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Abstract:

Introduction: We begin by defining the New General Complex Integral Transform
Revised:11-11-2024 [13], and then we present a New General Complex Integral Transform on Time Scales
Accepted:19-12-2024 T. To solve a variety of dynamic equations with beginning values or boundary
conditions that are represented by integral equations, integral transform methods are
frequently employed. In order to solve dynamic equations, the New General Complex
Integral transform on Time Scale is presented in this article.

Objectives: Within the Laplace Transform class, we provide the New General
Complex Integral transform on Time Scales in this study. We examine this transform's
characteristics. An initial value problem with a dynamic form of the equation is the
primary focus of this research.

Methods: Differential equations of any order and the integral of a function can both
be solved using the New General Complex Integral Transform on Time Scales. By
establishing the convolution theorem, the idea of convolution is examined in further
detail.

Results: This integral transform is used for solving higher order initial value problems
and integral equations.

Keywords: Time scales, new general integral transform, dynamic equation.

1. Introduction

An arbitrary nonempty closed subset of real numbers is called a time scale T. Due in part to transform
methods for solving differential equations, transforms are essential in analysis. Many significant
changes have been introduced over the past 20 years, including Kamal [2], Shehu [6], Soham [7],
Sumudu [10], Sawi [12], Kushare [14], Elzaki [17] and others. Additionally, a few time-scale integral
transforms are previously introduced. In 2007, John M. Devis et al. examined the Laplace transform
on time scales [8]. In 2012, Hassan Ahmed Agwa introduced the Sumudu transform on time scales [1].
The a-Laplace transform on time scales [16] was introduced by T.G. Thange et al. in 2023. He also
presented a new general integral transform on time scales [15] in 2024.

Noting that it is an extension of the new general complex integral transform, we define the new general
complex integral transform on time scales. In addition to discussing situations when results might not
be generalized from the real example to time scales, we provide features of this transform. This
transform is used in examples to solve dynamic equations. The integral equations are also solved using
the transform. The prospects for a general complex integral transform theory based on time scales are
finally discussed.

2. Basic Results
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2.1 Forward jump operator [4]: o: T — T is defined by o(t) = inf{s € T | s > t}.

2.2 Backward jump operator [4]: p: T — T is defined by p(t) = sup{s € T | s < t}.

2.3 Forward graininess function [4]: u: T — [0, o) is defined by u(t) = o(t) —t.

2.4 Definition 1 [5] A function f is called regulated provided its right-sided limits exist at all right
dense points in T and left sided limits exists at all left dense points in T.

2.5 Definition 2 [5] A function f is called rd-continuous provided it is continuous at right dense points
in T and its left-sided limits exists at left dense points in T. We denote the set of rd-continuous
functions by C,,.

2.6 Definition 3 [5] A function f:T— C is called regressive if 1+ u(t)f(t) # 0Vt € T. Here R
denotes the set of regressive functions.

2.7 Definition 4 [5] The function f: T — R is said to be of exponential type-I if there exists constants
M, c > 0 such that |f(t)| < Me*t. Furthermore, f is said to be of exponential type-Il if there exists
constants M, ¢ > 0 such that |f(t)| < Me_(t,0).

2.8 Definition 5 [5] For f € R the time scale exponential function is defined as ef(t,s) =

exp (fst fm)f(r)Ar) fors,t € T and £, is a cylinder transformation.

2.9 Definition 6 [4] We say that a function f: T — R s delta differentiable at t € T* if there exists a
number f2(t) such that for all e >0 there exists a neighbourhood U of t such that

f(a(®) = f(s) = FA(D)(a(t) — 5)| < €la(t) —s| forall s € U. (T* := T\{sup T})
210If T = R, then f: R — R is delta differentiable at t € R if and only if f is differentiable in the
ordinary sense at t. Thatis f2(t) = %. [9]

2.11 Laplace transform on time scales [5]: Assume that x: T — R is regulated. Then the Laplace
transform of x is defined by £ {x}(z) = fooo ed,(t,0)x(t)At for z € D {x} where D {x} consists of
all complex numbers z € R for which improper integral exists.

