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Abstract
In this paper, we introduce the concept of ARA transform in q-calculus namely q-ARA trans-
form and establish some properties. Furthermore, several propositions concerned with the
properties of q-ARA transform are explored.We also give some applications of q-ARA trans-
form for solving some ordinary and partial differential equations with initial and boundary
values problems.
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1 Introduction

Researchers are actively involved in the overall transformation of theme development because
it is suitable for describing and analyzing physical systems [1,5,6,10,16,22,25]. Jackson [17]
introduced q-calculus. Now, the q-calculus has become very important in various fields
of science and technology. The concept of q-calculus can be used in fractions and control
problems [18]. Some integral transformations have different q analogs. The research is carried
out on the q-calculus [4,7,8,11,15]. The new integral transform called ARA transform, which
is established by [25], generalizes some variants of the Laplace transform, Sumudu transform,
Elzaki transform, natural transform, Yang transform and Shehu transform. So we motivate
to introduce the concept q-ARA transform to get the advantages in q-calculus.

We start from the definition of the ARA-transform [25] of the function f (ξ) is defined by

Rn[ f (ξ)](κ) = F(n, κ) = κ

∫ ∞

0
ξn−1e−κξ f (ξ)dξ.

We introduce the concept of ARA transform in q-calculus namely q-ARA transform and
establish some properties. Furthermore, several propositions concerned with the properties
of q-ARA transform are explored. We also give some applications of q-ARA transform for
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solving some ordinary and partial differential equations with initial and boundary values
problems.

2 Preliminaries

In this section, we give some remarkable notes and mathematical symbols used in literature
[7,13,19,20,23,24].

The q-shifted factorials for q ∈ (0, 1) and κ ∈ C are defined as

(κ, q) = 1, (κ, q)n =
n−1∏
k=0

(1 − κqk), n = 1, 2, . . . ,

(κ; q)∞ = lim
n→∞(κ; q)n =

∞∏
k=0

(1 − κqk).

Also we write [κ]q =
1 − qκ

1 − q
, [κ]q ! = (q; q)n

(1 − q)n
, n ∈ N.

The q-derivatives Dq f and D+
q of a function f, given byKac andCheung [18] (Dq f )(α) =

f (α) − f (qα)

(1 − q)α
, if (α �= 0) (Dq f )(0) = f ′(0) exists.

If f is differentiable, then (Dq f )(α), tend to f ′(α) as q tend to 1. For n ∈ N, we have
D1
q = Dq , (D+

q )1 = D+
q .

The q-derivative of the product Dq( f .g)(α) = g(α)Dq f (α) + f (qα)Dqg(α).

The q-Jackson integral from 0 to k and from 0 to ∞ given by Jackson [17]

∫ κ

0
f (α)dqα = (1 − q)α

∞∑
n=0

f (αqn)qn,

∫ ∞

0
f (α)dqα = (1 − q)

∞∑
n=−∞

f (qn)qn,

provided these sums converge absolutely. A q-analogue of integration by parts formulae is
given by the following relation

∫ �

κ

g(α)Dq f (α)dqα = f (�)g(�) − f (κ)g(κ) −
∫ �

κ

f (qα)Dqg(α)dqα.

Gasper and Rahamen [14], Kac and Cheung [18] have given the following relation

Eρ
q =

∞∑
n=0

q

n(n − 1)

2
ρn

[n]! = (−(1 − q)z; q)∞, (1)

eρ
q =

∞∑
n=0

ρn

[n]! = 1

((1 − q)ρ; q)∞
, |z| <

1

1 − q
. (2)

The above Eqs. (1) and (2) satisfy the following equations
Dqe

ρ
q = eρ

q , Dq E
ρ
q = Eqρ

q , and
eρ
q E

−ρ
q = E−ρ

q eρ
q = 1.
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Jackson [17] has given the concept of q-analogue of gamma function and many more
results have been given [7,13,21,26]

�(ϑ) =
∫ ∞

0
αϑ−1e−αdqα

by

�q(ϑ) = (q; q)∞
(qϑ ; q)∞

(1 − q)ϑ−1, ϑ �= 0,−1,−2, . . . .

