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ABSTRACT

This paper describes a novel integral transform called the "Dukani Transform,” which we
can employ to precisely (analytically) solve the Volterra integral equations (VIE) of the first
sort. To do this, first the Dukani transform of transcendental and elementary algebraic
mathematical functions is derived by the authors. Next, the basic properties of the Dukani
transform were discussed. Then, using a range of differential equations, including integral
equations (IEs), ordinary differential equations (ODEs), and integro differential equations
(IDEs), the exact (analytic) solution for first-class generic VIE was found by the authors.
Numerical problems have been thoroughly examined and solved, in a step wise manner,
demonstrating the applicability of the Dukani transform. The findings demonstrate that,
without need for time-consuming calculations, the suggested "Dukani Transform" new
integral transform produces accurate (VIEs.) of first-kind and second kind.

MSC.

https://doi.org/10.29304/jqcsm.2024.16.41793

1. Introduction

Researchers currently have three main advantages over other mathematical methods when it comes to
solving problems in science, social science, and engineering: simplicity, accuracy, and the ability to
produce findings without the need for laborious calculations. Integral transformations are the method of
choice among mathematical techniques because of these characteristics. Laplace[1], Elzaki[2], Aboodh
[3], Mohand[4], Sumudu[5], Sawi[6], Kamal[7,8], Sadik [9], Sawi [10],Rishi[11, 12], Anuj[13] are only a
few of the integral transforms that researchers have discovered most recently.
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Several researchers studied the well-known issues of decay and development and addressed
modeling in biotechnology, health science, and mechanics using a variety of integral transforms. (Laplace
[14], Sawi[15], [16]. Mohand [4], Kushare[17, 18], Soham [19] Higazy and Aggarwal used ordinary
differential equations to create a model for the Sawi transform. [10]. were successful in figuring out the
precise answers to the riddle of chemical kinetics. El-Mesady and collaborators [20]. applied the Jafari
transform to a medical issue. And for the purpose of solving integral equations, partial differential
equations, and ordinary differential equations, a variety of transformations are available. [2, 13, 17, 19,
21].

The goal of the study is to generate the "Dukani Transform," a new integral transform with basic features,
and apply it to solve the first kind V.I.E. with a convolution type kernel (VIEs) and ordinary differential
equations (ODEs), as well as the second kind VIEs and integro differential equations (IDEs). This will allow
for precise solution with minimal computational effort. The suggested transform, known as the "Dukani
transform,” is superior to the other recognized transforms because it solves the problems accurately and
efficiently without involving a great deal of time-consuming computation. Also, it is the twin of the integral
"Laplace transform," which is widely used.

In Section 2 we provide information on this duality relation as well as a description of this transform.
Because it uses this relation to yield all of the features of the Laplace transform, the Dukani transform is
helpful. Several features have been inferred, such as linearity, scaling, shifting, and convolution theorem.

2. Definition of Dukani Transform

A function w(t) represent the original function as:
1 w(@)=0fort<Oo,
2 |w(t)| < Metot fort > 0with M > 0,t, € R.

Considering functions in the set A defined by: a currently created transform for functions of exponential
order which is termed the Dukani transform

1el
A= {w(t): AN,k k, >0.w(t) < Me",if t € (—1)) x [0, oo)}

The constant N should be finite number, for a stated function in set 4, k;, k, might be finite or infinite.

The Dukani transformation of exponential order piecewise continuous function, indicated by the operator
D(.), w(t) defined in the interval, (0, ) is provided by
t

D{w(t)} = %fom e “w(t)dt = W(g), t>0 ,k;<q<k,.

In this transformation, the variable q is used for factoring the variable t in the argument of the function
and the transform is associated with the Aboodh, Laplace, Elzaki, and Sadik transforms.

Remark 1: Dukani transform shares a dual relationship with "Laplace transform", which is a popular and
widely used transform, if L(f(t)) = fowf(t)e‘qtdt = L(q), where L is Laplace transform and D(w(t)) =

W (q) where D is Dukani transform, then W(q) = q1_2 L(ql—3).
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Theorem 1: [Sufficient Condition for Existence of a Dukani Transformation]: The Dukani transform
D{w(t)} exists when it has exponential order and fob |w(t)|dt exists for b > 0.

