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O shfanssuaduaanaginaiunismnide/dnunimsialszme

2.5 wnumsiuidnuazganianisanmluszes 51
1l

& a MSANEN
S
2557 2558 2559 2560 2561
14119 1 5 5 5 5 5
1107 2 - 5 5 5 5
14119 3 - - 5 5 5
293 5 10 15 15 15
AN3ANTTANE - - 5 5 5




2.6 YULTENI AN Y

2.6.1. Uszuraunsaudsznnasnasy

SIERLLDEATIETU eulseanm
2557 2558 2559 2560 2561
ANBIINITIINNNSANEN 250,000 1,000,000 1,500,000 1,500,000 | 1,500,000
FaN9IE5U 250,000 1,000,000 1,500,000 1,500,000 | 1,500,000

NUBWA : B0TIANUITINSANYINASEUAE 50,000 vmdmsuidalve wag 65,000 U dmsulidnaani

2.6.2. dszanunsauisznnnisngans

e Tutlszanm
FaazIRAAN LEane
2557 2558 2559 2560 2561

1. ANmaLLL 310,000 188,000 176,250 176,250 176,250
2. Waae 320,000 320,000 320,000 320,000 320,000
3. dan - - - - -
4. g 300,000 - - ; -

sAuTIEANE 186,000 50,800 33,083 33,083 33,083

2.6.3. Uszanmunisaldananainlun1suantingia 11Uy 13,442 U AaAU

2.7 STUUNISANEN

M uududeu

[
A a a

O wounmnslnaniugdedenumisluman
1 dl I = | dl o
O wuunnslnaniudaunininuazidaaslu@danan
O wuunnslnanedidannsefindifludenan (E-learming)
O wuunnslnanisdumasitis

O fur (321
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2.8 NM5gulaunUIEnm F18ATILALNITRINSL LA ULTAUTTNNWIINENRE (1R)
- Wl mnuder e Aununanendswseag 9Fqe nN2ANHITLALTURRANSEN W.A.

2554 waztlsTNIANNANENAEIWIANT 99 uaninEikazwwIlfUR lwn s ulewmie i

srMNTUNRANEN

3. UANFATWASBIANTELADY
3.1 uangms
3.1.1 AUUNULENA

WANGATULL 2.1 [1uauiaenie snnaannangnsliiiaandt 48 wiaafin

3.1.2 TAs@5InangAs

LNEUN AS. nangnsilsuilgs
T18N19 W.A. 2548 W.A. 2557
Wy 2.1
1. UFEIT laitiaendn 12 12
1.1 F1119AU - 3
1.2 31ud8eN laifinandn - 9
2. Inednus laitiaandn 36 36
3. sreArnfeAuldduniaaing - 3
MUUNUENATIN (ARDANANFAS) 48 48

UNEILUER

an % o dl a dl dl v o a A o
1) HanAesuduenaulundssgnisnnisluaneningdiedssAuTA WIeseau
WIWNTR Benatias 1 ATNAABANANGRAS

an k% ¥ [ % a o 2 = dl 9 o
2) UARFABINTINNNTAARLTNIETNYIN LN AT RN T eI SN suve I lunsA1a e



3.1.3 518991 A1uquliuaandn

897602

897603

897604

897606

897654

897655

897656

897663

897664

897665

897666

897667

NANITIANFNAINLT ANHNIUNAN UASHANANAIIUGS
(Cosmology, Gravitation and High Energy Physics)

FTIAY
ad a a als
NITUAUABITIINAR TUAANS

Geometrical Methods in Physics

A%aan

uaulaitaanin

ST sWLELE

Integrable System
Waﬂz&%qrﬂfﬁmﬁﬁM'?ﬂfuqa

Advanced Mathematical Physics
anmLue

Bayesian Statistics

AAnduaauguen

Physics of Black Holes

b R Fe A LR ITGI T TE T E SRNIE ot
Scalar-Tensor Theories of Gravitation
WANNUNALAZANN NG ULIL Y818 ANN
Dark Energy and Modifications of Gravity
ANANNNATEIN T UAY AN N TaEn AT
Supersymmetry and Supergravity
VBEGIZES

