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Chapter 5 

Basic thermodynamic concepts and equations 

5.1 Kinetic energy theorem and work of internal surface forces 1 
Kinetic energy of the volume V of a continuous medium 1. Work of internal 
and external mass forces 2. Work done by external surface forces 3. Defi-
nition of work done by internal surface forces 3. The kinetic energy theorem 
for a finite volume of a continuum 3. The work of internal surface forces 
when the stress tensor is symmetric 4. Kinetic energy theorem for an in-
finitesimal volume of a continuum 4. Work density of internal forces in the 
case of ideal fluids 6. 

5.2 The first law of thermodynamics (principal of conservation of 
energy) and the equation of heat flow 7 
Variables of state 7. On the number of variables of state for continuous 
media 8. Complete systems of determining parameters 10. On holonomic 
and non-holonomic thermodynamical systems 11. Space of states 12. 
Processes and cycles 13. On the interaction of systems with external objects 
14. The principle of conservation of energy. The first law of thermodynamics 
18. Total energy of a system 19. Internal energy of a system 21. Equa-
tion of the law of conservation of energy 23. Equation of heat flow 23. The 
differential equation of heat flow 24. 

5.3 Thermodynamic equilibrium; reversible and irreversible 

processes 25 
Thermodynamic equilibrium 25. Equilibrium and non-equilibrium process 
26. Reversible and irreversible processes 26. Example of a process which



may be practically considered to be reversible 27. On equilibrium and most 

probable states 28. Macroscopic characteristics, mean probabilities and 

irreversibility 28. On the concept of temperature 28. 

5.4 Two-parameter media. Perfect gas. Carnot cycle 30 

Equation of heat flow for an ideal gas 31. Equation of state of a perfect 

gas 31. Internal energy of a perfect gas 32. Specific heats at constant 

volume and pressure. Mayer's formula 32. Physical mechanisms of supply 

of heat to a medium 33. Adiabatic processes 34. Isothermal processes 34. 

Polytropic processes 35. Isotherms of a perfect gas 36. Poisson's adia-

bat 37. Mutual disposition of isotherms and adiabats for a perfect gas 38. 

Work performed by a system 39. The total heat flow which is supplied to a 

system from outside 39. Carnot cycle 40. Example of an engine which 

does work over a reversible Carnot cycle 40. The system executing a Carnot 

cycle, as a heat engine or a refrigerator 41. 

5.5 The second law of thermodynamics and the concepts of entropy 43 

Efficiency of Carnot cycle 43. Carnot's theorem 44. Quantitative formu-

lation of the second law of thermodynamics in conformity with a reversible 

Carnot cycle 48. Quantitative formulation of the second law of thermo-

dynamics in conformity with an arbitrary reversible cycle 48. Introduction of 

entropy with the help of reversible processes for two-parameter media 51. 

The entropy for a perfect gas 52. Conditions imposed by the existence of 

entropy on the form of the equation of state 52. Quantitative formulation 

of the second law of thermodynamics applicable to an irreversible Carnot 

cycle 53. Example illustrating the character of variations of the entropy in 

irreversible processes 53. Quantitative formulation of the second law of 

thermodynamics applicable to a multi-parameter medium 54. Equivalence 

of the formulations of the second law of thermodynamics 56. Quantitative 

formulation of the second law of thermodynamics with respect to irreversible 

processes in any medium 57. Quantitative formulation of the second law 

of thermodynamics with respect to reversible processes in any medium 57. 

Introduction of entropy for multiparameter media with the aid of reversible 

processes 57. Uncompensated heat 58. On the work done by a heat engine 

for dQ**•‚0.59. On processes which are closed with respect to the energy 

parameters and open with respect to the parameters of entropy 60. On the 

introduction of entropy by statistical means 61. Additivity of entropies 61. 

On the growth of entropy as a system tends to equilibrium 62. Adiabatic 

reversible and irreversible processes 62. Principle of non-decrease of 

entropy for insulated systems and condition of equilibrium 62. 

5.6 Thermodynamic potentials of two-parameter media 63 

Internal energy and entropy as thermodynamic potentials 63. Free ener-

gy 64. Heat content or enthalpy 64. Gibb's thermodynamic potential 65.



A medium is defined by thermodynamic potentials as functions of corres-
ponding variables 66. On the determination of thermodynamic potentials 66. 

