
OPTICAL RESONANCES IN MULTILEVEL ATOMS 

by 

JAGDISH RAI 

Thesis submitted to the Indian Institute of Technology, Delhi 

for the award of the Degree of 

DOCTOR OF PHILOSOPHY 

/UTE Op 

OE LIO 

Department of Physics 

INDIAN INSTITUTE OF TECHNOLOGY, DELHI 
110016 

AUGUST 1984 



SO 	 to, 

I F !"-3 
P- 

: 
Af 

tk, 



ACKNOWLEDGEMENTS  

I wish to thank Professor C.L. Mehta for his help 

and guidance. I also thank Professor N. Mukunda, Centre 

for Theoretical Studies, Indian Institute of Stience, 

Bangalore, for his valuable suggestions. I have also 

benefited from discussions with Dr. D.N. \Tama, School of 

Mathematics, Tata Institute of Fundamental Research, 

Bombay, I received continuous encouragement frm 

Prof. P.K.C. Piilai, Head of the Department, particularly 

in the absence of Prof. C.L. Mehta. I am highly indebted 

to all m friends for their help and cooperation. I would 

also lice to thank Mr. K. Giri for typing of my thesis. 

I also thank Prof. J.B. Eberly and Dr. F.T. Hioe, Department 

of Physics and Astronomy, University of Rochester for 

stimulating discussions on this work. 

( JAGDISH RAI ) 



C ONTENTS 

CHAPTER 	 PAGE 

I. 	INTRODUCTION 

Refttrences 

CORRELATED STATES AND COLLECTIVE 
OPERATORS I FOR MULTILEVEL ATOMIC 
SYSTEMS 

12 

13 

2.1 Introduction 13 

2.2 AtoMic System 17 

2.3 n-le'vel Atomic States 18 

2.4 n-leVel Atomic Transition Operators 27 

2.5 Atorr4c State Labelling 32 

References 39 

III. 	SYMMETRY PROPERTIES OF n-LEVEL 	 41 
ATOMIC STATES 

3./ IntrOduction 	 41 

3.2 	Three Particle States with Given 	42 
Symmetry 

3.3 	N-particle State with Given 	51 
Symmt try 

1.4 N-particle states of n-level System 56 

3.5 	Special Cases 	 66 

References 	 70 



• 

IV. SUPERRADIANCE IN THREE LEVEL 	71 
ATOMIC SYSTEMS 

4.1 	Introduction 	71 

4.2 	Correlated States of 3-level 	73 
Atomic System 

4.3 	Matrix elements of the 	80 
Generators 

4.4 	Transition Probabilities and 	82 
Superradiance in Three Level 
Atomic System. 

References 	85 

V. BOSON OPERATOR REPRESENTATIONS 	86 

5.1 	Introduction 	86 

5.2 	Boson Operator Representation 90 
for SU(3) 

5.3 	Some further Group Theoretical 98 
Considerations 

References 	110 

VI. HAMILTONIAN AND EQUATIONS OF MOTION 111 

	

6.1 	Introduction 	111 

	

6.2 	Radiation and Interaction 	112 .  
Hamiltonian 

6.3 	Two Level System Interacting 118 
with Resonant Radiation 



- 

	

6.4 	Interaction of Three Level 	119 
Atomic System with Resonant 
Radiation 

	

6.5 	Semiclassical Approximation 	128 
to Three Level Eauations 

	

6.6 	Density matrix approach to 
Three Level PrOblem 	130 

	

6.7 	Boson Operator representations 
for the Hamiltonian 
	135 

	

6.8 	Constants of Motion 
	137 

	

6.9 	Ladder Transition in n-level 
Atomic Systems. 	140 

References 	 1.43 

APParrrx. 	 145 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6

