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A Novel Integral Transform: INEM - Transform
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Abstract— In this paper, we present a novel transform namely INEM — Transform, involving a lot of potential new
or known transform basic characteristics of the new transform were examined in this work as special cases., authors
first derived the INEM — transform of basic mathematical functions ,theorem of linearity ,theorem of derivatives and
the definition of inverse formula .a novel transformation used to address specific initial value problems of higher order
,some illustrative examples, and use of application in two applications: finding the blood glucose concentration and

finding the aortic pressure presented in this work.
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I.  INTRODUCTION

Due to their three key characteristics—first, their
simplicity, second, their ability to provide precise results, and
third, their ability to do so without requiring time-consuming
calculation work—integral transforms are currently the
method of choice for researchers when it comes to solving
problems in science, social science, and engineering. New
integral transforms were developed by researchers. [ Abaoub-
Shkheam [1], Rishi [2], Kamal[3], Mohand[4] , Formable[5],
ARA [6] NE [7], @-Sumudul8]] .

Kharde in [9] In order to solve differential equations with
constant coefficients, researchers successfully investigate the
fundamental Yang transform properties.Mohamed in [10]
introduce a novel generalized integral transform that can be
used to solve specific initial boundary value problems and
involves many potential known variables.Hassan in [11] With
and without constant coefficients having convolution terms,
the Sumudu transform was used to solve the linear ordinary
differential equation.Kaklij in [12] introduced the definition
of Double New General Integral Transform and some
properties , Intidhar in [13] in order to solve the 1\VVP including
the systemof ODEs, the Sadiq and complex Sadiq integral
transformations were discussed in detail., Saed in [14] Partial
differential equations can be solved using double integral
transformations, which reduce them to to straightforward
algebraic equations. Ali in [15] two parametric SEE
transformations in solving differential equations has been
shown . Eman in[16] Faltung type First-order Volterra
integro-differential equation problems have been addressed
using complex SEE integral transform.. Hossein in [17] In the

Laplace transform class, introduce a general integral
transform that can be used to solve fractional order integral
equations, higher order initial value problems and integral
equations There are many applications and different way to
solve equation in the science [18-19-20].

The significance of this transformation lies in the fact that, as
a function with parameters, the transform kernel is more
general than the Laplace transform.

We discuss in this paper purpose anew integral transform
called INEM — Transform, we introduce the definitions of
transform - definition of modified transform and derived
transform of some basic mathematical function , also some
theorems of new transform was present , Transform through
applications, we finally apply it to a some ordinary
differential equations.

Il. DEFINITIONS AND THEOREMS

This section serves to introduce the definitions of INEM
— Transform, together with new transform of some functions
,and theorems
Definitionl: let f(t) be a integrable function defined for t >
0 ,p(v), q(v) are afunctions of parameter v,we defined INEM
— transform of f(t) by the formula :

1
E(f®) = 1) = p®) [} f(©)e~ @)™ gt (@)
Wheren € Z*
Letforall t > 0, f(t) is piecewise contionus function as well
as satisfies |f(t)] < Me™** then I(v) is exist for all
1

(qw)* >k ,keNM=*0.
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Note :p(v) may be Trigonometric functions , Hyperbolic
functions, polynomial function ,fractional function ...etc .
Definition 2: let f(t) is an integrable function with the
defined for ¢ > 0 ,p(v), q(v) are a functions of parameter v,
we defined modified INEM — transform of f(¢t) by the
formula :

1
E(f(®) = 1,(0) =p®) J,” f()a~@@)" qt
Wheren€ Z,a >0
11-1 INEM - transform of frequently functions:
1- Consider the function f(t) ,defined by f(t) =1,t > 0,
then by definition of new transformation

EQ) =1) = p®) f 1e~(a@)me g¢
0
_p(v)le_(q(v))%t P(U)

(q)n 0] - (q(v))%

Similarly if f(t) = a ,where a is constant then
E(a) — ap (v)

1
(g)n
2- consider the function f(t) ,defined by f(t) =t,t > 0,

then by definition of new transformation :

E(t) = 1(v) = p(v) f re~(a@)e gy
0

@

1(v)=l

1(v) = p(v) -t le—(q(V))%t ;Ze_(q(v))%t
(a@)n o (e o
£ = 1(v) = PP ;
()"

Now if £(t) = t2 then by definition of new transformation :

Et?) =1(v) = P(U)f t2e~ (4@t gt
0

I1(v)
—t2 1 ®
=pW) le'(‘“"))nt
(aw)n o
1]® 1 |”
R L] [—— 33—(q(v))"t
(g)n o (a@)n 0
E(t?) = I(v) = 222
(q))n
In general E(t") = I(v) = —2%_ where r € z*
(aw) ™

