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Abstract

The Elzaki Adomian Decomposition Method (ETADM), an efficient and powerful
technique, is used to analyze several nonlinear fractional Riccati differential equations. This
method, which employs Elzaki transformation and an iterative approach, outperforms other
techniques by not requiring additional computations or resources. It also eliminates the
need for discretization or restrictive assumptions, making it a straightforward and efficient
solution. Our study demonstrates that this method is reliable, efficient, and a simple way to
address specific issues in various engineering and applied scientific domains.
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1. Introduction

Recently, there has been an increased interest in the study of FDEs. With
time, the fractional approach has become a potent modeling technique widely
applied in turbulent flow, chaotic dynamics, wave propagation, turbulence, and
diffusion processes [1]-[4] due to the difficulty of solving many fractional order
models analytically and the requirement to find an answer for FDEs. Creating
dependable and effective numerical solutions for FDEs has drawn the attention
of numerous researchers. Several techniques are among them, such as the
homotopy perturbation method [9], Laplace transforms [7], reduced differential
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transform method [5], variational approach [6], and a number of analytical and
approximation techniques have been presented for addressing nonlinear
problems of fractional order [8, 9,10], and others [11-14]. In this work, we
employed a new mixture for solving fractional-order nonlinear RDES, such as
the Elzaki method and the Domain decomposition approach, which is an elegant
coupling of two powerful methods.

2. Elzaki transform with Decomposition Approach ETADM

Here, we explain ETADM to solve Riccati differential equation with
fractional order as

DEY () + NY(8) + WY () = H(®) (1.1
Where Y(t) = Y(0) at t =0 and Df(.) means a fractional derivative of
Caputo, N and I noted linear and a nonlinear operator, respectively.
Taking the Elzaki transform of (1.1)

E(DFY(®) + NY() + WY () = E(H(®)
And by using the property of ET
E[Y()] = 6 Xy 6277KY®(0) — s“E[NY(6) + WY() —H(®]  (1.2)
Taking inverse ET
Y(6) =H(©) —E [§*EINY(®) + WY ()]] (1.3)
Below is the infinite series solution to the problem (1.3):Y(t) =
2izo (0 = Yo(©) + Y1(O) + -+ Y;(O) + -
Now, use decompose JY(t) in Adomian polynomials as :JY(t) =

Y04,
Where
aJ o ; ,
4= W), . =01z
Then

Y520 Yjar(®) = h() = ETH{S E[NZ, Y; (8) + Z320 47}
Where Y, (t) = h(t) = E7{6% Xps 62727 kY ®(0) + §“E (1))}
And Y1 () = —E"HSE[NY;(O) + 4]}, j=1

3. Results and discussion

The effectiveness and dependability of the Elzaki transform Adomian
decomposition method (ETADM) are illustrated in the examples that follows.
All of the results are calculated using the program Mathematical3.3

Example 3.1: Consider
DY(®) = 2Y(®) — Y2(9) + 1 (3.1)
with Y,(@) =Y(0)=0
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Solution: After employing the property of (ET) and performing the Elzaki
transform of equation (3.1), we obtain:

EY®)] Y] _ 2
OO = El2v(9) — Y2(9) + 1]

Which on taking inverse Elzaki transform gives:
Y(®) = E71[69%2 + 6°E[2Y(9) — Y2(9)]]

Now, on applying Elzaki Decomposition Method, we arrive at

9@
Yo(®) = Y(0) = o
292%¢ I(20+1)93@
Vi) = e ~ Terteer
493¢@ 2I(20+1)9%@ 4r(3o+1)9%@
Yz(ﬁ) ZF(3 ) 2 -
e+1)  (T(e+1))T(e+1) T(e+1)[(2e+1)I(40+1)
2l (20+1)[(40+1)95¢
(T(e+1))3rBe+DI(50+1)
Y,(9) = go*e 4r(29+21)1959 _ 8['(40+1)95°
F4e+1)  (T(e+1)T(50+1) [le+1)T(Be+1I(s50+1)
4T (20+1)(40+1)95¢ 4T(20+1)T(50+1)9°% 8[(30+1)(50+1)9°%
(P(e+1)°TBe+DI(6e+1)  (T(e+1) T+ (6e+1)  (T(e+1) T(2e+1)I(4e+1I(60+1)
4T(20+1)T 4+ (60+1)978 4T (40+1)95¢ 4T (50+1)9%@
(F(e+D) TGEe+DIGe+DI(7e+1)  (F(e+D) TGe+D)  (Tle+D) T(Be+1I(60+1)
(2e+1)’1(60+1)87°

(re+1)*(rGe+D) 1(7e+1)
By the same way ,we get Y,(9),Ys(9), ...
The solution can be expressed in the series form as

Y(9) = 9@ 292%¢€ _ I(20+1)93@ 193¢ _ 2l(20+1)9%@
T(e+1)  T(e+1)  (I(e+1))’TBe+1) [Be+D)  (I(+1))’T(40+1)
4r(3p+1)9%@ 2l (20+1)95@

T(e+1) [(2e+DI(4e+1)  (I(+1))’T(3e+1)[(50+1)

3 4
When @ = 1 then Y(¥) = lim;_, Y;(¥) =9 + 9% + 19?+%+

Example 3.2: Consider
"D§’Y(x,19) +Y(,9) Yy — Yoy (3.2)
Y(x,0) =x
Solution: By Using ET on both sides of Eq (3.2) , Thus, we get:
E[°DZY] + E[YY,] — E[Y,,]
By using the Elzaki transform, we've
Y(x,9) = x — E7Ys®E Q=0 Am (V) — Zin=0(xx)] (3.3)
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The first few components of A4,, ("Y) polynomials is given by:
Ap(Y) ="YoYox
A1 (V) =YY + Y1 Yoy
A (V) =Y You + Y1 Yy + Y2 Yoy
Then
Yo(x,9) =x,Y;(x,9) = —E7Y[sCE(A,(Y) — (Yo)xx)]
Yo (x,0) = —E7HsCE(AL (V) — (Y1)x)] Y3 (x,9)
= —E7[sCE(A2(Y) — (Y2)x)]

Yo(x,9) =x
, — = x 222
Yalo9) = =xporyy » V20 9) = X -
, _ e arCer))
Y3(x,19) =—x [2(p+1)T(30+1)

, _ . 8M%(e+D(2e+1)+2%(20+1)+4T(e+1I(Be+1) g4,
Yol ®) = x [2(+ DI 2o+ Dl Gsg+1) v
161% (e+1)I?(20+1)TBe+1)+4I" (e+1I* (20 +1)[(3e+1)
, _ +8I% (e + 1T (20+1)[?(30+1)
Ys(o9) = —x [3(e+DI2 2o+ DI Ge+DI(5e+1)
The approximate solution when g = 1is
Y (x,9) = x —x9 + x9% — x93 + x9* + -+

Thus gives: Y (x,9) = ﬁ 91 < 1

5. Conclusion

It is difficult to get solutions of FRDE with beginning conditions, and these
kinds of problems almost never have a solution. Here, an attempt at computing
the FRDE solutions is accomplished successfully. Responses are found as series
that converge to the precise answers. The integer solutions exhibit very close
proximities to the analytical solution of the given issue. Solutions for various
problems with fractional orders are also found, demonstrating the varying
dynamical behavior with fractional order variation. Thus, it can be said this
approach has a high rate of convergence and is therefore applicable to various
linear and non-linear problems.
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