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ABSTRACT 

The advent of fiber optic communication systems has been the impetus for rapid progress in 

the design and analysis of fiber and integrated optic devices for signal processing, with recent 

interest focusing on employing nonlinear guided wave phenomena for a futuristic all-optical 

communication system. Optical waveguides form an integral component of all guided-wave 

components and devices and hence, optical waveguide theory is of primary importance; the present 

thesis is devoted to the analyses of both linear and nonlinear optical waveguides. 

In the first part, we analyse nonlinear planar waveguides. We first show the existence of TE 

polarized surface plasmon polaritons in metal films bounded on one side by a self-focusing medium 

and by a self-defocusing medium on the other (both bounding dielectric media exhibiting Kerr-like 

nonlinearities). Since the solutions are very sensitive to the choice of material parameters, we present 

a detailed study of their effect on the dispersion curves. Next, we examine the effect of fifth-order 

nonlinearity on the dispersion curves for the case when a metal film is bounded on both sides by 

fifth-order nonlinear dielectric media (both symmetric and asymmetric configurations). We present 

exact dispersion relations for the above cases and show that the presence of fifth-order term 

considerably modifies the characteristic curves in comparison to the Kerr case, leading in some 

cases to unstable waves. Further, we present an exact analytical general solution of the TE wave 

equation in fifth-order nonlinear dielectric media and show that all known solutions are special 

cases of this general solution. 



The second part of the thesis is devoted to the analysis of linear waveguides. We present the 

analysis of a mixed quartic profile by the recently developed modified Airy function (MAF) method 

and show that it yields more accurate results in comparison to the WKS].  method (first-order and 

eighth-order), with much less computational effort and in addition, gives an accurate form of the 

wavefunction over the entire range. Finally, we present a simple method for the analysis of the 

important problem of tunneling in optical waveguides and quantum-well structures based on the 

MAF approach. We present the results on tunneling for four sample profiles : the truncated 

step-linear, step-exponential, parabolic and quartic profiles, and show that they are more accurate 

in comparison to those obtained using the conventional WKBJ, modified WKBJ and the matrix 

method. 
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