay(a:, t))} = 5{¥eoe — YYa},

Using properties of transform from Tablel, simplifies as

G Dyy(t) =

ﬁ%((ﬂ_”‘y(%t)) = HYse — Yya}-
This implies
S0} = Sl )

After applying the inverse transform, we have

1
t = S_l S xxr T .
y(,1) {5y St — v}
Using decomposition series, we get
1
Soun(z ) = 57 S{E Ynaw — D20 An(y
(1) S 0An(y)}
— 1 o0 o0
Yo(z,t) + Epl yn(z,t) = S 1{Z/JO‘(S) S{EnLoYnae — XnioAn(y)}
This implies
yo(x,t) =0
Similarly, we have
y1(z,t) = ya(z,t) = y3(z,t) = ... = 0.

j

Y

}

(3. 18)

(3. 19)

(3. 20)

3.6. The solution of Burger’s equation with Atangana-Baleanu fractional derivative
in Riemann-Liouville sense. Now, consider equation ( 3. 2 ) with Atangana-Baleanu

fractional derivative in Riemann-Liouville sense, it becomes

0 PEDRY (1) + Yo = You,  y(,0) =,
After applying the transform on ( 3. 21 )

(1- a)Li/(ngs) +a (z/J"(s)S{y(x, t)}) = Slee vy,

(3.21)
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where L(«) is a normalization function, such that L(0) = L(1) = 1.

(1 _ Q)JO{(S) T (¢a(3)s{y($,t)}) = S{yzz — yyx}

After simplification, we have

Stu,0} = (=) + 75 ) Sy — e

After applying the inverse transform, the above equation takes the form

_ g1 _ @ _
Sty 0y = 57{((1- @)+ 5575 ) Stues — e}
Using decomposition series, we get
e8] _ -1 o o o0 _ yoo
Soloyn(at) = S {((1 @) + wa<8))s{2n:oy7wr En:OAn(y)}}v
) . —1 _ « [e’e) _ [e’e)
ol )+ 5 un(ent) = STH((0 = )+ 0 ) S abes — 0 An (1)}
This implies
yo(z,t) = 0.
Similarly, we have
yi(x,t) = ya(x,t) = ys(z,t) = ... = 0. (3. 22)

Hence the approximate and exact solution of equations ( 3. 20 ) and ( 3. 22 ) is 0.

4. INTEGRAL TRANSFORM AND FRACTIONAL DERIVATIVES

In this section, we will present the applications of the proposed transform on different
types of fractional derivatives, such as Caputo, Caputo-Fabrizio, Riemann-Liouville, New
Fractional Derivative, Atangana-Baleanu in the Caputo sense, and Atangana-Baleanu in the
Riemann-Liouville sense. We also present the special cases of the proposed transform.

4.1. Proposed Integral Transform on Caputo Derivative. The Caputo derivative is the
most common fractional derivative and was introduced by Michele Caputo [7] in 1967. The
general form of the Caputo fractional derivative is defined as

C Doy (¢ -t tth"*‘H ™) (7). 4.23
a ty() F(n—a) ( ) f () ( )

where n is the smallest integer, n > «, o > 0, is a real number, a € (—o00,t), t >y, y €
H"™(a,b) and a > b. Here, we will apply the proposed transform to the Caputo fractional
derivative and derive the general formula.

Theorem 4.2. If g Dgy(t) is a Caputo derivative, then the proposed transform on the
Caputo derivative is v (s)S{y(t)} — ¢*(s) Z;é Pk =1(5)yk(0).
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Proof. After applying the proposed transform ( 2. 1) on the Caputo derivative defined in (
4. 23 ) and by using the properties from Table 1, we get

SED) = rrrmm g ey ) (@Y ()
—67(5) 3 v 99M(0) .
k=0
After simplification, we get
[ 1 n (e} = n—k—1 c
SEDR0}Y = S (V@Y -6 @ vt (s)5"(0) },
SEDFYO} = Y (s) - 6°(5) 3 U R )y 0)
k=0
This can be written as
n—1
S{EDry(t)} = v ()S{y(B)} — 6%(5) Do v )yt 0). @ 24)
k=0

This is the general form after applying the integral transform to the Caputo fractional de-
rivative. O

Proposition 4.3. If ¢*(s) = 1 and ¢(s) = L in equation (4. 24 ), then the proposed
transform on the Caputo derivative converges to s~ *S{y(t)} — Zz;é sk=ayk(0), where
S{y(t)}, is Sumudu transform.

Proof. We can easily verify the above result using ¢(s) = % and ¢(s) = 1 in equation (
4.24)

seormy = (3 swmr- X (D)7 wro),
k=0
sty = sl - Y (D) o)
k=0
Or equivalently,
SIEDEYM) = soS{y0} - 3 ()4 0). . 25)
k=0

Equation( 4. 25 ) is equivalent to the results of Caputo derivative after applying Sumudu
transform. O

4.3.1. Special cases of proposed transform via Caputo derivative. Here, we will present
the special cases of the proposed integral transform via the Caputo derivative. These special
cases are generated from the result of the proposed transform ( 4. 24 ) for different values
of ¢*(s), ¥(s) and v(t) = 1. These cases are,
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(1) For ¢*(s) = 1 and ¢)(s) = s, transform gives s*L{y(t)} — Z:;& se—k=1yk(0),
where L{y(t)} is Laplace transform [39].

(2) For ¢*(s) = L and1)(s) = v, new transform gives v® A{y(t)}— >} _o v*~*~2y*(0),
where A{y(t)} is Aboodh transform [2].

(3) For ¢*(s) = p* and ¢(s) = %, yields p~* A{y(t)} — Sp—o pF~F3y*(0), where
A{y(t)} is Anuj transform [23].

(4) For ¢*(s) = v and ¢(s) = 1, produces v=*E{y(t)} — Y1y v*~*T2y*(0),
where E{y(t )} is Elzaki transform [11].

(5) For ¢*(s) = so("') and (s ) ©2(s), it gives
> (s)EF{y(t)} — S35 ©** 2k =3(5)y*(0), where EF{y(t)} is Emad-Falih
transform [22].

(6) For ¢*(s) = L and w( ) = -, transform gives
u= 2T {y(t )} S uk 2‘J“Hyk(()), where T'{y(t)} is Tarig transform [12].

(7) For ¢“(s) = s™ and 1/)( ) = s™, transform corresponding to
s"G{y(t)} — > hp ) gna—nktmenyk(() where G{y(t)} is G-transform[4].

(8) For ¢*(s) = 2 and v(s) = 2i, transform results in the (%) HY {y(t)} —

Z ( )a . ly (0), where HY {y(t)} is HY transform [37].

(9) For Qba(s) p(s) and ¢ (s) = q(s), transform results in the ¢(s)J{y(t)} —
p(s )Zk 0q* k(s )yk(O) where J{y(t)} is Jafari transform [15].

(10) For ¢*(s) = 1 and ¢(s) = 1, transform yields the
oK {y(t)} — Sp ) vk ‘X‘Hyk(o), where K {y(t)} is Kamal transform [43].

