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fuimsnmialy 2
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BUNIALATAUIN
Particles and Fields
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Relativistic Quantum Fields |
AUNNAIDUANTIRNANSNIN 2
Relativistic Quantum Fields Il
ANTNAINEN 1
Cosmology |
ANINAINEN 2
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3.1.4 WHUNIFTANEN
Fil7 1
MANNTANENAY
897601 ANNIMIWATNTAINIDIA MARNA 3(3-0-6)
Symmetries and Lie Algebra in Physics
897651 &uvimanimiialyl 1 3(3-0-6)
General Relativity |

897660 AUNIALATAUIY 3(3-0-6)

Particles and Fields

593 9 wuuWaEnN/
AAn1sAnElans
897652 Ausinaniwiiall 2 3(3-0-6)
General Relativity 11
897661 AUNNAIBAUANLTINENANTNIN 1 3(2-2-5)
Relativistic Quantum Fields |
897671 ANIINAINEN 1 3(3-0-6)
Cosmology |
59 9 UUQENRA
mﬂmiﬁnmqg’éau
897662 AUNNAIDUANTINANANSNTN 2 3(2-2-5)
Relativistic Quantum Fields Il
897672 ANIINAINE 2 3(3-0-6)

Cosmology Il
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3.1.5 ABELNE51E2TN
= a ajla (4
897601 ANNIATUALNTAUAURIA LUNANS 3(3-0-6)
Symmetries and Lie Algebra in Physics
o a a o d‘ % 1 a

naduazsouny dennaeangd nadnnsizasduidaauw panadega ndees avnadugiu
o = o o p '8 o o 1%
mmeﬂﬂ\‘m@ﬂ 170U AUt NI N AT UARUNAAIRATANRUAN ANTTUZIANY mmmgﬂm
o a a o M v 2; o &
AILNULULNT mmu@mgﬂiﬂm NITANRINUBIANBULLANE ﬂﬁﬁ‘ﬂﬁ‘tﬁqlﬂm/l’]\m’m.ﬂ']w ﬂg‘ﬂ
paliad walaldy, ntlinagdu uasiAndaynia A191989 Faunuaesngliaenis nglina ns
uiasina

Groups and representations, definition of a group, permutation group, conjugacy
classes, subgroups, homomorphisms, group representations, induced transformation of the
guantum mechanical wavefunction, characters, reducibility, unitary representations,
irreducible representations, orthogonality of characters, physical applications, continuous
groups SO(N), SU(N) groups and particle physics, Young tableaux, representations of the

Poincaré group, gauge groups, gauge transformations.

897651 Anvinsmwiialal 1 3(3-0-6)
General Relativity |

unnumauduinan il nrsutlasanisud wHUAWANaeINA naeanARiuAendA
W illa s eflnuuiFunwlew unandareaneesuuNntinas aunuslawEews nsiAeu
wuuauw alendnd wrardavresmumeiuunniinad noeduniadiew ndnnisanya annig
avnudwdn il nugedreanlAs auntsaninliintos wrAdaLLLAETAR NOELN
NSRRI

Review of special relativity, Lorentz transformations, spacetime diagram, Minkowski
spacetime, manifolds, Riemannian geometry, vector calculus on manifolds, covariant
derivative, parallel transport, geodesics, tensor calculus on manifolds, the quotient theorem,
the equivalence principle, the electromagnetic field equations, the curvature tensor,

the gravitational field equations, the Schwarzschild geometry, Birkhoff's theorem.

897652 &uvinanwnall 2 3(3-0-6)
General Relativity Il

WaNA1ANTTAS N1azienguluanadasinrien szuulneeifiunennaiu-fanaalmg

sunlaeaifunngdans  Biulsausrmadenlosuwunledalnd-laaw  waatdinuuanuing
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NNNAN LBIAUALLLILAATS 91NADALLLWETANIUE- e LuRS- i fndu-1adninas aunisaunu
Windougadu

The Schwarzschild black holes, singularities in the Schwarzschild metric, Eddington-
Finkelstein coordinates, Kruskal coordinates, wormholes and the Einstein-Rosen bridge,
spherically symmetric geometries, the Kerr geometry, the Friedmann—Lemaitre-Robertson-

Walker geometry, linearised gravitational field equations.