String Theory

TraRaULAZEUALAUAAL

Solitons and Instantons

NN AVINTNGTH

Statistical Field Theory
wq‘isrf]@mmm@uﬁm wiid vl

Modern Quantum Field Theory

U

11

12 UUENA

3 UNUBNH
3(3-0-6)

9 UNUBNH
3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)



897673

897674

897676

897691

897692

897693

897694

897695

897696

897697

897698

897699

Ss@noainlulasioniunda

Cosmic Microwave Background Radiation
ANINANENAIAUAL

Quantum Cosmology
NITUAUNIINWNANTIANARTNANS
Astrophysical Processes

AIneninus 1Y
ANENUNUS 1 WL 2.1

Dissertation I, Type 2.1
ANENUNUS 2 WL 2.1

Dissertation Il, Type 2.1
ANENUNUS 3 LWL 2.1

Dissertation I, Type 2.1
ANENUNUS 4 LWL 2.1

Dissertation IV, Type 2.1
ANENUNUS 5 WL 2.1

Dissertation V, Type 2.1
ANENUNUS 6 WL 2.1

Dissertation VI, Type 2.1
Arntsauldduniieim F1UU
ANNUN 1

Seminar |

AuuUn 2

Seminar

AuuUn 3

Seminar Il

12

3(3-0-6)

3(3-0-6)

3(3-0-6)

36 UUEN/
6 WU/

6 WU

6 WU

6 WU

6 UM

6 UM

1(0-3-1)

1(0-3-1)
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2811 (529 NMSIANNIANAMANLR lUN1s5uLARALTN AN Al unangmsSaon

897611

897612

897613

897621

897622

897631

897632

897633

897641

897642

897643

A TUAANINITIUUNAANEAT NANAALAZSEULTUTaY

(Non-Equilibrium Thermodynamics and Complexity)

A9AL
gruunaranslianna

Non-Equilibrium Thermodynamics

Jgaan
NAANARTINATATUES

Advanced Statistical Mechanics
NAANARSITIATA lanna
Non-Equilibrium Statistical Mechanics
ﬂﬁ@ﬂ?tLﬁ@Nluﬁ‘ZUUﬂﬂﬂﬂWW
Fluctuations in Physical Systems
anmilutlou

Turbulence

wadh ldidudunazinena
Non-Linear Dynamics and Chaos
NN UNLULLIR

Catastrophe Theory

NIRRT ENFLALAZNN TR ALLLANS

Self-Organization and Pattern Formation

AAndua9n19asnas
Physics of Traffics
WandiAsegaAans
Econophysics

Wandtineml Aanddspunaznisdasng

U

d1uaulidaandn

Ecological Physics, Sociophysics and Communications

3 UUBNH
3(3-0-6)

9 UUBNH
3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)



897691

897692

897693

897694

897695

897696

897697

897698

897699

INLUNUS ITUIU
ANYTINUE 1 LU 2.1

Dissertation I, Type 2.1
INUUNUS 2 WL 2.1
Dissertation I, Type 2.1
AINUNUS 3 WL 2.1
Dissertation Ill, Type 2.1
ANYNUWUS 4 WL 2.1
Dissertation IV, Type 2.1
ANYIUNWUS 5 WL 2.1
Dissertation V, Type 2.1
ANYIUNWUS 6 WL 2.1
Dissertation VI, Type 2.1
Anisauliduniieia U
AN 1

Seminar |

AuNun 2

Seminar Il

Aunun 3

Seminar Il

36 UULNA
6 LN/

6 LN/

6 LN/

6 WUIEINA

6 WUIEINA

6 WU

3 uulenm
1(0-3-1)

1(0-3-1)

1(0-3-1)

14
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3.1.4 WHWNIFANEN

897602

897 XXX

897691

897611

897 XXX

897691

897XXX

897 XXX

897697

897692

Fi37 1 nAnsAnmEuy
NANITIANFNAINYT ANHNIUNAN UASHANANAIIUGS
(Cosmology, Gravitation and High Energy Physics)
N9XUAT TN PR TUNANS 3(3-0-6)

Geometrical Methods in Physics

ATA8n 3(3-0-6)
Elective Course

ANUIUNUS 1 WL 2.1 6 uUEnA
Dissertation [, Type 2.1

59U 12 KUQEINA

NANITNYUUNAANFAS L ANAFUAZTTULTUTRY
(Non-Equilibrium Thermodynamics and Complexity)
grunnaranilianna 3(3-0-6)

Non-Equilibrium Thermodynamics

ALaaN 3(3-0-6)
Elective Course

ANUTHNUS 1 WL 2.1 6 UUENA

Dissertation I, Type 2.1

59N 12 Bu2anm
F3T 1
manisAnELans

ATA8n 3(3-0-6)
Elective Course
Aaan 3(3-0-6)
Elective Course
dunwn 1 (laddumdaania) 1(0-3-1)
Seminar | (Non-credit)
ANEUNUE 2 wuL 2.1 6 WA