(11) For ¢*(s) = 1and ¥(s) = Z5, new transform gives
v 2K F{y(t)} =312} 2’“ 2at2yk(0), where K F{y(t)} is Kashuri-Fundo trans-
form [19].

(12) For ¢(s) = s® and ¢(s) = %, transform corresponding to s 2*KT{y(t)} —
ShCo sk 20450k(0), where KT{y(t)} is Kharrat-Toma transform[21].

(13) For ¢*(s) = pand ¢(s) = Zl] transform results in the p~* ET {y(t)} -1 —3 pF~+2y%(0),
where ET{y(t)} is Elzaki-Tarig transform [32].

(14) For ¢*(s) = v and 9 (s) = v, transform yields the
VKU {y(t)} — SpZ ve—ok+1yk(0), where KU{y(t)} is Kushare transform
[25].

(15) For ¢ (s) = v and ¢(s) = v, transform results in the v* M G{y(t)} =S 7 —s v*~Fy*(0),
where M G{y(t)} is Mahgoub transform [27].

(16) For ¢“(s) = v? and ¢(s) = v, transform yields the
v M{y(t)} — Sy v k“yk(O), where M {y(t)} is Mohand transform [28].

(17) For ¢*(s) = L and ¢(s) = £, transform corresponding to
(i) RG{y(t)} >} é Zak - y*(0), where RG{y(t)} is Ramdan-Group trans-
form [45].

(18) For ¢*(s) = L and ¢(s) = £, transform results in
(i) N{y(t )} Sz é Zakkl y*(0), where N{y(t)} is N-transform [20].

u
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a—Fk
(19) For ¢*(s) = Z and1)(s) = Z, our new transformglves( ) R{y(t)}—zz;é (g) y*(0),
where R{y(t)} is Rishi transform [24].
(20) For ¢*(s) = -7 and ¢(s) = v®, transform corresponding to v**S{y(t)} —
ZZ;& v~k =Byk(0), where S{y(t)} is Sadik transform [44].
(21) For ¢ (s) = -5 and ¢(s) = 1, transform gives v=*Sa{y(t)} —>j_ ;Uk a=lyk(0),
where Sa{y(t)} is Sawi transform [29].
(22) For ¢*(s) = 1 and 9(s) = 2, transform corresponding to (5) Sh{y(t)} —

a—k—1
o S (i) y*(0), where Sh{y(t)} is Shehu transform [30].
(23) For ¢*(s) = L and z/J( ) = v®, transform yields
v2*So{y(t } SRy vk 1yk(0), where So{y(t)} is Soham transform [38].
) =

(24) For ¢“(s) = s and w( ) = s, our new transform gives
s“LC{y(t)} — >on_y s Fy*(0), where LC{y(t)} is Laplace-Carson transform

(25) For (ba( )= < and ¥(s) = <, our new transform corresponding to
sTS{y(t)} — ZZ sk k(O), where S{y(t)} is Samudu transform [47].
(26) For ¢(s) = s and (s) = s2, our transform yields
s AT{y(t)} — SpCh s 2 1y#(0), where AJ{y(t)} is Pourreza transform
[3].
(27) For ¢*(s) = 1 and )(s) = s=, transform corresponding to
SAL{y(t)} =S 10 s~ «~ay¥(0), where AL{y(t)} is a-Laplace transform [35].
) = 2 and ¥(s) = 2, transform gives

(%)aNa{y(t)} = Z;é (i)a kyk(O), where Na{y(t)} is Natural transform
[20].

(29) For qﬁo‘( ) = 2 and ¥(s) = ¢, new transform corresponds to ¢“Gu{y(t)} —
S 0 ¢ *4y*(0), where Gu{y(t)} is Gupta transform [13].

(30) For ¢*(s) = p° and ¢(s) = p, our transform produce the result p® DV {y(t)} —

Z;S p~k+49k(0), where DV {y(t)} is Dinesh-Verma transform [46]

(31) For¢*(s) = sand ¢)(s) = s, transform results in 5 Ra{y(t)} =S 1—4 s*~Fy*(0),
where Ra{y(t )} is Raj transform [18].

(32) For ¢ (s) = < and ¢(s) = -1, new transform gives (us) = AS{y(t)}—> 4 é S;‘kkalyk(()),
where AS {y( )} is Abaoub-Skheam transform [1].

(33) For ¢(s) = uand 1(s) = u, our new transform yields u® JT{y(t)} =Y, u® *y*(0),
where JT{y(t)} is Jabber-Tawfiq transform [14].

(34) For ¢*(s) = land¢(s) = =, new transform results in u=*Y {y ()} — >, —y u*~>T1y*(0),
where Y{y(t)} is Yang transform [9].

m@ Q



A Generalized Fractional Integral Transform for Solutions of Fractional Burger’s Equation 630

4.4. Proposed Integral Transform on Caputo-Fabrizio derivative in Caputo sense. In
2015, Caputo and Fabrizio [8] introduced new fractional derivative called the Caputo-
Fabrizio fractional derivative. Lety € H'(a,b), a < b, a € (0,1], then the Caputo-
Fabrizio fractional derivative is defined as

L t —a(t=T)
S ODRy() = (_O‘; / y/ (el T, (4. 26)
where L(«) is a normalization function, such that L(0) = L(1) = 1.

Theorem 4.5. If §¥C Dy(t) is a Caputo-Fabrizio derivative in the Caputo sense, then

the proposed transform on the Caputo-Fabrizio derivative is %(d}(s)s {y(®)} —
¢*(s)y(0)).

Proof. After applying the proposed transform ( 2. 1) on the Caputo-Fabrizio derivative
defined in (4. 26 ) and using properties from Table 1, we have

SEDr0Y = s { g e HHOY (@) = 070 ]

After simplification

S{GTDry()}y =

This implies that
G {Ues ) - O} @27

After using the integral transform on the Caputo-Fabrizio derivative, this is the general
form. O

S{5TCDy()}y =

Proposition 4.6. If ¢ (s) = 1 and ¢(s) = L in equation (4. 27 ), then the proposed
transform on the Caputo-Fabrizio derivative converges to % (S {y(t)} — y(()))
where S{y(t)}, is Sumudu transform.

Proof. We can easily verify the above result using ¢*(s) = 1 and ¢(s) = 1 in equation (
4.27)

SEODIO) = e (S0} o)
Equivalently,
S{OCFCD?y(t)} — (1_1;05311-504{5{2/(26)} - y(O)} (4 28)

Equation( 4. 28 ) is equivalent to the results of Caputo-Fabrizio derivative after applying
Sumudu transform. 0
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4.6.1. Special cases of proposed transform via Caputo-Fabrizio derivative. We will show
that the existing integral transforms via Caputo-Fabrizio are the special cases of the result
of the proposed transform ( 4. 27 ) for different values of ¢*(s), % (s) and v(¢) = 1. These
cases are given as

(1) For ¢*(s) = land ¢(s) = s, transform gives % (sL{y(t)}—y(O)), where
L{y(t)} is Laplace transform [39].