897660 AUNALALHUN 3(3-0-6)
Particles and Fields

IquﬁwﬁnmLLuuﬁ’mmmmgm mumm?{uﬁuﬁmﬁmw wammﬂﬂ%mwﬁu
WULR1ABNTBNAINSN FANAAIANTAEUAN NOBYNA N HT)8IueN-Had naBuguunsd
Aedues nalnaeddnd fineunia nizuddszqlniin Sumsunedneen n1saxiineeddi
nssnuseaaninga dasstuuaridndeynineania n1an1emtinreeulLaIaeINImTgIu

The structure of the Standard Model, relativistic wave equations, quantum
electrodynamics, quark model, quantum chromodynamics, gauge theory, Yang-Mills theory,
spontaneous broken symmetry, Higgs mechanism, particle detectors, charged-current,
weak interactions, CP violation, electroweak unification, neutrinos and astroparticle physics,

beyond the Standard Model.

897661 AUINNAIAUANLTIANWNENIN 1 3(2-2-5)
Relativistic Quantum Fields |

aunTlAa-Nainau aNN19ALEN AUINAINAFAI uannIul s nowunaestised
aundinadidsiauiazauuusdunanin aunnuee-Nag 1anAtiATearINing n1sadaw
dunuuiyaAaasaunnlaati-nadaauaiauazidedion nnsmreulnmduiuuiynRaesauiusien
uazawu i auunnmefuiuuinng nsiRRsANINLazNaAanTAteUAN NNsAaLlniedis
Tunisdaiudmnatd  ngliunuresauinainafuarauinatiumed dedduneniia duiu
gunnainand neLiusieiuaieiuresriudwmineyniagd Weffuredissesaunaiia
Sunsaeni ununwlnifuanunsse deniy

Klein-Gordon equation, Dirac equation, real scalar field, variational principle, Noether’s
theorem, complex scalar fields and electromagnetic field, Yang-Mills field, geometry of gauge
fields, canonical quantization of real and complex Klein-Gordon field, canonical quantization

of Dirac field and electromagnetic field, massive vector field, path integrals and gquantum
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mechanics, path integral quantization Feynman rules of scalar and spinor fields, generating
functional for scalar fields, functional integration, free particle Green’s functions, generating

functional for interacting fields, connected diagrams.

897662 AUNNAIDUANLTIANNNENIN 2 3(2-5-5)
Relativistic Quantum Fields Il
NN7A%RU N T UIRIALNNINATULLLA RWUEANNAD  FauinszansuazRanlunalu@nas
Ll dl 1 G a a a aa aa = [ o & o
watiiuainaas? avidnauuuldifuendiden Aqddn Fsuraav-Tnileu nnseyinsuuuandny
o =K s e o & I's a a aa = dl a d’l
d1tn  ngliluauzeanaassud wndneninia-nipanTluAen naREaNNIRIINATLLeY
= & a dl a d” a Gl o g
nedunaedinafalon  n1sdsaNNIARNANNiATWeY  NN99INLNEAN IR LuLAIaedlal

a6 a o o o aa ° o al o o o A o o o =
\{3n-m1au Tueilalanduremnuienindsd nglueidalamdu Tusdialamdunuuacnen

q

109A98R @I nluniinAvlunguues-tad  Atndmnavedlasen Tueiialamdulungwg
ut-fad namansadhmnuiie mqneneladlunnuiauu Awlndnefaeu udmdndaden
1097 THAReLLATENALALABLIUNO ] AUNN

Path integral quantization of gauge fields, propagators and gauge conditions in QED,
gauge-fixing terms, non-Abelian gauge fields, QCD, Faddeev-Popov method, heuristic
derivation, Feynman rules in the Lorentz gauge, Ward-Takahashi identities in QED,
spontaneous symmetry breaking, Goldstone theorem, spontaneous breaking of gauge
symmetries, electroweak unification, Weinberg-Salam model, renormalisation of (04 theory,
renormalisation group, 1-loop renormalisation of QED, asymptotic freedom of Yang-Mills
theories, Chiral anomalies, renormalisation of Yang-Mills theories with spontaneous symmetry

breakdown, Grand Unified Theory, topological objects in field theory, sine-Gordon kink, Dirac

monopole, solitons and instantons in field theory.

