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S Y N O P S I S

The thesis is concerned with macroscopic non- 

re lativ istic  as well as relativistic study of certain problems 

in the dynamicsof inviscid, non-heat conducting, compressible 

fluids of infinite electrical conductivity. In a ll i t  

comprises six chapters. ChapteivI presents an introduction 

to the entitled thesis. Chapters’l l  and I I I  are devoted to 

the determination of flows behind shock waves in non- 

re lativ istic  magnetogasdynamics. Chapter-IV deals with the 

classification of solutions of magnetogasdynamic equations 

and chapters V and VI present relativistic counterparts of 

the problems dealt with in chapters I I  and IV respectively.

A brief resume of each of the chapters is given below.

Chapter I -  Introduction

Here, after giving a brief chronological survey 

of the available literature relevant to our work in 

chapters I I  and I I I ,  we have given the fundamental equations 

of non-relativistic magneto-fluiddynamics. Further, we 

have given a short historical survey of the available works 

in Lie group theory and its  applications relevant to our 

work in chapters IV and VI. For ready reference, we have 

also introduced the notions of Lie groups, Lie derivative 

and certain other notions and theorems needed in the



discussions of chapters IV and VI. Finally, reference 

is made to chapter V for the fundamental equations and 

for a brief chronological survey of the related works 

in relativistic magnetogasdynamics.

Chapter I I  -  Compatibility Conditions for Singular Surfaces

In Three-Dimensional Unsteady Magnetogasdynamics

In this chapter, the existence of an arbitrary singular 

surface s (t) in an otherwise continuous flow fie ld  of three- 

dimensional unsteady magnetogasdynamics is postulated such 

that across s ( t) the flow and fie ld  variables and hence 

their space-time derivatives are discontinuous and have 

fin ite jumps. Following a procedure similar to that of 

Coburn (1965) we have, then, found the jumps in the firs t 

order space-time derivatives of the flow and fie ld  variables 

along the normal to the shock surface s (t ) assuming that the

speed of the shock and the flow ahead of i t  are known and , 

that the flow and fie ld  variables just behind the shock 

are expressible in terms of these known quantities. The 

particular cases of contact manifolds and perpendicular 

shock waves are discussed. For comparison purposes, we 

have also obtained the relations of interdependence of these 

jumps via Thomas * technique and these are shown to be 

identical to those obtained by using the extended form of 

Coburn's technique. Finally, the advantages of explicit



(Hi )

and simultaneous determination of the jumps through 

Coburn's technique over the other are pointed out.

Chapter I I I  -  Determination of Flows Behind Stationary 

Magnetogasdynamic Shock Waves

Here, we have devised a general procedure for the

determination of the gradients of flow and fie ld  parameters

behind shock waves in three-dimensional steady flows of
ztiA

ideal, non-heat conducting^ infinitely electrically 

conducting gases. Assuming the flow ahead of the shock 

to be uniform and known, the explicit expressions for the 

gradients, the vorticity and the curvature of strearo-lines 

just behind the shock surface are determined. Also, 

mention is made of the advantages of the present technique, 

which is closest in spirit to that of Morioka (1956), over 

the available work of Ram (1967,68) on the entitled problem.

Chapter IV -  Classification of Solutions of Magnetogasdynamic 

Equations Using Certain Space Lie Transformation 

Groups

In this chapter, we have developed a geometric method 

for determining and investigating certain classes of 

solutions of the system of non-linear firs t  order partial 

differential equations governing the three-dimensional 

unsteady flow of an ideal, non-heat conducting and infinitely 

electrically conducting gas# More specifically, we have



derived the conditions for a solution to be regular with 

respect to the one-parameter group G of homothetic motions 

of a three-dimensional Euclidean metric space R̂ . Rjrther, 

i t  has been shown that i f  the regularity conditions mentioned 

above are satisfied then, the problem of obtaining regular 

solutions reduces to that of solving a system of equations 

not involving \ in the canonical coordinates (\*|i»v) ° f  

the subgroup. Some special classes of flows have been 

investigated and for the particular case of steady-state 

plane flows i t  has been shown that the problem of obtaining 

solutions regular in relation to one-parameter group of 

homothetic motions of the plane reduces to that of solving 

a system of ordinary differential equations in the canonical 

coordinates of the subgroup. In conclusion, a few implica­

tions of the steady-state regular flows have been discussed.