2.12 Sumudu transform on time scales [1]: Assume that f: T — R is rd-continuous function, then
the Sumudu transform of f is S{f}(u) = %ft(: egl(t, to)f(t)At Foru € D {f} where D {f} consists

of all complex numbers u € R for which improper integral exists.
2.13 New General Integral Transform [11]: Let f(t) be an integrable function defined for

t = 0,p(s) # 0and q(s) are positive real functions then define New General Integral Transform 7°(s)
of £(t) by the formula T{f(t),s} = T (s) = p(s) f0°° f(t)e=1tdt, Provided that the integral exists
for some q(s).

2.14 New General Integral Transform on Time Scales [15]: Let g: T — C is an rd-continuous
function with p,(z), p,(z): R — C are positively regressive functions. Define the new general integral
transform on time scale G(z) for the function g(t) by the formula

Ng®)(@) =6=) =p,(2) [ : €Sp,(2) (t,ty)g(t)At Provided that the integral exists for some p, (z)
and p,(z) # 0.

https://internationalpubls.com 695



Communications on Applied Nonlinear Analysis
ISSN: 1074-133X
Vol 32 No. 7s (2025)

3. Results
3.1 Theorem 1

The set of all regressive functions R form an abelian group under the operation & defined by

f

f®g=f+g+u(t)fg. The additive inverse of f in this group givenby © f = — T

3.2Lemmal

If g: T — R is regressive then

€oigs)(t0) _  Oiq(s) (£.0) = i0iq(s)

g j— .
€5iq(s) (t,0) = 1+iu(0)q(s) a(s) 0l a(s)

eoiq(s)(t, 0)
Proof: We have the result e (¢, s) = e,(t,s) + u(t)ey(t,s) and ey(t, 0) = p(t)e,(t,0)

eiq(s)(t 0) = egiqes) (£, 0) + pu(t)ed (s (£, 0) = egiq(s)(t, 0) + u(t) (S ig(s))egiqes) (¢, 0)

“ €3iq(s) (£, 0) = egiq(s) (£, 0) (1 +u®) (#SBI(S)))

1+iu(t)q(5)—iu(t)q(5)) _ €oiq(s)(t0) )

. (o3 — 3 =
* €3igs) (£, 0) = €oig(s) (£, 0) ( 1+in(04(s) 1+in(0q(s)

€oiq(s)(t, 0) ( —iq(s) ) eoiq(s)(t, 0) .
g t, 0 = - - = ——
€&ia(s) (& 0) —ig(s) \1+iu(t)q(s) iq(s) (© iq(s)
Oiq(s)
# edigls) = = ey €0ia(s) (£0) @)
i01iq(s)
Also eéiq(s) =- ql(qs_)s €5ig(s) (¢, 0) (3)

From equations (1), (2) and (3)
€oiqx)(t0) _ _ Oiq(s)
1+iu(t)q(s) q(s)

i0iq(s)
q(s)

eéiq(s) (t,0) = egiq(s)(t,0) = eoiq(s) (6, 0)

3.3 New General Complex Integral Transform on Time Scales T

In 2022, Jinan A. Jasim, Sadiq A. Mehdi and Emad A. Kuffi presented a novel general complex integral
transform [13]. For an integrable function £ (¢) defined fort > 0, p(s) # 0and q(s) are real functions

that are positive, i is the complex number then the transform T (s) of f(¢) is given by
TE{f(0), s} = EF(s) = p(s) fooo el (t)dt if the integral exists for some q(s).

In this section we present a new general complex integral transform on time scales T.

Definition 7 Let f(t) be an integrable function, p(s) # 0,Vs € C and (s) € D{f}. Where D{f}
consists of all complex numbers for which the improper integral exists. Then we define the new general

complex integral transform on time scales T by the formula
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TE(F(),5) = Ffp(s) = [, g5t 0) F(1) AL.

3.3.1 Linearity Property: Assume that 7;7{f} and T;7{g} exists for q(s) € D{f} and D{g}, where
f and g are rd-continuous functionson T and «, 8 € R are constants. Then

Telaf + Bg}(s) = aTf{f}(s) + BTfH{g}(s). = q(s) € D{f} N D{g}
Proof: T {(af + Bg) (D)} = p(s) [, (af + Bg) (1) €&q(s) (£, 0)AL
=p(s) [; (af (e iqes)(t 0) + Bg(D)ed g At

=p(s) f,” af ediqsAt + () [, BI(E)ed g At

~a(05) [ 10620 +8(p5) [ 9Bt
0 0
= T l(af + Bg) ()} = aTy b {f (©)}(s) + BT {g(O)}(s).

