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897602 NFTUIUIDLEUTUIANAIUNANS 3(3-0-6)
Geometrical Methods in Physics
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Basics of space RN, mappings, real analysis, group theory and linear algebra,
differentiable manifolds, curves, functions on a manifold, basis vector fields, fiber bundles,
integral curves, differentiation of a vector field, one-forms, tensor fields, tensor operations,
metric tensor fields, Lie derivatives, submanifolds, Killing vector fields, Lie algebras and Lie
groups, differential forms, definition of volume, fields of forms, metric volume element,

calculus of forms, exterior derivatives, applications to physics.

897603 szuUNLSWUSLE 3(3-0-6)
Integrable System
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Finite dimensional Hamiltonian systems on R", Poisson brackets, Poisson manifolds,
generalised Darboux theorem, Liouville integrability, symmetries in integrability, moment map,
Noether’'s principle, Hamiltonian systems, loop algebras, infinite dimensional integrable

systems, KdV equation, pseudo-differential operators, infinite dimensional Poisson structure.

897604 WRANALTIAUAAANTUUGY 3(3-0-6)
Advanced Mathematical Physics
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Emphasis on recent physically relevant aspects including: matter in bulk, inflation
and stability of matter, collapse of bosonic matter and the fundamental role of spin & statistics,
the scale and range of interactions in the problem of stability and instability, high and low
dimensional analysis, supersymmetric methods in the study of the ground-state energy of
quantum systems with large number of particles, Green functions methods and fundamentals

of long range interactions.

897611 QUUNAAARSLNANAA 3(3-0-6)

Non-Equilibrium Thermodynamics
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Gibbs stability theory, critical phenomena and configurational heat capacity, stability
and fluctuations based on entropy production, local equilibrium, local entropy production,
energy conservation in open system, Onsager relations and symmetry principle, stationary
state under non-equilibrium conditions, minimum entropy production principle, nonlinear

thermodynamics, far-from-equilibrium system, linear stability analysis, dissipative structures.

897612 NAPNARTITIADATUFI 3(3-0-6)
Advanced Statistical Mechanics
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Review of thermodynamics, thermodynamics potentials, Gibbs-Duhem and Maxwell

relations, response function, statistical ensembles, mean field and Landau theory, Ising
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model, dense gases and liquids, critical phenomena, universality, renormalisation group,

quantum fluids, linear response theory, disordered system.

897613 NAAAATITIADA bUANAR 3(3-0-6)
Non-Equilibrium Statistical Mechanics
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Brownian motion, fluctuations in equilibrium, response to applied forces, linear
response theory, time translation invariance, vector operators, relaxation from constrained
equilibrium, field operators, scattering, fluctuation-dissipation theorem, time-correlation
functions, Nyquist theorem, Drude model for charge transport, linearised Langevin functions,
hydrodynamic description of time-correlation functions, hydrodynamic spectrum of normal

fluids, kinetic theory, critical phenomena and broken symmetry, dynamic renormalisation

group, unstable growth.
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Fluctuations in Physical Systems
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Basics of statistical analysis, fluctuations in electric circuits, fluctuation-dissipation
theorem, Kramers-Kronig relations, Brownian motion, random walks, density fluctuation in
gases, a reference model, Markov processes, diffusion of particles, thermal fluctuation in a

diode, Fermi acceleration.
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Turbulence
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Nature of turbulent flows, equations of fluid motion, continuum fluid properties,
Eulerian and Lagrangian fields, continuity equation, random nature of turbulence,
characterisation of random variables, random fields, probability and averaging, mean-flow
equations, free-shear flows, energy cascade and Kolmogorov hypotheses, structure functions,
two-point correlation, Fourier modes, velocity spectra, channel flow, pipe flow, boundary

layers, turbulent structures.