Proof:

t t
w(t)e ¢ w(t)e ¢

t
w(te ¢

1
ah

1 1 (®
dt = ;fon dt + ﬁfn dt, where n € (0, )

_ t
1 rn 1 poo _ 1 rn 1 oo ot
S q? fO |W(t)|dt+q2 fo lw(®)|e e dt S; o lw(t)|dt +Mq—2f0 e*e 4dt,

ML 1 )

1
= % Jo w@®ldt + M% Iy e_(q3_a)tdt == w()ldt +—LC lim, ., e‘(q3‘“

= 1

1 )

q —(——(x)
3

1

2

=)

=5y w(©lde +

22
(@)
3
_t

fom e w(t)dt converges absolutely and the Dukani transform D{w(t)} exists.

The first integral% fon [w(t)|dt exists, and the second term is finite forql—3 > a"so the integral

1
q2

3. Dukani Transform for Some Functions

In this section we derive the DukaniTransform for most useable functions.
Case 1: Regarding the constant function w(t) = ¢, where ¢ € W, With utilizing the Dukani transform’s
definition, we have

t
a3

D{w(t)} = ?fooo e Cw(t)dt = W(q) = D{c} = ql—zfom e_qigcdt

t [oe]

= D{c}=c %{—q3e_q_3

}=>D{c}=cq.

0

Case 2: Regarding the function w(t) = t, With utilizing the Dukani transform’s definition, we have

D{w(t)} = qi I e @w(t)dt =W (q) = D{t} = qi [ e P,

t t
Letu =t = du=dtandlet dv=e @dt >v=—q% ¢
_t® . _t _ty® 6
= D{t} = %{—tq% cl + [ qe qut} = D{t} = ql—z{—qée q3} = Z_Z = g*.
0 0

Case 3: Regarding the function w(t) = t2, With utilizing the Dukani transform’s definition, we have
t t
© —— 1 o0 —%3
D{w(t)} = %fo e Pw()dt =W(q) = D{t?} = ;[ e Ft2dt,
t
= D{t?} = —%{e_'ﬁ{tz(f + 2tq°® + 2q°}y = D{t*} = q1_2 *2q° = 2!q’,

Case 4: Taking into consideration that the function w(t) = t™, where n > 0 then, the Dukani transform

becomes D{t"} = n! q3"*1. We can use mathematical induction for solve it.
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Case5:w(t) =tf; t>0; p>-1,then = D{tF}=r(B + 1)qg3F*!, With utilizing the Dukani
transform’s definition, we have

t
-— 1

t t |
D{w(®)} = %fow e Pw(t)dt = W(q) = D{th} = ql—zfow e @thdt = D{tF} = q—z{—tﬁq3e_q_3 +
0

Ba’ly tﬁ‘le?dt} > D{tF} == {Ba* - I (B)q**} = I (B + g+

Case 6: Regarding the function w(t) = e, With utilizing the Dukani transform’s definition, we have
1 oo _ 1 poo _t 1 po0 —t 1
D{w(t)} = ;fo e Cw(t)dt = W(q) = D{e®} = q_zfo e ©CedtD{e} = q_zfo e (‘73 a)dt =

1 [ee]
aty 1 _~1 —t(—3—a) ay_t_a _ _a
D{e}= il = D{e®} = a2 (1-aq®) ~ (1-aqd)’

q3 0
Case 7: Regarding the function w(t) = sinat, With utilizing the Dukani transform’s definition, we have

t
D{w(t)} = %fow e ®*w(t)dt = W(q), And from case 6 we get

Disin(at)} = D {“ ="} = D{sinat} = = {D(e® — e=*)} = Dsinat} = ~{—L7 L 15
! - 2i L Y L T 2il1-aig3  1+aig3

i _1 q+aiq4—q+aiq4} , _ aq*
D{sinat} = 2i {(1—aiq3)(1+aiq3) = Disinat} = (1+a2q®)’

Case 8: Regarding the function w(t) = cos(at), With utilizing the Dukani transform’s definition, we have
t

- ait ,—ait
D{w(t)}=ql—2f0 e ®w(t)dt = W(q), And from case 6 we obtain :D{cos(at)}=D{—e +: }=>

D{cosat} = %{D(e““) + D(e~%t)}

1{ q q
= D{cosat} = 5{1—aiq3 + m} = D{cosat} =

14

(1+a2q®)’

Case 9: Regarding the function w(t) = sinh(at) ,With utilizing the Dukani transform’s definition, we have
t

D{w(t)} = % fooo e “®w(t)dt = W(q), And from case 6 we obtain

eat_e—al:

