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Abstract

This paper introduces the Kuffi-Issa Transform (KIT), a new mathematical
technique developed to deal with problems in chemistry, health, physics, and other
sciences. To test the validity of this transform, three chemical and health examples are
presented. The results show that this transform is a powerful tool for solving differential
equations encountered in chemical and health problems.

1 Introduction

Integral transformations are used to solve differential equations, and are widely
used in physics, engineering, and applied mathematics [1, 2, 3]. Through these
transformations, a specific function in a domain such as time is transformed into another
domain such as frequency. To solve these equations, several transformations have been
introduced, including Laplace transform [4], Fourier transform [5], Elzaki transform [6],
and Aboodh Transform [7]. Recently, new transformations have been introduced,
including complex SEE transform [8], Emad-Sara transform [9], Mayan transform [10],
and Jafari transform [11]. In this paper, we will introduce a new transformation (Kuffi
Issa transform) to solve differential equations.
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2 Preliminaries

2.1 Definitions and Theorems of Kuffi Issa Transform

Definition 2.1 The Kuffi Issa transform of f(t) denoted by x1[.] is given by

KI[f(D)] = o) [Z) f(v?7 e ¢dt = F(u,v), (1)

where v, v are parameters; ¢ = 0;a,f,y € Z.

Definition 2.2 The Inverse Kuffi Issa transform of F(u, ) denoted by (k1)7*[.] is
given by

hll?l'

li_.n%;. _I":_-:LE (uv)# v ev® Fu, v)du = f(t). (2)

2mi E

1

(KDTKI[f(E)]] =

Theorem 2.3 (Linearity of KI Transform)
If KI[f,(£)] = F,(w.v) and KI[£,(t)] = F, (u,v), then

Kl[e,fi(t) F e £:(8)] = ¢y Fy(w, v) ¥ ¢, F, (u, v).

Proof. By using Eq (1) we obtain

KI[e,f,(6) Fea o (] = @) [ [efiv ") F eafy(v7e)]e ™ Fdt

= oy () [ (w7 t)e ™ dt F ey () [ fo(v)e ™ Cdt

=¢,F, (u,v) + &, F, (u,v).

Theorem 2.4 Let c be a scalar and f(t) = ¢, then KI[f(t)] = cu'F~=)y#

Proof. By using Eq (1) we obtain
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ut® e

KI[C] = (uv)* f: ce ™ tdt = C(uv)# E__ oo = cullF~®)pif

Theorem 2.5 If £(t) = t, then KI[f(t)] = u'F-2e)pilF+Y)
Proof. By using Eq (1) we obtain

e

KI[t] = (uv)* f: piV ety = BB+ fl}m re—u gy

= BB £ = i (B=2a) iR +)
_ul.l.T
P V-
Theorem 2.6 If £(t) = e, then KI[f ()] = -

Proof. By using Eq (1) we obtain
Kl[e®] = [If,uji"g f: galvVe) g—u'e gy — (uu)”g f;ﬂ o (u—av)e g0

. i ; ; . i
— '-.:-“":"g e—l:uln—nylr}rlm — '-.ur:"g
—|:u[“'—ny[?'} o L

(ur)?

ul® 4aptt

Theorem 2.7 If f(t) = ™2, then kI[f ()] =

Proof. By using Eq (1) we obtain

KI[e™] = (uv)® [~ e a0 gmuTe gy = (70)i8 fy e~ rarTie gy

(uv)'? R T (ur)'P
T i iadn)© lo = Taroam
— i _ I:uzr}['g
Theorem 2.8 If £(t) = e, then KI[f(t)] = o —

Proof. By using Eq (1) we obtain

. . oo i _ i . oo R - SR
Kf[emr] — [:ILU]E'E J‘D gailv r}e U gr — [:ILLJ]E'E J‘D e~ (u aiv }rdt
_ I:ul,‘:ll:'g —I".‘JI:I'T—RE'L‘[}':IE' oa I:uy}i'g
- —(ul® —gipil) ) |'} T ul® gyl
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(ur)?