(2) For ¢*(s) = % and 1(s) = v, new transform gives %(v/l{y(t)} —
vily(0)>, where A{y(t)} is Aboodh transform [2].

(3) For ¢*(s) = p? and (s) = % yields %(A{y(t)} — pSy(O)>, where
A{y(t)} is Anuj transform [23].

(4) For ¢*(s) = v and ¢(s) = 1, produces %(E{y(t)} - v2y(0)) where
E{y(t)} is Elzaki transform [11].

(5) For 9%(s) = 55 and v(s) = ¢*(s), it gives (e (P () EF{u(0)} —
v~ (s)y(0)

(6) For ¢*(s) = L and ¢(s) = Z, transform gives (17&()% (T{y(t)} — uy(O))

where T{y(t)} is Tarig transform [12].

(7) For ¢“(s) = s™ and ¥(s) = s™, transform corresponding to

(1_2()72% (s"G{y(t)} - smy(O)) where G{y(t)} is G-transform [4].

(8) For ¢“(s) = & and v(s) = 21, transform results in the
)

where EF{y(t)} is Emad-Falih transform [22].

N—

(175)(% (siHY{y(t }— sy(O)) where HY{y(t)} is HY-transform [37].

(9) For ¢(s) = p(s) and ¥ (s) = ¢(s), transform results in the

% (q(s)J{y(t)} - p(s)y(O)) , where J{y(t)} is Jafari transform [15].

(10) For ¢*(s) = 1and (s) = 2, transform yields the % (K{y(t)} - vy(O)) ,
where K{y(t)} is Kamal transform [43].
(11) For ¢*(s) = land(s) = %, new transform gives (A (U_QKF{y(t)}—

l1—a)v—2+4a
y(O)), where KF{y(t)} is Kushari-Fundo transform [19].

(12) For ¢*(s) = s and ¢(s) = %, transform corresponding to

%(KT {y(®)} — s5y(0)>, where KT{y(t)} is Kharrat-Toma transform
[21].
(13) For ¢*(s) = p and 9(s) = %, transform results in the % (ET{y(t)} -

p2y(0)) , where ET{y(t)} is Elzaki-Tarig transform [32].

(14) For ¢*(s) = v and ¢ (s) = v, transform yields the migijim (v"KU{y(t)} -

vy(O)), where KU{y(t)} is Kushare transform [25].
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(15) For ¢*(s) = v and 9(s) = v, transform results in the Uﬂ% (vMG{y(t)} —

vy(O)), where MG{y(t)} is Mahgoub transform [27].

(16) For ¢*(s) = v? and 9(s) = v, transform yields the %(UM{y(t)} —

vzy(0)> where M{y(t)} is Mohand transform [28].
(17) For ¢a( ) =
—ajstua S+ua (sRG{y )} - y( )), where RG{y(t)} is Ramdan Group transform
[45]
(18) For ¢“(s) = + and ¢(s) = £, transform results in Oigﬁ (sN{y( )}—y(O)),
where N{y(t)} is N-transform [20].
(19) For ¢*(s) = Z and ¢(s) = <, our new transform gives

Land ¢ (s) = £, transform corresponding to

(17@()% (UR{y(t)} - oy(O)) where R{y(t)} is Rishi transform [24].
(20) For ¢%(s) = -+ and ¢( ) = v®, transform corresponding to
= g§3u+ ( CYS{y O‘y(O)) , where S{y(t)} is Sadik transform [44].

(21) For ¢°(s) = % and 1/)( ) = 2. transform gives Oﬁw (USa{y( )} = y(O))
where Sa{y(t)} is Sawi transform [29].

(22) For ¢%(s) = 1 and ¢(s) = 2, transform corresponding to
ufx()m (sSh{y( )} - uy(O)) where Sh{y(t)}, is Shehu transform [30].
(23) For ¢*(s) = + and ¢(s) = v®, transform yields
(17a)l;+)l+va (v““So{y(t)} - y(O)), where So{y(t)} is Soham transform [38].

(24) For ¢%(s) = s and ¢ (s) = s, our new transform gives

uLoEW (SLC’{y( )} - sy(O)), where LC{y(t)} is Laplace-Carson transform
[31].
(25) For ¢*(s) = * and 1/(s) = X, our new transform corresponding to

(ILQ(% (S{y( )} —y(0 ), where S{y(t)} is Samudu transform [47].

(26) For ¢*(s) = s and 1(s) = s2, our transform yields % (SQAJ{y(t)} -

sy(0)> , where AJ{y(t)} is Pourreza transform [3].
(27) For ¢*(s) = 1 and ¢)(s) = s=, transform corresponding to

# (siAL{y(t)} - y(O)), where AL{y(t)} is a-Laplace transform [35].
—a)sa+a

(28) For ¢*(s) = 2 and ¢(s) = 2, transform gives (1_51()% (SNa{y(t)} - sy(O)) ,
where Na{y(t)} is Natural transform [20].
(29) For ¢ (s) = qig and ¢)(s) = ¢, new transform corresponds to (& (qG{y( )=

l—« q+o¢
q_3y(0)), where G{y(t)} is Gupta transform [13].
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(30) For ¢“(s) = p° and ¢(s) = p, our transform produce the result

% (pDV{y(t)} - p5y(0)), where DV{y(t)} is Dinesh-Verma transform
[46].

(31) For ¢*(s) = s and ¢(s) = s, transform results in (1—%% (sRa{y(t)} - sy(O))
where Ra{y(t)} is Raj transform [18].

(32) For ¢*(s) = 1 and ¢(s) = L, new transform gives (&(AS{y(t)} -

us’ 1—a)+usa

sy(O)), where AS{y(t)} is Abaoub-Skheam transform [1].

(33) For ¢“(s) = wand ¢(s) = u, our new transform yields % (uJT{y(t)} _

uy(O)), where JT{y(t)} is Jabber-Tawfiq transform [14].

(34) For ¢*(s) = 1 and 1(s) = <, new transform results in % (Y{y(t)} —

uy(O)) , where Y{y(t)} is Yang transform [9].

4.7. Proposed Integral Transform on Riemann-Liouville derivative. In 1832, Rieman
and Liouville [41] presented the fractional derivative. The Riemann-Liouville derivative is
defined as

n

d
2 Diy(t) = 7ol y(B)}- (4.29)

Theorem 4.8. If ' Dy(t) is the Riemann-Liouville derivative, the proposed transform
on the Riemann-Liouville derivative gives 1*(s)S{y(t)} — ¢*(s)S7Z5¢* (s) D**=1(0).

Proof. Let, S{y"(t)} = ¢ (s)Y (s) — &% ()X 20" (s)y" ~*71(0), y(s) = {0 "}y (t)
while Y'(s) = S{y(t)} then, with the proposed transform ( 2. 1 ) on the Riemann-Liouville
derivative defined in ( 4. 29 ), we have

dr n—o n n—ao e’ n—1_k dnikil n—ao
S{ Ol YO} = (Sl T O} - 6% () DpTgu () T Lo L T (0)):
This implies

ar n—o n a—n a n—1,k dn_k_l a—n
S{Zmloli YO} = YT (Y ()} — 67 ()TEI0¥" (5) gy DV (0).