= D{sinh(at)} = D { } = Dsinn(a)} = 2{{D{e®} - D{e=*}} = Disinh(at)} = H{—L- -

2 (1-aq3
q . _ 1{ q+aq*-q+aq* } _ aq*
1+aq3} = D{Slnh(at)} T2 {(1—aq3)(1+aq3) T (1-a2¢®)’

Case 10: Regarding the function w(t) = cosh(at), With utilizing the Dukani transform’s definition, we

t
have D{w(t)} = % fooo e “w(t)dt = W(q), And from case 6 we get

eie
2

= D{cosh(at)} = D{ _at} = D{coshat} = %{D (e®) + D(e~*)} = D{coshat} = %{1_;3 + 1+Zq3},:
__a
D{coshat} = a5y

4. Dukani Transformation’s Properties

In this section we present some important properties of Dukani transform that useful for solving
differential equations and integral equations.
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4.1 Linearity of Dukani Transform

Theorem 2: if D{w(t)} = W(q) then D{O, a;w;(t)} = a; 2., W;(q) , where «; is randomly constants
Proof: From the definition of Dukani transform we obtain

D{w(t)} = \/Efooo e~fw(t)dt =W(q) = DL, aw; (D)} = ql—zfooo X aiwi(t)e_q%dt >

DXL, awi(D)} = a; Xi-y %fooo e_q%Wi (tdt,

= DXL, awi(D} = a; Xty Wi(@).

4.2. Scaling Property of Dukani Transformatiom

Theorem 3: If D{w(t)} = W(q), then D{w(kt)} = 3%/]; w(Vkq).

t
1 ——

Proof: From the definition of Dukani transform D{w(kt)} = = fooo e “®w(kt)dt,

q
Let kt =u= kdt =du =
D{w(kt)} = %% 000 e_kltﬁw(u)du = D{w(kt)} = @Wﬁo e_(3\/?q)3w(u)du = D{w(kt)} =

Lw(ikq).

4.3. Shifting Property of Dukani Transform

1 ZW(

. — at — v
Theorem 4: If D{w(t)} = W(q), then D{e*w(t)} e 3\/(1__‘1‘]3)).

Proof: Let D{w(t)} = W(q), from the definition of Dukani transform

t

D{w(kt)}:% ). e Pwktyde = D{eafw(t)}=ql—2 e e_q%eatw(t)dt = Di{e®w(t)}=

2

3
) — / q \
o —t(—=— —ag3)3 o 3 —a
[ e T dt=Dle w ()} = 5 | o\ o) w(t)dt,

q? q?
<3 (1—aq3)>

1 v
w .
(1—aq3)§ (3\/ (1—11!13))

Die®w(t)} =

4.4. (Convolution) Property of Dukani Transformation

Theorem 5: If D{w(t)}=W(q) and D{g(t)} = G(q) then  D{w(t) * g(t) = ¢*W(q)G(q) where
convolution of w(t) and g(t) represented by

w(e) * g(8) = J, w(t — Og(t)dt = [, w(t)g(t — t)dt.

Proof: From the definition of convolution type and definition of Dukani transform we obtain
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Dw(®) * g} = 5[, e T [ w(s)g(t = s)dsdt = = [ wis) [ gt — s)e‘«?dt) ds,

(s+u)

Lett —s =u = dt = du =D{w(t) * g(t)} = %fow w(s) fow gwe ¢ duds,

= %fooo w(s)e @ds - fooo gwe *dy = g> fooo ql—ze_q_3w(t)dt] * [fooo ql—z e_q_3g(u)du],
=q* W(q) G(q)

5. Dukani Transform of Derivatives
Theorem 6: Let D{w(t)} = W(q) then
a) Dw'(t)) =q°*W(q) —q *w(0),
b) D{w"(0)} = q~°W(q) — q~*w(0) — g~*w'(0),
) D"} =q°W(q) — q~*w(0) — q~°w’'(0) — ¢~*w"(0),
d) D{w™(O)} = q *"W(q) — XkZeq > PwnTITE(0).