897671 AnNgAIAINEN 1 3(3-0-6)
Cosmology |
NN9ULNYATBUANAN LIV IAIATEINIARINTA  LIATWYT IUN9ANTNAINET  N19IA
e luNN9dNINAINEN ArAsTiETA WATATEINNITNEfI89ENINe  SnmnaluanTaY
auna TAaNTugy ﬂ']'j‘ﬂ'i:LaﬂLLMﬂ%\‘]@‘mﬁ’m dsngnisniguilenan-taalena Ansanaluszas
WSNBN NIELNUNNIAAAT SRS N3TLNUNNIRIATLIL R eauLAzIalARY NINasFITeg

]NTINA
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The expansion of the Universe, spacetime geometry, the cosmological redshift, the
Hubble constant, distance measurement in cosmology, dynamical expansion, the equilibrium
era, recombination and last scattering, the Sunyaev-Zel'dovich effect, the early universe,

cosmological nucleosynthesis, baryonsynthesis and lepton-synthesis, inflation.

897672 ANTANAINE 2 3(3-0-6)
Cosmology Il

N1INTUNDNANALILUUAZT ANN1TAUNN ﬂﬁiLLﬂﬂm;mmvﬁLmerzﬁfauMﬁ\iﬁmmu
4n nsulaaina naeunniseying AdmmuIniseesnisnazived lun19Ensaanen n1esunau
TNAINANS NN9TUNIUTNNWEas winmain1saenafdaudu nenantinfraslATNAasINaans

= o al d” o o dl a o

waulalainstlaasiedlulnsnniunasresansana ﬂ’]';“ﬂi?.:l,w'am'a\‘ifqmuguLL@ZTW@ﬂ?mem
v a dgj o o
5@ lulAsnAuuase99n TN

Matter density fluctuations, field equations, Fourier decomposition and stochastic
initial conditions, gauge transformations, conservation theorem, the evolution of cosmological
fluctuations, scalar perturbations, tensor perturbations, linear growth factor, structure

formation, anisotropies of the cosmic microwave background, temperature fluctuations,

polarization.
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3.2 @ FUINLAEANYAIURIRIAI5E
3.2.1 @1a5dllszauangms