897631 WAIAbNITIAULASLADDR 3(3-0-6)
Non-Linear Dynamics and Chaos
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Second-order differential equations in the phase plane, plane autonomous systems
and linearisation, geometrical aspects of plane autonomous systems, periodic solutions:
averaging methods, perturbation methods, singular perturbation methods, forced oscillations:
harmonic and sub-harmonic response, stability, determination of stability by solution
perturbation, Liapunov methods for determining stability of the zero solution, existence of

periodic solutions, bifurcations and manifolds, Poincaré sequences, homoclinic bifurcation

and chaos.



21

897632 NOHUILULNLIR 3(3-0-6)
Catastrophe Theory
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Smooth and sudden changes, multidimensional geometry, multidimensional calculus,
critical points and transversality, Zeeman machine, cusp catastrophe, structural stability,
Thom's classification theorem, determinacy and unfolding, seven catastrophe geometries,
applications in thermodynamics and phase transition, applications in ecology, applications in

social modeling.

897633 N1FAMLFEIAILAILALNIFLNALULANE 3(3-0-6)

Self-Organization and Pattern Formation
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Convection, reaction-diffusion systems, Faraday waves, bifurcation and symmetries,
groups, lattice patterns, superlattices, hidden symmetries, modulation and envelope
equations, instability of stripes and travelling plane waves, spirals, defects, Cross-Newell

equation.

897641 Wan&uaIn1595145 3(3-0-6)
Physics of Traffics
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Three-phase traffic theory, traffic variables, parameters and patterns, free flow and
congested traffic, nature of traffic breakdown at bottleneck, infinite number of highway
capacities of free flow at bottleneck, role of lane changing in free flow: nature of moving jam
emergence, traffic description and control based on fundamental diagram of traffic flow,

applications in traffic engineering.

897642 WRANALATHFANAAS 3(3-0-6)
Econophysics
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Differential form, first and second laws of differential forms, thermodynamical first law
of economics, thermodynamical second law of economics, system function, production
function, basic statistics, entropy as a production function, mechanism of production and
trade, random walk, stochastic process in financial physics, financial market and model of

turbulence, model of wealth distribution, modeling financial fluctuation with statistical

mechanics.

897643 Wandtoatl WAnddaAnuaznsRaans 3(3-0-6)
Ecological Physics, Sociophysics and Communications
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Ecophysical definition of life, energy source element of society, agents, groups,

classes, interactions, states as collectives of individuals, thermodynamics of social science,
crowd dynamics, modeling of communication with concept of physics, complexity in social

network.
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897654 WANAURINGNAN 3(3-0-6)
Physics of Black Holes
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Gravitational collapse, Schwarzschild black holes, Killing vectors, spherically-
symmetric pressure free collapse, Carter-Penrose diagrams, asymtopia, event horizon,
charged black holes, Cauchy horizons, rotating black holes, uniqueness theorem, the Kerr
solution, the Penrose process, covariant formulation of charged integral, ADM energy, Komar

integrals, the laws of black hole mechanics, Hawking radiation.

897655 N ANNIBNONUBULANAIT-1NULTDT 3(3-0-6)

Scalar-Tensor Theories of Gravitation
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Origin of scalar field, weak equivalence principle, prototype Brans-Dicke model,
conformal transformation, Brans-Dicke model with cosmological constant, Jordan frame and
Einstein frame, dark energy, quintessence, two-scalar model, scale invariance, dilaton as

Nambu-Goldstone boson, coupling to matter, temporal variation of fine structure constant.

897656 WAIMUNALAEANNIUNAINULLAENEAN 3(3-0-6)

Dark Energy and Modifications of Gravity
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Observational evidence of dark energy, cosmological constant, fine-tunning and
coincident problem, anthropic principle, quintessence, k-essence, phantoms, coupled dark
energy, chameleons, scaling solution, future singularities, f(R) gravity, scalar-tensor theories,
Gauss-Bonnet dark energy models, braneworlds, void models, backreactions, dark energy

cosmological perturbations.