Dissertation Il, Type 2.1

59N 12 UUENA



897698

897693

897699

897694

897695

897696

FULN 2
MMANSANEAY
Aunun 2 (lddumdqefin)
Seminar Il (Non-credit)
ANENUNUE 3 Wi 2.1
Dissertation Ill, Type 2.1
599
FULN 2
nAN1sANEUans
Aunun 3 (lddumdaefin)
Seminar Il (Non-credit)
INENUNUS 4 WUl 2.1
Dissertation IV, Type 2.1
59U
FULN 3
ANANISANEAY
AMNYTUNUE 5 WU 2.1
Dissertation V, Type 2.1
59N
Fuilh 3
nAAN1sANEUans
AINENUNUE 6 WL 2.1
Dissertation VI, Type 2.1
59N

16

1(0-3-1)

6 WUIEINA

6 Bu9EN/

1(0-3-1)

6 WUILNG

6 NUBNA

6 Uaenm

6 BuaEnNA

6 Uiene

6 Bu9EN/
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3.1.5 ANAELUN85189%

A

897602 NFTUIUIDLEUTUIANAIUNANS 3(3-0-6)
Geometrical Methods in Physics
dl” a c & 1 a ca a = = a a ¥ a
Wuﬁﬁummiﬁqmmi—mu NI1749 NNFIATIENLTNATY qugﬂg‘ﬂLL@W\mﬂmmmmu qU
Inadneyiusli dulhs Aeiduuuaniivad auinnnmeigiundn Iniweiiiuia dulbainug
AUNNEIBIAUININADT TUNDTN AUINNWEET N1PANTUNITNUTET AUINNYIEN NWDaF
o  oal a o 1 ca  Aa = a = g v oA
AYNUDIR Wilnantiay aunnnaiAaas WrAnRaLAzNIUA Weiuauing Henuaaezunmg
auN1eINe il Tulsznaulsuansuyian uAaRaareIne il nsayiuineuan n1sLlseynsily
ArWAnd
Basics of space R, 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 sruURLINuUSLS 3(3-0-6)
Integrable System

a a Aaa o o c @ [~3 a c = I'e c
sruvnadaniiguiAafiauuans-1au cudutiges inilnastazes NOBHUN A3

1%

anIBMus1FagRa8 annmsluan niBWuslH nasdetumug nannisaesilisad ssuuuadialn

k% o & o/

oy Readnvesgy szuuf MU S IARed auniaadd sasuiunindeuingifiou
Tnseainathaeefifam e

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 WANABIAUAAIAATTUGS 3(3-0-6)

Advanced Mathematical Physics

1 v
= o

diuluin s duiusiunenian N NAsaLAgu d419919f81 N1INBIFT UAL

1
a o

AONNLADYTTRIAANT NNFE LA TasaanTiuTauLa TN INANyATe9aTIuLAITNATIA NIATIAIY

ca

waraaunrasduastsan luilyuirasauiatasiar anlaiiaies n1sAseiiAgILazen
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?ﬁimmmmmmmﬁlﬂum?ﬁﬂwwmwﬁamummuzﬁ”umm?zuumﬂuﬁué’wﬁﬂmummwmﬂ
NN 7] FBNNEUANATULAT AN Y ATBIEURSTIFEN TR0

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.

897606 &DALUS] 3(3-0-6)

Bayesian Statistics

‘].I‘V]LLuﬁﬁﬁVIQ‘]ﬁf]ﬂ@’mii’]@uﬂutﬁy@\iEﬁu ﬂﬁ?ﬂiéw’luLL‘Ll‘]_lL‘LlﬁT WLLRNABNNITINIADS AR
menszanssuanGuuuuliteyn weglilfifeys wudaaamumisdmed nisdeniuuiian
WULANaeuLLTUA AL uuLdaeskifinnfines NNIGNABLNLLILLATETNY

A brief introduction to probability theory, Bayesian inference, single-parameter
models, informative and non-informative prior distributions, multi-parameter models, model

selection, hierarchical models, non-parametric models, nested sampling.

