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Abstract

Differential equations are the equations used in engineering, science and physics. The differential
equations which have linear differential equations and nonlinear differential equations. There are many
ways to solve problems. Transformation is a way to find solutions to equations such as Laplace transform,
Elzaki transform and Sumudu transform etc. In this research, Sadik transform is applied to solve the linear
and nonlinear differential equation problems. In which nonlinear differential equation use homotopy
perturbation to find solutions to equations and also present examples to illustrate the preciseness of this
method.

Keywords: Differential equations, Sadik transform, Homotopy Perturbation, Linear Differetial
Equation, Nonlinear Differential Equation

1. Introduction
Differential equations are widely used equations. In science Engineering and physics which the differential
equation is divided into ordinary differential equations (ODE) and partial differential equations (PDE).
Finding solutions to differential equations, there are many ways to find the answer to differential
equations. Conversion is one of the most widely used methods for finding answers. There are many
transformations such as Laplace transform, Elzaki transform, Sumudu transform etc. In 2018 Sadikali
Latif Shaikh [3] introduced the Sikh transform used in control theory and the next years Sadikali Latif
Shaikh [2] (2019) presented various features. later, Shivaji S. Pawar and his team [4] (2019) applied the
Sadik transform to the base cell function and the volterra equation. Sudhanshu Aggarwal and Kavita
Bhatnagar [5] (2019) has applied the Sadik transformation method for solving population growth and
decay. These problems are very important in the field of Chemical Economics, Biology, Physics, Social
Sciences and Zoology.

This research will study the solution of linear differential equations and nonlinear differential
equations. By using Sadik transforms.

2. Materials and methods

2.1 Differential Equations

Definitions 1 [6] Differential equations are equations in which there is a derivative of one or more de-
pendent variables compared to one or more variables.

Differential equations are divided into 2 types which are
1. Ordinary Differential Equations : ODE
2. Partial Differential Equations : PDE
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Definitions 2 [6] Linear Differential Equation

The general from is
8,0y +a,,()y" ™+ +a,()y +a,()y = (X (2.1)
when a,(x), &,(x), a,(x),....a,(x) and f(X) are function of X

If the differential equation is not linear we will call nonlinear differential equation
2.2 Sadik Transform

Definitions 3 [1] Sadik transform of f (t) was defined as

Fve,p) = S{f{)} = iﬂTe—V“tf(t)dt (2.2)

Voo

Sadik transform properties [2-5]

L s{f'®} = V“S{f(t)}—viﬂf(o)

2. S{f"(t)}

v2es{f (t)}—z—z f (0) —Viﬂ £(0)
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3. S{FMO} = vS{f(t)}— f’(O)—...—Viﬂf(“‘l’(O)

Vﬁ
Sadik transform [2-5]

1
1. S{I} =
o=
N n!
2. S{t} V(n+1)a+,3
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2.3 Analysis of Modified Homotopy Perturbation Transform Method (HPTM)
Consider differential equations
Du(x,t)+Ru(x,t)+Nu(x,t)- f(x,t) = O (2.3)
initial conditions u(x,0) = ¢
taking Sadik transform S{Du(x,t)}+S{Ru(x,t)}+S{Nu(x,t)} = S{f(x,t)}
Cl

then  u(xt) = S‘l{a—w}+8‘l{%8{f(x,t)}}—S‘l{%S{Ru(x,tHNu(x,t)}}
v v v

= F(x,t)- S‘l{via S{Ru(x,t)+ NU(X,t)}}
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when  F(xt) = Sl{ fiﬂ}+sl{%5{f(x1t)}}
v v

Therefor u(x,t) = F(xt)- pS‘l{V% S{Ru(x,t) + Nu(x,t)}} (2.4)
apply the homotopy perturbation method and the nonlinear term can be decomposed as

U = P, Nt = 3 pTH (D)

S0 ip”un(x,t) = F(x,t)- pS‘l{—S{ (Zpu (X, t)j+2p H, (X, t)}}

Compare the equivalent power coefficients of p

p%: U (x,t) = F(xt)

PP Upa(xt) = —S*{ {[Zpu(xt)}ZpH (xt)}}

And the solution to the homotopy perturbation method in the power series p as

u(x,t) = ip“un(x,t)

= Uy(X,t)+ p'u (X, t) + p2u, (x,t) + pPus (X,t) +... (2.5)
From (5) when p—>1 the solution to the equation considered is

u(x,t) = I’!T1 (uo(x,t)+ pu, (X,t) + p°u,(x,t) + p3u3(x,t)+...)

