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SCHEME OF EXAMINATION
(Annual Scheme)
Each Theory Paper 3 hrs. doration 100 Marks
Dissertation / Thiesis/
Survey Report/Field
Work, if any. 100 Marks
2. The tumber of papers and the maximum marks for cach paper /
Practical shall be shown in the syllabus for the subject concemed.
It will be necessary for a candidate ic pass in theory part as well a5
in the Practical part (Wherever prescribed) of a subject/par=r
soparately.
3. A candidate for a pass at cach of the Previous and the Final
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Examination shall be required 10 obtain (i) atleast 36% marks in
the aggregane of all the papers prescribed for the cxamination and
(i) atleast 36% marks in practical (s) wherever prescribed at the
examination, provided that i{ a cundidatc fails 1o securc atleast
25% marks in cach individual paper at the examination. and alsc
in the test disscrtation/Su-vey reporUField Work. wherever
prescribed, he shall be deemed to bave failed at the examination
notwithstasding his having obtiined the minimum percen-age of
marks required in the aggregaie for that examination. No division
will be awarded at the Previous Examination. Division shall te
awarded at the cad of the Final Examinatios on the combined
marks obtained at the Previous and the Final Examinations taken
together, as noted below:

First Division 60% of the aggregate marks taken

jvisi : .

Seoond Division 45% {0erther of the Prewat and the
Faal Examisstions.

ﬂiemvm be declared w0 have passcd the cxamimanios
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17 a candidate Qlears any Paper (s Praceeal s f Dissanation
~raseribed al the Previous end o: Fiaz examunation after a
continuous period of three vears, th2n for the purpose of working
out his division the misimum pass marks only viz. 25% (36% in
the case of practical) shall be taken into accoant ia respect of such
Papes (s) / Practical (s) / Dissertation as are cleared afier the expiry
of the aforesaid period of three yzars : provided that in case whese
a2 candidate requires more than 25% marks in order to reach the
minimuin aggregate as many mars out of those actually secure
by him will be taken into acoount 25 would enable him to make up
the deficiency in the requisite minimmm aggrepale.

Thz Thesis/ Dissertation/ Survey Report/ Field Work shall
tvpewritten and subraitted in tiplicate so s w reach the office of
e Regisyar atleast 3 weeks befors the commencement of the theory
2xamination. Only such candidates shall be permiued o offer
Disseration/ Field Work/ Survey Report/ Thesis (If provided in
e scheme of Examination) in lieu of a paper as have secured
atleast S5% marks in the aggregate of ail the paper prescribed for
+he previous examination in the case of annual scheine urespective
~7 ths aumber of paper in which a candidais actualif appeared ar
22 2xzmination.

~.B.—Non-Collegiate candidates are net cligible to offer
Z:332732000 as per provisions of O.170-A.

000 \Qj\@

Syllabus . M. Sc¢  Phyrics 7 <
M. S¢ PHYSICS PREVIOUS
Paper-l  :  Clzsical Mechanics and Mathematica.

Max. Marks 130
Method in Physics Tine 3 hrs.
Paper-11 Classica: Electrodynantics Max. Marks 100
' ‘ Time 3 brs.
Paper-I11 Quanaumn Mechanics, Atomic and
. Motecular Physics Max, Marks 103
~ Time 3 brs.
Paper-IV :  Ekectronics, Numerical Methods and Max. Marks 102
*  Computer Programming Time 3 hrs.
PAPER -1: CLASSICAL MECHANICS AND MATHEMATICAL
METHODS IN PHYSICS
Max. Marks 100 Duration 2 hrs.

Note : Inali Ten questionsare to be set, Five from each section. Candida s
are requared to .mtermpt five questions in cll, 1aking at least rwe
Qleesiions from each section.

ScctionA

1. Holonomic and nonholonomic constraints: D-Alembert's Principle.
Generalized Coordinates, Lagrangian, lagrange’s equation and its applications.
Velocity dep™dant potential in Lagaragian foamulation. Generalized momentum,
Legendre tra®formation, Mamiltonian, Hamihon's Canonical equation.

2. Caladus of variations and its application to simple probiezs.
Hamilton's vationz] panciple, Derivation of Lagrange's and Hamikton. Canoticzd
equation from Hamikon's variational peincipie. Extension of Hamilton's Principic
for nonconsefVagive and nonholonomic systems, Method of Lagrange's multipisers.
Conservatiod Principic and Noetber's theorem. Conservation of encgy, inexr
mamentm A4 anguizr momentum as a consequence of homogeacity of ume
amd scope and isotropy of space respectively.