3- consider the function f(t) = e , a is constant , then by
definition of new transformation :

E(e®) =I() = p(v) f pate-(a@)it gy
0
E(e®) = 1) = p(v) f o=,
0
E(e™) = L(?e—(q(v))%t
(@)"-a

p(v)
1
(@)-a

0
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4- consider the function f(t) = sinat , a is constant , then by
definition of new transformation :

o 1
E(sinat) = I(v) = p(v) f sinat e~(@@)"t g¢
0

[ee)

1 1
—p(v)e—(‘I(”))nt[—(q (v))"sinat-acos at

E(sinat) = :
(q@))m+a?
0
E(sinat) = L(;)
(Q(V))n +a?
Similarly
E(cos at) = P (a@)"

(q(v))" + a?
Property.(Linearty property ) 1: let af; (t) and bf; (t) have
INEM — Transform I,(v) and I,(v) then the INEM -
Transform of

Elafi(©) +bf(O)] = al, (V) + bL; (v)
Proof : Elafi(t) ¥ bi()] = p() [, lafi(®) F

bfi(t)]e~ (@@t gt
=p) [aj fl(t)e—(q(v))ﬁfdt T bf fl(t)e—(q(u))ﬁt dt
0 0

=al;(v) + b, (v)
For example if f(t) = sinh at then by above Property the
INEM — Transform is

at

e e~ 1
7} — EE{eat _ e—at }

E{sinhat}zE{ 3

_ l[ P p® | ap®)
2 (Q(TJ))ﬁ —a (q(v))ﬁ +a (q(v))ﬁ _ a2
And E{coshat} = wgl’(”)
(q@))"-a?

1
Theorem 1 : let £(¢) is definable function where (g(v))" are
positive real function ,then

1) EF(0)} = (4)) 1) — pw)f (0)

2 E{f" (D)} = (q(v))%l ) - p)(q (v))%f 0) -
p()f(0)

Proof :

1) in view of (1) we have

E{f’(t)} = [(v) = p(v) J’oofl(t)e_(q(v)):lt dt
0

=p) [f(t)e—(qw))%t

+ (q(v))% f ) f(t)e—(q(m)%t dt]
0, 0
= (Q(U))ﬁl(v) — p(v)f(o)

2) EF" ) = E {29} = (q))EF () - pw)f (©)

dt

= (40 [(4@)1@) =IO |- )
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= (4)" @) - p(v)(g(v))%f(o) — p)f(0)
In general E{f ()} = (¢())"1(v) —

Zip(g) ™ fEV(0)
Defintion 3: if I(v) represents the INEM — Transform of the
function f(t),the inverse transformation of the function I(v)
which is symbolized by I=1(v) as a function of t,that is

(W) = f©.

I11. Solving Higher Order non Homogenous
ODE with Variable and Constant Coefficient :
So In this section ,we use INEM — Transform to solve
higher order non homogenous ODE with variable and
constant coefficient .

Example 1:consider thew following second order ODE with
constant coefficient:
3y" — 5y’ + 2y =t? .. (3)
y(0)=1,y'(0) =2
By applying INEM — Transform of both sided of (3) we get
E{3y" — 5y’ + 2y} = E{t?}
Use above propriety and theorem we obtain
E{3y"} —5{y'} + 2{y} = E{t*}

3(q@)) 1) - 300 (a@))*(0) - 3p@)y'(0) -
5(q())* I (v) + 5p(v)y(0) + 2I(v) = 20@)
(g

By swapping out the initial conditions in the equation above,
we get

[3(q(v))% — 5(qw))" + 2| 1)
2p(v)

3

()"

+3p)(q@)" + p(v)

p) (3(a@)" + (1) +2)

I(v) = z 1 3

(3a®)" = ()" +2) (a@))"
p®) (3(40))" + (a))" +2)

I(v) = 1 1 3
(3Ga@)" -2) ((a@)" - 1) (aw)"

Then

Iw) = —117p(;7) + 6p(vl) + 19p(v)1+ Sp(v)2+
4<3(q(v))ﬁ—2> ((q(v))ﬁ—1> 4(q)n 2(qw))n

22, @)

(am)n

Now applying I~ of both sided of (4) we get
-117p(v)

“”=’”{4< >}{< >}*

_rw
3(q))n-2 (q))m-1
1—1{

o
CIOIE

6p(v)

19p(v)
1

=i
4(qm)n

5p(v)
2

2(q)n
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2, 1 5
y(t) = e3 +6et+zt2+zt+7
Example 2.:consider the following four order ODE with

variable coefficient:
@

oo = sect +tant .. (5)
y(0) =0,y'(0) =0.y"(0) =-1,y""(0) =1
y® =1 +sint ... (6)