5.7 Examples of ideal and viscous fluids and their thermodynamic 

properties. Heat conduction 69 
Work of internal forces in the case of an ideal incompressible fluid 70. En-
tropy and internal energy of an ideal incompressible fluid 70. Independence 
of mechanical problem from the heat problem and the link between the heat 
problem and the mechanical problem in the motion of an ideal incompressible 
fluid 71. Model of an ideal gas 72. Complete system of equations of mo-
tion of an ideal gas in the case of adiabatic processes 73. Complete system of 
equations of motion of an ideal gas for isothermal processes 73. Perfect gas 
74. Definition of a model of a viscous fluid 74. Work done by the internal 
forces in a viscous fluid 75. Pressure and temperature in a viscous fluid 75. 
Expression for uncompensated heat in a viscous fluid 76. Dissipation of 
mechanical energy in a viscous fluid 76. Positiveness of the coefficients of 
viscosity 77. Heat flow vector 78. Fourier's law of heat conduction 79. 
Expression for heat flow due to heat conduction obeying Fourier's law 79. 
Equation of heat flow for a viscous heat conducting fluid 80. Complete 
system of equations of motion of a viscous fluid 80. 

5.8 First and second laws of thermodynamics for finite volumes of 

continuous media. Generation of entropy in certain irre-

versible processes 81 
First and second laws of thermodynamics for finite volumes of continua 81. 
Heat conduction as an irreversible process 82. Criteria for irreversibility 83. 
Formulae for the generation of entropy 84. Dissipation function 84. On 
the theory of Onsager 85. 

Chapter 6 

Basic concepts and equations of electrodynamics 

6.1 Basic concepts of electrodynamics. Electromagnetic field. 

Maxwell's equations in vacuum 86 
Coulomb's law for charges at rest 87. Charge density 88. Electric current 
88. Polarization of atoms 88. Magnetic interaction 89. Electric and 
magnetic stress vectors 89. Maxwell equations in electrostatics 91. The 
differential equations of the potential field in Newtonian mechanics 91. 
Maxwell's equations for an electromagnetic field in vacuum 93. On di-
mensional units of electromagnetic quantities 94. The closed nature and 
lack of contradiction of the system of Maxwell's equations in vacuum 95.



On the applicability of Maxwell's equations (6.1.11) and (6.1.12) inside mate-
rial bodies 96. On the significance of Maxwell's equations 97. 

6.2 Maxwell's equations in Minkowski space 97 
Formulation of Maxwell's equations in four-dimensional space 97. Inter-
pretation of the quantity c as the velocity of light 98. Minkowski space 99. 
Transformation of Maxwell's equations to arbitrary curvilinear coordinates 
100. Transformation restricted to space coordinates 102. Lorentz trans-
formation 102. Invariance of Maxwell's vector equations with respect to the 
Lorentz transformation 103. Galilei transformations 103. Tensor and 
vector characteristics in Minkowski space: energy-impulse tensor 104. 

6.3 Lorentz transformations and inertial reference frames 104 
The principle of relativity in physics 104. Inertial systems in Newtonian 
mechanics 105. Postulate on the constancy of the speed of light 105. On 
inertial coordinate systems in the special theory of relativity 106. Transfor-
mation of coordinates for transition from one inertial system to another 107. 
Properties of Lorentz transformations 108. The transformations of Galilei 
and Lorentz contain the same number of independent parameters, namely 
ten 110. Infinitesimal Lorentz transformations 111. Lorentz transfor-
mations for translation of the system K_' with respect to the system K 112. 
The relativity of the concept of time 112. Different time intervals 113. 
Characteristic reference system 113. Characteristic time 114. Charac-
teristic and concomitant coordinate systems 114. Time paradox 114. 
Transformations of E and H for transition from K to K' 115. On invariant 
characteristics of an electromagnetic field 116. On the vectors E and H 
in the reference systems normally used in practical applications 117. Ap-
proximate transformation formulae for E and H (including terms of the order 
v/c) 117. 

6.4 Interaction of electromagnetic field with conductors 118 
Three-dimensional and four-dimensional current density vectors. Conduc-
tance current 118. Maxwell equations in conductors 119. Displacement 
current 119. Law of conservation of total charge 120. The system of 
Maxwell's equations in conductors is an incomplete system 120. On a link 
between problems of electrodynamics and continuum mechanics 121. Ohm's 
law for immobile conductors 121. Conductivity 121. Ohm's law in the 
characteristic coordinate system 121. Media with infinite conductivity 122. 
Lorentz force 123. Impulse equations with inclusion of ponderomotive 
forces 124. Energy interactions between a field and conducting media 124. 
Umov-Poynting vector 125. Equation of Umov-Poynting 125. Energy 
of an electromagnetic field 125. Joule heat 126. Inflow of heat energy 
from a field into a medium at rest 126. Change of energy of an electromag-
netic field in vacuum 126. Equation of heat flow for conducting media 127.