If satisfies the following conditions
�q(ϑ + 1) = [ϑ]q�(ϑ), �q(1) = 1, and

lim
q→1− �q(ϑ) = �(ϑ), Re(ϑ) > 0.

The function �q has the following q -integral representations

�q(γ ) =
∫ 1

1 − q
0

ϑγ−1E−qϑ
q dqϑ =

∫ ∞
1 − q

0
ϑγ−1E−qt

q dq t .

The q-integral representation �q is defined in [13,18,27] as follows: For all γ, ϑ > 0, we
have

�q(γ ) = Kq(s)
∫ ∞

1 − q
0

αγ−1e−α
q dqα,

and

Bq(ϑ, γ ) = Kq(ϑ)

∫ ∞

0
αϑ−1 (−αqγ+1; q)∞

(−α; q)∞
dqα,

where,

Kq(ϑ) = (−q,−1; q)∞
(−qϑ ,−q1−ϑ ; q)∞

.

If
log(1 − q)

log(q)
∈ Z, we obtain

�q(γ ) = Kq(γ )

∫ ∞
1 − q

0
αγ−1e−α

q dqα =
∫ ∞

1 − q
0

ϑγ−1E−qϑ
q dqϑ.

3 Main results

Definition 3.1 The q-ARA transform of a function f (ξ) is defined by

Rn[ f (ξ)](κ) = F(n, κ) = κ

(1 − q)

∫ ∞

0
ξn−1 e−κξ

q f (ξ) dqξ. (3)
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Property 3.2 (Linearity property) Letω(ξ) and�(ξ) be two functions in which q-ARA trans-
form exists, then

Rn[Aω(ξ) + B�(ξ)](κ) = ARn[ω(ξ)](κ) + BRn[�(ξ)](κ)

where A and B are nonzero constants.

Proof

Rn[Aω(ξ) + B�(ξ)](κ) = κ

(1 − q)

∫ ∞

0
ξn−1e−κξ

q [Aω(ξ) + B�(ξ)] dqξ

= Aκ

(1 − q)

∫ ∞

0
ξn−1e−κξ

q ω(ξ) dqξ + Bκ

(1 − q)

∫ ∞

0
ξn−1e−κξ

q ω(ξ) dqξ

= ARn[ω(ξ)](κ) + BRn[�(ξ)](κ).

��
Property 3.3 (Change of the scale property)

Rn[ f (χξ)](κ) = 1

χn−1 F

(
n,

κ

χ

)
.

Proof Using the concept (3), we obtain

Rn[ f (χξ)](κ) = κ

(1 − q)

∫ ∞

0
ξn−1e−κξ

q f (χξ) dqξ

Let us put M = χξ ⇒ ξ = M

χ

Rn[ f (χξ)](κ) = κ

(1 − q)χn

∫ ∞

0
Mn−1e

− κ

χ
M

q g(M) dqM

= 1

(1 − q)χn−1

κ

χ

∫ ∞

0
Mn−1 e

− κ

χ
M

q g(M) dqM

= 1

χn−1G

(
n,

κ

χ

)
.

��
Property 3.4 Shifting in κ-Domain

Rn[e−�ξ
q f (ξ)](κ) = κ

κ + �
F(n, κ + �).

Proof

Rn[e−�ξ
q f (ξ)](κ) = κ

(1 − q)

∫ ∞

0
ξn−1e−κξ

q e−�ξ
q f (ξ) dqξ

= κ

(1 − q)(κ + �)
(κ + �)

∫ ∞

0
ξn−1e−(κ+�)ξ

q f (ξ) dqξ

= κ

κ + �
F(n, κ + �).