3.3.2 Theorem 2 (Convergence Theorem)

The integral p(s) f0°° f(t)ediqes (t 0)At converges absolutely for q(s) € D if f(t) is of exponential
type 11 with exponential constant k.

Proof:
Consider [p(s) " f(£)eZiq(s)(t: AL < Ip(] [ |eSiqes) (& O F (DAL
But f(t) is of exponential type 11 with exponential constant k.

~f ()] < Mey(t,0), M,k >0

Hence above equation gives

p(s) fo F(©)e sy (1, 0L < Ip(s)] j; M (t, 0)eg ) (&, 0)A|

p(s) fo f(£)ed s (& 0)At

< Mlp(s)lf |ek(t, 0)ediqes) (6 0)At|
0

o0 e egiqg(s)(t,0) .
P() [} F(D)eiqee) (t, 0)AL] < MIp(S)] f; |et, 0)%@ -+ by using lemma (1).

1
1+ iu(t)q(s)

.

p(s) fo f(©)ed g (t 0)At

< Mip(s)! | exoiaco (6 O]
0
(- by property e, (t,s)e,(t,s) = e,gq(t,s))

o0 o | k—i
p(S) [} F(£)ediqqs)(t, 0)AL] < 22U - 19— ey ciqs (& O)Atl

k—-iq(s) 1+ip(t)q(s)
oo Mlp(s)| oo .
|p(s) fo f(t)eéiq(s)(t, O)Atl < mfo |k S, lCI(S)ekeiq(s)(t; O)At|

https://internationalpubls.com 097



Communications on Applied Nonlinear Analysis
ISSN: 1074-133X
Vol 32 No. 7s (2025)

MIp(s)|
= ig(s)Jy ke ®O)

P(S)f f©)e& s (t 0AL| <
0

M| | M| |
|p(s)f f©)ediq (¢, 0)At| < p(S) [ekezq(s)(t 0)] k-?q(%

Since q(s) € C,, (k) and [p(s)| is areal number. Hence the integral converges if £ (t) is of exponential
type II.
3.4 New General Complex Integral Transform on Time Scales of some functions.

34.11f f(t) = 1then TE{F()}(s) = %

Tgi(s) = p(s)f ediq(s) (¢, 0)AL = p(S)f _5ul)
0 0

——€g; t,0)At
iq(s) eelQ(S)( )

p(s) f°° , (s (7 R
lq(s) 9 lQ(S)eeiQ(S) (t; O)At = Lq(s) . (eeiq(s) (t, 0)) At
c _ _ b _p
:T {1}(3) ia(s )(eelq(s)(t 0)) o = 2G)
= £ =P _ _ . a(s)
3.4.21Ff(t) = eq(t,0) then TF{f (O}(s) = -5 = —p(s) (a2+(q(s))2 + La2+(q(s))2),

Ty tea(t, 03(s) = p(s) .fooea(t, 0)ediq(s)(t 0)At = P(s)f eq(t,0) < ¢6ig(s) (,0) )At
0 0

1+ iu(t)q(s)
_opls) (* a —iq(s)
Ca—iq(s) ), 1+ iu(t)q(S)) at

_ ps) (* a —iq(s)
a—iq(s) J, €asiq()(t0) (1 + i,u(t)q(s)) At

— a4
Buta © q(s) = 1+iu(t)q(s)

ea(t,0)egigs) (£, 0) (

%C{ea(t, O)}(S) = %J‘ (CZ 9 iCI(S))eaeiq(s) (t, O)At

_opls) (7 A pls p(s) .
e ) (eaeiq(s)(t, 0)) At = ) —a - 2+ @) (—a —iq(s))
- T Tea(t,03(s) = 22— = =p(5) (Gt + L ey

343 If f(t) = cos,(t,0) then TE(F(£)}(s) = (‘("()j# where |q(s)| > |al
eiq(t,0)+e_;q(t,0)

Let cos,(t,0) = .

b T {05 (t, 0)}(s) = Ty [l e=telbh = 27cfe, (¢,0)} + 3 Ty {e—ia(t, 0}
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1/ p(s) 10 pGs) \_p®) 1 1 _ p(s)q(s)
B E(iq(s) - ia) + E(iq(s) + ia) 20 (q(s) —a + q(s) + a) T i((q(s)? — a?)

