
V. N. Karazin Kharkiv National University 
 

Modern physics 
 
 
 
 
 
 
 

V. M. KUKLIN 
 
 
 
 
 
 
 

SELECTED CHAPTERS 
 (THEORETICAL PHYSICS) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Kharkiv – 2021 



PACS 52.35 Mw;41.60.-m;  
05.45 Xt;03.65 Sq;47.55 pb 

K 89 
 

 
Reviewers:  

V. A. Buts – Head of the laboratory of NSC KIPT, Professor of V. N. Karazin Kharkiv 
National University, PhD, Doctor of Sciences; 
A. V. Tur – Directeur de recherche Emérite CNRS Université Paul Sabatier, Toulouse, 
France, PhD, Doctor of Sciences. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Approved for publication by the decision of the Academic Council 
of V. N. Karazin Kharkiv National University 

(Rec. No. 3 dated February 22.2021) 
 
 
 
К 85 

Kuklin V. M.   
Selected chapters (theoretical physics) / V. M. Kuklin. – Kharkiv : V. N. Karazin Kharkiv 
National University, 2021. – 244 p. – (Series “Modern physics”). 

ISBN 978-966-285-700-9  
The book considers spontaneous and induced emission of particles and waves. The 

formation of coherent pulses near a detected new threshold of induced radiation is discussed. 
It is shown how modulation instabilities generate self-similar structures and anomalous 
waves. A comparison is made of the dynamics of instability of Langmuir oscillations in 
plasma and heating of ions in Silin and Zakharov models. Turbulent-wave instability is 
discussed and a new approach to the description of the Mossbauer effect is presented. The 
similarity of processes of superradiation and dissipative instability is noted. Structural 
transitions in the convective layer and the appearance of large-scale vortices during 
modulation instability of developed convection and other relevant problems are discussed. 
It is of interest to specialists, graduate students and students of physics departments. 

 
PACS 52.35 Mw;41.60.-m;  
05.45 Xt;03.65 Sq;47.55 pb 

 
ISBN 978-966-285-700-9 © Kuklin V. M., 2021 

© Donchik I. M., design of cover, 2021 
© Translated from Russian by A. Kotovа, 2021 



Contents   ~ 3 ~ 
 

CONTENTS 

 
Foreword ................................................................................................................................. 7 
Introduction ............................................................................................................................ 10 

PART I. PROCESSES IN NONEQUILIBRIUM MEDIA .................................................... 13 
Chapter 1. Spontaneous & induced radiation ......................................................................... 13 

Section 1: Two-Level System ............................................................................................ 13 
References to section 1 ..................................................................................... 16 

Section 2. Spontaneous and induced radiation of electron  beam particles in plasma ...... 16 
References to section 2 ..................................................................................... 21 

Section 3. Spontaneous and induced effects within the frame  
of three-wave interaction .................................................................................. 21 
References to section 3 ..................................................................................... 24 

Section 4. Semi-classical model ........................................................................................ 25 
Shortened equations .......................................................................................... 27 
Balance equations.............................................................................................. 27 
Excitation of a resonator with an active medium .............................................. 28 
References to section 4 ...................................................................................... 31 

Chapter 2. Spontaneous vs induced radiation ........................................................................ 32 
Section 5. New threshold of induced radiation .................................................................. 32 

References to section 5 ...................................................................................... 36 
Section 6. Periodic changes in the luminosity of quantum sources ................................... 37 

References to section 6 ...................................................................................... 42 
Section 7. Turbulent-wave instability ................................................................................ 43 

References to section 7 ...................................................................................... 46 
Chapter 3. Spatial-temporary dynamics of some types instability ......................................... 47 

Section 8. Spatial-temporal dynamics of a decay three-wave instability .......................... 47 
References to section 8 ...................................................................................... 51 

Section 9. Spatial-temporal dynamics of a beam-plasma instability ................................. 51 
The development of kinetic instability ............................................................... 51 
The development of hydrodynamic instability ................................................... 52 
References to section 9 ...................................................................................... 54 

Chapter 4. Dissipative instability ........................................................................................... 55 
Section 10. Dissipative beam instabilities ......................................................................... 55 

Abnormal beam energy loss ............................................................................ 55 
Multiwave mode .............................................................................................. 58 
Spectrum characteristics ................................................................................ 59 
References to section 10 ................................................................................. 60 

