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Integral Transform of three Parameters with its Applications
Nour K. Sallman!
Abstract

In this paper, we will present a new definition for three-parameters integral transformation, in addition
to some basic properties and theorems for this transform, the main aim of presetting this transform is to
solve some life-medical problems. The three parameters play an essential role in simplifying the algebraic
operations for the data given in the problem. This was explained from through some examples and
applications.
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1-Introduction

Due to the importance of solutions of differential and integral equations and their
connection to real-life problems, many researchers seek to invent new, simpler
methods that are easier than the ones before them, and their primary goal is to
transform these difficult problems into algebraic equations that are easier and simpler
than they are, and this is through integral transformations, starting with the Laplace
transform.

After the Laplace transform, many integral transforms appeared, such as the Sumudu,
El-Zaki, Aboodh, Millen, Mahjoub, Muhannad, Gupta, Emad-Sara, Emad-Faleh
transform, the SEE transform, the complex SEE transform, Al Zughir transform, Al
Tememe, Shaaban, Al-Jaafari, Sadiq, and complex Sadiq transtorms. There are many
others, and each transform differs from the other, either in terms of interval, the
transform kernel, or the number of parameters present in the kernel. Certainly, there is
no advantage that prefers one transform over another, except in solving a problem or a
special application.[1-31].

For example, the SEE transform [106], through this transform, an image was encrypted and
results were obtained with mathematical operations easier than before. The SEJI transform
[32] also used this transform with fuzzy in encoding images, and each transform solves an
important problem in applications and general life.

A new NO integral transform will be presented by Noor k.Sallman and denoted by NO{-} .
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2. Definitions and Properties

Definition (2.1): The new NO integral transform of the function g(t) on the interval (0, o)
is defined as:

B [00)
NOLg(©) = Nwv.sif) = (2) [ e gGsods,
0

Where B € Z, and u,v,s>0 are parameters. Type equation here.

Definition (2.2): The inverse of The NO transform N ~1{-} is defined as:

a-ib
N~YN(u,v,s;8)} =g(t) = = f (Z)_B N(u,v,s) e% duvs
) ) ) 27‘[i S ) ) )

a+ib

In general,t = a + ib with a and b being real numbers.

The integral converges when Re [t] = a > Oandifa < 0,N(u,v,s) = Oandi € R.
Property (2.1): (Linearly Property)

Let g4 (t) and g, (t) have NO transform Ny (u, v,s) and N, (u, v, s) then the NO
transform of NO{@ g, (t)  wg,(t)} = ¢NO{g, (D)} £ wNO{g,()}.

Where ¢ and w are constants.
3. NO Transform of Elementary Functions

This part presents the most fundamental functions of the NO transform with their proofs.

iIf g(t) =1 then by definition of NO transform we get: NO{g(t)} = N(1) =
AL
(;) fO eut dt,

B
— (Z) 1
s/ u’
iIf g(t) = t", n = 1,2,3, ... then by definition of Noor transform we get:

NO{g()} = N(t") = (E)B J, eTut et

N

B
_ (v n(® -z Z\ndz —
—(S) s fo e (u) —.,Z=1ut,

(Z)B s™ foc’oe—z AL dZ,

s un+1
vnl
= sB—n yn+1 *
ii.If g(t) = e’ then by definition of NO transform we get:

NO{g(D)} = N(e") = (E)B [ emut estdt,

-¢f |

f0°° e~ (u-s)t dt,
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= G)j —(ul—s) (e —ef),
v

=B (u-s) °
iv.If g(t) = sint then by definition of NO transform we get:

NO{g(t)} = N(sint) = (z)ﬂ fooo e “sin(st) dt,

S
= (&) fr e [t

B . . . .
— (E) i[fo e—(u—ts)tdt_fo e_(uﬂs)tdt],

N 21

(v B 1 1 —» 0 1 - 0

- (;) Z[—(u—is) (e € ) B —(u+is) (e —¢€ ) ]’
v B 1 2is

=(%) G

T sB1(u24s2) "

v.If g(t) = cost then by definition of NO transform we get:

NO{g(t)} = N(cost) = (E)B fooo e "t cos(st) dt,

(g7 [

- (E)ﬂ 1 U'OO e—(u—is)tdt _ J'OOO 6_(u+i5)tdt],

s/ 240
1 —o 0
<—(u+is) (e e ))]’

= (Z)Bi[ L (e —e%) +

s —(u—is)

B

v 1 2u

- (E) E(u2+sz)’
_ vPu

T sBu2+s2)

viIf g(t) = sinht then by definition of NO transform we get:

NO{g(t)} = N(sinht) = (K)B [ ¥t sinh(st) dt,

S
- e

B 0 (o)
— (E) %U‘O e—(u—s)tdt _fo e—(u+s)tdt]’

- (g)ﬁ e Gl ol (‘(ul+s) (e = eo)>]’
- () 1y,

s u2—s2
"]B

= Sﬁ—l(uz_SZ) :

vii.If g(t) = cosh t then by definition of NO transform we get:
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v\ oo
NO{g(t)} = N(cosht) = (;) J, e fcosh(st) dt,
(v B oo _p[eSt+e st
_(E) ﬁfO ¢ [ 2 ]dt’
Ty

N 2
- (f)ﬁi[ ™ —e °)+( (e‘°°—e°))],

(u—s) (u+s)

= () 12,

vhu
sBu2-s2) "’

4. Inverse NO Transform of Basic functions

The inverse NO transform of the function G (u, v, s) is denoted by N~1{G (u, v.s)} or g(t).
If we write N{ g(£)} = G(u,v,5s), then N"H{G(u,v.5)} = g(t), where N™1 is called the
inverse Noor transform(NO) operator. The inverse Noor transform (INO) of some elementary
functions are given below

. N- 1{ }

o« N- 1{Sﬁ”fz;+1}—tn n=123-
* N 1{53(11 s)}

e N~ 1{m} sint

. N‘l{%}zcost

vB

e N1 {m} = sinht

B
-1 v u —
e N {—sﬁ(uLsZ)} cosht

4. NO Transform of Derivatives

The NO transform for derivatives is presented in this part:

Theorem (4.1)

Let N(u, v, s) is the NO transform of [NO{g(t)} = N(u,v,s)],
LNOLg (0} = uNo{g®} - (2)” 9(0),

Proof:

Notg ) = () [P evt g'(st) dt.

Integrating by parts we get:

Notg @} = (2)] (e g(s0IF — [ —ue g(st)d),
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(9) [(e==g(eo) = e%9(@)) +u [” e glst)dt],

S

= @)l e gts0ae (%) g

—unofg®3 - (%) 900,
n\B
ILNO{g" ()} = u?NO{g(t)} — (3) (u g(0) + g'(0))

Proof:By I and Integrating by parts:

v

—unofg'®)- (%) 9@,
= u[unog@y - ()" 5] - (¢)" 9,
= wNofg} - (%) ug®-(2) g,
= u2NOo{g(t)} — (E)B (u g(0) + g'(0)).
HLNO(g" (0} = wNO(g(} ~ (%) (67(0) +u g'(0) + 2 g(0))
Proof:By I, II and Integrating by patts:
Nogg" () = wNofg )} - (2) @ g’ (@) + " (),
=uz[unogg®} - () 90|~ @g'©®+g"o),
= wNo(g®) - (&) (9" (0) +u g'(©) +u? g(O))

B . .
IVNO{g™ ()} = u"NO{g(®)} + (2) B un=it g©(0) .
Where n € N.

5- Examples

In this part of the paper, we presented two examples to illustrate the definition and theorems
of this transforms.

Example 1: consider the first order differential equation

g +9 =0, where g(0) = 1.