6.5 Interaction of an electromagnetic field with bodies in the pre-

sence of polarization and magnetization 128 

Maxwell's equations in the presence of polarization and magnetization. 

Vectors of electric and magnetic induction, magnetization and polariza-

tion 128. Maxwell's equations in integral form 129. Maxwell's tensor 

equations in the presence of electric currents, polarization and magnetiza-

tion 129. Invariance with respect to Lorentz transformations 130. Trans-

formations of the basic vectors of the electromagnetic field during transition 

from one inertial reference system to another 130. Vector potential 131. 

Minkowski tensor 131. Four-dimensional vector of the ponderomotive 

force 132. On additional relations of electrodynamics which close Maxwell's 

equations (6.5.1) and (6.5.2) 134. Laws of magnetization and polarization 

in tensorial form 134. Ponderomotive forces 135. Flux of energy from a 

field to a body 136. Moment equation in four-dimensional form 139. The 

tensor of the ponderomotive moment of en electromagnetic field 141. Three-

dimensional space vectors for the ponderomotive moment 142. On different 

definitions of the energy-impulse tensor and the moment tensor of an electro-

magnetic field 143. Motives for the introduction of a symmetric energy-

impulse tensor 145. 

6.6 Magnetohydrodynamics 146 

Equations of magnetohydrodynamics for media with infinite conductivity 147. 

6.7 The laws of freezing in of magnetic and vortex flux lines 149 

Derivation of the formula for the time derivative of the flow of a solenoidal 

vector through a fluid surface 150. Thomson's theorem 154. The possibili-

ty of an appearance of closed contours with ƒ¡•‚0 in a potential flow with 

surfaces of velocity discontinuity 155. Lagrange's theorem 156. Helm-

holtz' dynamic vortex theorems 157. 

Chapter 7 

On the formulation of problems in continuum mechanics 

7.1 General foundations of the formulation of concrete problems 158 

Models and reference systems 158. The necessity for supplementary condi-

tions, separating different motions 160. The region occupied by a continu-

ous body and the time interval of 'a motion 161. Conditions at infinity 161. 

Singular points inside a medium 162. Initial conditions 162. Boundary 

conditions 163. Conditions of adhesion at boundaries for displacements 

and velocities 164. Condition of stream line flow around a body for an 

ideal fluid 165. Conditions at a free surface 166. Conditions at free sur-

faces in an ideal fluid 167.



7.2 Typical simplifications in the formulations of certain pro-

blems, leading to a reduction of the number of independent 

variables 168 
Steady motions 168. Two-dimensional motions 168. Two-dimensional 

potential motions of an incompressible fluid 169. Axisymmetric motions 
170. One-dimensional unsteady motions 171. Motion with plane waves 
171. Motion with cylindrical waves 171. Motion with spherical symmetry 
171. Self-similar motions 172. 

7.3 Linearization of equations and of problems of continuum 

mechanics 173 
The non-linearity of problems of continuum mechanics 173. Small per-
turbations of states of equilibrium or of basic motions 173. Linearization 
of problems of continuum mechanics 174. Linearization of the equations 
174. Linearization of boundary conuitions 175. Superposition of solu-
tions 176. Standing waves 177. Progressive waves 178. On lineariza-
tion with the aid of special variables 178. 

7.4 Conditions on surface of strong discontinuity 179 
On surfaces of discontinuity in continuum mechanics 179. On discontinuous 
motion as the limit of continuous motions for different complicated models 
180. Structure of discontinuities 181. Discontinuous solutions as limits 
of continuous solutions within the framework of an established model 182. 
Discontinuous solutions as limits of continuous solutions with suitable ex-
ternal effects 182. On the expediency of the study of discontinuous solutions 
183. The role of integral laws in the determination of models 183. On the 
solution of problems in the class of piecewise smooth functions 184. Weak 
and strong discontinuities 185. Velocity of the points of a surface of dis-
continuities 185. Velocity of the points of a surface of discontinuity 185. 
Choice of coordinate systems 187. Subdivision of the volume V adjoining 
a surface of discontinuity 187. Limit of the derivative of the integral with 
respect to a fluid volume as it is shrunk to a point of the surface of disconti-
nuity 188. The universal equations of mechanics and thermodynamics 189. 
Surface density of external effects on a surface of discontinuity 191. Con-
ditions on surfaces of discontinuity in the "characteristic" reference system 192. 
On the disintegration of an arbitrary discontinuity 193. Conditions on sur-
faces of discontinuity in an arbitrary reference system 193. Velocity of sur-
face of discontinuity relative to a medium 194. Tangential discontinuities 
194. Condensation and rarefaction jumps 195. 