��
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Property 3.5 Shifting in n-Domain
Rn[ξm f (ξ)](κ) = Fn+m[ f (ξ)] = F(n + m, κ).

Proof

Rn[ξm f (ξ)](κ) = κ

(1 − q)

∫ ∞

0
ξn−1 e−κξ

q ξm f (ξ) dqξ

= κ

(1 − q)

∫ ∞

0
ξn+m−1 e−κξ

q f (ξ) dqξ

= Fn+m[ f (ξ)] = F(n + m, κ).

��
Property 3.6 Shifting on ξ -Domain

Fn[ω�(ξ) f (ξ − �)](κ) = e−κ�
q F1

[
f (λ)(� + λ)n−1

]
.

Proof

Fn[ω�(ξ) f (ξ − �)](κ) = κ

(1 − q)

∫ ∞

0
ξn−1e−κξ

q ω�(ξ) f (ξ − �)dqξ

= κ

(1 − q)

∫ ∞

0
ξn−1e−κξ

q f (ξ − �)dqξ

letting ξ − � = λ and substituting in the above equation we get

= κ

(1 − q)

∫ ∞

0
(λ + �)n−1e−κ(λ+�)

q f (λ)

(� + λ)n−1 dqλ

= e−κ�
q F1

[
f (λ)(� + λ)n−1

]
.

��
Property 3.7 We introduce some practicals examples for finding q-ARA

transform for some functions:

(1) Rn[1](κ) = κ

(1 − q)

∫ ∞

0
ξn−1 e−κξ

q dqξ

= �q(n)
( 1

κ

)n κ

(1 − q)

∫ ∞

0

ξn−1e−κξ
q

�q(n)
( 1

κ

)n dqξ

= �q(n)
( 1

κ

)n κ

(1 − q)

= �q(n)

(1 − q) κn−1

= (n − 1)!
(1 − q) κn−1 .

(2)
Rn[ξ ](κ) = κ

(1 − q)

∫ ∞

0
ξn−1 e−κξ

q ξ dqξ

= κ

(1 − q)

∫ ∞

0
ξn e−κξ

q dqξ
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= �q(n + 1)
( 1

κ

)n+1
κ

1

1 − q

∫ ∞

0

ξne−κξ
q

�q(n + 1)
( 1

κ

)n+1 dqξ

= �q(n + 1)
( 1

κ

)n+1
κ

1

1 − q

= �q(n + 1)

(1 − q)ξn
.

(3)
Rn[ξm](κ) = κ

(1 − q)

∫ ∞

0
ξn−1 e−κξ

q ξm dqξ

= κ

(1 − q)

∫ ∞

0
ξn+m−1e−κξ

q dqξ

= �q(m + n)
( 1

κ

)n+m κ

(1 − q)

∫ ∞

0

ξn+m−1e−κξ
q

�q(n + m)
( 1

κ

)n+m dqξ

= �q(m + n)
( 1

κ

)n+m κ

(1 − q)

= �q(m + n)

(1 − q)κm+n−1 .

(4)
Rn[e−κξ

q ](κ) = κ

(1 − q)

∫ ∞

0
ξn−1 e−ξ(κ−χ)

q dqξ

= �q(n)
( 1

κ

)n κ

(1 − q)

∫ ∞

0

ξn−1e−ξ(κ−χ)
q

�q(n)
( 1

κ − χ

)n+m dqξ

= �q(n)
κ

(1 − q)(κ − χ)n
.

(5)
Rn[ξneχξ

q ] = κ

(1 − q)

∫ ∞

0
ξm+n−1e−ξ(κ−χ)

q dqξ

= �q(m + n)
( 1

κ − χ

)m+n
κ

∫ ∞

0

ξm+n−1e−ξ(κ−χ)
q

�q(n)
( 1

κ − χ

)n+m dqξ

= κ

(1 − q)(κ − χ)m+n
�q(m + n).