Solution: by NO Transform we get:

»\ B
uN{g(®)} - (2)" 9(0) + N{g(t)} =0,
Nog@u+1 = (),
Nofg®} = 6() = (2)

s/ (u+1)
Taking inverse NO Transform, we get the exact solution

git)=et,
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Example 2: Consider The Second Order Differential Equation
g’ —39"+2g =0, where g(0) =1, g'(0) =4

Solution: by NO Transform we get:
v\P "B
w2NO{g(0)} - (%) (ug(0) +g'(0)) -3 (u No{g()} - (%) g(0)> +2N0{g(6)} =
0
NO{g()}(w? — 3u+2) = (E)B (u+4)-3 ‘S’—f:

No(g(} = (&) e

s u2-3u+2)’
o mFP un
NO{g(t)} = (g) -’
Or
nB 1 nB 1
Nolg@} =60 =3(%) ;5-2(%) 5

Taking inverse NO Transform, we have the exact solution

g(t) = 3e?t — 2et.

6- Applications of NO Transform

In this section three applications were presented including physical, life and medical
applications, due to their importance.

Applications 1

A particle falls in a vertical line under constant gravity and the force of air resistance to its
motion is proportional to its velocity. The equation of motion of the particle is g'(t) = w —
k g where g is the velocity when the patticle has fallen a distance y in time t from restand k g
is the air resistance [29]. We will apply the NO Transform to solve the differential equation of
motion of the particle.

Solution: The differential equation of motion of the particle is given by

g'®) =w—kg().
Applying NO Transform, we have:

A wvh
NO{g(t)} — |- 0) =——=—kNO{g(t
uNOfg@®} - (5) 90 =—— 9®)
Att = 0, g(0) = 0, therefore, solving and rearranging the equation, we have
B
NOo{g(®)} = % ;

or
vB vB

w
NO{g®)} = 9(®) =+ T ~ Farn)”
Taking inverse NO Transform, we have:

gt) =7 (1 —e*),
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Application (2) (Blood Glucose Concentration)

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.), [1]

G'(t) + kG(t) = %,wheret>0and,6(0) =0.

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

Solution: By NO transform will be utilized to assess the concentration of glucose present in
the bloodstream

uNotg(®} - (%) (0) + kNOLg(0)} = & NO(1)

NO{g(®)}(u+k) = %% :
Nt} =2(2)' (i)

B B
OrNO(g(®} = 6(V) = 25 (o~ 7

Taking inverse NO Transform, we have :

— % 1 _ okt
g =0 —e™).
Application (3): (Aorta Pressure)

The heart's contraction facilitates the transportation of blood into the aorta. The initial value
problem denoted by Debnath and Bhatta [1] is concerned with the aortic pressure function

p(t) as: p'(t) + % p(t) = cAsin(wt), p(0) = py,c,k, A and p, are constants.
Solution: by NO transform is utilized to derive the pressure in the aorta.
NG c ]
uNOp(D)} ~ () P(0)+ N(p(®)} = cA Nisin(wb)},

NO{p(t)} (u + %) - (E)B po =CcA vls

sBu2+(sw)?)’
_ cAvP Bt ipo vB sB(u2+(sw)?)
NO{p(©)} = Szﬁ(u2+(sw)2)(u+£) >
_ (v B Do v\ CAS
Not(®) = () 23+ () gy
Or

votp) = ()’ 2+ i) s O et O o

s/ udr o @2Hw)2\s/ usr \s/ @P(sw)?)  \s/  (uZ+(sw)?)

Taking inverse NO Transform, we have the exact solution of aorta pressure

p(t) =po e ¥ +— cAs [e %" — cos(wt) + sin(wt)] .

@7+ (sw)?
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7-Conclusion

In this work, a new integral transform with three-parameters is presented, the NO transform
with its basic properties, its application to fundamental functions and their derivatives, and its
application to three real-life problems: in physics, the effect of constant gravity on a body, and
in medicine, blood glucose concentration and aortic pressure. The application of the NO
transform has proven its simplicity and ability to solve algebraic problems, giving this integral
transform great usability in many scientific fields.