This can be written as

S{T Ly} = e (9)ST0) — 6 () oiu () D" (0) . 30)

dtn
When the Riemann-Liouville derivative is transformed integrally, this is the general form
that results. 0

Proposition 4.9. If ¢“(s) = L and ¢(s) = L in equation ( 4. 30 ), then the pro-

S S
posed transform on the Riemann-Liouville fractional derivative converges to s—*S{y(t)} —

S asTRIDamk=1(0), where S{y(t)}, is Sumudu transform.
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Proof. We can easily verify the above result using ¢*(s) = 1 and ¢(s) = 1 in equation (
4.30)

s{O ooy}t = (3) sty - sz (5) o),

ST nmy) = ssmy-ms () o)

Equivalently,

{dtn{of" YO} =SSO} - TS IDTTRN0). @ 3D)

Equation( 4. 31 ) is equivalent to the results of Riemann-Liouville fractional derivative
after applying Sumudu transform. 0

4.9.1. Special cases of proposed transform via Riemann-Liouville Fractional derivative.
The Riemann-Liouville fractional derivative forms of existing integral transforms are gen-
erated by using the different values of ¢“(s), 1 (s) and v(¢) = 1 in (4. 30 ). These cases
are
(1) For ¢*(s) = 1 and 9(s) = s, transform gives s*L{y(t)} — S7_;s* D*~%=1(0),
where L{y(¢)} is Laplace transform [39].
(2) For ¢*(s) = 1 and ¢(s) = v, new transform gives
v A{y(t)} — Ek —yvkTiDa—k- 1(O), where A{y(t)} is Aboodh transform [2].
(3) For ¢*(s) = p* and ¢(s) = 1, yields p~*A{y(t)} — SpZgp* *D*"*71(0),
where A{y(t)} is Anuj transform [23].
(4) For ¢*(s) = v and ¢(s) = 1, produces v™*E{y(t)} — £}_ ol ~*D>"k=1(0),
where E{y(t)} is Elzaki transform [11].
(5) For ¢*(s) = 5 and ¥(s) = ©*(s), it gives
P> (s)EF{y(t)} — £} Zs9* 1 (s)D*"*=1(0), where EF{y(t)} is Emad-Falih
transform [22].
(6) For ¢*(s) = L and ¢(s) = Z;, transform gives
u=2T{y(t)} — SpZgu~ 2k~ D*=*=1(0), where T{y(t)} is Tarig transform [12].
(7) For ¢*(s) = s™ and ¥(s) = s", transform corresponding to
s"G{y(t)} — BPZ ) s™Fm Damk=1(0), where G{y(t)} is G-transform [4].
(8) For ¢“(s) = & and v(s) = 2, transform results in the
(%)QHY{y(t)} — ynl (g)kﬂikm—k—l(o), where HY {y(t)} is HY trans-
form [37].
(9) For ¢“(s) = p(s) and v (s) = ¢(s), transform results in the
q“(s)J{y(t)} — p(s)EPZaq"(s)D**=1(0), where J{y(t)} is Jafari transform
[15].
(10) For ¢*(s) = 1 and ¢(s) = %, transform yields the
vOK{y(t)} — PZiv R DYF=1(0), where K {y(t)} is Kamal transform [43].
(11) For ¢®(s) = 1 and ¢(s) = 2, new transform gives
v K F{y(t)} -2 Ov’%Da k=1(0), where K F{y(t)} is Kushuri-Fundo trans-
form [19].
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(12) For ¢*(s) = s and 1(s) = 2, transform corresponding to
sTRKT{y(t)} — X}Zgs 2k+3D2=k=1(0), where KT{y(t)} is Kharrat-Toma
transform [21].

(13) For ¢*(s) = pand4(s) = %, transform results in the p~* ET {y(t)} =3 Zgp~ "1 D*=F=1(0),
where ET{y(t)} is Elzaki-Tarig transform [32].

(14) For ¢*(s) = v and 9(s) = v®, transform yields the
VKU {y(t)} — SRiv k1 Do=k=1(0), where KU {y(t)} gives Kushare trans-
form [25].

(15) For ¢*(s) = vand ¢(s) = v, transform results in the v* M G{y(t)} - 27— vF+1 Da=k=1(0),
where M G{y(t)} is Mahgoub transform [27].

(16) For ¢“(s) = v? and v(s) = v, transform yields the
v M{y(t)} — SpZvF T2 D*=#=1(0), where M {y(t)} is Mohand transform [28].

(17) For ¢®(s) = 1 and 1/)( ) = =, transform corresponding to

(§>QRG{y(t)} - uiilDa_k_l(O), where RG{y(t)} is Ramdan Group

u

transform [45].
(18) For ¢*(s) = L and ¢(s) = £, transform results in

(i)aN{y(t)} - EZ;&M%LDO‘*’“%(O), where N{y(t)} is N-transform [20].

u

« k+1
(19) For ¢*(s) = Z andt(s) = Z, our new transform gives (%) R{y(t)}-%72) (%) Do—k=1(0),
where R{y(t)} is Rishi transform [24].
(20) For ¢*(s) = % and t(s) = v, transform corresponding to v?**S{y(t)} —
NP gvek ﬁD"‘ k=1(0), where S{y(t)} is Sadik transform [44].
(21) For ¢*(s) = -5 and ¢(s) = 1, transform gives
v=*Sa{y(t)} — TP ik 2D°‘ k=1(0), where Sa{y(t)} is Sawi transform [29].
(22) For ¢*(s) = 1 and ¢(s) = 2, transform corresponding to

(%)aSh{y(t)} - (%)kDa*k’l(O), where Sh{y(t)} is Shehu transform
[30].

(23) For ¢*(s) = + and ¢(s) = v®, transform yields

v2*So{y(t } P Zov*k =1 Da=k=1(0), where So{y(t)} is Soham transform [38].

(24) For ¢%(s) = s and ¥(s) = s, our new transform gives
s*LC{y(t)} — S35 s*+1 D2=k=1(0), where LC{y(t)} is Laplace-Carson trans-
form [31].

(25) For ¢*(s) = % and ¢(s) = 1, our new transform corresponding to s~*S{y(t)} —
S s TR 1 pa—t- 1(0), where S{y(t)} is Samudu transform [47].

(26) For ¢°(s) = s and 1(s) = s2, our transform yields
s2AJ{y(t)} — SpZy 821 D>=F=1(0), where AJ{y(t)} is Pourreza transform
(31.

(27) For ¢*(s) = 1and¢(s) = s=, transform corresponding to sAL{y(t)}—ZZ;ésgDa’k’l(O),
where AL{y( )} is a- Laplace transform [35].