(6)

Rn[sinq(χξ)](κ) = Rn

[eiχξ
q − e−iχξ

q

2i

]

= 1

2i

(
Rn[eiχξ

q ] − Rn[−e−iχξ
q ]

)

= κ

2i
�q(n)

( 1

(κ − χ)n
− 1

(κ − χ)n

)

= κ

2i
�q(n)

(
2i

(κ2 + χ2)

n

2

sin(n tan−1
( κ

χ

)))

123



The ARA transform… 457

=
(
1 + χ2

κ2

)−n

2 κ1−n �q(n)

(
sin(n tan−1

( κ

χ

))
.

(7)
Rn[sinhq(χξ)](κ) = Rn

[eiχξ
q − e−iχξ

q

2

]

= 1

2

(
Rn[eiχξ

q ] − Rn[−e−iχξ
q ]

)

= κ

2
�q(n)

( 1

(κ − χ)n
− 1

(κ − χ)n

)

= κ

2
�q(n)

1

κn

(
1

(1 − χ

κ
)n

− 1

(1 + χ

κ
)n

)
.

(8)
Rn[coshq(χξ)](κ) = Rn

[eiχξ
q + e−iχξ

q

2

]

= 1

2

(
Rn[eiχξ

q ] + Rn[−e−iχξ
q ]

)

= κ

2
�q(n)

( 1

(κ − χ)n
+ 1

(κ − χ)n

)

= κ

2
�q(n)

1

κn

(
1

(1 − χ

κ
)n

+ 1

(1 + χ

κ
)n

)
.

Theorem 3.8 If the q-ARA transform of a function f (ξ) exists, then

ARAq

[
f (ξ − M) h(ξ − M)

]
= e−κM

q ARAq [ f (ξ − M)]

where h(ξ) is heaviside unit step function defined on h(ξ − M) = 1,
where η > M and h(ξ − M) = 0, η < M.

Proof We have by definition

ARAq

[
f (ξ − M) h(ξ − M)

]

= 1

1 − q

∫ ∞

0
κξn−1 e−κξ

q f (ξ − M) g(ξ − M) dqξ

= κ

(1 − q)

∫ ∞

0
ξn−1 e−κξ

q f (ξ − M) dqξ,

η > M

Putting, A = ξ − M

ARAq

[
f (ξ − M)

]
= 1

1 − q

∫ ∞

0
κ ξn−1 e−κ(A+m)

q f (A) dq A

= 1

1 − q
e−κM
q

∫ ∞

0
κ ξn−1 e−κA

q f (A) dq A

= e−κM
q ARAq [ f (ξ − M)].

��
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Theorem 3.9 If the ARA transform of the f (ξ) exists where f (ξ) is a
periodic function of periods A (That is f (ξ + A) = f (ξ),∀ξ), then

ARAq [ f (ξ)] = [1 − e−κM
q ]−1

(1 − q)

∫ ξ

0
κ ξn−1 e−κξ

q f (ξ) dqξ.

Proof

ARAq [ f (ξ)] = 1

(1 − q)

∫ ∞

0
κ ξn−1 e−κξ

q f (ξ) dqξ

= 1

(1 − q)

∫ ξ

0
κ ξn−1 e−κξ

q f (ξ) dqξ + 1

(1 − q)

∫ ∞

ξ

κ ξn−1 e−κξ
q f (ξ) dqξ

Setting ξ = A + M in the second integral, we have

= 1

(1 − q)

∫ ξ

0
κ ξn−1 e−κξ

q f (ξ) dqξ + 1

(1 − q)

∫ ∞

0
κ ξn−1 e−κ(A+M)

q

f (A + M) dq(A + M)

= 1

(1 − q)

∫ ξ

0
κ ξn−1 e−κξ

q f (ξ) dqξ

+ e−κM
q

(1 − q)

∫ ∞

0
κ ξn−1 e−κA

q f (A) dq A

= 1

(1 − q)

∫ ξ

0
κ ξn−1 e−κξ

q f (ξ) dqξ + e−κM
q ARAq [ f (ξ)]

⇒ ARAq [ f (ξ)] = [1 − e−κM
q ]−1

(1 − q)

∫ ξ

0
κ ξn−1 e−κξ

q f (ξ) dqξ.