‘3. Cinonical transformation, integral in variants of poiscase

- Logxampe’s 28 Poisson brackets as canonical ivarianss. Equation of motion

= Doisos Dacket formmistion, Infinabnel coneact wmsfonrasion and

nsapplicuions, _
4 A%gm aaple, variohie adisbatic Sewssinmoc of sction vacisle - Th:

Ecplerpasbic® laachi) angle wariahies. thanminfanntn s - - =




Unree-sioy of Rozasthas 7 v
Sectior B

¢ Coordinate transformation in N-dimesional space: Contravriant
and covariant tensor, Jacobian. Relative tensor, psesdo tensors (Example:
change density. angular momentum) Algebra of (ensors, Metric tensar,
Assotiaizd tensors, Reimannian space (Example : Euclidean space and 4-D
Minkowsld space). Christoffel symbols. transforruation of Christoffel symbols,
Covariant differentiation. Ricci's theorem. Divergence. Curl and Laplacian in
tensor form. Suress and Swrain tensors. Hook's law in tensor fonn. Lorentz
Covanance of Maxweli equation. Kiews-Gordon and Dirac equation. Test of
covananc: of Schrodinger equation. '

&  Group of wansformatons. (Example : symmetry rrans{ormation
of square . Gzndrators of a finite group. Normal subgroup, Direct product of
conops. Imorphism and Homomaorphism. Representaton theory of finite
eroups. Invanan: subspace and reducible representations, irreduciblc
representxiron. Cryvstalio-grapbic point groups. Irreducible representation of
C. . Transiaten group and the reciprocal lattice.

7. Fourier Transfoans : Development of the Fourier integral from

= Founsr Senes, Fourier and inverse Founer transforms < Simple applications:
Tinite wave tiun. Wave train with gaussian amplitude, Fourier transform of
damvagves. seiutian of wave equation as an eppiication, Convolution theorem.
wreasits 1w temms of spectral density for quasi-monochromatic EM waves.
“lomenteT representation. Application 16 hydrogen atom and harmonic
ot % 1"3 ror grobiems. Application of Fouricr yunsform to diffraction theory :
D:ifracti2z patizn of one and two slits. '

& Laplace uansforms. and lh"n properics, Laplace tansform of
Zedvatrcs end inteprals. denvatives and integral of Laplac= wransform, Laplace
cansform of periodic functions, inverse Laplace wransform. Convolution
Seorem. Impnlsive Function. Application of Laplace transform in solving
tncar. dif¥areniial cquations with constant coefficient with variable coefficient

4 hincar parual differental equation.
Desrerce Borks:
! Goldstein—Classical Mechanics.

2 Landau and Lifshitz—Classical Mechanics.
7 A. Rayvchoodhary—Classical Mechanics.
2 Mathematical Methods forPhys:asls Georze Arkicn
{ Azademic Press).
: .-'r—- R Ma.hana;a for Engineers and Physiczsis . L. AL Pape e
T i (“ 1158

4 .‘-!.:__emauc.a. Methods—Pouer and Goldherg (Preatice Hall of India).
°  Elamexis o7 Group Theory for Physicists : A. W Joshi
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University of Rajasthan , 7
PEPER - I1: CLASSICAL ELECTRODYNAMICS

Max. Marks 100 Duration 3 hrs.
Note : InaliTer: questicns are to be set. Five from eack rection. Candidates
are requdred 10 attempt five questions in all! 1aking at least two
questions from each section.
Section A
1. Electrestatics: Elecuic field. Gauss law, Differeniial form of
Gauss law. Another equation of electrostatics and the scalar potential. surface
distribution of chargss and cipoles and discontinwties ir; the electric field and
potential, Poisson and Laplace equations, Green's Theorenw Uniquesess of
U solution with Dirichletor Neumann Boundary conditions, Formal soluticn
of Electrostatic Bour.dary value problem witts Green's Function, Elccxmsxanc
polential encrgy and en=ryy density, capacitance.
Boundary- Value Problems in Electrostatics : Metdods of Images,
Point charge in the presence of a grounded conducting sphere pount charge in
the presence of a charge insulated conducting sphere, Pomt charge near a
conducting sphere at fixed potential. conducting spbere in a umiferm clecmic
ficld by method of images. Green function for the sphere, General solution foz
te potential, Conducting sphere with Hemispheres at different potental,
orthogonal functions and expansicn
2. Multipoles, Electrostatics of Macrescopic Media Dielectrics:
Multiple expaasion, mulkipole expansion of the energy of a charge Cistribution
in an extemnal field, Eiementary treaunent of clectrostatics with permeatie
media, Boundary value problems with dielectnics. Molar polarizability, and
clectric susceptibility. Models for molecular polanizability, Electo-static energy \
in diclectric media. <
3. Magnetostatics : introduction and ddimuon. Biot and Savart
law, the differential equation of magnetostatics and Ampere’s kaw, Vector
poteatial and Magnpetic induction for a curcular cunrent loop, Magactic fields
of a localized current distribution, Magnetic moment, Force and torque co @ /
mdmofalmmmmmwmmmm 4
Macroscopee equations. Bovedary coudisions ou B and H. bickeds of
Boundary-value problems in magacsostatics, Unifosnly mageatecd *:. 4\
Mzgnmdthnxmwmmw
spberical shell of permeable sxamerial in 2n unfors fickd.