o _ _p©as)
oo :T'g {COSa(t; O)}(s) - (q(s))Z_aZI

3.4.41f £(£) = coshy(t, 0) then TE{f(£)}(s) = (;’”(S% where q(s) > 0

eq(t,0)+e_q(t,0)

Let cosh,(t,0) = -

- T {cosha (t, 0))(s) = Ty {2t e=alOY = 27cte, (£, 00} + 1 Ty {e_q(t, 0}

_1( p(s) >+1< p(s) )=p(s)( r 1 )

2 iq(s) — a 2 iq(s) + a 2 \ig(s)—a iq(s)+a
~ Tf{cosh,(t,0)}(s) = &ig%.
3.4.51f £(£) = sing(t,0) then TE(F ()} (s) = wzs‘;‘%

Let sin,(t,0) = ei“(t'o)_z‘;—ia(t,o)

TgC{Sina (t, 0)}(5) — Tgc {eia(t,O)—Zf—ia(t,O)} — %:T:gc{eia(tl 0)} _ %j:'gc{e—ia(t’ 0)}

52 i) = o e

g — -
A 17:'9 {Slna(t; 0)}(8) - (q(s))z_(XZ'

BABIf £(£) = sinhg(t,0) then TF{f (D}(s) = 42 where g(s) > 0

Let sinh,(t,0) = M

- T {sinhg (¢, 00)(s) = Tf {#C270Y = 27e(e, (¢, 003 = S Ty fe— (£, 0))

oD R rorr e ol Toer Tor)

2 iq(s) — a 2 ig(s) +a/) 2 iq(s)—a_iq(s)+a

e — _—l)
oo j-"g {Slnha(t) O)}(S) - (q(s))2+a2'

Now we introduce the New General Integral Transform and New General Complex Integral Transform
on Time Scales for some basic functions in the following table.

Functions f(t) N(f(®)(2) = F(z) New general | T{f (t)} = F; (s) New general complex
integral transform on time scales | integral transform on time scales
1 p(s) p(s)
q(s) iq(s)
eq(t, 0 p(s) _p®
«(6,0) o 11| > lal ot 11 > lal
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056, 0) _Ps)als) 2O 1q(s)] > |al
(q(s))? + a?
Sttt 0) _apls) O 1q(s)] > lal
(q(s))? +a?
cosh,(t,0 p(s)q(s) —ip(s)q(s)
(0 Gis2—ar 1961 > 1al ot a1 > lal
sinh,(t,0) ap(s) —ap(s)
« (q(s))z_azv |q(S)| > |a| ﬁ
@)+ a
Table 1

3.5 Theorem 3 Let w € T,w > 0 and u,(t) is the unit step function the the new general complex
integral transform on time scales T of the function u,, (t)f (t) is egiq(s) (v, 0)TF{f ()} where

_(0,if te TN (—o0,v)
uy(t) = { Lif t € TN [v,00)
Proof: T {u, () f(D)}(s) = p(s) J; €Biq(s)(t 0) u, (DF () At

eoiq(s)(t, 0)
1+ iu(t)q(s)

_ * egiges) (6 V)egiqges (v, 0)
B p(s)fv 1+ iu(q(s)

= p(s) f €81000) (6, 0) £(£) At = p(s) j () At

f(t) At

eoiq(s) (L 17)) £(6) At

= p(s)egiqs) (v, 0) fv 1+ iu(®q(s)

= eeiq(s)(v, 0) (p(S)f eéiq(s)(t, U)f(t)At) = eeiq(s)(v, O)g:'gc{f(t)}

3.6 Definition 8 [3] Convolution of two functions.

If f: T —> Cand g € Cprq—e, (T, C) then the convolution of two functions f and g is denoted by f * g
and is given by (f* g)(t) = fotf(r)g(t,a(‘r))Ar where Cprq—e,(T,C) denotes the space of
piecewise right dese continuous functions of exponential type-I1.

3.6.1 Theorem 4 Convolution theorem

Let f: T — Cand g: C - C have new general complex integral transforms on time scales T are F; (s)
and Gg(s) respectively. Then the new general complex integral transform on time scales for the

. - . 1
convolution of these functions is ) FL(8)G5(s).

Proof: Let (f * g)(8) = [, f(D)g(t, a())Az.