��
Theorem 3.10 q-ARA convolution product

The convolution of f (ω) and g(ω) is defined by

( f ∗ g)(ω) = 1

(1 − q)

∫ ∞

0
f (ω) g(ξ − ω) dqω.

Convolution theorem

Statement

Let ARAq( f (ξ)) = F(n; κ) and ARAq(g(ξ)) = G(n; κ) be
such that f (ξ) and g(ξ) are picewise continuous functions on [0,∞).
Then convolution ( f ∗ g) is defined by
ARAq( f ∗ g)(ξ) = F(n : κ) G(n, κ).

Proof

ARAq( f ∗ g)(ξ) = 1

(1 − q)
ARAq

[ ∫ ∞

0
f (ω)g(ξ − ω) dqω

]

= 1

(1 − q)2

∫ ∞

0
κξn−1 e−κξ

q

( ∫ ξ

0
f (ω)g(ξ − ω)dqω

)
dqξ

123



The ARA transform… 459

= 1

(1 − q)2

∫ ∞

0
κ ξn−1 e−κξ

q

∫ ξ

0
f (ω)g(ξ − ω) dqω dqξ.

Putting ξ − ω = ρ ⇒ dqξ = dqρ and write

{ARAq( f ∗ g)(ξ)} = 1

(1 − q)2

∫ ∞

ω=0

∫ ∞

ξ=ω

κξn−1 e−κξ
q f (ω)g(ξ − ω) dqω dqξ

= 1

(1 − q)2

∫ ∞

ω=0

∫ ∞

ρ=0
κ (ω + ρ)n−1 e−κ(ω+ρ)

q f (ω)g(ρ) dqω dqρ

= F(n : κ) G(n, κ).

��

4 Applications

Application 4.1 Consider the initial value problem

y/(ξ) + y(ξ) = 0, y(0) = 1. (4)

Applying q-ARA transform F1 on both side of equation (4)
F1[y/(ξ)](κ) + F1[y(ξ)](κ) = 0
or, κF1[y(ξ)](κ) − κ ARAq y(0) + F1[y(ξ)](κ) = 0

or, F1[y(ξ)](κ) =
κ

(1 − q) (κ + 1)

or, y(ξ) = q F
−1
1

{ κ

(1 − q) (κ + 1)

}

or, y(ξ) = eξ
q .

Application 4.2 Consider the initial value problem

y/(ξ) − y(ξ) = e2ξq , y(0) = 1. (5)

Applying q-ARA-transform F1 on both side of equation (5)

F1[y/(ξ)](κ) + F1[y(ξ)](κ) = F1[e2ξq ](κ)

or, κF1[y(ξ)](κ) − κ ARAq{y(0)} − F1[y(ξ)](κ) = κ

(1 − q)(κ − 2)

or,
F1[y(ξ)](κ) = 1

κ − 1

( κ

(κ − 2)(1 − q)
+ κ

)

or, F1[y(ξ)](κ) = κ

(κ − 2)(κ − 1)(1 − q)
+ κ

κ − 1

or,

y(ξ) = qF−1
1

{
κ

(κ − 2)(κ − 1)(1 − q)
+ κ

κ − 1

}

or, y(ξ) = e−2ξ
q .