4_ Trome ommeZ - & =% = "
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Szezen of the cquations of Macroscopic Electrocagneusm, Poynting's

2010 23 conservaiions of encrgy and momentum for a system of charged

and EM fields. Conservation laws for macroscopic média.
Elecromagnetic field teasor. Transformation of four.potentials and four
cursenis. Tensor description of Maxwell's equation.
Section B

5. Plane Electromagnetic Waves and Wave Equation : Plane wave
in ancncenducting medium. Frequency dispersion characteristics of diclectrics,
conduacss and plasmas, waves in a conducting oc dissipative medium, super
Gsition of waves in one diension, group velocity, casualty connection between
3 and T *emers-Kroning relation.
6. Magunetohydrodynamics and Plasma Physics : Introdoction and
2zfmizons. MHD equations Magnetic diffusior viscosity and pressure, Pinch
2fTact instebilities in a pinched plasma colamn. Magnetwhiydrodynamic waves,
Plass csciliations, short wave length Timit of plasma oscillations and Debye
seiding distance
= Covariant Form of Electrodynamic Equstions : Mathematical

parulios

s~wznance of electrodynamics, Transformation of electromagnedc ficlds.
Radiation by moving charges : Licnasd-wiechert Potentials for a
- charge. Toal power sadiated by an accelerated charge | Larmoor’s formmia
zg s rrleuvisic generalization, Angular distibution of radiation emitted by
. 2ocelerated chargge, Radiation emitied by a charge in arbitrary extremely
¢ motion. Distribution in frequency and angle of energy radiated by
iemared charges. Thomson scaltering and radiation, scatiering by quasifree
zarpas. sobevent and incoberent scattering, Cherenkov radiation.

3. Radiation damping, self fields of a particle, scattering and
absseption of radiation by a bound system : Introductory considerations,
vz 4auve szaction foroe from comservation of energy. Abrabam Lorentz
swzlumtion of the self force, difficuldes with abraham Lorentz model. Integro-
2ifereruz cquation of molion including radiation damping, Line Breadth
7.4 1sval €5: 7t of 2n oscillaior, Scatiering and absorption of radiation by an
ssci ,lzlo: Zaerpy transfer (0 2 hanmonically bound charge.
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srzaeruze 2f the space-time special relativity, invariance of electric-charge -
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- diagonalizing of cnergy matrix, time independent pertarbation of two state

University of Rajastacn . §
PAPER - Il : QUANTUM MECHANICS, ATOMIC AND

MOLECULAR PHYSICS
Max. Marks 100 Duration 3 hrs.
Note : InallTen questions ace 10 be set. Five from each section. Condidate:
are required 1o attempt five ‘questions in all, taking at lec-t twe
questions from each section.
SectionA

1. (8) States, Amplitudes and Operafors: States of a quanum
mechanical system, represeatation of quantum - mechanical states, properties
of quantum mechanical amplitnde, operators and change of state, a compeetz
sctof basis states, products of Iinear operators, language of guantum mechamcs,
postalates, essential cefinitions and commutation relations.

‘ 1. () Observable and description of system: Process ¢
measarement, expectation values, time dependence of quantum mechanica.
amplimde, observables with no classical analogue, spin, dependence of
quantium-mechanical amplitude on position, the wave fenction, super-posiuc =
of amplitudes, identical particies.

2. Hamiltonian matrix and the time evolution of Quantm
mechanical States : Heaniticity of ths Hamiltonian matrix, Time todepend:at
perturbation of an arbitrary system, simple matrix examples of time
independent perturbation, =acrgy given states of a two state-system,

system the pertnrbative solution: Weak field and strong ficld cases, geaeral
description of two staie system. Pauli matrices. Ammonia molecule as an
example of two state system.

3. Transition Between Stationary States: Transitions in a two st
system, time dependent pertiirbations- The Golden rule, phase space, emission
and absorption of radiation, induced dipole transitioa and spoatancous amissior
of radiation, energy widkh of a quasi stasionary state.