897611 QuUUNAAARSLNANAA 3(3-0-6)
Non-Equilibrium Thermodynamics

oEanesnImeediud dsingnisalingAuazaanqaabetdclasawuy l@hasnn

dl a = dl a = dl o L o
WAYNIINILINANANNNITHAALALWIN T ANARLRNIEN NINaRLaUINTLIanILy NM7AUTABNAINTU

6 -8

Tuszuuidle penduriusreseauniaiuazndnnisanuing nazassanialiiReulalianna

uzﬁ“ﬂmimammu‘lmﬂﬁﬂﬂ%m UNNAAIARS 1T LE Y izuuﬁﬂfgu@ﬂmu@mﬂwmﬂ N3ATIEYR
s widadu Taseairansyanesia

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.
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897612 namARiIReARATUgS 3(3-0-6)

Advanced Statistical Mechanics

UNNUNIUGUUNAAIaRT Andniegauunadiand ponduiuinud-ganuay
pNANTUFuNNF A Hefdunouanes 0o il deais auNSTmuuaEN B uan0
wuLA1aedlad LLﬁmﬁMu’]LLﬂuLL@mmmm ﬂiﬁﬂgma‘ﬂﬁﬂqﬁ AIHNANA ﬂqlﬁ‘u@‘?ﬁ@imsﬁu
109118 ABUAN NE)NITRRLANBILLITEY szunirnday

Review of thermodynamics, thermodynamics potentials, Gibbs-Duhem and Maxwell
relations, response function, statistical ensembles, mean field and Landau theory, Ising
model, dense gases and liquids, critical phenomena, universality, renormalisation group,

quantum fluids, linear response theory, disordered system.

897613 NAAAATITIADA bIANAR 3(3-0-6)
Non-Equilibrium Statistical Mechanics
= = = = \ o o =
NMARBUNLLLLTUEY NTnTziie N TUAZaNAR N1TABUAUBIABUTIN LY e
NNTARLAURITLAY N7 1N 2 IUNNFRAUNIEIIAN AAALTELNNTINLASS NNTNAUARNEATN

o o o

ANAATIYNUIAL AIANTHUNITAUIN NITNTTIAY NYHYUNNITNILNEN -NFNTzAEFL Aeridu
andnriugionn naeunuenad wuusiasngadviunisaudelesg Weiduaasduasini iy
Faduuda Meiduanduiusioanlonssunluiuugnnnamand  aulnadudgnnnasians
a a 6 = a a o o o o
ﬂ@ﬂﬂ‘ﬂﬂiﬁ@ﬂﬂm VIQE{\]@@‘L& ﬂﬁ"]ﬂ{]ﬂ’]?ﬂ«!’mqmLL@tﬂ’]’a‘L@ﬂ@NN’Hﬂﬁ‘ m;a.l?'?um:u @VL@L"]’j‘ﬁuLL‘]_I‘]_IW@Qm
a 1 a
naAuTmuuuldianes
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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897621 msnsmﬁau"luswumﬂmw 3(3-0-6)

Fluctuations in Physical Systems

ﬁ”ugf]umﬁmm:ﬁl?ﬂmﬁﬁ nsnsziieslunsas iy mqﬁﬁwmamuﬁfam—mimmw
i AnudunusaTued-lasiin m?m?ql@uﬁwuummﬁﬂu m‘nﬁul,m‘uziu mamuﬁfammmw
nuLUulULAA LULANae9I8148e NFEUAUNITNITARN ﬂ’]ﬁ‘LLWﬁl‘ﬂJ'ﬂ\?’a‘lgm’]ﬂ ﬂflim‘m‘ﬁlﬂwﬂm
grungiulalen Aanudanesy

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.

897622 amwiluilou 3(3-0-6)
Turbulence
sssutRvesnsivauuuiiulou auniesnisedeuiivesesing auiifivessesln
siaifies aunneesInefuATAUINAININALY ANNNTANINAELTES 87TNTIAULLENTBIANN
fTutlou NIAUUNAILLUTEN AauINgN pruhazifluuazAniais aunisnisuaeds nslua

a

131ARNNAINHLAULRAU seAudundsauuazanyigureinalulnsey Nardulnsaasna

andunusansqn muaysies anlnaiuaainia naslualudes naslualuve TauIIATRITY
Tnseainamnnuiiutlon

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

ANNNITNA YN UAEUAUADS IUITUILING F2ULANNTBRILITIIT U LA N 1991 Wil

AU AN LTI AMATRITLULANNITDATLITIT2UNL Nalaasilual s2idaudanisiaae

v o 6

suiflatAEN199UN9U 93 UTENITLNIWTULNT N N19AUUNFTYNTAL NIRLANEIILILIENS

natinuaruuuanfuaiingas @asniw nsseyatasnniaanissuniunalaas 3iaeiuan
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z%m%‘umﬁxumﬁmmwmmmLfa@ﬂ‘ﬁquﬂ’ mfiﬁ@ﬂ;mmmmmﬁﬂumu ALENABITINUATNIY
Was arsutlaanig eauenasssnuuulaluediinuazinena

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.

