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Fig. 1. (a) The electric field of traveling wave solution (12) as function of Inr at various times; (b) the electric field

of traveling wave solution (13) as function of Inr at various times.
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Fig. 2. (a) The electric field of traveling wave solutions (12) as function of r at various times; (b) the electric field
of traveling wave solutions (13) as function of r at various times; (c) the electric field of traveling wave solutions

(12) as function of ¢ at different locations; (d) the electric field of traveling wave solutions (13) as function of ¢ at

different locations.
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Abstract

Study on propagation of cylindrical electromagnetic waves in various inhomogeneous and nonlinear media is of
fundamental importance, which can be described by the cylindrical nonlinear Maxwell’s equations. In recent years, finding
exact solutions for these equations has emerged as a popular research topic. The exact solutions play an irreplaceable
role in understanding and predicting physical phenomena, and developing numerical calculation methods, and so on.
However, due to the extreme complexity of nonlinear partial differential equations, exact solutions of the cylindrical
Maxwell’s equations were only able to be obtained in a nonlinear and nondispersive medium whose dielectric function is
an exponential function in previous researches. Actually, there is no general method at present which can exactly solve
arbitrary cylindrical nonlinear Maxwell’s equations. Therefore, finding physically admissible solutions meeting certain
particular condition for the cylindrical nonlinear Maxwell’s equations might be feasible.

In this paper, we discuss the traveling wave solutions which are very important in electromagnetic theory, especially
in solitary wave theory. To our knowledge, research on obtaining traveling wave solutions of the cylindrical nonlinear
Maxwell’s equations is still lacking. The main conclusions in this paper are listed as follows.

Firstly, we introduce the cylindrical nonlinear Maxwell’s equations mentioned in some previous publications, which
can describe cylindrical electromagnetic waves propagation in inhomogeneous nonlinear and nondispersive media. In this
paper, we focus on the nondispersive media with arbitrary nonlinearity and power-law inhomogeneity.

Secondly, we point out that the electric field component E of the model has no plane traveling wave solutions
E = g(r — kt), after theoretical analysis and study. Then generalized traveling wave solutions in form of E = g(Inr — kt)
for the electric field component are obtained by finding correct variable substitution and solving second-order nonlinear
ordinary differential equation.

Finally, we provide two examples to show the physical meanings of our generalized traveling wave solutions. We find
that the transmitting speeds of vibrations vary with different points of the electric field. Actually, the transmitting speed
of the vibration of a certain point closer to the cylinder center is lower. As a result, we observed a physical phenomenon
similar to that of “self-steepening”.

Our work can be used to analyze the electromagnetic properties of ferroelectric materials and new materials.

Theoretically, it can also provide an approach to studying the cylindrical nonlinear Maxwell’s equations.
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