M.Phil. Physics Examination 2007
Paper -1: Advance Quantum Mechanics
Unit -1

l. Necessity of field theory; Classical Lagrangian field theory, Variational Principle
and Euler Lagrange's equation, Lagrangian density, second quantization of the
real Klein-Gordon Field and Complex Klein-Gordan field, Dirac Field. Covariant
quantization of electromagnetic field.

Unit -1I .

2, Meson, Fermion and Photon propagator, S-matrix, the S-matrix expansion, Wick's
theorem, Diagrammatic representation in confi guration space, the momentum
representation, Feynman diagrams of basic processes, Feynman rules of QED.

Unit -1

3. .Applieations of S-matrix formalism : Lepton pair production in electron-positron
collisions; Coulomb scattering, Bhabha scattering, Moller scattering, Compton
scattering and Pair production.

Unit IV

4. The Second Order Radiative corrections of QED, the photon self energy, the
electron self energy, the external line renormalization, the vertex modification.
Applications — the anomalous magnetic moments, the lamb shift.

Reference Books :

I. Quantum Field Theory by F. Mand! & G. Shaw (John-Wiley & Sons).

2. Relativistic Quantum Mechanics by J.D. Bjorken & S. Drell (McGraw Hill Book

Co.). °

Advanced Quantum Mechanics by J.J. Sakaurai.

4. Elements of Advanced Quantum Theory by J .M.,,;Z,i?han. (Cambridge University -
Press).
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Advanced Nuclear Physics
|

an Annihilation Spectroscopy: Positron Sources, interaction of positron with
nnihitation process, 1-2-3 gamma, free annihilation, quenching of positronium,

of positrons in solids, 2D-Angular correlation of annihilation radiation, Basic

of Positron life time measurement, Doppler broadening, Two gamma, three -

nnihilation probability gatio. Positron  moderation through matter. Variable
isitron beams and their applications. Positron Annihilation Tomography (PAT).
nomentum density and Fermi surface studies.

on Scatte.ring :Interaction of gamma ray with matter, photoelectric eﬂ'ec.t, pair
n and Compton scattering and their dependence on various physical parameters,
shift at 160°-180™. Beam profile, Back scattering geometry and Compton
eter, HP Ge detector, Energy and momentum Spectrum of clectrons, Magnetic
yy , Magnetic Compton scattering, Experiments with Synchrotron Radiation

th i,lluslrali&n of"”sca(tering of polarized and unpolarized beam, Determination of
entum density distribution.

m diffraction (ND): Source of neutrons, Interaction of ncutrons with matter,
_length, structure factor, magnetic férm factor, Diffractometer, Need for high
lux for recording a powder diffraction pattern, characterization of magnetic
Ferro and anti-ferromagnetic in particular, Magnetic structure determination of
erials-Rietveld method for fitting ND pattern of an unknown magnetic material
ir  y-ray resonance Fluorescence {NGR): Mossbauer’s discévcry- ;'”[r

I, basic principles of Mossbauer effect, resonance cross section, Recoil-f-

jependence of f-fraction on various parameters- Einstein Model, Natural line

.

width, Isomer shift, Electric quadrupole interaction, Nuclear Zeeman spliuéug as *TFe
Mossbauer spectroscopic parameters. Mossbauer spectrometer, Application o.r'Mosst;sucr
spectroscopy in Solid State and Nuclear Physis — with illustrations and resuits, Recent
experiments at Mars _ (MIMOS), Lattice dynamical applicati;n of Mossbauer
spectroscopy using Synchrotron radiation source.

Reference Bocks:

1. Positron Annihilation b;l A. Hotozarvi Kolk (Springer Verlag)
o

2. Compton scattering :B.William.

3. Magnetic Compton Scattering: Ed. M.Cooper

4. Neutron diffraction : G.E. Bacon

w

The Rietveld Method: R.A. Young, International Union of Crystallography,

Oxford Science publications 2002

6. Mossbauer Effect and ifs publications : V.G.Bhide Tata McGraw Hill Pub
Co. Ltd., New Delhi 1973

WWW. Mossbauer Org. and other related websites (e.g. Phys. Rev. Focus of
American physical society) ‘
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Fr 0T T paper ITI(c) — Plasma Physics I
R . | » | i . | (
Co Note - Four questlons taking onc questions from every part
A with 100 per cent internal choice are to be set in ihe

| '

question paper. Candidates wlll Le required to
ansver all the four guestions.