7.5 Strong discontinuities in an electromagnetic field 196 
Conditions on surface of discontinuity 197. Surface densities of pondero-
motive forces and energy fluxes from a field to a medium on a surface of 
discontinuity 199.



7.6 Surfaces of discontinuity inside ideal compressible media 202 
Conditions on a fixed jump 202. Propagation of a discontinuity over the 
particles of a medium 203. Condensation and rarefaction jumps 204. On 
a jump of internal energy 204. Hugoniot's adiabat 205. Entropy change 
along Hugoniot's adiabat 206. Entropy change along Hugoniot's adiabat 
for a small pressure jump 207. Poisson's adiabat 207. Poisson's and Hu-
goniot's adiabats at the point pl, Vl have a second order contact 207. Weak 
jumps are spread by the particles at the velocity of sound 208. Relative 
locations of Hugoniot's and Poisson's adiabats near the point pi, Vl 209. 
Equations of Poisson's and Hugoniot's adiabats for a perfect gas 210. For 
the perfect gas, the entropy increases monotonically together with the 

pressure along Hugoniot's adiabat 210. Condensation jumps are real, 
rarefaction jumps cannot exist 211. When rarefaction jumps are feasible 211. 
The velocity of propagation by particles of a condensation jump through a 
discontinuity is supersonic 212. Fixed jumps may exist only in supersonic 
flow 213. Different Hugoniot adiabats corresponding to the points pl, Vl 
and P2, V2 213. The velocity of particles of a medium, passing through a 
condensation jumps, is subsonic relative to the jump 214. Problem of a 
piston with plane waves 214. Spherical piston 216. The problem of the 
point explosion 217. On detonation and combustion waves 219. The 
problem of a piston with a detonation wave 219. Relations at fixed shock 
waves for a perfect gas 220. The shock wave is a hypercissoid 221. Straight 
and oblique condensation jumps 222. On the rotation of the velocity in 
oblique condensation jumps 222. Supersonic flow around an angle and a 
wedge 223. Flow with a detached wave 224. Loss of mechanical energy 
in jumps 224. 

7.7 Dimensionality of physical quantities and II-theorem 226 
Physical relations are invariant with respect to the choice of coordinate 
systems 226. Tensorial nature of physical equations 226. Dimensional 
quantities 226. Primary (fundamental) dimensional units 227. Secondary 
(derived) dimensional units 227. Various systems of dimensional units 227. 
Formula of dimensionality 228. Number of primary dimensional units 229. 
On the possibility of increasing the number of primary dimensional units 229. 
On the possibility of reducing the number of primary dimensional units 230. 
Relativity of the concepts of dimensional and non-dimensional quantities 230. 
Appearance of dimensional physical constants as arguments of functions 
under study 231. On the possible benefit of an application of different 
systems of dimensional units 232. II-theorem 233. 

7.8 Parameters determining a class of phenomena and typical 

examples of the application of the methods of dimensional 

analysis 238 
Elucidation of the system of determining parameters on the basis of the



mathematical formulation of a problem 238. For the isolation of the table of 

determining parameters, a mathematical formulation of a problem is not 

required 239. Finite system of determining parameters 239. The system of 

determining parameters must be complete 239. Insufficiency of dimensional 

theory for the solution of problems 240. The problem of the spherical piston 

in a gas 241. The problem of the point explosion 244. Formulation of the 

problem of a strong explosion 245. Motion of a rigid body in an infinite 

mass of viscous incompressible fluid 249. Absolute motion 250. Conver-

sion of a motion. The problem of stream line flow 250. System of the para-

meters which determine the velocity and stress fields in the case of the motion 

of a body in a viscous fluid 251. Lift force and resistance 252. A change of 

the pressure p•‡ does not affect the total force 252. Motions in a viscous 

fluid for low Reynolds' numbers 256. Motion in a viscous fluid for very 

large Reynolds' numbers 257. Ship resistance 258. Problem of the mo-

tion of a body in an ideal gas 259. Problem of Boussinesq 260. 

7.9 Similarity and modelling of phenomena 262 

Modelling and physical similarity 262. Similarity criteria 264. Similarity 

for the flow of a viscous incompressible fluid around bodies 265. Similarity 

in the flow around bodies taking into account compressibility of the gas 266. 

On the difficulties of modelling 266. Modelling of ship motions 267. 

Modelling keeping Froude's number constant 268. Modelling using a centri-

fugal table 269. Small scale structures are stronger 270. 

Appendix II 

Models of continuous media with internal degrees of freedom 
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