= Uy (X,t)+u, (X,t) +u, (X, t) +u (X,1) +... (2.6)

3. Results
Solving differential equations

Example 3.1 Consider the first order ordinary differential equation y"-2y'-3y = 5 (3.1)
subject to the initial condition y(0) = 0, y'(0) = 1. The exact solution is
yi) = %(—5+5e‘cosh(2t)—e‘sinh(2t))

Solution taking the Sadik transform to both sides in Eq. (3.1) then
s{y’}-sfey}-sy} = s{5

sty -2 Fwsy O sy = 2
2a a S 1
-2 -3sly) = e
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5v7 v’
sy} = v“(vza VA —3)+ Ve (vza —2v* —3)

S 2 4
t)y = ——+—-€e"+e
y(t) 23

= é(—5+ 5e' cosh(2t) —e' sinh(2t))

Therefore, the solution which is the same exact solution.

2 2
Example 3.2 Consider the partial differential equation gt—l:—%—u = 0 (3.2
X

subject to the initial condition u(x,00 = 1+sinx U(x,00 = 0

Solution taking the Sadik transform to both sides in Eq. (3.2) then

2 2
s{gt—‘j}—s{gx—‘jw} - 0

« v 1 o%u
V2 S{U(X,t)}—v7u(x,0)—V—ﬂut(x,O) = 3{7+u}
1 . 1 .]ou
S{U(X,t)} = W(1+S|n X)+WS{§+[‘|}
2
u(x,t) = 1+sin x+81{% s{a_l:w}} (3.3)
v ox
applying Eq. (3.3), we obtain the component of the solution as follows:
U(x,t) = 1+sinx

a1 0%, _
u(x,t) = S {FS{WMO = 5
a1 o0y ot
UZ(X,t) = S {VT“S ¥+u1 = E
a1 o0, ot
L= {Ws{axz HT = g

therefor
u(x,t) = u(x,t)+u (X, t)+u,(x,t)+...
2 4 6
= sinX+l+—+—+—+
21 4 ol
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= sinx+cosh(t)

Example 3.3 Consider the porous medium equation Z—Ltj = %[u(x,t)mux(x,t)] (3.4)
subject to the initial condition u(x,0) = x

. . ou 0
Solution From Eq.(3.4) if m = 1 then 5 &[u(x,t)ux(x,t)] (3.5)

taking the Sadik transform to both sides in Eq. (3.5) then

ou 0
S{E} = S{&[U(X,t)ux(x,t)]}

v“s{u(x,t)}—viﬂu(x,O) = sfuxtu, (1) +[u, (O}
sfu(x.t)} = W%Jrviﬁs{u(x,t)uxx(x,t)+[ux(x,t)]2}

uxt) = x+Sl{viﬂS{u(x,t)uxx(x,t)+[ux(x,t)]2}}

applying Eqg. (3.5), we obtain the component of the solution as follows:

Uy(x,t) = X
u(xt) = S‘l{viﬂS{uo(x,t)uoXx(x,t)+[u0x(x,t)]2}}
S‘l{viﬂS{l}}
= t

uz(X,t) = S_l{viﬁS{Ul(X,t)lex(X,t)+[U1X (X’t)]z }}

= 0
u(xt) = 5l{iﬂs{UZ(X,t)UzXX(X,t)+[U2x(X,t)]2}}
Vv
= 0
therefor
u(x,t) = u,(x,t)+u (X, t)+u,(x,t)+...
= X+t

4. Conclusions
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Solving problems of differential equations By using homotopy perturbation method and Sadik trans-
formation is a simple and effective solution.
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