!
}

22° ‘

M.Phil(Physics) Exaoination . i
{

!
|

1. Maxwell’s equations. Derivation and interpretation of Maxwell's
eguations with time varying fields. Vector and scalar poténtials _
:and gauge transformations.- Green Function for the wave equation.-
Derivotion of equatlons of imacroscopic elcctromavneulsm.b %,
Conservatlon of energy, momentum ernd angular momentum for a systenm

of charged particles and electromegnetic fields. Poynting theorem .
for harmonicifields.

+

2. Non71ncar cauations and-olnaular certurbattion methods

.-.~|Ovv.~~~~—-—-_‘_~m---~.—-—' ST St 4 €ty S S ¥ S0 § s ppuirsn S o

Free oscillations of a pendulun, Cperational analysis of
nonlincar dynamlcal systems. Krquff arxl Bogoliuboff methed..
mopolégical methods. Nonlinear conservative systcems.  Phase
trajectorles of the van der Pol equation. Singular perturbation
methods . Asymptotic series ard perturbations. Secular pebturbation.
FPolncare’s method, method of strafned coordinates, variational
'method. \ | ’

- Fundamental concepts fn wave problems. The formal derivation
of asymptotic equaticns. Reductive perturbation method, KBM method .

[aaB =N 4

tile method of omultiple scales.

7+ e Ylasov theory of Flasma Waves and instebility

Solutlon of lincarized Vlasov equation for electirostatic
portirbations . Langaulr, fon-sourcl vaves, Landau damping.

The Vlasov thecry of small awmplitude
wWaves In a unllorrdy magnetized p“agma Waves along ard

perperdleular tQ uniferm wmzgnetic field. Waves i1 an inhomougeneous
magnetized hot plasma. lonlinear electrestatic BGK waves. The
"o Biream instébilitY- The Hyquist method “erd Fenrose criterion
or stability..%Ion—aCOU5tic iﬂstability. Instebilities in
anisotropic plasmas. _ L

ElQCblomdﬂneblC Waves.
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i
ES b Detailed study of any OME of %he £ollowing topics or any

other topic of active rescarch area:

. 1) Nonlincar Vlesov theory ol Plasma waves and instabilities.
"ii)'Sfrong wave Farticle interactions. b ' |
'111) Solitons in Flasmas.

iv)fElthrdstatic double layers 6.
n:.y).Neleassical.tranSport thecory

:'iYi),Z~pibCh, Toroidal cquilibria erd ELxtrap.

Note ~ ' The topic urder unit & will be decided by the
' + teacher concerned everv year. ' o

Refercences:
For Unit 1: J.D. Jackson, Classical Elecctrodynamics Chapter 6.
For Unit 2:  Pipes amd Harvill, Applicd Hathemotics for
: Engincers and Physicists, III edition, Chapter 15.
“he Jeffrey ard T. Kawahera, isyaptotic methods
in non linear wave theory, Chapters 2 ard 3%,
FFor Unit | ,
7 and 4 o NVAC Krall axd AW Trivelpicee, Principles of

Plasma Physlics, rc—Craw Hill, Chapter 83,
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' . M.Phil(Physics) Examination 1480 It
: Paper III (b) High Energy Physics ' :
; . @ \' N : . . . 5 : . o
Note — 'Four questfons takirg one uestion Irowm every part
\ with 100 per cent infernal choicCe are to beiset in

the question paper. Camdidates will bc'requ;red o
answer all the four questions. : |
1.(a) Qualitative Introducticn , ' | .
Particle%, resonances,'classtLCGt;on into~Baryons,ﬁdesons,
~leptouns and ga?ge bosons. Quark flavours strangenecs, chaﬂm, bottom
- end top. Additive conservation lavs, charge, Baryon number, lepton
,/ﬁumbeﬁVstrangeﬁess and charm mmoers, particle cdecays, Quark
structure of hadrons. |