8-References

[1] L. Debnath, D. Bhatta, Integral Transforms and Their Applications, Chapman and
Hall/CRC, (2007).

[2] Kuffi, E. A., Abbas, E. S. A Complex Integral Transform “Complex EE Transform” and
Its Applications. Mathematical Statistician and Engineering Applications, 71(2), 263-266
(2022).

[3] Kuffi, E. A., Abbas, E. S. Applying Al-Zughair transform into some engineering fieldes. In
AIP Conference Proceedings (Vol. 2386, No. 1). AIP Publishing (2022).

[4] Abbas, E. S., Kuffi, E. A., Jawad, A. A. New integral “Kufti-Abbas-Jawad” KA] transform
and its application on ordinary differential equations. Journal of Interdisciplinary
Mathematics, 25(5), 1427-1433 (2022).

[5] Kuffi, E. A., Mansour, E. A. Solving Partial Differential Equations Using the New Integral
Transform “Double SEE Integral Transform”. In Journal of Physics: Conference Series
(Vol. 2322, No. 1, p. 012009). IOP Publishing (2022).

[6] Mansour, E. A, Kuffi, E. A., Mehdi, S. A. Applying SEE Integral Transform in
Cryptography, Samarra Journal of Pure and Applied Science, (2022).

[7] Mansour, E. A., Kuffi, E. A., Mehdi, S. A. The Solution of Faltung Type Volterra Integro-
Differential Equation of First Kind using Complex SEE Transform. Journal of college of
Education, 23(1) (2022).

[8] Kuffi, E. A., Mehdi, S. A., Mansour, E. A. Color image encryption based on new integral
transform SEE. In Journal of Physics: Conference Series (Vol. 2322, No. 1, p. 012016).
IOP Publishing. 16 (2022).

[9] Abbas, E. S., Kuffi, E. A.,; Hanna, E. Al-Zughair integral transformation in solving
improved heat and Poisson PDEs. In AIP Conference Proceedings (Vol. 2386, No. 1, p.
040041). AIP Publishing LLLC, (2022).

[10] Mansour, E. A., Kuffi, E. A., Mehdi, S. A. Complex SEE integral transform in solving
Abel’s integral equation. Journal of Interdisciplinary Mathematics, 25(5), 1307-1314,
(2022).

[11] Mansour, E. A., Kuffi, E. A., Mehdi, S. A. Applying SEE transform in solving Faltung
type Volterra integro-differential equation of first kind. Journal of Interdisciplinary
Mathematics, 25(5), 1315-1322, (2022).

[12] Mehdi, S. A., Kuffi, E. A., & Jasim, J. A. Solving Ordinary Differential Equations with
Variable Coefficients by Using the SEJI Transform. In 2022 8th International Conference
on Contemporary Information Technology and Mathematics ICCITM) (pp. 417-420).
IEEE. (2022).

[13] Mehdi, S. A., Kuffi, E. A., & Jasim, J. A. (2022). Solving ordinary differential equations
using a new general complex integral transform. Journal of interdisciplinary mathematics,
25(0), 19191932, (2022).

www.KurdishStudies.net



Sallman 3751

[14] Maktoof, S. F., Kuffi, E., Abbas, E. S. “Emad-Sara Transform” a new integral transform.
Journal of Interdisciplinary Mathematics, 24(7), 1985-1994, (2021).

[15] Turq, S. M., Kuffi, E. A. The New Complex Integral Transform" Complex Sadik

Transform" and It's Applications. Ibn AL-Haitham Journal For Pure and Applied Sciences,
35(3), 120-127, (2022).

[16] Mansour, E. A., Kuffi, E. A., Mehdi, S. A. The new integral transform “SEE transform”
and its applications. Periodicals of engineering and natural sciences, 9(2), 1016-1029,
(2021).