Proof:

_t

a) D{w'(t)} = % 7 e Pwt)de

t _t
letw=e @ =dw=—q 3e @dt,anddv = w'(t)dt = v = w(t)
(-t N
Diw'(0)} = q_z{e "3W(t)|0 +q73 ) e qzw(t)dt},

D' (£)} = =% w(0) +qq;23 7 etaw(eydt,

D{w' ()} = q7*W(q) — g7 *w(0).

b) D{w" (t)} = D{(w'(t))'}

D{w" ()} = q7*D{w' ()} — q~*w'(0),

D{w" ()} = q*{q*W(q) — q7*w(0)} — q~*w’(0),
D{w" ()} = q~°W(q) — q~*w(0) — g*w’(0).

) D{w" ()} = ¢~ D{w" ()} — ¢~*w" (0)
D{w" ()} = q7*{g~¢ W(q) — q~w(0) — q~?w’'(0)} — q~2w"(0)
D{w"" ()} = q°W(q) — q~*w(0) — g~5w’(0) — g2w" (0).

d) mathematical induction can be used for solving part four
Diw™ (D)} = q7>"W(q) — XkZoq > 2w 7K (0)
6. Dukani Transformation of Integral of a Function

Theorem 7: Let D{w(t)} = W(q) then {fot w(s)ds} = %q).
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Proof: Let G(t) = fot w(s)ds so G'(t) = w(t) and D{G'(t)} = D(w(t)),
47 D{G(1)} - 4726 (0) = W(q),

47*D{G()} = W(q) - D{G®)} = *W(q) - D{J; w(s)ds} = ¢*W(q).
7. Dukani Transform of Variable Coefficients

Theorem 8: If D{w(t)} = W (q), then

a) Ditw(®)} = L5 (W(@) +3°W(@).

b) D{t2w(©)} = L (W) - 2a" L (W) + ZqW (o).

Q) D{ew' @)} = 2= (W(@) -5 (W(@).

Proof:

a) D{w(®)} = 5 [, w(t)e ¥dt = W(q)

Now = (W (@) = 7 J;" Zw(D)e @dt — 5 [ w(t)e @t

= (W@) = ZDiw®)} =W (@)= SDtw(®)} = 5 (W(@) +2W(9).

Diw(©} = L (W(@) + 2 W (@),

b) D{w(t)} = via foww(t)e_q%dt = W(q) Now

da? 9 (o -5 18 (o -5 6 (o -5 6 (o -5
d_qz(W(q)) =ﬁf0 t2w(t)e q3dt—;f0 tw(t)e q3dt—?f0 tw(t)e q3dt:+q—4f0 w(t)e 4dt,

L (W@) = 5D{Ew (D) + S W (g) — 2 D{tw(r))

a2
dq?

ZD{EW(O)} = 1 (W(@) + 25w (@) +5 (W(@)

(W(@) = 5 D{ePw(®)} + W (@) - 2L (W@) +3¢*W (@),

D{Pw(0)} = S (W(@) — 247 = (W(@) + Zq°W(a).

c) D{tw'(t)} = % fooo W(t)e_q%dt = W(q) Now, by using part (a) D{tw’'(t)} = ‘73—4;—‘1 OV AGHE:

T L (= W(g) — 2w(0) +2¢* (g W(q) -

§q3D{w’(t)} and from theorem 6 we obtain D{tw'(t)} = ey
q~*w(0)},

D{ew (0} = L{(47° 2w (@) - 3¢~ W(@) + 247w(®) )} + Ew (@) — 2 qw(0)},
Ditw'(©)} = 12-W(q) = W(@) +2qw(0) = Zqw(0) +2W (q),

Diew' ()} = L - W(q) =W (9).
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8. The Inverse Dukani Transformation

If D{w(t)} = W(q), then w(t) is known inverse Dukani transform of W(q), and it is defined as
w(t) = D~H{W(q)}

9. Linearity of Inverse Dukani Transform

Theorem 8: If D{w;(t)} = W;(q) and D~*{W,(q)} = w;(t) then the inverse Dukani transform is also linear
operator D73, a;Wi(q)} =21, a;D"{W;(q)}, where q; are arbitrary constants.

10. Illustrative Examples Applications

The six issues in this section demonstrate the practical applications of the Dukani transformation. These
examples show how to solve first-kind Volterra integral equations and ordinary differential equations
precisely.

Example 1:[22] Observe the integral equation t + t2 = fot cot(t — s)w(s)ds.