nMgzuUday
A 4 ANLLUUINIG AR - #Fansdnun iid3a (/AL oh)
9 Ta - ANA - s /12N . dszine - = =
271N NIFANEN FINADIUU NSANEY | ANgRAT | Uangns
flaqiiu | dsuilge
1 | wefiog ailrmwed GREREL] Ph.D. Mathematical University UK. 2014 - 3
EET] Sciences of Durham
1-1999-00079-XX-X M.Sci. Mathematics University UK. 2010
(First Class and Physics of Durham
Hons.) within the
Natural
Sciences
2* | Mr. Edouard B. ANART1AN3E Ph.D. Physics University of Canada 1971 1.5 4.5
Manoukian Toronto
M.Sc. Physics McGill University Canada 1968
B.Sc. Physics and Sir George Canada 1967
(Hons.) Mathematics | Williams University
3 Mr. Fabio Briscese anangd Ph.D. Mathematics | University of Rome Italy 2008 - 3
“La Sapienza”
Laurea Physics University of Rome Italy 2003
“La Sapienza”
4 | Mr. Gaurav Narain anangel Ph.D. Astroparticle International Italy 2010 - 3
Physics School for
Advanced Studies
M.Sc. Physics Indian Institute of India 2006
(Integrated) Technology,
Kanpur
5% | Mr. Matthew James a1a9el Ph.D. Astronomy Queen Mary UK. 2010 - 3
Lake University of
London
Cert. of Mathematics University of UK. 2006
Advanced Cambridge
Studies
M.Sci. Physics Imperial College UK. 2004
(First Class)
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. . FILURUYNG | ATUQA #g5an1sAnm 74 15a
7 Ta - ana - . A ULTRDE ) . szine -
1IN N1SANEN INAALY N1SANEN
1 WIELFUNS N1anse 784 Ph.D. Cosmology University of UK. 2546
3-6798-00023-XX-X ANGRI1ANTE Portsmouth
M.Sc. Physics University of UK. 2542
Sussex
W, HAAnd WUNINEA Ing 2539
Ferg lonad
2 WUANAT Aumau a%an9el Dr.rer.Nat., Theoretical Heidelberg Germany 2549
3-1198-00096- XX-X Physics University
M4, Wand ainaangni Tne 2544
HUNINLNAE
.. Wand ainaangni Tne 2541
HUNINLNAE
3 W Sundminl 21a9e] D.Phil Astrophysics University of UK. 2554
3-5001-00204- XX-X Oxford
M.Phys. Physics University of UK. 2549
(First Class Manchester
Hons.)
4 Wiy oA 219198l Ph.D. Mathematical University UK. 2014
1a51Y Sciences of Durham
1-1999-00079-XX-X M.Sci. Mathematics University UK. 2010
(First Class and Physics of Durham
Hons.) within the
Natural
Sciences
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3-3504-00049- XX-X NUINEAE
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c | FAIWUUINNG | ABIA d5annsAnm 7d15a
n | 7a-ana - . AN . szine -
2[NS NIgANEN FINADIUU NIgANEN
7 Mr. Edouard B. ANARIIANTE Ph.D. Physics University of Canada 1971
Manoukian Toronto
M.Sc. Physics McGill University Canada 1968
B.Sc. Physics and Sir George Canada 1967
(Hons.) Mathematics Williams University
8 Mr. Fabio Briscese a1a9el Ph.D. Mathematics University of Rome Italy 2008
“La Sapienza”
Laurea Physics University of Rome Italy 2003
“La Sapienza”
9 Mr. Gaurav Narain 219198l Ph.D. Astroparticle International Italy 2010
Physics School for
Advanced Studies
M.Sc. Physics Indian Institute of India 2006
(Integrated) Technology,
Kanpur
10 Mr. Matthew James anangel Ph.D. Astronomy Queen Mary UK. 2010
Lake University of
London
Cert. of Mathematics University of UK. 2006
Advanced Cambridge
Studies
M.Sci. Physics Imperial College UK. 2004
(First Class)
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1 Mr. Shinji Tsujikawa TRNANANINANTE Ph.D. (Physics) Waseda University, Japan
M.S. (Physics) Waseda University, Japan
B.Sc. (Mathematics), University of Tokyo, Japan
2 mﬂmzyﬁmqm%r uniuen fqaAansnan s .. (Wand) yiransnliminendy
.. (Wand) girasnsalumiinends
MU, (FEAND) WW1INLNFRUDULNY
3 UNEnTY AL faaepnansnanss D.Sc. (Physics), University of Toronto
M.Sc. (Theoretical Physics), University of Essex
.U (WANE) NasAousuAuans nasnsniumaneae
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7 TR-UNANA FNLURUINNITINIG ATUYA
4 Mr. Antonio De Felice Hqemansnanssd Ph.D. (Physics), Syracuse University, USA.
Diploma in Piano, Institute Mascagni, ltaly.
Laurea in Physics, University of Pisa, Italy.
5 UNAEINTY NAURILNE a1a19¢l Ph.D. (Applied Mathematics and Theoretical Physics),

University of Cambridge, UK.

Cert. of Advanced Studies (Mathematics), University of
Cambridge, UK.

B.Sc. (Physics with Theoretical Physics), First Class

Hons., University of Manchester, UK.
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