897663 AIMNANNIATUIALNLAZANNINNDLIAE 3(3-0-6)
Supersymmetry and Supergravity
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Supersymmetric algebra and multiplets, chiral superfield Lagrangian, renormalisable
supersymmetric chiral field Lagrangians, Feynman rules for chiral supermultiplets, F-term
supersymmetry breaking, D-term supersymmetry breaking, supersymmetric non-abelian
gauge theories, supersymmetric electroweak theory, supergravity coupling to matter, Wess-
Zumino model, super-Higgs mechanism and gravitino mass, gaugino condensate,

supergravity grand unified theory.

897664 NOBAAT 3(3-0-6)
String Theory

! 1 [~3

MFLannInasse duinsn Az uasiangand udwan Wil luiissing o asseld

o o o o a [~3 o

NANBNIN BUNIAFAGNANSNIN aFadNrinanInAanadn ienduniny-intaiarinasipan
NIYLARSATY NALRALTAIENNNINNTIAREUTIIe A LT AuazLLLTIA FAaundandnansuedin
ANAUAN AFTuLLTlaLazuU LT Ad AN SN INARUAN AATNANTNININNTIBLAS NTARINT
TAwaiFeilaznaaauas R-nan1azaesdssuuyile

The road to string unification, special relativity and higher dimensions,

electromagnetism in various dimensions, the nonrelativistic strings, the relativistic point
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particle, the classical relativistic string, the Nambu-Goto and Polyakov action, world-sheet
currents, solutions of the open and closed string equations of motion, the quantum harmonic
oscillator, the relativistic quantum open and closed string, the light-cone relativistic string,

covariant and light-cone quantization, T-duality of closed string.

897665 THAMNDULATAURLAUADY 3(3-0-6)
Solitons and Instantons
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Non-topological soliton, KdV equation, generality of KdV equation, topological
soliton, sine-Gordon equation, envelope soliton: non-linear Schrédinger-type equation,
linearlisation around soliton solution, collective coordinates, inverse-scattering transform,
solitons in quantum field theory, Z, kink, monopoles, tunneling and instantons, topology of

gauge transformation, Yang-Mills instantons and U(1).

897666 NOHAUINITINDA 3(3-0-6)

Statistical Field Theory
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Review of definitions, notations and statistical mechanics, phase transitions,
correlation function, Ising model, one-dimensional system, transfer matrix, Potts model,
phenomenology of phase transitions, general structure of phase diagrams, Gibb phase rule,
Landau-Ginsburg theory, mean field theory, scaling hypothesis, critical properties of the one-
dimensional Ising model, blocking transformation, renormalisation group, partition function

and field theory, the Gaussian model, the perturbation expansion.
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897667 wqwﬁﬂmum@uﬁfmmﬂuﬂ 3(3-0-6)
Modern Quantum Field Theory
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Emphasis on theory, applications and modern developments including: higher spin
fields, field theory anomalies, Poincaré/super-Poincare algebras, particle-
states/supermultiplets superspace, the quantum dynamical principle, vacuum-to-vacuum
transition amplitudes and solution of field theory, generalized Faddeev-Popov factors, CPT,
spin & statistics connection, intricacies of abelian and non-abelian gauge theories, the theory
of renormalisation, proof of finiteness to any order, high-energy/short distance behavior, fixed
points methods and asymptotic freedom, recent developments on the generation of
superfields, supersymmetric extensions, strings, superstrings and low energy effective

actions, aspects of quantum gravity.
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Cosmic Microwave Background Radiation
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Statistical properties of random field, correlation functions, power spectra, ergodic

theorem, cosmic variance, Newtonian perturbation, Boltzmann's equations, Jean mass,

gauge transformation, gauge invariance, perturbation equations, the Bardeen equation,
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transfer function, acoustic oscillation, Liouville equation, Silkk damping, CMB multipoles,
spherical expansion, Sachs-Wolfe effect, reionisation, Stokes’ parameters, CMB polarization

power spectrum.
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Study and discussion on a profound research topic, presentation on the research

topic that the student is conducting or interesting research journals under supervision.
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