Solution: The given integral equation is V.IL.E of firstkind t — t? = fot cos(t —s)w(s)ds

By taking Dukani transform operator for both sides, we acquire

D{t—t?>}=D {fot cos(t —s) w(s)ds} from the convolution property in theorem 5 we obtain

q* —2q7 = q¢*D{cost}D{w(t)} = *—2¢ =q*=W(@) = (@-2¢)@+D)=W(q) =

q%+1
W(q) = q” + q — 2q*° — 2q* by take inverse Dukani transform we acquire

2 3
D™ Y{W(q)} =D {q — 2q* + q” — 2q*°} so the exact solutionis w(t) =1 — 2t + % - %
Example 2:[21] Observe the second kind integral equation
w®) =1-t+ [}t —wwwdu

Solution: The given integral equation is V.I.E of second kind
t
wit)=1—-t+ j (t —ww)du
0

By taking Dukani transform operator for both sides we acquire

D{w(t)}=D{1—-t}+D {fot(t - u)W(u)} from the convolution property in theorem 5 we obtain
W(q) = D{1 -t} + q*D{t}D{w ()} = W(q) = q — q* + q*q* W(q)
W1 -q°) =q1—qg*)=W(g) = q(ll_;q‘i) =

D YW (q)}=D"1 { 1 } Hence, the exact solutionis w(t) = e™¢.

1+q3

by take inverse Dukani transform we acquire

Example 3:[22] Observe the first kind V.I. with difference kernel defined as
sint = fotet‘sw(s)ds.

Solution: The LE is sint = fotet‘sw(s)ds

By operating Dukani transformation for each side, we acquire
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D{sint} =D {fot et‘sw(s)ds} and by using theorem 5 of convolution property, we obtain

@t @t q 5 _ a(1-¢®)
= q? D{e‘}ID{w(t)}= q2 q3)W(q) W(q) = @D

(q%+1) @+ 1 (-

Taking the inverse Dukani transform for each side, we acquire

4

D w (@) = b {EN _pif ) _poifa )

(q®+1) (1+4%) (1+4%)

Then, the exact solution is w(t) = cost — sint.

Remark: The above three problem has been solved in [22] and the same exact solution obtained with
large computational work that we obtained by Dukani transform easily.

Example 4:[23] Observe the second order differential equation

w' =2w' =3w=0;w(0)=1,w'(0) =2
Solution: We can solve the differential equation by Dukani transform
Apply Dukani transformation for each side we acquire

D{w" — 2w’ — 3w} = D{0}, from linearity property in theorem 2 and from property Dukani
transformation for derivative in theorem 6 we obtain

g *W(q) — q*w(0) — g2 w'(0) — 2q*W(q) + 2g72 w(0) —3W(q) = 0

@ =207 =AW = 47° > W(Q) = =i = s = s
q6-2q73-3  (1-3¢3)(1+¢3) 4(1-3¢3) 4 (1+4¢%)

Apply inverse Dukani transformation for each side we acquire

-1 —_pn-1§3__4a 1_4a PP — 3.3t 41 ¢
DY{W(q)}=D {4(1_3q3)+4(1+q3)},Then,theexactsolutlonlsW(t) se e

Example 5: Observe the first order differential equation w' — 2w =0, w(0) =1

Solution: We can solve the differential equation by Dukani transform
Apply Dukani transformation for each side we acquire

D{w' — 2w} = D{0}, from linearity property in theorem 2 and from property Dukani transformative for
derivative in theorem 6 we obtain

qW(Q) — g7 w(0) —2W(q) = 0= (¢ = 2W(Q) = 472 > W(Q) = sy

Apply inverse Dukani transformation for each side we acquire D~{W(q)} = D! {(1_Zq3)}

Then, the exact solution is w(t) = e?..

Example 6:[23] Observe the first order differential equation w'(t) + w(t) =2, w(0) =1

Solution: We can solve the differential equation by Dukani transform
Apply Dukani transformation for each side we acquire

D{w' + w} = D{1} from linearity property in theorem 2 and from property Dukani transformation for
derivative in theorem 6 we obtain

qW(q@) — q*w(0) + W(q) = 2q
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-2

(@ 3+DW(Q) =2q+q 2> W(q) = qz—" +-2

“3+1  g73+1

Apply inverse Dukani transform for both sides we acquire

DWW (@} =D {20 - 25+ ),

1+q3  1+¢3
Then, the exact solution is w(t) =2 —e™t.

Remark 2: The above two example has been solved in [21] and the same exact solution obtained.