(28) For ¢%(s) = & and ¢(s) = 2, transform gives

Yt
(i) aNa{y(t)} = (i) D*~*=1(0), where Na{y(t)} is Natural-transform
[20].
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(29) For ¢*(s) = and t(s) = ¢, new transform corresponds to ¢“G{y(t)} —

1 Z0g 3 DYF=1(0), where G{y(t)} is Gupta transform [13].

(30) For ¢*(s) = p° and 1 (s) = p, our transform produce the result p>* DV {y(t)} —
S opt o DOTk=1(0), where DV {y(t)} is Dinesh-Verma transform [46].

(31) For ¢®(s) = sand1)(s) = s, transform results in s* Ra{y(t)} —X7_3 s* 1 D*~k=1(0),
where Ra{y(t )} is Raj transform [18].

(32) For¢®(s) = L andt)(s) = -1, new transform gives (us) ~* AS{y(t)} —X7Z4 (s)F(u)"F1D*"*=1(0),
where AS {y( )} is Abaoub- Skheam transform [1].

(33) For ¢*(s) = uand1(s) = u, our new transform yields u® JT{y(t)} - S} _juF+1 Da=k=1(0),
where JT{y(t)} is J abber-Tawﬁq transform [14].

(34) For ¢*(s) = land¢(s) = 1, new transform results in u =Y {y(t)} -} _3u=*D*=k=1(0),
where Y{y(t)} is Yang transform [9].

1
e
k—

4.10. Proposed Integral Transform on New Fractional Derivative (NFD). In 2022, Jas-
sim and Hussein [16] introduced a New Fractional Derivative (NFD). The NFD converges
faster to the classical calculus. In this section, the general form after applying the proposed
transform to NFD is presented. The NFD is defined as

t
YD) = Mo [y e MDA, nel<asn @3

where M, is the function of «, such that lim,__,,, M, = oco.

Theorem 4.11. If ) D& y(t) is the NFD, then the proposed transform gives
e {0 (5)S{y(®)} - 0 ()T vF (sl 0)}.

Proof. After applying the proposed transform ( 2. 1) on NFD defined in ( 4. 32 ) and using
properties from Table 1, we have

S{' Dy} S{y™ ©}s{e MO},

1
Va1
This implies

M.,
¢(s)
After simplification, we get

S( Dy} = ﬁ{www{y(m — 6% (5)Thsg e (s)y" T (O 33)

Once the integral transform has been applied to the new fractional derivative, this is the
general form. g

S Dpy(t)) = {06 (s) = 67 ()i )y O M I

Proposition 4.12. If ¢°(s) = and P(s) = g in equation ( 4. 33 ), then the proposed
transform on the NFD converges to — A_{_ { S{y(t)} — TR yn Tk 1(0)},

where S{y(t)}, is Sumudu transform.
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Proof. We can easily verify the above result using ¢*(s) = 1 and ¢(s) = 1 in equation (
4.33)

SO} = (1)M:M{(i)"S{yu)}—izz_é(i)ky”-k*(o)},
siroe0y = e rstor-sm(5) o)

Or equivalently,
SED0) = e {sTS ) - Sl ) @)

Equation( 4. 34 ) is equivalent to the results of NFD after applying Sumudu transform. [

4.12.1. Special cases of proposed transform via New Fractional Derivative. The NFD
forms of many existing integral transforms are generated after substituting the different
values of ¢“(s), ¥(s) and v(t) = 1 in (4. 33 ). These cases are

(1) For¢®(s) = land¢(s) = s, transform gives fM { "L{y(t)} - skyn Tkt
where L{y(t)} is Laplace transform [39].

(2) For ¢®(s) = L and 4)(s) = v, new transform gives o { nA{y(t)} X Lok Tty okt

v+ M,
where A{y(t)} is Aboodh transform [2]

(3) For ¢*(s) = p* and 1) (s) = 5, yields 1+pM { r ALy ()} -Sp 2y p® Fyn k!
where A{y(t)} is Anuj transform [23].

(4) For ¢*(s) = vand¢(s) = <, produces IJ%M {vl_"E{y(t)} P gv?T ky"_k_l(())},

where E{y(t)} is Elzaki transform [11].

(5) For ¢*(s) = ;5 and ¥(s) = ©*(s), it gives
e L OB {y(0)) — Disie™ ()1 (0) ). where EF(y(1)}
is Emad-Falih transform [22].

(6) For ¢*(s) = L and ¢(s) = -, transform gives 1+]X[2QJ\/IQ {u2’2”T{y(t)} -

S oul 2”Cy”_’c_l(o)}, where T{y(t)} is Tarig transform [12].
(7) For ¢“(s) = s™ and ¥(s) = s", transform corresponding to

Snﬂf;wa{s%c:{y(t)} Sn L gnkemyn—h— 1(0)},where G{y(#)} is G-transform

[4].
(8) For ¢“(s) = & and v(s) = 21, transform results in the

(s { S HY {y(0)} - Z20sH 1 ()1 (0) . where HY {y(1)} is
HY transform [37].

(9) For ¢(s) = p(s) and ¥(s) = ¢(s), transform results in the

ste { ()T {y(0)} — p(9)TpZga" (8)y" 7 1(0) |, where J{y(1)} is Jafari
transform [15].

0.

0},

0.
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(22)

For ¢*(s) = 1 and ¢(s) = I, transform yields the TlMifMu{v_"K{y(t)} -

NP gvTRynThe 1(O)},where K{y(t)} is Kamal transform [43].

For ¢*(s) = 1and ¢(s) =
Mo {v_2”KF{y(t)} s 3v—2kyn—k—1(o)}, where K F{y(t)} is Kashuri-
Fundo transform [19].

For ¢ (s) = 53 and ¢)(s) =
e {y?ﬂKT{y(t)} Sl g3 2kyn—h— 1(0)}, where KT{y(t)} is Kharrat-
Toma transform [21].

For ¢*(s) = pand ¢(s) =
ﬁﬁ{p—”ET{y(t)} - z;; L pt—hyn—k= 1(0)}, where ET{y(t)} is Elzaki-
Tarig transform [32].

For ¢*(s) = v and ¥(s) = v, transform yields the

U(,Af%a {v"‘"KU{y( )} — SR juttakyn—h-l (0)}, where KU {y(t)} is Kushare
transform [25].
For ¢*(s) = v and ¥(s) = v, transform results in the

M, {v"MG{y(t)} — Syl ke 1(0)}, where MG{y(t)} is Mahgoub
transform [27].

For ¢*(s) = v? and 9 (s) = v, transform yields the
M {U”M{y(t)} iz évk”y”*k’l(O)}, where M{y(t)} is Mohand trans-

5, new transform gives

L, transform corresponding to
S

l , transform results in the

v+M,
form [28].

For ¢*(s) = L and ¢(s) =
e { S RGy () -
Group transform [45].

For ¢*(s) = L and ¢(s) =
e {uiil N{y(t)} — Spg(2)kyn—k-1 (0)}, where N{y(t)} is N-transform
[20].

For ¢(s) = Z and 9(s) =
e {2 Ry} - Spmies
form [24].

For ¢*(s) = Q+M

S gvek—Byn—k= 1(O)}, where S{y(¢)} is Sadik transform [44].

