MA2MPH

Mathematical Physics

Dr. A.Lukyanov

These Lecture Notes are taken from the course given by Dr. A.Lukyanov in the Spring term of 2017, at the
Department of Mathematics, the University of Reading.



Contents

[L  Physical laws, System of Units, Classes of System of Units and Dimensions.| 3
|1.1 Revision and new material. Fundamental units and derived units: measurements of phys- |

| ical quantities, units of measurements, system of units, classes of system of units.| . . . . . 3
1.2 Dimension of physical quantities.| . . . . . . .. . ..o oo 5
[1.2.1  Parameters with dependent and independent dimensions|. . . . . . . .. ... ... 8

1.3 Dimension of physical quantities and laws of nature.| . . . . . ... .. ... ... .. ... 11
CZ Exerclsedl . . .. oo o 13

[2 Scaling analysis of physical laws and the Pi-theorem.| 14
2.1 Physical laws and governing parameters.| . . . . . . . . ... ... L L. 14
2.2 Pitheoreml . . . . . . . . . 15
R3 Exerclsedll. . . . . oo 23

[3 Conservation of mass principle and diffusion. 27
3.1 Diffusion as a physical process|. . . . . . . . . .. 27
8.1.1  Mass flux and mass flux density.| . . . . . . . .. ... oo 27

13.1.2  Flux density and diffusion - Fick’'slaw.|. . . . . ... ... ... ... .. ...... 28

[B.1.3 Diffusion and conservation of massl . . . . . . . . ... . L 28

13.1.4  Non-linear diffusion and other related problems: a generalization ot the linear dif- |

[ fusion law.) . . . . . . e 30
3.1.5  Initial-Boundary value problems to diffusion equations.| . . . . .. ... ... ... 31

13.1.6  Very intense pollution problem: time dependent solutions to the linear and non- |

linear diffusion equations.| . . . . . . . . ... L Lo 33

13.1.7  Self-similar solutions to the diftusion equations.|. . . . . . . . ... ... ... ... 40

13.1.8  Diftusion in composite materials: a mathematical model for diffusion in composite |

[ filters) . . . .o 42
13.1.9  Convective boundary condition tor the diffusion equation.| . . . . . . . ... . ... 45

B2 Exercise-IIll . . . . . . . . . 47




Alex Lukyanov Mathematical Physics (MA2MPH) 2

|4 Conservation of thermal energy principle and thermal conductivity.| 49
4.1  Basic principles ot thermodynamics: thermal energy, thermal energy tlux density, specific |

| heat capacity and the latent heat.. . . . . . .. .. ... oo o000 49
4.2 Conservation of thermal energy and the mathematical model of thermal diffusion| . . . . . 51
4.3 Fourier’s Law and the equation of thermal conductivity] . . . . .. .. ... .. ... ... 51
31 Non-dimensionalforml]. . . . . .. .. ... oo 52

4.4 Initial-Boundary value problems to the thermal conductivity equation.| . . . . . . . . . .. 53
4.4.1  Convective transport boundary condition.| . . . . . . . .. ... .. ... ... 54

(442 Non-dimensional forml. . . . . .. ... .. . L 55

4.4.3  Steady state.] . . . . . . e e 56

4.4.4  Radiation Stetan-Boltzmann boundary condition.. . . . . . . ... ... ... ... 56

(445 Non-dimensional forml. . . . . . .. .. .. Lo 57

4.4.6  Steady state] . . . ..o 57

4.5 Infinite, semi-infinite domains.| . . . . . . . . .. Lo L Lo 58
4.6 Moving boundary between different phases.| . . . . . . .. ... 0oL 59
47 Exercise-IV] . . . . . o 62
6_Reaction-diffusion and waves.] 67
.1 Rate of chemical reactions and the law of mass action| . . . . . .. .. ... ... .. ... 67
5.2 Auto-catalytic chemical waves|. . . . . . . . ... o 68
9.2.1  Travelling wave solutions| . . . . . . . .. .. ... ... .. L 69

B ExerclieVl. . . o o oo 73

MA2MPH Spring 2017