Example 7:[21] Observe the integro differential equations

t
w'=-1-t +f (t—ww)du ;w0)=w'(0) =1.
0

Solution: The given integral equation is Volterra integral equation of first kind
t
w'=-1-t +j (t—ww)du ;w(0) =w'(0) =1
0
By taking Dukani transform operator for both sides we acquire

D{w"}=-D{1} - D{x}+ D { ) Ot(t — u)w(u)du} from the convolution property in theorem 5 we obtain
g *W(q) — q~*w(0) — q72w’(0) = —q — q* + ¢*q*W(q)
@ =g IW(@Q=qg2+q°—q—q*= A -qg"HW(QQ) =q*+q—q" —q*°
A=A+ IW(@)=q1+¢*)-q"1+¢*) =q(1 +¢*>)(A-q°)
A +q®)W(g) =q(1 +4q°)

_q q* : : : 1 I G q*
W(g) = e + e by take inverse Dukani transform we acquire D~*{W(q)} = D {(1+q6) + —(1+q6)},

Then, the exact solution is w(t) = sint + cost.

Example 8:[21] Observe the integro differential equations w' = 1 + fotw(u)du ;w(0) = 1.

Solution: The given integral equation is Volterra integral equation of first kind

w =1+ fotw(u)du ;w(0) =1, By taking Dukani transform operator for both sides we acquire

D{w'}=D{1}+D {fotw(u) du} from the convolution property in theorem 7 we obtain ¢ 3W(q) —
w0 =g+ W@ =G> - W@ =q+q7*

__4q q . } ]
wW(q) = T + T by take inverse Dukani transform we acquire

4
D Y{Ww(q)}=D"1 {(1113) + (1fq3)}Then, the exact solution is w(t) = sinht + cosht = et.
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11

10
10 — - i
— Exact solution is: w(t)=1-2t+(t/21(£13) —+ Exact solution is: w(t)=e™*
n 09
06 08
04 07
02 08
g g
‘;‘ 00 ;0‘5
02 04
-04 03
-06 02
-08 0l
-10 00
00 01 02 03 04 05 06 07 08 09 10 00 01 02 03 04 05 06 0] 08 09 10
t t
Fig. 1 Exact solution for example 1, where t € [0,1] Fig. 2 Exact solution for example 2, where t € [0,1]
20
il =+ Exact solution is: w(t)=cos(t)-sin(t) 150 4 Exact solution is:w{t)=3/4 ¥+ 14 e~
136
14
122
11
108
08 5l
% 05 g 80
02- 66-
-0.1- 5.2
-04- 38
-07- 2
10
-10
0 01 02 03 04 05 06 07 08 03 10 00 01 02 03 04 05 06 07 08 09 10
t t
Fig. 3 Exact solution for example 3, where t € [0,1] Fig. 4 Exact solution for example 4, where t € [0,1]
80 20
73] — Exact solution is: wit)= e’ 1o+ Exact solution is: wit)= 2™
6.6 18
39 17
52 16-
T45 215
3 2
38 14-
31 13
24 12
17 11
10 10-

0.0

0.1 0.2 03 0.4 05 06 07 08 09

Fig. 5 Exact solution for example 5, where t € [0,1]

Fig. 6 Exact solution for example 6, where t € [0,1]
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10 10

| =+ Bxact solution is: w(t)= cos{t)+sin(t) | =+ Exact solution is: w(t)= cosh(t)+sinh(t)

08
081 06
041 04l
02| 021

0.0+

wi(t)
wi(t)

Fig. 7 Exact solution for example 7, where t € [0,1] Fig. 8 Exact solution for example 8, where t € [0,1]

Figure 1, 2 and 3 illustrate the curve solutions of example 1, 2 and 3 respectively, within the time space
t €[0,1].In this case, it is evident that when the space variable grows, w(t) decreases, establishing a
reverse relationship between both of them. Figures 4,5,6,7 and 8 show the curve solutions of example
4,5,6,7 and 8 respectively, with time interval t € [0,1]. The graph shows that as the space variable grows,
so does the function w(t), indicating a positive association between the space variable and w(t).

Conclusions

At last, we present a new transformation which is called the Dukani transformation, whose scaling,
linearity, shifting, and convolutional properties were all verified. First- and higher-order ordinary
differential equations, as well as first-kind Volterra integra equations, have been analyzed using the
Dukani transformation. A few examples are included with the results and illustrated graphically by using
Python. The Dukani transform will be applied to the analysis of fractional differential equations and
specific models in the future.
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