Section 11. Beam instability in nonlinear and negative dissipations................................. 61 
Development of beam instability in a hot plasma. .......................................... 61 
Change in the nature of beam instability with the excitation  
of surface waves in plasma with a blurred boundary ..................................... 62 
The "wave – trapped particles" structure in a weakly ionized gas flow ......... 63 
References to section 11 ................................................................................. 64 

 
 

Chapter 5. Superradiation modes ........................................................................................... 65 



~ 4 ~ Selected chapters (theoretical physics) 
 
Chapter 5. Superradiation modes ........................................................................................... 65 

Section 12. Formation of the fine structure of electron bunches, 
injected into plasma ........................................................................................ 65 
Example of negative macroscopic dielectric permittivity ............................... 65 
Clusters ........................................................................................................... 68 
Self-profiling of a short bunch of electron, moving in plasma ....................... 68 
References to section 12 ................................................................................. 71 

Section 13. Dissipative instabilities and superradiance modes .......................................... 73 
Electron beam in a longitudinally bounded system ........................................ 73 
A system of oscillators whose centers are fixed in radiation field ................. 76 
The field of the waveguide or resonator. ........................................................ 76 
Dissipative regime in a quantum system ........................................................ 81 
References to section 13 ................................................................................. 84 

Chapter 6. Cyclotron instability of particle flows .................................................................. 85 
Section 14. Excitation of TE waves by a beam of charged particles ................................. 85 

References to section 14 ................................................................................. 94 
Section 15. Equations, that describing the excitation of a TM wave ................................ 95 

Excitation of a longitudinal wave in magnetically active 
plasma waveguide ........................................................................................... 97 
References to section 15 ................................................................................. 98 

Chapter 7. Modulation instability and self-similar structures ................................................ 99 
Section 16. Modulation Instability ..................................................................................... 99 

Origins of instability ..................................................................................... 103 
Modeling a process at high absorption levels .............................................. 104 
Integral and local characteristics of the process instability ........................ 106 
References to section 16 ............................................................................... 107 

Section 17. Formation of a self-similar field structure .................................................... 108 
The formation of long-lived quasi-stable states. .......................................... 109 
The occurence of self-similar field structures .............................................. 109 
References to section 17 ............................................................................... 111 

Chapter 8. Modulation instability. Emergence of waves of anomalous amplitudes ............ 112 
Section 18. Modulation instability far from the threshold ............................................... 112 

Instability of a large-amplitude wave in the 2D Lighthill model ................. 114 
Comparison of 1D Lighthill models in cases of applying S-theory 
and direct calculation of the equation. ......................................................... 115 
Instability mode far from the threshold. ....................................................... 116 
References to section 18 ............................................................................... 119 

Section 19. Modulation instability of gravitational waves on water surface ................... 119 
Numerical analysis of dynamics and statistical  
indicators using S-theory .............................................................................. 122 
Comparison of 1D models in cases of applying S-theory  
and more general description ....................................................................... 125 
References to section 19 ............................................................................... 130 

Chapter 9. Parametric and / or modulation instabilities 
intense Langmuir oscillations in plasma ............................................................ 131 

Section 20. Silin’s and Zakharov’s models ...................................................................... 131 
Problems of description ................................................................................ 132 
Equations of the Silin hybrid model .............................................................. 133 



Contents   ~ 5 ~ 
 

The equations of the hybrid Zakharov model ............................................... 135 
Nonlinear modes of instabilities. .................................................................. 137 
References to section 20 ............................................................................... 140 

Section 21. Comparison of Silin’s and Zakharov’s models heating of ions ..................... 141 
Results of numerical simulation .................................................................... 142 
References to section 21 ............................................................................... 147 

Chapter 10. Structures of different scales and topologies  
in thin layer convection .................................................................................... 148 

Section 22. Structural-phase transitions in a thin layer 
of convectively unstable medium ................................................................. 148 
The Proctor-Sivashinsky equation ................................................................ 149 
Amorphous state. The mechanism of competition of spectrum modes ......... 152 
Structural-phase transitions ......................................................................... 154 
The physical nature of the second order phase transition ............................ 159 
References to section 22 ............................................................................... 160 

Section 23. Modulation instability of the system of convective cells  
in a thin layer. Hydrodynamic dynamo effect .............................................. 161 
Sivashinsky – Proctor – Pismen model ......................................................... 161 
Modulation instability of a system of convective cells. ................................ 162 
The effect of a regular hydrodynamic dynamo ............................................. 163 
References to section 23 ............................................................................... 164 

 

PART II. ANNEXES ........................................................................................................... 165 
Annex I.      Traditional threshold of induced radiation ....................................................... 165 
Annex II.     Spontaneous and induced radiation of the electron beam. 