897632 NHBJUILUNLIR 3(3-0-6)

Catastrophe Theory

naasuudasuuuuBenuaziRunau seadauaneds WARARANAILNR M
%qﬁummmmﬁmﬁﬁy PTR9N 09T MauriTRnUaeeen afasn mdelasesag
NYHHUNNIIIILUNTDIBDN ANIWTIIUUA MHLazduTnafs wrAtianIaus NI ALLY N9
ﬂﬁ‘zqﬂﬁﬂuqmuwammma?l,l,@:mﬁ‘l,ﬂ?iﬂul,wgv n13tseenANI9BAINGT N13Usrene a5
WLLANANAIAN

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 N1FAMLFEIAILAILALNIFLNALLULANE 3(3-0-6)
Self-Organization and Pattern Formation
n191n @:uummwéﬁﬁﬂﬁﬁ?m pauHTIad ALENADIIINUATANNIAT NTLIMLLIAE
wesuaniia gililefuaniiea aunnIfigauls anntuanuaduLaranniseuinlal Aol
LZQ?]H?J’Y]W?J@\TLLDULL@:@%H?:%WUL?W?QI@%?{ ﬂJﬂLﬂ?QEI') ANNUNNWIDY mmim@m-ﬁmﬁ
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.
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897641 WANAURIN1599199 3(3-0-6)

Physics of Traffics

N HN1999TULLANINE Faulsn9anas wasHmefuazguuunisasas naslia
a@?ZLLﬂtﬂﬁiiﬂﬂﬁLﬂ ﬁﬁ‘ﬁ‘Nﬁﬁa“ﬂﬂ\‘iﬂ’]?Laﬂ@ﬂ’]WW}\m’]?%"W?‘ﬁW’Nﬂ‘ﬂ“ﬂfm mmﬂﬂﬁuﬁmmmﬂm
E@itﬁﬂ’ﬂ‘ﬂ’)ﬂ ‘m/mmmmnqﬂﬂﬁ'ﬂuﬁmwfmmwﬂumﬂmﬁmz ﬁﬁmqﬁmim'ﬁi@uﬁmm
ﬂ’]ﬁ‘@ﬁ%“ﬁaﬂ‘ﬁ/ﬁ ﬂ’]ﬁ“Wﬁmu’]LLﬂzﬂ%‘ﬂ’J‘UQNﬂ’]i‘%‘ﬂ@iiﬁ]ﬁll‘aﬁLLNuﬂ’]‘Wﬁ"]ﬂgﬂi&‘ﬂ'ﬂ\m’]i‘iﬁ@“ﬂ@ﬂ
N1923199 N1l NANLAFINIINATIAT

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 WANALATHFAEAT 3(3-0-6)

Econophysics

JUUULTIaYANE ﬂgé’ﬁ@ﬁufiaLL@:ﬂg%ﬂﬁmwmgﬂLmuL%améﬁwﬁ‘ NI UUNA-
mmmﬁ@ﬁuﬁqLmz’*ﬁ@ﬁmwmmmgmm% Waridusyuy Hesdunnsuan adnnanudedld oy
Insllugnusieridunisudn nalnnsuanuazn1sAneng nMsAuLULgN Nezuaunisalnwaasnly
ARndn19Ru nezuaun1alauAgfnluAaIANIIRULAE NIELUNNTAIALARRN TULLLANABIAIN
ﬂuﬂqu LLUUﬁW@ﬂGﬂW?ﬂﬁ‘Z@'}Hﬂ’]’mﬂL\‘Iﬁl/\‘i ﬂ’\i@s‘j"]\?LLULI’%']Z\]'ﬂ\m’]‘mTxLﬁ@NV]’Nﬂ’]ﬁ‘L?‘]uLLﬂx
NAANARSITNATIA

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.
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897643 Wandfiai WAnddenuuazn1sdasng 3(3-0-6)
Ecological Physics, Sociophysics and Communications

fenaeadinludaidndiinel asflsznauunaandsanuludinu dounu ﬂ@imwﬁgu
FURINIEINNFIAN i“giuﬂmxﬁﬂumjmmﬂm@ﬂ UUNAANGRTIBINLANEATAIAN WATH
SIGNIARE Y nsaaLLLANaesTeaNsRRgN iU ANNNTAN anmdudeulurtetnadeny
aaulail

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.