[17] Kuffi, E., Maktoof, S. F. “Emad-Falih Transform” a new integral transform. Journal of
Interdisciplinary Mathematics, 24(8), 2381-2390, (2021).

[18] Mansour, E. A., Kuffi, E. A., Mehdi, S. A. On the SEE transform and systems of ordinary
differential equations. Periodicals of Engineering and Natural Sciences, 9(3), 277-281,
(2021).

[19] Kuffi, E. A., Buti, R. H., AL-Aali, Z. H. A. Solution of first order constant coefficients
complex differential equations by SEE transform method. Journal of Interdisciplinary
Mathematics, 25(6), 1835-1843, (2022).

[20] Kuffi, E. A., Meftin, N. K., Abbas, E. S., Mansour, E. A. A Review on the Integral
Transforms. Eurasian Journal of Physics, Chemistry and Mathematics, 1, 20-28, (2021).

[21] Kuffi, E. A., Mushtt, I.Z. Sadik and complex Sadik integral transforms of system of
ordinary differential equations. Iraqi Journal For Computer Science and Mathematics, 4(1),
181-190, (2023).

[22] Kuffi, E. A, et al. The Complex EFG Integral Transform and Its Applications.
International Journal of Health Sciences, (11D, 537-547.
https://doi.org/10.53730/ijhs.v5nS2.5391, (2022).

[23] Kufti, E., Maktoof, S. F. Applications of “Alenezi transform” to solve General Electric
circuits. In AIP Conference Proceedings (Vol. 2591, No. 1, p. 050013). AIP Publishing
LLC, (2023).

[24] Kuffi, E. A., Sabah Abbas, E., Maktoof, S. F. Applying “Emad-Sara” Transform on Partial
Differential Equations. In International Conference on Mathematics and Computations
(pp- 15-24). Singapore: Springer Nature Singapore, (2022).

[25] Kuffi, E. A., Mansour, E. A. On Hewit and Story Method for Construction Liapunov
Function of Differential Algebraic Equations. Journal of College of Education, (5), (2015).

[26] Mohamed, N. S., Kuffi, E. A. Perform the CSI transfer Complex Sadik integral transform
in Cryptography. Fiber Journal of Interdisciplinary Mathematics, 26(6), (2023).

[27] Mohamed, N. S., Kuffi, E. A. The Complex integral transform complex Sadiq Transform
of Error Function. Journal of Interdisciplinary Mathematics, 26(6), (2023).

(28] Ali, A. H., Kuffi, E. A. The SEA Integral Transform and its Application on Differential
Equations. differential equations, International Journal of Health Sciences, 6(S3), 613—-622,
(2022)

[29] Rahul Gupta, Rohit Gupta, Dinesh Verma, “Propounding a New Integral Transform:
Gupta Transform with Applications in Science and Engineering”, International Journal of
Scientific Research in Multidisciplinary Studies, Volume 06, Issue 3, pp. 14-19,(2020).

[30] Eman A. Mansour and Emad A. Kuffi . The Utilzation of the Emad-Falih integral
Transformation to solve some cardiovascular models , Mathematical For Applications.
10.13164/ma.2023.120203.(2023)

[31] Eman A. Mansour and Emad A. Kuffi. The Mayan Transform: A Novel Integral
Transform of Complex Power Parameters and Applications to Neutrosophic Functions.
International Journal of Neutrosopbic Science(IJNS), Vol.23,No.01,PP.323-334,(2024).

Kurdish Studies


https://doi.org/10.53730/ijhs.v5nS2.5391

3752 Integral Transform of three Parameters with its Applications

[32] Mehdi, S.A., Kuffi, E.A., Jasim, ]J.A. The SEJI integral transform for solving a system of
ordinary differential equations with medical application. AIP Conf. Proc. 2977, 040034,
(2023).

www.KurdishStudies.net



