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PREFACE 

Selfoc fibers and gas lenses have recently been 

proposed as two exciting possibilities for propagation 

of optical signals over short, medium and long distances. 

The guidance of light beams in these media arise from 

the radial variation of refractive index. The present 

thesis is devoted to the study of the focusing of laser 

beams in an inhomogeneous medium. This can be character-

ized by an index of refraction which assumes a maximum 

value on axis and decreases quadratically with the 

distance from the centre axis. 

The first chapter of the thesis is devoted to 

a description of the experimental aspects of the Selfoc 

fiber and the gas lens so that a proper background, for 

the appreciation of the theoretical results envisaged 

in Chapter II, becomes available. A brief discussion is 

also given to stress upon the importance of the theoreti-

cal approach employed in the second chapter. 

The second chapter deals with the application of 

the parabolic equation to the propagation of laser beams 

in a radially inhomogeneous medium. In the first two 

sections of this chapter, the parabolic equation is 

derived from Maxwell's equations and meaningful solutions 

have been obtained for slowly converging/diverging beam 

in a radially and axially inhomogeneous medium. It has 

been shown that the dimensionless beam width parameter 



satisfies a second order differential equation. The 

solution of this differential equation, in geometrical 

optics approximation, is discussed in Section 3. The 

path of rays in a typical conical Selfoc fiber have 

also been obtained and compared with the corresponding 

experimental data. The agreement between the theoretical 

results and the experimental data is found to be fairly 

satisfactory. 

In the fourth section of this chapter, the 

diffraction effects on intensity distribution have been 

taken into account. For Gaussian beams, the intensity 

at any point inside the conical Self oc fiber has been 

evaluated numerically. Theoretical calculations have also 

been made for the resolving power of a Selfoc lens and 

have been compared with the corresponding experimental 

data. The theoretical results agree well with the experi-

mental data. 

In the fifth section, the electromagnetic wave 

propagation in a gas lens (using the theory developed in 

the first two sections of this chapter) has been studied, 

The theoretical results are compared with the experimental 

data for the focal length in a tubular gas lens and,  a good 

agreement between them justifies the theory. The thin lens 

formula is also found to be valid, to a good approximation, 

in a gas lens. The last section of this chapter, briefly 

presents the justification of the present approach. 

The last chapter of the thesis is devoted to the 



study of the propagation of a Gaussian beam through 

a circularly curved Selfoc fiber. Effect of radius of 

curvature on the positions of focii and the intensity 

distributions at the position of focii has been obtained 

and it is concluded that Selfoc fibers have a good 

tolerance towards bending as compared to gas lenses. 
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