By applying INEM — Transform of both sided of (6) we get

E{y®}=E{1 +sint}
Use above propriety and theorem we obtain
(@) @) = pW)(g())"y(0) — p()(q(v))"y'(0)
—p)(g)™y" (0) — p(¥)y" (0)
p(v) p(v)

(@@ (@)t +1

By replacing the initial conditions on above equation we

have
(@)1 =L s P g
()" (gw)"+1
+p)
1) = p(v)§+ ip(vf) . _ p(v)i
(@) @@) ((@@) +1) (g@)"
p(v)
(gm)"
I(w) = p(v)s_l_ p(vg _ p(V)Z_ p(v)4_ p(V)3+
(@@)®  (a@)r+1 (@) (@@)*  (aw)*
LI ()
(qm)n
Now applying I~ of both sided of (8) we get
I(v) = p(v) p(v) p(v) p(v)

@) @@ +1 (@) (q@)?
p(v) p(v)

@) ()"

- ,_1{ p) }Hﬂ{&}_,q {&
()" (g) +1 (qm)"
. 1_1{ p(v) } ) 1_1{ p(v) }
()" (g)"
= p(v) .
(qw))"
—it4+it3 —lt2 —t+sint
Y=24" T2t T2

IV .IMPLEMENTATION
This section presents the implementation of the INEM —
Transform on two distinct cardiovascular models.
Implementation (Blood Glucose Concentration) 1:

|
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During continuous intravenous glucose injection, the
concentration of glucose in the blood is G (t)exceeding the
baseline value at the start of the infusion. The function
G (t)satisfies the initial value problem (1.V.P.), [21].

G'(t) + kG(t) =% . (8)

Where G(0) = 0,t >0

The variables in this equation are k,a, and y, which
respectively represent the constant velocity of elimination, the
rate of infusion, and the volume in which glucose is
distributed.

The INEM - Transform technique will be utilized to assess
the concentration of glucose present in the bloodstream.
Upon bilateral application of the INEM — Transform to
equation (8), the resulting expression is obtained:

E{G'(t) + kG()} = E {%}
Let E{G()} = I(v),
Use above propriety and theorem we obtain

210
1

(@)

By swapping out the initial conditions in the equation above,

we get

(@) 1@) = p)G(O) + KI(w) =

Zp)
((q(v))ﬁ+k)1(v) S Alas
. (g)"
~p()
I(w) = ly T
(4@ ((a@)" +)
mo=%M@— EP)

(@@)" ((a@) +k)

Now applying I~ of both sided of a bove equation we get

a a
srP) —zp()
G(t) =171 {L 1} SyE D R LS
(a@)" ((q(v))" + k)
a a _,,
G(t) = )/_k — y—ke k

Implementation ( Aorta Pressure) 2:

The heart's contraction facilitates the transportation of blood
into the aorta. The initial value problem denoted by [21] is
concerned with the aortic pressure function f(t) as:
f'@) + if(t) = cAsinwt

Where f(0) =0,t >0

The variables in this equation are k, ¢, 4, and w, are constants.
The INEM — Transform technique is utilized to derive the
pressure in the aorta .

Upon bilateral application of the INEM — Transform to
equation (9), the resulting expression is obtained:

...(9)
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E{f'(0)+ %f(t)} = E{cAsinwt}
Let E{f ()} = I(v),

Use above propriety and theorem we obtain

1 c cAwp (v)
(@) W) =pW)F(0) + 2 1(W) = ————
(q (v))" + w?
By swapping out the initial conditions in the equation above,
we get

(@@ +5) 1) = 22
(q)" + w2
cAwp (V)
I(v) = n 5
(@)™ + %) (@) +w?)
1) = cAw p(v)
2 1
(®) + v () +)
N %W% p()
(7)) +w2 (@) +w?)
cAw  p)(g@)

- -
(E) + w? ((q(v))" + W2)
Now applying I~ of both sided of a bove equation we get

cAw p(v)

(aer) +%)

Cc
CAE

+ 2
(&) +w

cAw

@
& w

f@® =

wp(v)
((q(v))% + WZ)
p () (9(0)"
((q(v))% + WZ)

c
CAE

PR

-1

1—1

sin wt

V. Conclusion.

In this paper, transformations of different types of linear,
exponential, and trigonometric functions were deduced, with
basic and important properties to work as the linear property
and higher-order derivatives using the transformation of
newly defined integral transform “INEM — Transform” which
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contributed a successful role in solving the differential
equations with initial values, the solution was found on two
applications, the first on the concentration of glucose in the
blood and the other on the aortic pressure of the heart, and in
both applications efficient results were obtained with the
INEM — Transform in this work.

