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Abstract

Differential equations play a role in Applied Physics; it’s not always feasible to find
analytical solutions for nonlinear partial differential equations when dealing with certain
phenomena. In this instance, we provide series solutions using a semi-analytical approach.
These approaches’ solutions are looked for as series. The basic principle of semi-analytical
approaches is to determine the series” other terms from specified initial conditions. Some
semi-analytic techniques can achieve extremely good convergence with only a few series
terms, but other issues may require more terms to improve convergence to the analytical
solution. This study uses the Variational Iteration Adomian Decomposition Method
(VIADM) to investigate the convergence of approximate-analytical solutions of certain kinds
of nonlinear differential equations.
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1. Introduction

Many researchers have extensively investigated the Variational Iteration
Method (VIM) for solving a wide range of scientific and engineering problems.
VIM is an efficient analytical technique that provides approximate solutions to
nonlinear equations without requiring linearization or small perturbation
assumptions. Owing to its simplicity, flexibility, and high accuracy, the method
has been successfully applied to various nonlinear differential equations arising
in mathematics, physics, and engineering. The VIM is used to solve and manage
certain kinds of nonlinear differential and integral equations. The VIM has since
been adapted to solve additional problems, including integro-differential
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equations, linear and nonlinear boundary value problems, integro-differential
equations (both linear and nonlinear), non-linear fractional differential
equations, and non-linear fractional integro-differential equations. Additionally,
various studies have been conducted to test the convergence of the VIM by
determining a number of prerequisites for solving a variety of problems,
including fractional differential equations, ODEs, PDEs, integral equations, and
integro-differential equations. If a solution is found, the VIM provides
convergent successive approximations of it relatively quickly. If not, only a few
approximations are suitable for numerical applications [1-11].

2. An Analysis of the Semi-Analytical Methods
The approximate solution using Modified ADM given by when A = —

i1 (x, 1) = 2,(x, 1)
—JM{D}2,(x,7) + L(2p (x, 1)) + N2y (x,7)) = g (x,7)}
Since 2 is the exact solution of the differential equation then
2(x, 1) = 2(x,£) = J8{D2(x, ) + L(2(x, 7)) + N(2(x,7)) — g(x,7)}
Let, 3, = 2, — 2. Subtracting @ to Z,,,4 yields to:
Sne1(68) = 3p(x,4) = 9D} (2 = 2) + L(2y = 2) + N (2, — 2)}
Since C is constant and J,(0) = 2,(0) —2(0), and 2,(0) = 2(0), Then,
Sne1 (6, 1) = 4L, —2) + N(2,, — 2)}
= oy = LR, ) + N, - 2)
By taking the maximum norm of two sides of I, (x, £), will give:

ISnea e Ol = || 5 fo 8 =10 L@ =) + N(en —2)} || ar

r(ﬁ)f It — 7L, — I+ IN@, — )} dr < —
r|h1L, I|2 =2l + Lyll2, — 2| dr
f =1 (L, +L2)||Jn|| Where, L, + L, = S

F(F]) f maXT‘E [o,t] |t

F(fl)
Hence, [|3n+1 (%, t)ll <5 "7 L Ialldr vr=0,1,.
t ~ ~
Forn = 0, I3l < —= F(f]) £~ 1f dr. max |\So(7’)| = Fﬁ) 0 maX,e[o.¢[1Joll
= — z#h-1
Forn=1,[3.ll < F(ﬁ) t f ||J || dT
-1 |
f [F(f]) £ max |IJO||] dr

< s? 2a-1 X dr = s? t? X
< qap t maXre[o,t]IJo(r)l fo "= T G MaXreio 1 So ()]

By the same way, we can get:
tna

n
131G O < (55) mmams o s mrenalJo )]
Since S < T'(fa+ B),son — o, ||F,(x, £)|| = 0, then 2, — 2.
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2)  When A = (¢ — s). Since the Modified ADM for the approximate solution
is given by:
eni1 = 2n + Jo[(£ =) °Df 2, + L(2,) + N(2,) — g(x,5)]
And y is the exact solution, hence?d =2+ J, [(t —s)[*DfFe+ L(2) +
N@) —g(x, s)]]. Subtraction 2 to 2, will yield to:
2n+1 —2= 2n —2 +]a [(t - S)(CDI? 2n - CDEX 2) + L(an - 2) + N(en - 2)]
And since J,(x, %) = 2,,(x, £) — 2(x, £), then:
Fns1(0, 1) = Jn(x, 1) + Jo[(# = ) (DF Fn(x, 1))
+J5((t =)+ LR, —2) + N2, —2,))]

Suppose that the interval [a, b] may be scaled to the interval [0,1] and
SuplS - tl < 1’ then: Sn+1(x' t) < Sn(x! t) - Sn(xr t) + Sn(o)
Then,

Sne1(x, 1) = ) f (t =) HDF 3 (x) + Ly Jn(X) + Ly T (0)]
Now, applymg the supremum norm to the both sides to get:

I3n+all < m.]) Syl = sl [ DE S + (Ly + Ly) 13l ds]
LetM—L1+L2,0<M<1

— [T C IS + 13 ()]l ds < r(mf €+ M) I3l ds

F(ﬁ)
< SM+0)
< T2y ds 131
_ ~ (M+0C)S _ (MO
Forn = 0....IFu ()l < Sh2 [TIS0()l ds = S ¢ 15,
~ S(M+C)
Ifn =103l < X2 TSIl ds
S(M+C) rt S(M+C) |1 _ S?M+0)? |~ t?
T Jo ray 1Sollds = T 1Sl
In general, by using mathematical induction we have:
« SM+ON™ " |1
150 GOIl <SS 2155
n
Since, S < mj) , then n — oo, we hav ew — 0 and l—>O, then
™ n!
3 > 0.

3. Conclusion

To get an approximate analytical solution for a number of DEs with
fractional order. We have successfully used VIADM. The converging series
results are rapidly produced, and the suggested technique is easy to apply,
appropriate, and successful in achieving the desired outcomes for these
problems. Fast and efficient work was done to derive the approximate analytical
solution for DEs.
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