Applying the new general complex integral transform to both sides

T (f+g) 0} = Tf { f f(r)g(t,a(r))Ar}=p(s) f eiq(s)(t 0) ( f f(r)g(t,a(r))Ar>At
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= p(s) f @) ( f (09600 ¢ ow) At

- f £ T {itoe 09 (6,0 At
But 7y {usy (D) g(t,0(1))} = G5(5)ediq(s) (x, 0) hence the above equation gives
TEU(f = 90} = B2 [T () G5 ()ediqes) (v AT
gg( 5)

1
TGl (f+g)} = (P( )f f() egiqs) (T O)AT> —=F5(5)Gg(s)

p(s)™?

As f and g are of exponential type Il with constants k, and k, respectively, we have

I * 9)(0)] = j O E j F@g(6, o) T

SN xg))] < fot Mlekf(‘r, O)Mzekg(t,a(r))AT = fooo Mekf(T, O)ekg(t, O)Bkg(0,0'(T))AT

where |f(17)| < Mlekf(r, 0), |g(t,o(®)| < Mzekg(t, o(t)) and M = M, M,

10 > O) = Moy, (1,0) [ ey, (5,006, (0,0(0)ax
0
1+ (O < Me, (6,0) | ex, (7. 0o, (5,008t
0

|(f *g)(®)| < Mekg(t, O)f ekfekg(r, 0)At
0

Hence |(f * 9)(8)] < -2, (£0) (exson, (1:0) — 1) < 1= (e, (6,0) + €4, (6, 0))

|(f *9)(®)] < —|e;z(t, 0)

LY
Hence f * g is of exponential type 11 with exponential constant k.

4. Discussion

4.1 Theorem 5 Assume that f: T — C is such that 2 and f22 are regulated. Then

) TAfA(O36) = iq($) T (O} — p(s)f (0).

i) T2 O36) = (q()*TFf (O} — iq(s)p(s) — p(s)f4(0)

For those regressive q(s) € C satisfying lll_)rglo f(H)egiqs)(t,0) = 0and t!l—g}) fA()egiqs (t,0) =0

Proof: i) TE{FA0}(s) = p(s) Jy F(D)eiqs)(t 0)AL
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= p(s) ((f(t)eelq(s) (t, o> f f(©)ediqes (6,0 At)
"~ by rule for integration by parts.

T3 = p()((0 = £(0) — [; F()(© iq(9)) eqiqes) (t, 0)At)
© lq(s>> €siq(s) (t, 0)At>

-5 (~r@ - 106 [ 0 (S5
= —p()FO) +ip($)(5) [} f(1)e1q(t, AL by using lemma (1)

= —p(s)f(0) +iq(s) <p(s) f (e, O)At>
0
= THFA ) = iq(s)TEf ()} — p(s)f(0)
i) T2 M) = T {(F2®) ] = i) - s (0)
= iq(s) (ig(TFF (0} = p()F (0)) = p(s)F*(0)
= TEFAA(03(s) = (ig())*TFf ()} — iq(s)p(s)f(0) — p(s)f(0)
More generally we obtain
TAHUDMO3(s) = (Uq(N"TL{F ()} — Xr=1 p()(Eq(s))* 1 (F2)"*(0) for any integer n > 2.
4.2 Theorem 6

Assume that f(t) is a regulated function with F(t) = fotf(s)As then
TAHAF)}(s) = ( 3 TAAf@®}(s) for all  regressive  functions q(s) #0  satisfying
lim egiq(s) (, O)f f(s)As =0
. ® g 0 (egiq(s)(t,0)
Proof: T, (F(t),5) = p(s) J, eSiq(s) (£, 0) F(t) At = p(s) f;” (S2L2) F(p)ar

1+iu(t)q(s)
_—p() °°< —ig(s) —p(s) [©
iq(s) Jo \1+iu(®)q(s)

) €oiq(s)(t, 0)F(£)AL = - €8iq(s) (& O)F ()AL

iq(s) Jo

—p(s) (* 3
= lCI(S) _](; [(eeiQ(S) (t, O)F(t))A - eeiq(s) (t, O)FA(L')] At

p(s)

iq(s)
_Pp()F(0) N 1
iq(s) iq(s)

