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ABSTRACT

A free electron laser (FEL) is a device producing 

high powers at short wavelength at the expense of the energy 

of an electron beam, propagating in the direction of the 

wave (laser). The momentum in the emission process is 

shared by a counter propagating pump (wiggler) wave. This 

thesis endeavours to bring out alternate concepts in the 

operation of FEL at higher frequencies and higher powers 

using moderate energy beams. Two alternative schemes have 

been explored in this regard: (i) employing electromagnetic 

and electrostatic waves as wigglers, (ii) using slow wave 

structure.

We propose two very attractive wigglers viz. the 

whistler and the lower hybrid waves for collective Raman 

regime operation of FEL in the explosive mode. In this case 

the pump wave copropagates with the beam in a slow wave 

structure to generate intense short laser pulse. Computer 

simulation of this device reveals that the explosive mode of 

operation is more efficient than the conventional mode. We 

have studied the effect of finite spread in the axial 

velocity of the electron beam on the explosive instability 

of a whistler pumped FEL employing kinetic theory. For the 

Gaussian distribution in the beaa velocity the explosion 

time becomes twice for 1% spread in the beam energy.

11



We also examine the utility of a. dielectric lined 

waveguide as a slow wave structure for the explosive FEL in 

the collective Raman regime. This scheme of FEL operation 

considerably reduces the requirements on beam voltage. 

However, due to finite boundary effects the explosion time 

is enhanced. We propose a stripline geometry with a magnetic 

wiggler as a viable slow wave FEL concept. The growth rate 

of FEL instability is comparable to conventional FEL.The 

work on FEL has motivated us to study different schemes of 

excitation of lower hybrid waves. In this effort we have 

investigated the excitation of lower hybrid waves by 

gyrating ion beam in a magnetized plasma cylinder and 

explained the experimental results from the Princeton group.

We view FEL instability as a three wave parametric 

process. We attempted a general theory of three wave 

parametric instability including kinetic effects and applied 

it to study the excitation of kinetic Alfven wave by an 

ion-Bernstein wave. The last problem though not related to 

FEL but gives important insight into the theory of 

parametric instability in a magnetized plasma. It might be 

possible that Bernstein waves with large perpendicular 

wave-vector kx and small kj j are suitable wiggler for 

rotating electron FEL.



CONTENTS

Chapter Page

ACKNOWLEDGEMENTS i

ABSTRACT i i

PREFACE 1

I A WHISTLER PUMPED FREE ELECTRON LASER

1.1 Introduction 16

1.2 Instability Analysis 18

1.3 Time of Explosion 28

1.4 Results and Discussion 32

II EXPLOSIVE INSTABILITY OF A LOWER
HYRBID WIGGLER FREE ELECTRON LASER

2.1 Introduction 35

2.2 Explosive Growth 37

2.3 Discussion 50

III A RAMAN REGIME FREE ELECTRON LASER
IN A PARTIALLY DIELECTRIC LOADED 
WAVEGUIDE

3.1 Introduction 52

3.2 Explosive Growth 56

i v



IV

4.1

4.2

4.3

4.4

V

5.1

5.2

5.3

VI

6.1

6.2

6.3

FREE ELECTRON LASER IN A STRIPLINE 
GEOMETRY

Introduction 

Mode Structure

Effect of Finite Conductivity 

Discussion

EXCITATION OF LOWER HYRBID WAVES 
BY A GYRATING ION BEAM IN A 
MAGNETIZED PLASMA CYLINDER

Introduction

Interaction of a Spiraling Ion Beam 

with the Lower Hybrid Wave 

Results and Discussion

Discussion

EXCITATION OF KINETIC ALFVEN WAVES 
IN THE ION-BERNSTEIN WAVE HEATING 
OF A PLASMA

Introduction

Non-linear Coupling

Discussion

REFERENCES

67

69

71

87

89

93

94 

101

108

110

124

126

v



APPENDICES

A. KINETIC THEORY OF MODE COUPLING 

IN A WHISTLER PUMPED FEL

B. MODE STRUCTURE 145

132

vi