897654 WRAnAURINQNAN 3(3-0-6)

Physics of Black Holes

N198UAR893R Y THNEN BqNAIaNTTan AsRINAET N1sguRdlaelsNAaINAIIN
AULLILANNIAININAN LHUN WA TInes-nulss afulndlas sauiwignisad mmﬁﬂﬁﬁﬂi: )
200N IAT NGUAMNU NOBIUNYHNLE HARAETABTT NTTLIUNITNLITA NTTLIUITLL
TawsFawizesiniuridszq wasewehen MWilANIg n)nNaAIaniaasiqgual N1sukisa
aadpan

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 W RHANNIUNANULLALNAIG-INULTRS 3(3-0-6)
Scalar-Tensor Theories of Gravitation

AANIHATANAUINAINANS MANNNTANYALLLEY WLILRIaBsuUTUd-ANNMULLY 19
GRS LS ADSULIUA-ANATUANASTIANINaNEN  nreLRasuauLaznraylaiialnL
wiauEla ARUINAETUT wLdansaessinans nsliudeuseasing  Auaneuiifulumeuuny
y-Infalau nnsgaruiuaans nsuilsmunaiazesaipsalasai9azidan

Origin of scalar field, weak equivalence principle, prototype Brans-Dicke model,

conformal transformation, Brans-Dicke model with cosmological constant, Jordan frame and
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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 WANUNALARSAMNIUNAMNULLUENEAIN 3(3-0-6)

Dark Energy and Modifications of Gravity

1%

WANFIUNN1TEUNANTOIVBINANUER AAIRsNsINa e NstiuAANaTIAEA
wartloyunlABUTIAWT MANNIFTINIUELANET UUUSIABIPIUINALTUT  WUILRNASLA-IRALTWT
WUUANABIUWWERN LULRNAINANIUIAAAIL WULANaasAHIReY NalRastlfunims n1ozien
gulueunan Avaliiudasuuy wned naedanand-nuees LuaIasIndNulakuLInIg-
AW ANURY  LULANaeness naiadisendewndy  n19sundwidednsanaingn an
WANUEA

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 AMNANNIATAINTILAZANNITNAIBIATS 3(3-0-6)
Supersymmetry and Supergravity

NIAMAANNIATIATULATTARINAR AINTILALUAUINEIATIIATA AN URAWNY
ansmsangalafanIuesialadls nglwiusudmivlafadaninanuants nadaaNNImAIHIRES

- = a e = | @ N g a Aa
NAULAN NITLAUANNIATUIALINALLA WQHQLﬂ@LLUUIlNLﬂu@’]UL@ﬂuw WIUANNIBTEI AR V]q‘]‘_‘f{]@

'
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lanmsAaNNIAfenie AN TintweaatisnagrIuiuaans wuuanaesna-gitu nalndnduon
QI aa 1 a a T A rdl [ v 1 QI
FOLAZNIATAINTIIF 1 NITATLLUUTAILNAE 114 wqwgmemguiwmmﬂumwiuumqmmm
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.
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897664 NOBAAS 3(3-0-6)
String Theory

a aa ' 1

ANGrannInassg ﬁuﬁmﬁmwwmmmzmﬁ'qqmﬁ wAdn I ludizising o) asdely
ANANENIN BUNIAAFUANININ AsTdTNan nAa4an landuniny-InTanasinasnpan
NITUAIAATN HALRAEFENNNINTAAUTa g AR aLLLElauazuULElR FaundandaanTuedin
ANBUAN AFTLULITI LAz UL LT AZNANEN WA UAN AFFTNENNNENINNTIEWAS NFAaKINT
TAwiFeilaznaaauas R-nin1azaesdssauuyile