: ‘ _ | .
(b) Experimental study of High EggggyngggggHE:ngglggg_Lnteraction

' Experimental parameters :.Cross section, Ihltiplioit&
d;sﬁributions, angular . .ard rapidity distrisutlions. Two par?icle
and many particle correlatlions, comparison of hadron~hadrob, Hadron-

N—

1Q

nucleus and nucleus-nucleus collisions !
Mcdels: Fire Ball uodel, Additive quark model, Lund ﬁodel,
. briel descriptién of these rodels for nucleus—-nucleus intefactions.
RO Review of lmportant results in Migh Energy Heavy Ionf
Int?raotions about Projectlile, Target Iragrentatlon and multiparti~ (
particle production, Observation of neutron rich isotobes,?ﬂno:
efiFCt,. - rch for collective phenouera In the cmission of

nalon

relativistic ¢ particles, Analysis of aultiplicity distributlony

N terms of negatjve Bolt,man Distriby

1 tlons. Analvsis of rapidity
distrLbutions, slgnal for quarl gluon plaswa in ultrarelatlvistic

tghv Energy Heavy Ion Interacticns.,

N

(a) \ Liodern detectors

Position detectors: Multivjire progortlional chamber, drjrt

» Chamber, Time projection chamber, silicon strip detectors.

Particle idgptifiqgggon — Chernkov detcctors,
I . - e
detectors, Miltiple ionisation weasurcoent,

Transition radiatiCn

kel 4 T "~ . - ) |
LNCrgy measurement - Electron photon shower counters, hadron

Salorimeters, Calibration and mondtdring of Calorlmeters.

’



mucle:r emulsions - measurements oxX vosition, roimentun. .energy,
charge etc, Qualitative descripblon ol lIA33 (QCIL010F aSQemoly used

for H.E. hedvy Ion interactions).

(b) Relativistic kincmatics

W

Lorentz transformation ard four voctor*,lLorean ;nvarlants,
Munaul Qtfrn variables, available energy in lab and CM frames,
advgnuao of lnterseCLlng storage rings, principle of stochastic

Cooling.

S LAGRANCIAN FORMULATIO L_XPHSTRIAJ A:D GAUCE FIELDS

Lagranglan formlation of particle mechanics, the rcal scalar
field, variational principle and eether’s Theorem, congerthLon
of encrgy, momentum ard zngular momentun ccniplex scalar fleldu,
U{1) gauge transformdbion U(l) local Zeure transformatioh
interaction with electromagnetic Lield, covariant dtrivattve,

Y

Direc Jiequ ard local and globeal ! V(1) geupe urandformatiouq.

L ggLigng@gL;{~Iig‘zsRACTIOHS

Early history of wealk Lnteractions - Feypmi cre, Parity
norconscrvatlon, the v-p law, difficultles of Fermnitype theorjes,
the naive (ntermediagte boson hypothesis. Yang M1l £ield ard
SU(2) gauge invariance, SU(2), XU(1) wodel, Cpontaneous’ syumetry
brealing, Couplings of lchong ard guarlis +o cauge fields, Leptons
el quarka Couplings to tho Scalar field, Feynman rules for the

elictroweak [SU(2) LAXU(1) ] wadel (no dc*xVation), muon decay and
the V- lOd general muon-—iecay anplitude, vuchel parameters
connection +o CCAperimental facts. the prgcess ete™ - P P

~Single photon e ¢Change CCntrxbutlon ¥itak elcctromagnetic

Interference LffGCto in et e - g* 0o 1¥& @2cays and-widths

,O__'_ -— + —
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1 (a)
;31(b)
2(&)

"Z(b)

,3"

b,

,a
The scope of the syllabus is defined hy the follOWng:

l
- 1

~Cheng ard 0O'Hell, Elementery Particle Paysicsg, Chaptgr 1.

ey : \

Review articles and research’papers_

Konrad Klalnlknecht, Detectors For Pearticle Haaiation
Chapters 3,5,6.
D. Griffiths, Introduction to Elementary Particles,
Chapter 3, and also Cheng ard 0’liell.
LﬁHf“Rydef,Quantum Field Theory, Chapter 3
(Cambridge Qnivcrsity Fress 1935).