Acknowledgment
The authors thank all members in the Journal of
Kufa for Mathematics and Computer for supported and help
us to published our papers, Mustansiriyah University/College
of Education /Department of Mathematics and Al-Qadisiyah
University / College of Engineering / Department of Materials
for their supported this work.

REFERENCES

Ali E. Abaoub, Abejela S. Shkheam “ The New Integral Transform
"Abaoub-Shkheam transform",Aetsd journal of Advanced research in
applied sciences. Vol VI, Issue VI .2020.

R. Kumar, J. Chandel, S. Aggarwal”A New Integral Transform “Rishi
Transform” with Application” J. Sci. Res. 14 (2), ,pp. 521-532.2022

Abdelilah Kamal . H. Sedeeg, The New Integral Transform "Kamal
Transform"  Advances in Theoretical and Applied Mathematics, Vol
11, No, pp. 451-458.2016.

Mohand M. Abdelrahim Mahgoub” The New Integral Transform
"Mohand Transform" Advances in Theoretical and Applied
Mathematics, Vol. 12, No.2 .pp. 113-120.2017.

Rania. Z. Saadeh , Bayan .f. Ghazal “A New Approach on Transforms:
Formable Integral Transform and Its Applications” Axioms 10,
332,,pp.1-21.2021.

Rania S, Ahmad Q . Aliaa B.”A New Integral Transform: ARA
Transform and Its Properties and Applications” Symmetry, 12,
925.,pp.1-15.2020

Ervenila M. (Xhaferraj)” The New Integral Transform: “"NE Transform"
and Its Applications, European Journal of Formal Sciences and
Engineering, Vol 6, Issue 1, pp.22-34. 2023.

(1]

[2]
(3]

(4]

(5]

(6]

[7]

113

(8]

[

[10]
[11]
[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Ali.M,Adnan.S,Emad.A.Kuffi” ¢-Sumudu Transformation Homotopy
Perturbation Technique on Fractional Gas Dynamical Equation”
IHIPAS. 36(1),pp.325-332. 2023

Mr. Kharde U. Dattu “ New Integral Transform: Fundamental
Properties, Investigations and Applications” Aetsd journal of Advanced
research in applied sciences, Vol 5, Issue 4 . pp.2534-539. 2018

Mohamed A” A new generalized integral transform
applications”arxiv:2207,13093 vol 1 (math C.A) 2022.

Hassan E. Adem K” On Some Applications of a New Integral
Transform Int. Journal of Math” Analysis, Vol. 4 No 3, 123 -132, 2010

D. G. Kaklij” A Double New General Integral Transform” IJAEM, Vol
4, Issue 3, pp: 1249-1258. 2022.

Intidhar Z.M., Emad A. K.” Sadik and complex Sadik integral
transforms of system of ordinary differential equations” Iragi Journal
for Computer Science and Mathematics Vol. 4 No. 1 pp- 181-190. 2023.

-Saed. M.T,Emad.A. K> On the Double of the Emad - Falih
Transformation and Its Properties with Applications” IHJPAS.
35(4).pp.220-234. 2022.

Ali M. Emad A. Kuffib, Zain U.A, Ayza A” Two parametric SEE
transformation and its applications in solving differential equations” Al-
Qadisiyah journal for Engineering Sciences 16.pp.116-120. 2023

Eman A. M.Emad A. K, Sadiq A. M”The Solution of Faltung Type
Volterra Integro-Differential Equation of First Kind using Complex
SEE Transform” Mustansiriyah Journal for Sciences and Education, vol
23.n0l.pp.7-12. 2022

Hossein J” A new general integral transform for solving integral
equations” Journal of Advanced Research 32 ,pp. 133-138. 2021.

Hassan.K.J,Ammar.A.N” Analytical Solutions of the One-Dimensional
Volterra Integro-Differential Equations within Local Fractional
Derivative” Journal of Kufa for Mathematics and Computer Vol.4
,No.1, pp 46-50. , 2017.

Amal K. Haydar’Solving Parabolic Partial Delay Differential
Equations Using The Explicit Method And Higher Order Differences”
Journal of Kufa for Mathematics and Computer Vol.1, No.7, pp 47-53
, 2013.

Ali.M,Hira.A,Nailia.T,Emad.A” Solution of Population Growth Rate
Linear Differential Model via Two Parametric SEE Transformation”
IHIPAS. 36(2).pp430-435. 2023.

L. Debnath, D. Bhatta”Integral transforms and their Applications” 2nd
ed., Chapman and Hall/CRC, 2007.

and