2, transform corresponding to
ZZ o (£)kyn—hk= 1(0)}, where RG{y(t)} is Ramdan

=, transform results in

<, our new transform gives
Ly k’l(O)}, where R{y(t)} is Rishi trans-

<> and ¢ (s) = v*, transform corresponding to

For ¢*(s) = X and ¢(s) = 1, transform gives ﬂﬁ{v*”Sa{y( =SR2

where Sa{y(t)} is Sawi transform [29].
For ¢*(s) = 1 and ¢(s) = 2, transform corresponding to

Mo
s+uMq
[30].

{vresty()}-

Y 0) )

{ui—ilSh{y( )= Zk Oui Ty"T kil(O)},where Sh{y(t)} is Shehu-transform



639

Younis et al.

(23) For ¢(s) = £ and ¢'(s) = v, transform yields ;4 {v‘mSo{y(t)} SR gvhT 1y”_’“_l(())}
where So{y(t)}, is Soham transform [38].

(24) For ¢*(s) = s and 9(s) = s, our new transform gives L\‘/} { "LC{y(t)} —

E”_ésk“y"*k*l(O)} where LC{y(t)} is Laplace-Carson transform [31].

(25) For ¢°(s) = % and ¢(s) = %, our new transform corresponding to
e { _"S{y( i és_k Lyn—k= 1(0)}, where S{y(¢)} is Sumudu trans-
form [47].

(26) For ¢®(s) = s and v(s) = s2, our transform yields Szjfj‘wa {SZ"AJ{y(t)} -
e és%ﬂy"’k’l(())}, where AJ{y(t)} is Pourreza transform [3].

(27) For ¢*(s) = 1 and )(s) = s, transform corresponding to
S;ZM {Su AL{y(t)} — Ez;ésg y”*k’l(())}, where AL{y(t)} is a-transform
[35].

(28) For ¢*(s) = < and4(s) = 2, transform gives
where Na{y(t)} is Natural transform [20].

(29) For ¢(s) = q% and 1 (s) = g, new transform corresponds to q+M {q”G{y(t)}f

S agh 334”*1“1(())}, where G{y(t)} is Gupta transform [13].
(30) For (;5“( ) = p° and +(s) = p, our transform produce the result
M { "DV {y(t)}-Sp_pF oy k- 1(O)}, where DV {y(t)} is Dinesh-Verma

s™ n—1gkt1 n—k—
s+uM {WN{y(t)} Zk é ) k 1(0)},

p+M, P
transform [46].

(31) For ¢*(s) = sand ¢)(s) = s, transform results in
where Ra{y(t)} is Raj transform [18].

(32) For ¢*(s) = L and ¢(s) = -, new transform gives
it { (ws) " AS{y(1)} — SpZhu ks Ry k1 (0) ), where AS{y(t)}
is Abaoub-Skheam transform [1].

(33) For ¢*(s) = w and 9(s) = u, our new transform yields +M {u”JT{y(t)} -

E”_éuk“y”*k’l(O)}, where JT{y(t)} is Jabber-Tawfiq transform [14].

e {5 Ra{y(©)}-Zp 51y 1 0) .

(34) For ¢“(s) = 1 and ¢(s) = -, new transform results in #‘XMQ{U’”Y{y(t)} -
S gu Ry k_l(O)}, where Y{y(t)} is Yang transform [9].
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4.13. Proposed Integral Transform on Atangana-Baleanu Derivative in Caputo sense.
Let f € H'(a,b), a < b, a € (0,1], then the Atangana-Baleanu [5] in Caputo sense is
given as

L ! —T)~
ABC pay (1) = %/ y'(T)Ea( - a%)dT. 4. 35)

—agmyme
where E,( — a~—— )dT >, Tlmarny and L(a) is a normalization function,

such that L(0) = L(l) = 1.

(t T)

Theorem 4.14. If !B D¢y (t) is the Atangana-Baleanu derivative in the Caputo sense,
then S{APCDyy(1)} gives fatra (V2 (5)S{y(t)} — 0% (5)0*1y(0)).

Proof. After applying the proposed transform ( 2. 1) on the Atangana-Baleanu derivative
defined in ( 4. 35 ), we have

S0} = )(é(}@){(w<s>Y<s>—¢a<s>y<o>)¢>a<s>(wa(f;_léi ))}.

11—

After simplification, we get

SR D) = O (066~ 0 ow0) (i) }

(1-a)

This implies

SO0} = Ty (T OSWO) - 0 (0). @30

]
Proposition 4.15. If ¢°(s) = % and Y¥(s) = % in equation ( 4. 36 ), then the proposed
transform on the Atangana-Baleanu derivative in Caputo sense converges to (1L7 (S {y(t)}—

a)Fas®

y(())}) where S{y(t)}, is Sumudu transform.

Proof. We can easily verify the above result using ¢*(s) = < and ¢(s) = < in equation (
4.36)

SEPODEy(n) = )L(j“) () swr- () () vo).
SEPCDR) = Sij(j_“)aa(i) (St} - v(0)).
Or equivalently,
SEPODR) = e (S} - u)). @3

Equation( 4. 37 ) is equivalent to the results of Atangana-Baleanu derivative in Caputo
sense after applying Sumudu transform. g
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4.15.1. Special cases of proposed transform via Atangana-Baleanu derivative in Caputo
sense. When different values of ¢®(s), ¥(s) and ~(t) = 1 are substituted in ( 4. 36 ),
the Atangana-Baleanu derivative in Caputo forms of many existing integral transforms is
produced. These unique instances are

(1) For ¢*(s) = land ¢ (s) = s, transform gives ufi()ijlm( “L{y(t)}—s>~ 1y(0)>,
where L{y(¢)} is Laplace transform [39].
(2) For ¢*(s) = % and ¢(s) = v, new transform gives

(17573‘2%& (v“A{y(t)} - vo‘*zy(O)), where A{y(t)} is Aboodh transform [2].

(3) For ¢°(s) = p* and 9)(s) = L, yields =i (p‘“A{y(t)} = p‘“+3y(0)),
where A{y(t)} is Anuj transform [23].

(4) For ¢ (s) = vand(s) = <, produces (I_QL)(% (U’O‘E{y(t)}—v’a“y(())),
where E{y(t)} is Elzaki transform [11].

(5) For ¢%(s) = (5 and ¥(s) = ©*(s), it gives

% (apQO‘(S)EF{y(t)} - cp2a—3(s)y(0)), where EF{y(t)} is Emad-

Falih transform [22].
(6) For ¢*(s) = L and ¢(s) = Z;, transform gives

(1—(1?157%)2&-"-0% (u’QaT{y(t) —u’QO‘“y(O)) , where T'{y(t)} is Tarig transform[12].
(7) For ¢*(s) = s™ and ¥(s) = s", transform corresponding to

(17(5)(% (S”QG{y(t)} - s"‘”‘m_”y(O)) , where G{y(t)} is G-transform [4].
(8) For ¢“(s) = & and ¢(s) = 2, transform results in the

e ((si)O‘HY{y(t)}—so‘io‘*l)y(())), where HY {y(t)} is HY trans-
form [37].
(9) For ¢“(s) = p(s) and ¥(s) = ¢(s), transform results in the

% (qa(s)J{y(t)} - p(s)q“_l(s)y(o)), where J{y(t)} is Jafari trans-
form [15].