E.D. Commins ard P.H. Bucksbaun, Weak Interaotions'of
Leptons amd Quarks, Cambridge UnivcroLty Fress (1983)
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C. Itzykson aml J .B. Zuber, Quantum Fileld Thepry
Mc . Graw Hill Boole Co.
G.'{ane,.Modern Elementary Particle Ehyslics (rddison ~ngley'

Publishinngo. (1957) .

C. Qu*gc,TCauCe lhEOfLGJ of the strong, Ylealk arnd Electro-
mdbnot1u interactions, (ihe Bcng:min Publishing Co, 1983).
P.H; Qfampﬁon, Gauge Field Tneories, the Zundamin Cummings
Pub. Co. 1987>; N | ; |
T.D. Lee, Particle Physlcs axd introduction to field thcory;

s

(Harwood, Newyork, 1981). | . i



_____ e ...w.'ﬁ.rniL\rNy51té)ExaminéfiAnkggatZQmSij o i,
Paper III (a) - Conden§ed lMotter Physics é%;</’ '

Nole - Four questions, taking one question from every
part with 100 per cent internal choice are to be
set in the question Dapér. Candidates will be
required to answer all the four questions.

Eﬂﬁﬁ_l.‘ Electronic structure (Thcorctjcal)
- Introductlon: One-electron approxication, Energy—banq\problem,
'Energy;band vethiods, Brief history of Linocr wmethods ,

JLenanteal bend theory: Muffin-Tin orbitrls and taj) cancéllation,

;_strﬁcture constants ard cansnical barcds, potential functions and

g <y
SECPREL Y

&
£

¢

Wigner-Seitz rule. Potentiel pacrazeters, Unhybridised and }Wbridiaedi

bunds, State densities ard energy scaling. \
One-elggtroqugggtes_}n a Sin=l¢ sphere: Radfal basis Idndtions,

pi Wy

partial waves ard thelr cnergy derlvatives, logarith= {c derivatives:

and Laurent expansion, Potentfal function ard bamd-width, Matrlx
elaments and varlatlonal estlmate ol energles,

The Linear method: Portfsl waves ferva single IMLLin-Tin, IO _
Orbitala, expansion theorem for MIO teils, Envrpy-i{rdeperdent MTO,
The LCHTO Secular matifix, L'TO actliod.

‘Atomic-Sphere Aporoxination (ASAY: The kinetic encrgy, “fitomic (
sphere and” the AS/A, MILfin-Tin orbltels in the IS4, weva functions
&n%ZEharacter, Projcected state density ard densityl of electrons,
(Qyalitative discussfion only) .

!
Part 2t Electronic_Structure icxperimental_ggtermiqgtion)

o —— . o ——

(Basic principles, experimcutal technique and results are
to be discussed) .,

I'nmentum denstitv znd Ferwul surface: de Hoas-ven Alphéﬁ effect,
'positron“Apnihilutlon spectroscopy arxd Compton scattering.
Rard_structure amd Density of states:i Photoemission from solids
(integral and angle resolved methods), Bard spectroscopy, irverse

rhotoemission. ,
fipplication of Syichrotran P~ lation: Salient features, flux and
spectral dlstribption, Dlscussion of various componcnts of a
§ynchrotron Radihtion facility for coirdensed rutter research.
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;*f Pa{t 3 ¢+ Magnetism
Inéroduction: Survey of magnctic properties of rare-earth salts
' ard metals; transition metals aid their alloys. - ‘

Loéalisgg~§lectrbn Mapnetism: Weisc mwolecular fleld, Brilluoin
function for paramagnets, extension to ferromagnetic ordering,

" departure from ¥Weiss theory. :Antiferromagnetism and ferri@agnetism.;}
(qualitative digcussion in two-sub lattice wmodel). Ferrites ‘
(Enly resulis). ' ; |

- Itlnerant f&ggﬁggpAﬂannetISm: Paramagnetism of frve elcctrons,
- Ferromagnetism of bamd elcctrons, coliective clectron model
due to Stoner, Rigid band model (qualitative discussion only).