Application 4.3 Consider the initial value problem

y//(ξ) + y(ξ) = 0, y(0) = 1, y/(0) = 1. (6)

Applying q-ARA-transform F1 on both side of equation (6)
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F1[y//(ξ)](κ) + F1[y(ξ)](κ) = 0
or,

κ2F1[y(ξ)](κ) − κ2 ARAq{y(0)} − κ ARAq{y/(0)} + F1[y(ξ)](κ) = 0

or,

κ2F1[y(ξ)](κ) − κ2

(1 − q)
− κ

(1 − q)
+ F1[y(ξ)](κ) = 0

or,

(κ2 + 1)F1[y(ξ)](κ) = κ2

(1 − q)
+ κ

(1 − q)

or,

F1[y(ξ)](κ) = κ2

(1 − q) (κ2 + 1)
+ κ

(1 − q) (κ2 + 1)

or,

y(ξ) =q F−1
1

{ κ2

(1 − q) (κ2 + 1)
+ κ

(1 − q) (κ2 + 1)

}
.

Application 4.4 Consider the initial value problem

y// − y/ + 6y = 8e2ξq , y(0) = 0, y/(0) = 0 (7)

Applying q-ARA-transform F1 on both side of equation (7)
[
κ2F1[y(ξ)](κ) − κ2 ARAq{y(0)} − κ ARAq{y/(0)}

]
−

[
κF1[y(ξ)](κ)

−κ ARAq{y(0)}
]

+ 6F1[y(ξ)](κ) = 8κ

(1 − q)(κ − 2)

or,

(κ2 − κ + 6)F1[y(ξ)](κ) = 3κ + 8κ

(1 − q)(κ − 2)

or,

F1[y(ξ)](κ) = 3κ

κ2 − κ + 6
+ 8κ

(1 − q)(κ − 2)(κ2 − κ + 6)

or,

y(ξ)(κ) =q F−1
1

{ 3κ

κ2 − κ + 6
+ 8κ

(1 − q)(κ − 2)(κ2 − κ + 6)

}
.

Application 4.5 Find the solution of the equation

∂qω

∂qξ
= K

∂2qω

∂qη2
(8)

which tends to zeros as η → 0 and which satisfies the conditions ω = f (ξ)

when η = 0, ξ > 0 and ω = 0 when η > 0, ξ = 0.
Taking the q − ARA transform of both sides of the given equation(8), we
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have

ARAq

{
∂qω

∂qξ

}
= K ARAq

{
∂2qω

∂qη2

}

or,

κ ω(ξ, κ) − κ ARAq {ω(0)} = K
d2qω

dqη2

or,
d2qω

dqη2
− κ

K
ω = 0

whose solution is

ω = A e

√
κ

K
η

q + B e
−

√
κ

K
η

q

Since ω → 0 as η → ∞.

From which it follows that A=0.

∴ ω = B e
−

√
κ

K
η

q (9)

Again, when

η = 0, ω = κ

(1 − q)

∫ ∞

0
ξn−1 e−κξ

q g(ξ) dqξ = G(κ).

Again from (9), we get that,
B = G(κ).

Hence ω = G(κ) e
−

√
κ

K
η

q .

∴ ω(η, ξ) = ARA−1
q

⎧⎪⎪⎨
⎪⎪⎩
G(κ) e

−
√

κ

K
η

q

⎫⎪⎪⎬
⎪⎪⎭

.

Application 4.6 A semi-infinite solid η > 0 is initially at temperature zero. At time ξ > 0, a
constant temperatureλ0 > 0 is applied andmaintained at the faceη = 0.Find the temperature
at any point of the solid at any time η > 0.

Here the temperature ω(η, ξ) at any point of the solid at any time ξ > 0 is governed by
one dimensional heat equation

∂qω

∂qξ
= C2 ∂2qω

∂qη2
(10)

with the boundary and initial conditions ω(0, ξ) = λ0, ω(η, 0) = 0.
Taking the q-ARA transform of both the sides of equation (10), we have

ARAq

{
∂qω

∂qξ

}
= C2 ARAq

{
∂2qω

∂qη2

}
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or,

κ ω(ξ, κ) − κ ARAq {ω(0)} = C2 d
2
qω

dη2

or,

d2qω

dη2
− κ

C2 ω = 0

whose solution is

ω(ξ, κ) = A e

√
κ

C2 η

q + B e
−

√
κ

C2 η

q (11)

Since ω is finite when η → 0.
∴ ω is finite when η → ∞.