(10) For ¢*(s) = 1 and 9(s) = +, transform yields the
(1_65)(% (UﬁO‘K{y( )} —w a“y(())), where K{y(t)} is Kamal transform
[43].

(11) For ¢*(s) = 1 and ¢(s) = J5, new transform gives

ufagy(iﬂam (v_QaKF{y(t)}—v_2a+2y(0)) , where K F'{y(t)} is Kashuri-Fundo

transform [19].

(12) For ¢°(s) = s and ¢(s) = -, transform corresponding to
(1_0557?‘%&% (5*2O‘KT{y(t)}—s*2a+5y(0)) , where KT{y(t)} is Kharrat-Toma
transform [21].

(13) For ¢*(s) = p and ¢(s) = 1, transform results in the

P’
O_O[L)(% (p_aET{y( )} =p~ " 2y(0 )) , where ET{y(t)} is Elzaki-Tarig trans-

form [32].
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(14) For ¢*(s) = v and 9(s) = v, transform yields the

(17(5)(% (UQQKU{y(t)} - va+1y(0)) , where KU {y(t)} is Kushare transform
[25].

(15) For ¢%(s) = v and 1(s) = v, transform results in the

(1—%7?)2*% (vaMG{y(t)} - vo‘y(())), where M G{y(t)} is Mahgoub transform
[27].

(16) For ¢(s) = v? and v(s) = v, transform yields the

(kigiglﬂ ( M {y(t)}—v¥ty(0 )), where M {y(t)} is Mohand transform [28].

(17) For ¢*(s) = L and ¢(s) = £, transform corresponding to

(1—055(%( *RG{y(t)} — ui—ily(())) where RG{y(t)} is Ramdan Group

transform [45].

(18) For ¢*(s) = + and ¢(s) = transform results in

(1-&% (saN{y(t)} uaﬂ y(0 )) where N{y(t)} is N-transform [20].
(19) For ¢*(s) = £ and ¢(s) = <, our new transform gives

(1%5% ( R{y (t)} y(0 )) where R{y(t)} is Rishi transform [24].
(20) For ¢°(s) = -L and ¢(s) = v, transform corresponding to

(1_5)(7&)%( 20 80y(t)} — v y(0 )) where S{y(t)} is Sadik transform [44].
(21) For ¢*(s) = 75 and ¢(s) = <, transform gives

%(v_“Sa{y( )} — v 1y(0 )), where Sa{y(t)} is Sawi transform

[29].
(22) For ¢*(s) = 1 and ¢(s) = 2, transform corresponding to

)
(1_053(% (s“Sh{y(t)}— e y(O)) , where Sh{y(t)} is Shehu transform [30].
(23) For ¢*(s) =  and ¢(s) = v®, transform yields
L(o) (anSO{y(t)} - v“‘ly(o)), where So{y(t)} is Soham transform

(1—a)v?o+4a
[38].
(24) For ¢*(s) = s and ¥ (s) = s, our new transform gives

(1_1;372% (saLC’{y(t)} - so‘y(O)}) , where LC{y(t)} is Laplace-Carson trans-
form [31].

(25) For ¢*(s) = L and ¢(s) = %, our new transform corresponding to

(15% (S{y( )} — y(O)}), where S{y(t)} gives Sumudu transform [47].

(26) For ¢°(s) = s and 1(s) = s, our transform yields
(175)(7;’2)&% <s2aAJ{y(t)} — sQa—ly(0)>, where AJ{y(t)} is Pourreza transform
[3].

(27) For ¢*(s) = 1 and ¢(s) = s, transform corresponding to

(lLa(i“S)Jra (sAL{y( )} — sl_éy(o)), where AL{y(t)} is a-transform [35].

(28) For ¢%(s) = & and ¢(s) = 2, transform gives

(1_053(% (s“N{y(t)} - s”‘y(O)), where Na{y(t)} is Natural transform [20].
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(29) For ¢“(s) = =5 and 9(s) = g, new transform corresponds to

% (an{y(t)} - qo‘*4y(0)), where G{y(t)} is Gupta transform [13].

(30) For ¢(s) = p° and ¢(s) = p, our transform produce the result

(1—3% (pO‘DV{y(t)} —p"‘+4y(0)) , where DV {y(¢)} is Dinesh-Verma trans-
form [46].
(31) For ¢“(s) = s and ¢(s) = s, transform results in

mﬁgi?im (so‘Ra{y(t)} - say(O)), where Ra{y(t)} is Raj transform [18].

(32) For ¢®(s) = L and ¢(s) = L, new transform gives
%((us)’a/w'{y(t)} - S_::ly(())), where AS{y(t)} is Abaoub-
Skheam transform [1].

(33) For ¢*(s) = w and ¥(s) = u, our new transform yields

(173733% (uaJT{y(t)} - u"y(O)) , where JT{y(t)} is Jabber-Tawfiq transform
[14].
(34) For ¢*(s) = 1 and ¢(s) = 1, new transform results in

(1_05(% (u*D‘Y{y(t)} - u*““*ly(O)), where Y{y(¢)} is Yang transform [9].

4.16. Proposed Integral Transform on Atangana-Baleanu derivative in Riemann Li-
ouville sense. Let f € H'(a,b),a < b, € (0, 1], then the Atangana-Baleanu derivative
[5] in Riemann-Liouville sense is given as

L(a) d [ —T)*
m0pyn) = 228 [ ynE (-l ar, (4.38)

. _aemyme
where Ea( - a%(t - T)O‘)dT =3 W;rl) and L(«) is a normalization
function, such that L(0) = L(1) = 1.

Theorem 4.17. If {} BE D¢y (t) is the Atangana-Baleanu derivative in the Riemann-Liouville
« . L(x @
sense, then S{{PTDEy(t)} gives b (47 ()S{y()}).

Proof. After applying the proposed transform ( 2. 1) on the Atangana-Baleanu derivative
in Riemann-Liouville defined in ( 4. 38 ), we have

"o} = H) (A fom(~ar )]}

11—« l—«a

This implies

e

(" v} = FOLsws{or (- )} - e seoE0]

By using the properties of Mittag Leffler [39], we have

{0} = FE oo e o))

[
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After simplification, we get

s, oo} = o (),

This can be written as

S{jBRDgy(t)} = ac afﬁzs) Ta (T/JQ(S)S{y(t)}). (4. 39)

O

Proposition 4.18. If ¢*(s) = I and (s) = % in equation ( 4. 39 ), then the proposed
transform on the Atangana-Baleanu derivative in Riemann Liouville sense converges to

(173% (S{y(t)}) where S{y(t)}, is Sumudu transform.