Chapter V -  Compatibility Conditions for Singular-Hyper- 

surfaces in Relativistic Magnetogasdynamics,

After giving, in brief, the chronological survey of the 

available literature relevant to the present work we have 

given, in this chapter, the general macroscopic equations of 

relativistic fluid mechanics. Taking into consideration the 

locally adiabatic flow of an inviscid, non-heat conducting 

and infinitely electrically conducting gas in the space-time 

of general relativity, we have postulated in it  the existence 

of a singular hypersurface 2̂  of order zero. Following

a procedure similar to that used in chapter I I ,  we have,



then, determined the explicit jumps in the normal deriva­

tives of the flow and fie ld  parameters across assuming 

that the speed of the shock and the flow ahead of i t  are 

known and that the flow variables just behind i t  are expre­

ssible in terms of these known quantities. Finally, the 

particular case of contact manifolds has been discussed. 

Chapter VI -  Classification of Solutions of Relativistic 

Magnetogasdynamic Equations Using Certain 

Space-Time Lie Transformation Groups 

Here, the geometric method developed in chapter IV 

has been extended to the system of f ir s t  order non-linear 

partial differential equations of relativistic magnetogas­

dynamics, Considering the one-parameter group G of homothetic 

motions of the space-time of general relativity, solutions 

of the system of equations referred to above 'regular’ in 

relation to G are determined. I t  has further been shown 

that, in case, the conditions of regularity are satisfied, 

the problem of obtaining regular solutions reduces to that 

of solving a system of equations not involving X in the 

canonical coordinates (\,(x,v>x^ the subgroup. Some 

special classes of flows have been investigated and in 

conclusion, i t  has been proved that the world-lines of a 

floAV regular in relation to G are transformed into themselves 

by fin ite  transformations of the group and that they cannot 

coincide with the trajectories of the group.



C O N T E N T S

Chapter Page

SYNOPSIS

I INTRODUCTION 1
1. Subject in General 2

2* Shock Waves 4

3. Assumptions and Fundamental 
Equations of Magneto-Fluid- 
Dynamics 12

4. Lie Groups 18

I I  COMPATIBILITY CONDITIONS FOR
SINGULAR SURFACES IN THREE- 
DIMENSIONAL UNSTEADY MAGNETOGASDY­
NAMICS 32
1. Introduction 33

2* Notations and Basic Equations 35

3. Discontinuity Relations 37

4* Compatibility Conditions for
Some Particular Cases 42
( i } Contact Manifolds 42
( i i )  Perpendicular Shock Waves 45

5. Compatibility Conditions for a 
General Shock Wave 48

6. Discontinuity Relations via
Thomas' Technique 53

7. Conclusion 59

I I I  DETERMINATION OF FLOWS BEHIND
STATIONARY MAGNETOGASDYNAMIC 
SHOCK WAVES 60
1. Introduction 61

2* Preliminaries 62

3* Determination of the Gradients:
General Procedure 67



V

4. Explicit Determination of
the Gradients 80

5. Determination of the Vorticity 
and the Qirvature of Streamlines
Just Behind Shock Waves 87

6. Concluding Remark 88

IV CLASSIFICATION OF SOLUTIONS OF
MAGNETOGASDYNAMIC EQUATIONS USING 
CERTAIN SPACE LIE TRANSFORMATION
GROUPS 89

1 . Introduction 90
2. Basic Equations 91
3. Lie Derivative and the Regular 

Solutions 95
4. Some Particular Classes of 

Regular Solutions 102

5. Regular Solutions of Steady 
State Plane Flows 106

6. Concluding Remarks 112

COMPATIBILITY CONDITIONS FOR 
SINGULAR HYPERSURFACES IN
RELATIVISTIC MAGNETOGASDYNAMICS 116
1* Introduction 117
2. Survey of Related Works 119
3. General Equations of Relativistic 

Fluid Mechanics 122
4« Assumptions and the Basic

Equations for the Present Study 131
5* Compatibility Conditions:

General Shock Waves 135
6. Compatibility Conditions:

Contact Manifolds 146



VI CLASSIFICATION OF SOLUTIONS
OF RELATIVISTIC MAGNETOGAS­
DYNAMIC EQUATIONS USING CERTAIN 
SPAC&-TIME LIE TRANSFORMATION 
GROUPS 150

1# Introduction 151

2. Basic Equations 152

3* C lassification  of Solutions
of Basic Equations 155

4. Concluding Remark 162

APPENDIX 164
.t

BIBLIOGRAPHY 165