Landau damping. Equations of kinetic instability  
of a hot electron beam in plasma ...................................................................... 166 
References to Annex II ..................................................................................... 169 

Annex III.   On spontaneous and induced wave radiation ................................................... 169 
On the description of self-interaction processes .............................................. 171 
References to Annex III .................................................................................... 172 

Annex IV.   On the nature of Mossbauer effect ................................................................... 172 
The relaxation processes of LF excitations in continuous media .................... 175 
Effect of jitter of a potential well ...................................................................... 176 
References to Annex IV ................................................................................... 177 

Annex  V.   Density matrix and equations of the semi-classical  models ............................ 177 
References to Annex V ..................................................................................... 179 

Annex VI.   Calculation of parameters of pulses induced radiation .................................... 179 
Calculation of pulse parameters of a quantum source ..................................... 179 
Periodic changes in the luminosity of Cepheid stars ....................................... 180 
References to Annex VI ................................................................................... 183 

Annex VII. Equations of turbulent wave instability ............................................................ 183 
Annex VIII. Spatial and temporary dynamics of instability during  

a three‐wave interaction ................................................................................... 184 
Annex  IX.  Space-temporal development of beam instability in plasma ............................ 186 
Annex  X.   Multimode interaction of a non-relativistic electron beam with plasma .......... 187 
Annex XI.   Dissipative generation mode in the resonator, filled with active medium ....... 189 

References to Annex XI ................................................................................... 191 



~ 6 ~ Selected chapters (theoretical physics) 
 
Annex XII.  Cavitons, formed in the plasma resonance region ........................................... 191 

References to Annex XII .................................................................................. 193 
Annex XIII. Attenuation of a wave package in a resonator filled with an active medium .. 194 

References to Annex XIII ................................................................................ 196 
Annex XIV. Attenuation of a wave package in a resonator  

filled with a non-isothermal plasma ................................................................ 197 
References to Annex XIV ................................................................................ 200 

Annex XV.   Wake field of an electron bunch, moving in a plasma ................................... 200 
On the applicability of the description ........................................................... 201 
References to Annex XV ................................................................................ 204 

Annex XVI.  Superradiance mode of oscillator system ....................................................... 204 
Fields of a single particle and particle bunch ............................................... 204 
References to Annex XVI .............................................................................. 206 

Annex XVII. Plasma gyrotron equations .............................................................................. 206 
Equation of plasma gyrotron.......................................................................... 207 
References to Annex XVII ............................................................................. 209 

Annex XVIII. Integrals of equation systems, which describe cyclotron instabilities ........... 209 
References to Annex XVIII ............................................................................ 210 

Annex XIX.  Modulation instability of a flat wave in a two-dimensional case ................... 210 
Annex XX.   Self-similar structures on surface and in volume of crystals .......................... 211 

References to Annex XX ................................................................................ 215 
Annex XXI. Nature of forced interference........................................................................... 216 

References to Annex XXI ............................................................................... 218 
Annex XXII. Waves of anomalous amplitude in the ocean ................................................. 218 

References to Annex XXII ............................................................................. 224 
Annex XXIII. Cold plasma. One-dimensional Silin equations .............................................. 225 

References to Annex XXIII ............................................................................ 230 
Annex XXIV. Anomalous oscillations of the coefficient of reflection 

of an electromagnetic wave from a plasma surface ....................................... 231 
References to Annex XXIV ........................................................................... 233 

Annex XXV. Phase transitions in the Proctor-Sivashinsky model under 
conditions of dependence of viscosity on temperature .................................. 233 
References to Annex XXV ............................................................................. 236 

Annex XXVI. Defectiveness criteria of spatial periodic structures ....................................... 236 
Spectral and visual defectiveness’s ............................................................... 236 
External noise and instability of system boundaries ..................................... 236 
References to Annex XXVI ........................................................................... 237 

Annex XXVII. On the applicability of the Proctor-Sivashinsky-Pismen model 
to the description of the modulated instability of the developed 
structure of convective cells ......................................................................... 238 
References to Annex XXVII ........................................................................ 238 

Annex XXVIII. Semiclassic superradiation model ................................................................ 238 
References to Annex XXVIII ...................................................................... 240 

 

Subject index ........................................................................................................................ 241 
Instead of conclusion ............................................................................................................ 243 


	0-3  куклин
	END   КУКЛИН НОВ  Избранніе главі (АНГЛ. ЯЗ)
	0-3
	стр.4444444