The road to string unification, special relativity and higher dimensions,
electromagnetism in various dimensions, the nonrelativistic strings, the relativistic point
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 loamauLAzBUALAUADU 3(3-0-6)
Solitons and Instantons
lraneuuuulinewalad aunsieid nadiilaesauniani’ rdreuuunmnenalad
anninainauglad lwaneunuuasgl aunnslssinnalsfaseiuuu i@ nezuouniaid
Wusaunamaaladnen Aingan nsudainianszidsnndu leaneulungujauwinaceusiu Fu
AUANANINDA TARILLILAIA wimdndaiien mamzinuiazauauuney nenaladresnis

o

uilagine auauAuAaULENNaauarnILyiu

Non-topological soliton, KdV equation, generality of KdV equation, topological
soliton, sine-Gordon equation, envelope soliton: non-linear Schrodinger-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 NOBHAUINNLTIADS 3(3-0-6)
Statistical Field Theory
UNNUNIBRLNLATAINNE N NN AANGRITENADE  nezuaunIlaga  Warndu
AVAUNUS LUURNA9 10T TTULVINAR WyYisnd4907e LULUANaaananyt Usngnisaiingnaes

naaeuma  Taseaireinliaesununiivia ngwaiud nguuanen-fwdin  noedau
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SN ANNAFIUNITUFLNIRg AuaNtEIngAreslagaliea uniledA nezuaunsulatuaen
6 o o 6 o 1 09; = o =

m;iﬁumudmmu ﬁanmuumnmm:wq‘ﬂg@mu LULANABNALEEY N19NTZANENIFILNIY
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.

897667 NHHHAUINAIDUANLAU LU 3(3-0-6)
Modern Quantum Field Theory
ungue]) nsdszens waznsimuiunulninaseungn auinatludugs nujauis
dszvann Waatintaantsuarglidedilasnag PBnlantisresanuzeyninuaziasnanduan
89 MANNIINATRANAUAN LANWRYANTILIAEUANIULANAI NI AGEIUTUINIALA NALRALUA
= o/ = | aaa dll 1 a a aa o Y
nEgaun  sdsznauunea-ndey AN nnnmendeatuuazitiatan  Audutaues
= = 1 = A = = o o o =) Ly =
‘qu‘izr{]m@LL‘Ll‘le‘LlL@ﬂuLLazLLuuimﬂﬁUL@ﬂu mqwgmmm%umuaimmu NINGAUTDIAINHH
o o Ao o a A o a A o aal = =
waANianaualla °] WEANTTHNNANUGS WOANTTNNTLUENNAU ] Qﬁﬂﬁﬁ?'ﬂﬂ[ﬁl?umum‘ﬂﬁwlu
ATANAL IR NENRUN TUNNINNTHATEARINEIAES  NNTUHTENANNIATUIAEN @RI
1o 5as Az BNTUIINANNANIUAN INUTIUBIARAUFANNIIF
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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897673 SeAmasfinlaulasianfunas 3(3-0-6)

Cosmic Microwave Background Radiation

AsENTREN AN ATasauINwLLgN Weiduanduiug aunlnpiuniids nqugunuedingn
ANTLUTeednIa nssunduuuuiinTnifiew anntsrediuadunul weadu nsutawna
nsldulsfina aun1snnssunan gunnsnau Mefdudaelen nsdudegaurnans IR
88 Maniasiad daninazesisdneadinlulasanifunas nranszaransinau sngnsniuA-

nafl Flaeaflumdu witwmasuedalned alnpiuniasaainanlamdulusadaaainluinsian

a
2
o

WUNAS

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,
transfer function, acoustic oscillation, Liouville equation, Silk damping, CMB multipoles,
spherical expansion, Sachs-Wolfe effect, reionisation, Stokes’ parameters, CMB polarization

power spectrum.

897674 ANTINRMNLIAIAUAN 3(3-0-6)
Quantum Cosmology
o a o a o as a = o o ul/ |
UNLUzInAgIangnagnmausn  Asnisuaiainidauluduinsniwiald  doyman
a [ aa v 1 o A dl a A 4‘
WLILURLLLULARNIRAN ﬂﬁiﬁwuﬁmqmﬂum’]mummqm@umu N RGN AFIASTEEN] qﬁ]‘ﬂLL‘LI'LI
wadalnilaudmiuaufinngoenante WaNNA9AARUAN NNINITANLNIAAIAAN FauLlsuatim
AT luduinaniniialluaz luaonuiintasaana
Introduction to quantum cosmology, Hamiltonian treatment of general relativity,
classical boundary-value problem, path-integral in quantum gravity, spin 1/2 fermions,
Hamiltonian formulation of supergravity, quantum amplitude, semi-classical expansion,

Ashtekar variables in general relativity and in supergravity.

a

a

897676 NSETUIUNITNNANGIANAASHANS 3(3-0-6)
Astrophysical Processes
NITLIUNNINILIRLLLABNNAY N9UHFRRIBITANAT NITUNFRILNARNTHTIANN
a1 nsudAuundulasnsen nsusfadnisnauativaedlalnsauesnen A NdNRUSNNg

nazang NINBLUUNIT AL NIUANFY Ta9ARuAtNNIU-San laudanulindo
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Compton scattering process, black body radiation, thermal bremsstrahlung
radiation, synchrotron radiation, hydrogen spin-flip radiation, dispersion relation, Faraday’s

rotation, Lyman-alpha breaking, gravitational lensing.