Slater-Pauling curve.

Magnetism in high temperature: /pplication of Landau's reglon
(close to transition point), theory of sccond order phase
transition, Bethe-Pelerls-~Yelss (BPY) crproxibation.

Doﬁgin'MagnctiSm: Basic principles (magnetocrys%nlline anisotropyc ]fi
mnénetostatic cnergy, domain walls, magnetostriction, magnétization, g
curve and dorain wall cquilibrium, single domain particles), soft ﬁ
and hard magncetic materials, Thin magn2tic £1lms and bubblé domalins,
| Experimental téchnLgue: (Dasic principles, cxperimental /
technique ard Typical results arc to be discussed for the Iollowiné
techniques) . ' oo

' Mossbauer Spectrnscopy, licutren dLffrection, Vibrating

sample magnetometer,

s

v S I B .
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Part 4: Dlsordercd M=2terials and'Classes

"Disordered ﬁggdplalsz Distinction between crystalline and,

disordured.matérialS, Static and dynunic structurc Iactorsffor
1iquid metals, Palr-correlation functjion, and their relatibnship'
with elostic and fnelastic X-ray scattering from liqulids (pnly
discussion of résults). Single particle od collective modcs,

PhanAan dicenorainn Fvtaneinn to Tianid =1love . Concentration
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:.‘Glassesg Class transition, structural mcdels, Thermodynamics of
' Glass transition, Dynasic thgory of glass transition, Optical, "
‘thermal, mechaniczl, electricsd ard magnetic propefgies of glasses
" (simple examplcs) and thelir interprctation. Phonon HiSpersion
in two—component metallic glasses.using atomic theories and
'psuodOpotenttal approa-h

References

1. It is based on Chapters 1 to 7 from the LMTO Method
by H.L. Skriver, Sprirger-YVerlag, Solid-State Scicnces 41,

2, ' Electronic bard structure ard its applicationﬁ ()
M. Yussouff. Lecture notcs in Physics Vol. 283, (Springer-
Verlag) ' Co .

f 'part 2 y | ‘
)
'3f " Compton Scattering (BR1). B. Hllllanq, MeGraw HL1l Co. (1977) .
fé. f Photoumission in Solids (Springer-verlag) by Ley and Cardons .
5+ Sychrotron Rediation Research (Ed). H. Winick amd

S. Doniach (Plenum, Hecw York 1980).

6. Inversc¢ Photoemission by &.¥, Swith (1986).

'.F...a_r._u -

7. - The structures and Froperties-of Solids 6 (The “agnetic_
' Proporcies of Solids) by J. Crangle, Hvard Amold -
(PubliSherg) Ltd, Lordon (1977), i

8. Physics of Magnetism, by-Soshln Chikaxumi kobert E. Kreigo
Publishing Co., Florlida (John Hllcy ard Sons, Inc) |
(Reprint 1978). ~
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‘:J,,Intrgduction to the theory of Magnetism, by .- Jﬂgnef:

‘ergguon Fress, oOxford (1972).

10,/ bbssbaqer effect ard its applications, by V.G, Bhlde
Tata McGraw Hill Publishing Co. Ltd, New Delng (1975).
' | |
Pt 4 =
1l. . Phyéics and Chemistry of iiquid:, by Beer, Noncel DckkeV-
1972. ' .
‘12?»; Introduction to liquid state Fhysics, by FPIA. Egcl{laff, e
; 'Academic Fress, 1987, o |
15.,° An introduPtAJn ta I@c theory,nf 1iquid metals, by ?.E. Faber, E
. Cambridgc Press, ' E -
14, Metallic CGlasses, Contcmporary Fuysics, vo1, 21, Nol 1 43<75 :Q
‘ (1980_) | . ’ .
15 A unified theory of ;eltinq,crystallization and Clads ﬁ
formation, Coll. c2, oG, Vol. 56 (1975) 235, by Cdttcrill h
and Jensen. |
6.  Liquud Metals, by N.u. pogen i
1T Classy tstals 1, by gy Eeck and 11 Guntherodt

Springer-verlag ny).
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