∴ A = 0, otherwise ω → ∞ as η → ∞.

Taking the q-ARA transform of the conditions
ω(0, ξ) = λ0, we have

ω(0, κ) =
∫ ∞

0
λ0

κ

(1 − q)
ξn−1 e−κξ

q f (ξ) dqξ.

= λ0(n − 1)!
(1 − q) κn−1 .

∴ From (11), we have ω(0, κ) = B =
λ0(n − 1)!

(1 − q) κn−1 .

Put n=2, then

ω(ξ, κ) = λ0

(1 − q) κ
e
−

√
κ

C2 η

q

∴ ω(η, ξ) = ARA−1
q

⎧⎪⎪⎨
⎪⎪⎩

λ0

(1 − q) κ
e
−

√
κ

C2 η

q

⎫⎪⎪⎬
⎪⎪⎭

= λ0 er f cq
n

2C
√

ξ
.

Application 4.7 Solve the boundary value problem

∂2qω

∂qξ2
= a2

∂2qω

∂qη2
, (η > 0, ξ > 0) (12)

where ω(η, 0) = 0, ωξ (η, 0) = 0, η > 0, ω(0, ξ) = F(ξ), lim
η→ ∞ ω(η, ξ) = 0, ξ ≥ 0.

Taking the q-ARA transform of both the sides of the equation (12), and
the boundary conditions, we have

ARAq

{ ∂2qω

∂qξ2

}
= a2ARAq

{ ∂2qω

∂qη2

}

or ,
d2qω

dqη2
− κ2

a2
ω = 0. (13)
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Also ω(0, κ) = κ

(1 − q)

∫ ∞
0 ξn−1e−κξ

q f (ξ)dqξ = F(κ) and ω(η, κ) = 0

as η → ∞.

Now the solution of (13) is given by

ω(η, κ) = Ae

κη

a
q + Be

−κη

a
q .

Since ω(η, κ) = 0 as η → ∞. ∴ A = 0.
and ω(0, κ) = F(κ) = B.

Hence ω(η, κ) = F(κ) e
−κη

a
q .

∴ ω(η, ξ) = ARA−1
q

{
F(κ) e

−κη

a
q

}
.

5 Discussion

As Saadeh et al. [25] have introduced a new integral transform, namely ARA transform as
a powerful and versatile generalization that unifies some variants of the classical Laplace
transform, namely, the Sumudu transform, the Elzaki transform, the Natural transform, the
Yang transform, and the Shehu transform. Also, Saadeh et al. [25] have given applications of
ARA transformation in solving ordinary and partial differential equations that arise in some
branches of science like physics, engineering, and technology.

The quantum calculus, q-calculus, is a relatively new branch in which q-calculus can cal-
culate the derivative of a real function without limits. So, sometimes quantum calculus is also
called calculus without limits. q-calculus has seen some applications in physics Ciavarella
[9]. Alanazi et al. [2] have applied quantum calculus in the falling body problem inmathemat-
ical and statistical physics. Aral et al. [3] have given some results on q-calculus in applying
q-calculus in operator theory. In approximation theory, the applications of q-calculus have
been a new area in the last three decades.

So, ARA transform in quantum calculus may be applicable in operator theory, approxi-
mation theory, mathematical and statistical physics, science, and technology.

6 Conclusions

In this paper,we have introduced the concept ofARA transform in q-calculus; namely, q-ARA
transforms and establishes some properties. Furthermore, we explored several propositions
concerned with the properties of q-ARA transform. We have also given some q-ARA trans-
form applications for solving ordinary and partial differential equations with initial and
boundary values problems that arise in some branches of science like physics, engineering,
and technology.
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