(eoiq (& OF(®), —f eSiqs)(t O)FA(t)Atl

(P(S) f €Siq(s) (& 0)f (t)At> 1 5) T (©)3(s)
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4.3 Applications
Example 1 Consider the following initial value problem.
y2A(t) — 6y2(t) + 8y (t) = e3(t,0),y(0) = 1,y2(0) = 0
Applying new general complex integral transform to both sides of the dynamic equation.
TEy A () — 6y°(t) + 8y(t)}(s) = T {es(t, 0)}(s)
Ty ()} — 6Ty ()} + 8T {y(t)} = T {es(t, 0)}
(iq(s))*TFy (1)} — ig(s)p(s)y(0) — p(s)y*(0) — 6 (iq(s)ﬂgf{y(t)} - p(s)y(O)) + 877 {y(®)}
= 7:;](:{63 (t' O)}

p(s)
iq(s) — 3

(iq(s))* — 9(iq(s) + 19 >
(iq(s) — 3)(iq(s) — 4)(iq(s) — 2)

c _ p(s) 1( p(s) 5( p(s)
=Ty b@)=- (iq(s) - 3> - E(iq(s) - 4> * E(u;(s) = 2>

Hence from the table (1) y(t) = —e5(t,0) — %e4(t, 0) + gez(t, 0).

= TAHy(©3}((iq(s))? — 6ig(s) +8) = + p(s)(ig(s)) — 6p(s)

= Ty} = p(S)(

Example 2 Consider the following third order dynamic equation
yAAA + yA — el(t, 0);)’(0) — yA — yAA =0
Applying new general complex integral transform on time scale to both sides

Ty 4 (6) + y2(0)} = T {es (£, 0)}(s)

((19)) Ty} = (19() P()y(0) — ig(Ip(s)y(0) — p()y*(0))

+ (iq(s)ﬂch{)’(t)} - p(s)y(O)) = l.qé(;)_ 1
Using given initial conditions we obtain
Ty (O} ((q(s))? + iq(s)) = lqé(%

p(s)
iq(s)(iq(s) — 1 ((iq(s))?* + 1)

c _p(s) 1/ p(s) 1 -igsps)) 1 —p(s)
Tty @} = iq(s) *3 (iq(s) — 1> t3 <(q(s))2 _ 1) 2 <(q(s))2 _ 1)

Using the table 1 we get y(t) = —1 + % e,(t,0) + %cosl(t, 0) — %sinl(t, 0)

= T7{y()} =

Example 3 Consider the volterra integral equation y(t) = e,(t,0) + 4 foty(r)Ar
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Applying the new general complex integral transform on time scales to the equation

T O = Ty {ea (6,00} + 475 { | y(r)Ar}
0
1
T ©) = E 4 (T o)

. _( p©) iq(s) '\ _ p(s) p(s)
= Ty} = <iq(s) - 2) (iq(s) — 4> T <iq(s) - 2> *e <iq(s) - 4)
= y(t) = —ey(t,0) + 2e,(¢,0)

Example 4 We consider the problem from the field of pharmacokinetics to find the concentration of
drug in the blood at any given time t during continuous intravenous injection of drug and find its
solution in this problem for physical explanation of the present method. The following is the first order
ordinary differential equation with constant coefficients that can be used to solve this problem.

dg(t) _ P
T Eg(t) = et wheret > 0 Q)

with g(0) = 0.

Here g(t) is the amount of a drug in the blood at any given time ¢, & elimination at a fixed speed, p:
the rate of infusion(in mg/min.), vol: the total amount of medication distributed. By using the result

(2.10) for the equation (1) we get g2(t) + &g(t) = viol applying the new general complex integral
transform on time scales to this equations we get

T {g* O} + ¢T{g (0} = L7 {1}

iq(s)T {g(®)} —p(s)g(0) + {7 {g(®)} = %Z((?)
= T {g(©)3}q(s) +¢) :%izzl((ss))

L( p(s) ) p (p(S) p(s) )

= T7{g(®)} = vol \ig(s)(ig(s) + &) - gvol\iq(s) iq(s) +¢

=P (1_
Hence g (t) = - (1-e_¢(t,0)).
Therefore continuous intravenous drug administration requires a certain concentration of drug in the
blood at all the times.
Conclusion

The novel general complex integral transform on time scales T for solving dynamic equations of any
given order and integral equations has been proven in terms of definition and applications. Few
examples in real life problems such as pharmacokinetics.
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