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ABSTRACT

The study being presented as a thesis entitled "New Analytical Solutions of
Nonlinear Partial Differential Equations of Mathematical Physics via Isovector,
Equivalence Transformations and Direct Methods" highlights the usefulness of the
analytical methods of solution mentioned in the title by way of application to a large
number of problems from the realm of theoretical physics. The isovector qnd the
equivalence transformation approaches have direct links with the Lie's theory of

continuous groups of transformations. Precisely speaking, the isovector fields and the

equivalence generators, in the isovector approach and the equivalence

transformations method respectively, play the same role as that of the infiritesimal
operator in Lie's theory. Using the similarity transformations obtained from these
one-parameter groups and which essentially reduce the number of independent
variables by one, the nonlincar partial differential equations (nlpdes) in two
independent variables are reduced to nonlinear ordinary differential equations
(nlodes), the solutions of which eventually yield solutions of the nlpdes. Beside these
two group theoretic methods, some other mcﬂrhods, which donot evoke group
invariance, are also used. These direct methods are WTC technique or analysis of
the weak Painlevé property for nipdes, Clarkson and Kruskal’s direct method and
travelling wave solutions technique by Jeffrey and Xu. In the next few paragraphs

we briefly mention the material presented in the seven chapters of the thesis.

Chapter I gives a brief description of the methods used in handling equations

of the remaining chapters and the survey of some related works. In Chapter 11, some
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Klein-Gordon and Liouville type equations in n-Euclidean dimensions are taken up
for similarity reduction. The resulting nlodes are solved for some special forms of

the arbitrary functions involved and the results are tabulated.

A Poisson type equation in n-Euclidean dimensions in which the
inhomogeneous part is an arbitrary function of the dependent and independent
variables as well as the first order partial derivatives of the dependent variable, is
studied in Chapter III by the equivalence transformation and isovc'cto’r approaches
and the results are compared. Isogroups are calculated for the Harry Dym equation
in Chapter IV and ten group theoretic reductions are tabulated, some of which are

solved to get some implicit and some explicit solutions.

In Part [ of Chapter V, an integro-differential equation derived by Hirota and
Satsuma by Bicklund transformation of the Boussinesq equation is taken up and
some exact solutions are reported. In the second part, the third order Boltzmann
equation is studied via the isovector and WTC techniques, to get exact solutions, It
is observed that some of the similarity transformations work for the (p+1) th order

equation as well, from which results for the Krook-Wu model (p=1) are deduced.

In Chaprer VI the small disturbance potential flow equation of
nonequilibrium transonic gasdynamics is considered through the isovector approach
and the dire_ct method due to Clarkson and Kruskal, which again transforms the
nlpde to nlode but does not require invariance under a group of transformation.
Beside giving exact solutions of the equation under consideration, solvability and

nilpotency of the Lie algebra of the transformation groups yielded by the isovectors

are examined.
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Unlike Chapters II - VI wherein we utilize group theoretic methods for
determining the exact solutions of nlpdes, in this chapter, the technigue given by
Jeffrey and Xu to find travelling wave solutions, is applied to a class of conservative
nonlinear evolinion equations that embeds nonlinearity and dispersion. Results for
some physically interesting particular cases such as the generalized

Kuramoto-Sivashinski equation, the Korsunsky equation in a special case, a

generalized Boussinesq equation, a modified Boussinesq equation, a nonlinear

atomic chain model equation etc. are deduced from the general solution.
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