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1. Intreduction

Mant problenss in scwence and engineering are nos-
limnar, Thus, it is importsni 0 develop efficieni meth-
ods b0 solve them, [n the pavt decades, with the fav
development of high-guality symbolic compoting sfi-
ware, such av Maple, Mathematica and Matlab, sns
Tyt an well as al tochnigoes for noal -
ferential equations Bave been devedoped guackly The
homsctopy analysis methed (HAM) [1 = 5] is one of
the muoni effective methods 1o construct analytically ap-
provimate solot of Doa Siffcrential o
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beven discovered o move toward stranpe attracton | 15)
Such strange aflracions acc fractals by definiwa. We
therefore aim 10 deal with fractal poalinca differes-
tial equaticns rather tham with classscal forms of them
In thin paper, we emnploy the HAM 1o sobve fractional
nonlincar Giffercatial cquations. Some cxamples are
e 10 ilbustrate the effoctiveness of thin method. It s
shown that the HAM is efficiont not oaly for classical
differeminal oguations but also for &illerenteal equarsns
with fractonal derivatives.

This method hus boen applied to 3 wide range of noo-
limsear differential equatsons. Compared with the tradi
ol analytic approvimation tools, soch as the pormur-
hation methad [6-9). the S-expassion method [10).
aad the Adomisn decomposation method |11 - 13), the
HAM provides a coavenient way to coatrol and adpest
the comverpesce range and the rate of approimation
Abo, the HAM is valid even if a monlimcar problem
docs i contain a wmall or lange | In addi-

2. Fractional Jon and DT ki

In this section, let us fird recall eusentialy of the
fractional caloulun. Fractional calculus v the mamse
ol ithe theory of integrals and dernvatives of arba-
trary ovder. which unifies and gencralires the potions
of mieger-order differ and »-fold mieg
There ane many books |14, 16 18] that develop the
fractiosal caloulus and varoos defimton of fractional

toa, it <an be employed W approvimate a nonldingar
problern by chooming different sets of base fumtions
In recemt years, comsaderable indevest in fractional
diflferential o has boen lated doe 1o
their numeroas applications i physcs and engimeer-
ing |14]. For iastance for the propagation of waves
thevagh a fractal modism of duffusson in a2 disordered
system it 15 reasonable o formulse the strictare of

5 and defferentiation. sech as Gruawald-
Letnikon ‘s defination. Riemann-Liouville's definitson,
Caputo’s definition and the gencralined function ap-
proach. For the purpose of this paper, the Caputo
demnvative as well as the Riconans: Liouville (atcgral
will he ned

Let . denote the diffcreniial operator in the sense
of Caputis | 19]. defined by

the monk evolation o i erms of £ | 2.2 f(a)= F= 29" f() 2
dorvatrves rather thas in e clavsical form. Funhei-
e, we known that many nonlincar differential ogua-  where m - | < @ < m, [ is 2 (v poneral nonlinear)

tioen exlbubit straspe and their sol have = the wwal inteper differcatial operator of
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Are you tired of struggling with complex nonlinear differential equations that seem
impossible to solve? Look no further! In this in-depth article, we will introduce you

to the Homotopy Analysis Method (HAM),a powerful mathematical technique that
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can revolutionize the way you approach and solve nonlinear differential

equations.

The Essence of Homotopy Analysis Method

The Homotopy Analysis Method, developed by Dr. Shijun Liao in the early 1990s,
provides a systematic way to find approximate analytical solutions for various
types of nonlinear differential equations. Unlike traditional techniques that rely
heavily on numerical methods or perturbation theory, HAM combines analytical

and numerical approaches to obtain more accurate solutions.

Homotopy Analysis Method in Nonlinear
Differential Equations

by Shijun Liao(2012th Edition, Kindle Edition)
5 out of 5

Qq‘&

DOWNLOAD E-BOOK i}

The key idea behind HAM is to construct a homotopy between a simplified
linearized equation, for which the solution is known, and the original nonlinear
equation. By introducing a so-called convergence control parameter, HAM adjusts
the solution algorithm to converge to the desired solution. This amazing method
allows researchers and scientists to effectively tackle complex problems that

were previously deemed intractable.

Advantages of Homotopy Analysis Method
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The Homotopy Analysis Method offers several advantages over alternative

techniques:

Accuracy: HAM provides accurate solutions for a wide range of nonlinear

differential equations, even in the presence of strong nonlinearity.

Flexibility: Unlike many other numerical methods, HAM does not impose
strict conditions on the differential equation, making it applicable to various

nonlinear systems.

Efficiency: HAM requires fewer iterations compared to traditional numerical

methods, resulting in faster convergence and reduced computational burden.

Convergence Control: The convergence control parameter in HAM allows
users to adjust the convergence speed and obtain desired approximate

solutions.

Applications of Homotopy Analysis Method

Homotopy Analysis Method has found numerous applications across different

scientific disciplines:

Engineering: HAM has been extensively used in various branches of
engineering, such as civil, mechanical, and electrical engineering, to solve

nonlinear differential equations arising from real-world problems.

Physics: Physicists have found HAM to be a valuable tool for studying
complex physical phenomena described by nonlinear equations, including

fluid dynamics, quantum mechanics, and general relativity.

Biology: HAM has been successfully employed in modeling biological
systems, uncovering underlying patterns and predicting behaviors in areas

such as epidemiology, population dynamics, and gene regulatory networks.



» Finance: Financial analysts have utilized HAM to model and analyze
nonlinear dynamics in financial markets, leading to improved understanding

of complex interactions and more accurate predictions.

The Homotopy Analysis Method is an innovative and powerful technique that
offers a new perspective on solving nonlinear differential equations. Its versatility,
accuracy, efficiency, and convergence control make it an essential tool for

researchers and scientists working on complex problems in various fields.

With the Homotopy Analysis Method in your arsenal, you can tackle challenging
nonlinear equations head-on and unlock groundbreaking discoveries. So why
wait? Start exploring the power of HAM today and revolutionize your approach to

problem-solving!
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"Homotopy Analysis Method in Nonlinear Differential Equations" presents the
latest developments and applications of the analytic approximation method for
highly nonlinear problems, namely the homotopy analysis method (HAM). Unlike
perturbation methods, the HAM has nothing to do with small/large physical

parameters. In addition, it provides great freedom to choose the equation-type of
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linear sub-problems and the base functions of a solution. Above all, it provides a
convenient way to guarantee the convergence of a solution. This book consists of
three parts. Part | provides its basic ideas and theoretical development. Part |l
presents the HAM-based Mathematica package BVPh 1.0 for nonlinear
boundary-value problems and its applications. Part lll shows the validity of the
HAM for nonlinear PDESs, such as the American put option and resonance
criterion of nonlinear travelling waves. New solutions to a number of nonlinear
problems are presented, illustrating the originality of the HAM. Mathematica
codes are freely available online to make it easy for readers to understand and
use the HAM.

This book is suitable for researchers and postgraduates in applied mathematics,

physics, nonlinear mechanics, finance and engineering.

Dr. Shijun Liao, a distinguished professor of Shanghai Jiao Tong University, is a

pioneer of the HAM.
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