u'® faivtt

Theorem 2.9 If f(t) = e~, then KI[f(£)] =

Proof. By using Eq (1) we obtain

KI[e™*] = (uv)® [~ email O g Te gy = ()8 Iy g~ Fair e g,

. i : : . i
'-..:JL':' P i E—I:HI'H'FRE'FL}':IE'lW _ .'\.uy.l:' S
—(u'® +aiv'?) o u'® $giptt

ulﬂ'+,§|lyl,§

Theorem 2.10 If f(t) = cosat, then KI[f(t)] =

uZLI.T +|!E:L‘=|'Y

Proof. By using Eq (1) we obtain

ait , —ait . . . . P PRS-
Kl[cosat] = KI [—H +:E ] = %[Kf[e"“] + KI[e @] = % [u";‘ibifyfr ui&d:jwir
uun‘+,§|iyi,ﬂ
N I:S _|I:|,g+:r’|
Theorem 2.11 If f(¢) = sinaz, then KI[f(0)] = s =
Proof. By using Eq (1) we obtain
Kllsinat] = KI [Eu[r_ﬂ—u[t] _ 1 Kl ait] Kl —ait7 _ L -:u;;}['g . I:up}['g
[Slnﬂ' ] - . o [ [E". :| [E ]] Y [uin‘_myi}' Wi® §aid¥

_ au'B E+Y)

u!lﬂ' +ﬁ= 1_,!l:r’

Theorem 2.12 If f(t) = coshat, then KI[f(t)] = .u'ﬁ+3I[1;|:3

IJ!llii'_ﬂﬂl_,!l:r’

Proof. By using Eq (1) we obtain

at —at F )
KI[coshat] = KI [E tﬂ ] = é[f{[[e“r] + KiI[e ] :é
ulﬂ'+,5ll:y[,5

u!lﬂ'_ﬁ! L,!l:r’

au'P LE+Y)

uﬂlﬂ' _R!L,Zl}"

Theorem 2.13 If f(t) = sinhat, then KI[f(t)] =

Proof. By using Eq (1) we obtain
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at__-—at ) L B g
Kf[sinhat] = KT |:E ﬂﬂ ] = é[f{[[eﬁf‘] _ K[[e—m‘]] — %[ :L“':' _ (uw)

ul® —gplV T gapll

_ ﬂul,ﬂ 1F,|.|,5+_V|

i

wrt — g ¥

2.2 Kuffi Issa Transform of derivatives of f(z)

KI[F'(8)] = (wo)® [~ f'(v 7 e dt,

= (uv)# e~ L0 10 = [ e w:ndr]

= “:? F — f(0)u'fpiF

3 Applications of Kuffi Issa Transform

Now we will provide a solution to some chemical and health problems using
Kuffi Issa Transform
Application 3.1 Consider the following Differential Equation

%= —ky. c(0) = ¢ (3)

dt

By taking Kl transform of Eq (3), we obtain
KI [%] = KI[—k,]

i

:T,F—cuu"'gu"':'g_” —kouiF-®) ik

. : A i ¥
F = (—kou'F~®pif 4 CDILEEU“‘E_F}j.:ﬁ,

F = —kyui(B-20) ilB+7) 4 ¢ i (B=a),iB,
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The analytical solution of (3) is

c(t)=F ' =—kyt +¢,

Application 3.2 Consider the following Differential Equation

L~ ke, c(0) =y, ky >0 (4)

dt

By taking Kl transform of Eq (4), we obtain

KI[Z] = KI[—k,c]

i

::T},F — cqufriP ) = L F,

iy
bl

_—
:a“:"'+i'{._1:l-Tr

F = [:CE,ILE'E 17 E.':IE_}" })_

F =,

- ~0 ul:ﬂ'_l_k__ul::r”

The analytical solution of (4) is

c(t) = F 1 = et
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Application 3.3 Consider the following Differential Equation

dy , ¥le) _ 3 o
dr + 200 4’}[0) 20, (5)

By taking Kl transform of Eq (5), we obtain

dy , ¥t _ 3
Kf[dr + :c-c-] o KIL}]

1
200

uiE o . .
:T}’F - }’(ﬂ)u"g pilBr) 4 —F = %u:-ﬁ—:ﬂ ik,

2000 (ur)P +150 4 (F- ) I (B+Y)

200 u'® +o1¥

F

x

130(uw) P

- T
ut y——ptt
zo0

F = 150u!'B—a) if _

The analytical solution of (5) is

-t

y(t) =F ' = 150 — 130e%0

4 Conclusion
In this paper, a new transformation (Kuffi-Issa Transform) is constructed and
applied to chemical and health problems. The main advantage of KIT transformation is
that it gives solutions with less effort without dealing with long and complicated
calculations. These complex powers in this transformation are what gave ease in
simplifying the solution, as well as generality to many integral transformations with two
parameters. In addition, this transform has been proven to solve differential equations. In
future studies, we can use this transform to deal with partial differential equations, and

difference equations.
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