897691 INIUNWUS 1 wuU 2.1 6 UULN/
Dissertation |, Type 2.1
dl dl v o a o dl al
NUNIUITIUNTTNNNL T BIALNNWARLNAU A tasI A LR eI

Extensive literature review related to the research of interest.

897692 AneNANWUS 2 wuy 2.1 6 wu2Enm
Dissertation II, Type 2.1
wirtnlAesneidtaiuie Tnasvysindednentinug arudidny ﬂtymmzﬁmmmmi
398 drnUsvasA uazduneunIRiunTIse
Preparation of a research proposal draft including a research topic, significance of

the problem, research objectives, and research procedures.

897693 ANENUWUS 3 wuU 2.1 6 UULN/
Dissertation Ill, Type 2.1

Tasesesaudsaariuanysnllasiinisszesdtlsenaunesnisia lnaazden

A complete research proposal comprising details of research components.

897694 ANENUWUS 4 wuU 2.1 6 UUEN/
Dissertation IV, Type 2.1

NIN19IRNLDIFU WEDNTIRANIFVENLAINAIINTIN

Conducting preliminary research study and preparing a progress report

897695 AINENUNUE 5 wuU 2.1 6 UULNA

Dissertation V, Type 2.1
BANUULLAZANHUNNINAGRY  IALLAYILAIHayaNI394E WhanTiasATNTE
ANNAIINTIN TILFINNANNTINE UAZAALFATEINANNTINUS
Designing and conducting experiments, collecting and analyzing data preparing a

progress report and summarizing research data and preparing a dissertation
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897696 ANENUNUS 6 UL 2.1 6 UUEN/
Dissertation VI, Type 2.1

o

anngliandnaniinuslifiaiaanysnl snvisunauidudiunilarsnaanuly

e A

InenunusfeslaFunsnauiu AN m@ﬂfﬂuﬂfumum@ﬁ@wmqL‘ﬁ@ﬁﬁ NWWI1987939N9
AU AT AL sTNNINAUN2EY HunisaeuilesTuAneninug wardnnnglianaly
anysaldainimmIne e

A complete and revised dissertation, all the articles which are part of the dissertation

must be accepted by a refereed journal or in the process of submission, passing the thesis

defiance and delivering complete dissertations to the graduate school.

897697 ANNUN 1 1(0-3-1)
Seminar |

nunuiavaidaedatymuazaaufinontimisdwidndnaeg  nistiiawentidu

o

o @ A o o el
Anaadlunanlaniu ﬂ’]LLuquﬂ‘ﬂ\‘I@’W’]ﬁ‘HWlﬁ‘ﬂ‘]ﬂ’\

o

= o ¥ ao o
Liﬂulqum@q@ﬂm
Review and discussion of problems and progress in theoretical physics,

presentation on contemporary active research topics under supervision.

897698 HUNUN 2 1(0-3-1)
Seminar |l
=8 a o aov a o v ag// = dl dlaq o
ﬂ’]ﬁ‘ﬂﬂ‘]:f’]LL@t‘ﬂﬂﬂ?’]ﬂW) AR ?;IL‘I]\‘]ﬂﬂ m?mL@uwmmuwﬂﬂummw ARNA \‘]

]
o a

‘V]’m'ﬁﬂuﬂ'ﬂ']@il mmmq ma/‘ll,ﬂ%l"ﬁ@\ifiﬂllﬁ’]LLu:ﬁﬁﬂJ'ﬂ\‘I’mfﬁ’]Tgﬁlﬁ‘ﬂﬂﬂ
Study and discussion on a profound research topic, presentation on the research

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

897699 ANNUN 3 1(0-3-1)

Seminar |l

1
Ao a o K

F1LNNULAZINAUR AN A LN TR UAS NN AN BN AIANTRUNNTALASN
nalFinisguaresanasdilanmm

Progress report and presentation on the research project under supervision.
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