Proof. We can easily verify the above result using ¢*(s) = < and ¢(s) = < in equation (

4.39)
ABR o L(Oé) 1\«
s{" pry} = o ((5) stvoy).
@ (1-a) g) +
*L(a) 1
S{ABRDay (1)} — i 3) (st
WPrDf0) = G e (5) (Stw@))
Or equivalently,
ABR L(a)
Diy(t = — t)}). 4. 40
s{, D0} = G (SW0)) (4. 40)
Equation( 4. 40 ) is equivalent to the results of Atangana-Baleanu derivative in Riemann
Liouville sense after applying Sumudu transform. O

4.18.1. Special cases of proposed transform via Atangana-Baleanu derivative in Rie-
mann Liouville sense. Many current integral transforms can be converted into their Atangana-
Baleanu derivatives by substituting alternative values for ¢*(s), ¥(s) and v(t) = 1 in ( 4.
39 ). These unique situations are

(1) For#(s) = s, transform gives u_igifl_m (5“L{y(t)}> , where L{y(t)} is Laplace
transform [39].

(2) For 9(s) = v, new transform gives (1_257?)2%0 (vaA{y(t)}), where A{y(t)} is
Aboodh transform [2].

(3) For ¢(s) = %, yields —Z=&) (p’O‘A{y(t)}>, where A{y(t)} is Anuj trans-

(1—a)p= o
form [23].
(4) For ¢(s) = 1, produces ufﬂff%(v‘“ﬁ?{y(t)}), where E{y(t)} is Elzaki

transform [11].

(5) For ¥(s) = ¢?*(s), it gives % (¢2a(s)EF{y(t)}), where EF{y(t)}
is Emad-Falih transform [22].

(6) For 1(s) = -, transform gives (1—(5157?)20% (U_QQT{y(t)), where T{y(t)} is
Tarig transform [12].
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(7) For 1(s) = s", transform corresponding to (17le)(+1)@+0¢ ( oG {y(t }>, where
G{y(t)} is G-transform [4].
(8) For 1(s) = i, transform results in the ﬂ—r)ﬁ% ((sz CHY {y(t }) where
HY {y(t)} is HY transform [37].
(9) For ¢(s) = q(s), transform results in the (17&% (qo‘(s)J{y(t)}), where
J{y(t)} is Jafari transform [15].
(10) For t(s) = 1, transform yields the (1_5)(% (U*QK{y(t)}) , where K{y(t)}
is Kamal transform [43].
(11) Fort(s) = %, new transform gives (ka%iﬂm (U’%‘KF{y(t)}) , where K F{y(t)}
is Kashuri-Fundo transform [19].
(12) Fort(s) = Z, transform corresponding to (17(55(7?)%“ (s‘QO‘KT{y(t)}) , where
KT{y(t)} is Kharrat-Toma transform [21].
(13) Fory(s) = %}, transform results in the (1—5)(% (p’O‘ET{y(t)}) , where ET{y(t)}
is Elzaki-Tarig transform [32].
(14) For1)(s) = v, transform yields the (175)(752)@” (vQO‘KU{y(t)}), where KU {y(t)}
is Kushare transform [25].
(15) For(s) = v, transform results in the (l_igiif)ura (UQMG{y(t)}> , where MG{y(t)}
is Mahgoub transform [27].
(16) For v(s) = v, transform yields the ufijgijim (v“M{y(t)}), where M {y(t)} is
Mohand transform [28].
(17) For 4(s) = 2, transform corresponding to mcﬂ% (SQRG{y(t)}}} where
RG{y(t)} is Ramdan Group transform [45].
(18) For ¢(s) = 2, transform results in (1—059(% (saN{y(t)}}) , where N{y(t)}
is N-transform [20].
(19) For(s) = Z, our new transform gives (17055% (UO‘R{y(t)}> , where R{y(t)}
is Rishi transform [24].
(20) For ¢(s) = v, transform corresponding to (175)(% (anS{y(t)}), where
S{y(t)} is Sadik transform [44].
(21) For (s) = 1, transform gives (1_(5)(% <v*0‘5a{y(t)}>, where Sa{y(t)} is
Sawi transform [29].
(22) For ¢(s) = 2, transform corresponding to uoﬂﬁ ( SaSh{y(t)}>, where
Shiy(t)} is Shehu transform [30].
(23) For ¢(s) = v*, transform yields (175)(% (anSo{y(t)}>, where So{y(t)} is
Soham transform [38].
(24) For(s) = s, our new transform gives O—(Lxgi(jlw (s"‘LC{y(t)}) , where LC{y(t)}
is Laplace-Carson transform [31].
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(25) For 1(s) = 1, our new transform corresponding to (17%% (S {y(t)}), where
S{y(t)} is Sumudu transform [47].
(26) For(s) = s2, our transform yields S V() - (SQO‘AJ{y(t)}> where AJ{y(t)},

(1—a)s2o+«
is Pourreza transform [3].

(27) For1)(s) = s=, transform corresponding to % (sAL{y(t)}) , where AL{y(t)}

is a-transform [35].

(28) For 1)(s) = 2, transform gives (17055(% (s“N{y(t)}), where Na{y(t)} is
Natural transform [20].

(29) For ¢(s) = ¢, new transform corresponds to U_ig%(an{y(t)}), where
G{y(¢t)} is Gupta transform [13].

(30) For ¢ (s) = p, our transform produce the result (1—155% (paDV{y(t)}) , Where
DV {y(t)} is Dinesh-Verma transform [46].

(31) For ¢ (s) = s, transform results in Wigijim (SO‘Ra{y(t)}), where Ra{y(t)} is

Raj transform [18].

(32) For ¢(s) = -1, new transform gives % ((us)‘“AS{y(t)}), where

AS{y(t)} is Abaoub-Skheam transform [1].

(33) For(s) = u, our new transform yields (1—257321% (u"‘ JT{y(t)}) ,where JT{y(t)}

is Jabber-Tawfiq transform [14].

(34) Fort(s) = L, new transform results in (17;)(% (u_aY{y(t)}) , where Y{y(¢)}

is Yang transform [9].

5. CONCLUSIONS

In this paper, we introduced the fractional integral transform and applied it to One-
Dimensional Fractional Viscous Burger’s Equation. The nonlinear integer order PDE known
as Burger’s equation remains successful in gaining the attention of many researcher for
many years due to its wide range of applications in mathematics, physics and engineer-
ing. But in our paper, we provide the exact solution of fractional Burger’s equation using
(proposed) transform decomposition method, and solution of this particular equation via
all other Laplace family integral transforms can also be a special case of the solution via
our proposed transform.

Our innovative approach encompasses over 200 distinct fractional differential trans-
forms, all of which serve as specific instances derived from our foundational transforms.
In our paper, we apply the proposed transform to a few fractional differential operators like
Caputo, Caputo-Fabrizio, Riemann-Liouville,New Fractional Derivative, and Atangana-
Baleanu in the Riemann-Liouville and Caputo senses. We also presented the other trans-
forms as special cases of our proposed transform. It has been shown that for different
values of ¢*(s),~(t) and v (s) other integral transforms are special cases of the proposed
transform.
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