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ABSTRACT 

Single-mode optical fibers and integrated optical 
waveguides are finding increasing applications in optical 
communication, optical signal processing and optical sensing. 

As a consequence/ a larger number of models and methods 
have been developed to study the propagation characteris-
tics of optical fibers and optical waveguides. We propose 
a new model - the cosine-exponential (CE) model-which gives 
moderate to high accuracy for most of the single-mode 
optical waveguides. Further, this form of the trial 
function allows one to define an equivalent guiding 
structure (EGS), which has propagation characteristics 

very closely similar to those of the actual waveguide. 
The EGS comprises of homogeneous slab waveguides and hence 

the evaluation of splice loss, waveguide excitation 

efficiency, directional coupling characteristics etc, 

is greatly simplified. 

We describe the model and compare its accuracy 
with that obtained using other methods and establish the 
superiority of the present model. The method to use 
the equivalent guiding structure for analysing other 
characteristics of the waveguide and devices based on 
them is also discussed. Next, we show the applicability 

of thir,  model to different types of single..mode waveguides. 



In particular, we consider homogeneous rectangular and 

channel waveguides; inhomogencous planar and diffused 

channel waveguides; elliptical-core and circular-core 

fibers. The model gives better accuracy than the existing 

approximate methods and models except for the case of 

circular-core fibers, for which more accucate models are 

available. However, oven in the case of circular-core 

fibers, the present model gives better accuracy than the 

widely used Gaussian approximation. Further, the EGS 

as defined by the OE-model, is used to study other rolatod 

problems. For exaMplet  the fundamental vector modes of 

a waveguide are well approximated by the vector modes 

of its EGS, which are very easy to obtain. The problem 

of directional coupling between: two fibers or integrated 

optical waveguides reduces to the problem. of two parallel 

slab waveguidc (of the EGG) which is almost analytically 

solvable. 

The above model, though it works extremely well 

for most of the optical waveguiLles as far as the field 

distribution propagation constant of the fundamental 

mode and other related, characteristics are concerned ,  

it does not give sufficient accuracy for studying dis-

persion characteristics in single-mode fibers. Hence, 

ono either uses numerical tethniques or makes use of 

approximate methods.Wc have developed a numerical method 



of solving the scalar wave equation for W-type fibers. 

The method is employed to compute the chromatic disper-

sion of a graded-core W-type fibcr exhibiting two zero 

dispersion wavelengths, and to study the dependence of 

chromatic dispersion on various fiber parameters which 

is essential to design such fibers forWi-velungth 

Division Multiplex (WDM) transmission systems. We 

also discuss the advantages of a graded-core W-type fiber 

over a homoqcncous-core fiber. The numerical method 

used above doos not provide a closed from expression for 

the transverse modal field of the W-t ,e fiber. Hence, 

we approXimato the fundamental mode of such fibers by 

the Gaussian exponential model (which has been success-

fully used in the past to study the prot,agation 

characteristics of single-clad fibers) and evaluate the 

various propagation parameters with a considerable good 

accuracy in comparision to the Gaussian model. 

Finally, we give a simple method to estimate 

propagation Constants of modes in ubsorbinç waveguideS. 

The method is based on thu transformation of the scalar 

wave equation into a matrix eigenvalue problem and is 

applicable to wavcguidcs with arbitrary refractive index 

profiles,in contrast to earlier methods Which were 

restricted to step index profiles* 



CONTENTS  

PAGE  

1 INTRODUCTION 

2 THE COSIM-EXPONENTIAL MODEL FOR 
SINGTE-MOUE WAV%GUIDES 	 14 

2.1 Introduction 	 14 

2.2 Basic Nquations 	 15 

2.3 The cosinr-exponcntial (CE) Model 	19 

2.4 Comparision with Other Models 	 20 

2,5 The Equivalent Guiding Structure(EGS) 	24 

2.6 Summary 	 27 

APPLICATIONS OF THE CE -M 	 OUS 
RECTANGULAR WAVEGUIDES 	 29 

3.1 Introduction 	 29 

3.2 Existing Methods for the Analysis of 
Rectangular Wavcguides 
	29 

3,3 The Scalar Mode and The Equivalent 
Guiding Structure 	 31 

3.4 Tho Vector Modes 	 36 

3.5 Dircctional Coupler 	 30 

3.6 Summary 	 42 

APPLICATIONS OF THE CE-MODEL INHOMO- 
GENEOUS INTEGR:aED OPTIC;L WaEGUIDES 	 43 

1,1 Introduction 	 43 

4,2 Inhomogcncous Planar Waveguid s 	 43 

4.2.1 Variational Analysis for tIEr, Mode 	46 

4.2.2 Equivalcnt WaveguidE,! and TM n  Mode 	53 



4.2.3 Coupling Characteristics of 
indiffused Wavcguides 	56 

4.3 	Two Dimensional Diffused Channel 
WilVQC;UiCS 	 58 

4,4 	Summary and Conclusion 
	62 

APPLICATIONS OF THE CE-MODEL : ELLIPTICAL 
ND CIRCULual-CORE FIBERS 
	

64 

5.1 Introduction 
	 64 

5.2 Elliptical Fibers 
	 65 

5.3 Circular Pibers 
	 69 

5,4 cummary 
	

73 

DISPERSION CALCULATIONS IN SINGLE ODE 
GRADED-CORE W-TYPE FIBERS 
	

74 

6.1 Introduction 	 74 

6.2 Numerical Solution of the Scalar Wave 
Equation 	 76 

6.3 Numerical Results and Discussion 	SO 

6.4 Summary 	 83 

7 SCALAR VARIATIONAL ANALYSIS 0 	' 0 
GRADED-CORE W-TYPE FIBERS 
	 85 

7.1 Introduction 	 65 

7.2 'Analysis 	 87 

7.3 Numerical Results and Comparision 	92 

7 , Summary 	 94 

8 PROPAGATION CH,I.R14TERIST ICS OP z 
WAVEGUIOES DY vizariax ME THOD 95 

8.1 Introduction 	 95 



8.2 	Theory 96 

8.3 	Numerical Results and Discussion 100 
8.4 	Summary 101 
hPPENDICES 10. 

REFERENCES 114 