~ The Co-ordimate Representation: Compatitie observables, quantu
conditions and uncertainty relation, Co-ordinate representation of operators.
pmmm.mmmummdmgmxmmmmmﬁqmm
vales, the Bhoenfests dhoosem, thc time coslation of wane Sanction, e
Scxodinger equation, cacryy quantizadion, posiodic potcaiial 25 28 cxampic
4 Symmctrics and Angulsr memncutem : () Compatiole

observables and constants of motion, Syaumciry (cansfacmation and




o

g ~zsof the amgular momentum Cperalons aod their eigenstates, co-

C RS ITTTIIEOETONS 0 the orbital angular mementum cperators and their
Yo't 3Tl hATonics), composition 6f angular momentum, Clcbsch-

0r; ooeﬁic:cms ensor opegatoes and Winger Expart theorem, commutation
0as. o1 2%, Jy, Jz with reduced spherical tensor Opcrator, matrix clements

S
ammmncmszlmmmccandvan&mg of stztic electric dipole
Tomentof 2 sebonay state,

Section B

e Hydrogen Atom : Gross structure cnergy spect-um, probability
Suton of radial and angular (¢=1, 2) wave functions (no derivation),

~Taciol spim 1 Jmcmewmwmgylc»ﬂsmdﬁms&mmamc
:_:::if mtcz)ac::on and hyperfine structure, the Lamb shift (oo.y an qualuauvc
caseronoe
6. Interaction with External Fields : Non degenerate first order
,._‘_:‘._ry perarbation m=thod, atom in a weak uniform exterral electric ficld
7.0 st 2ad second order Stark effect, calculation of the polarizability of the
o state of I-L-aznm and of an isotropic harmonic osciliator, D—-gcncxau:

RoRES SN

AT

2 --_,ml and weak magncuc field, Zecman effect, strong magnouc field
anZ ca.culation of interaction energy.

-
1

exchzme

Systems with Identical Particles: lndisunguishabilily and
2¢ symrmery. man} pamclc wave functions and Pauli's exclusion -

’hc ndmm 200 Vanauoml method and its use in the calculation
22 2d Txaled state energy, Helium atom. The Hydrogen molecule,
-onden nethod for K. molecule, WKB metbod for one dimensional
7. 2ppiiceton 1o bound states (Bobr-Sommerfield quanuzauon) and
Tammer penstrator {aipha decay, problems.

8 Spectrascopy (qualitative) : General {eatures of the spectra of
O7% anl rvd siectn sysiem-singlet, doublet and triplet characters of emission

-

]
= r
o E:--::r?. genesal feamcres of Alkali spectra, rotation and vibration band spectrum

%’?e’e renee Boo‘::

ol PR a:.aRb;zndm,Ramanspewaformnma.andubmﬂaml

: 5 conipanison with infra red spectra, general fearares > electronic
Frenk 2nd Cozdon's principle. -

Ashok Dz: znd A.C. Melissionos. Qmmm Mechanics- A modem
::‘t::: ...JdO“ 2n:d Breach Science Publishers).

AN Dirzz. Quantum Mechanics.

M

erzbaker. Quantum Mechanics. Second Faisin-

| _m Y :h
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-

Univernuty of Rapasthan ) . ¢
4. L .P.Landau and E.M. Lifsbitz, Quanusm Mechanics-Non relativisuc
theory (Pergamon Press)
5. A. Ghatak and S. Lokanathan. Quantum Mecbanicss Theory and
Apphcnuons. Third Edition (Mac Millan India Ltd) A
6.°G. K. Wocdgate, Elementary Atomic Structurs, Socond Edition ~
. Clarendon Press, Oxford.
7. T.A. Litdeficld- Atomic and Molecular Physics.
8. Eistanberg 2nd Rasmik- Quantum Physics of Atoms. Mdleaues, Solids
and Nuclear Particies.
9. White - Alomic Spectrz.
10. Herzberg - Molecular Spectra.

PAPER -1V : ELECTRONICS, NUMERICAL METHOD
AND COMPUTER PROGRAMMING

Max. Marks 100 Durztion 3 hrs.

Note

1. In all Ten questions are 10 be se1. Five from each szction.

Candidates are required 10 attempt five guestions in ail. takirg
" at least two questions from each section.
2. Simple calculator is allowed in the examination hall.
Section A

1. Operational Amplifiers : Differentizl amplifier - ircuit
configurations - dual input, balanced output differential amplifier. DC aaalysis
- AC analysis, inverting and non inverting inputs, CMRR - constant currerd
bias level translator.

Block diagram of a typical Op-Amp-analysis. Open loop
configuration, inverting an non-inverting amplifiers. Op-amp with negative
feedback - véltage series feed back - effect of feed back on closed loop gain.
input rersistence, output resistance, bandwidth and output offset voitage -
voliage follower.

Practical op-amp-input offset voltage - input bias curreat - input
offsel current, wotal output offset voltage, CMRR frequency response. DC
and AC amplifier, summing, scaling and averaging amplifiers. mstrumentation
amplifiez, integrator and differentiator.

zmdm«mmmw
Oscillator types, Frequeacy stability. scspomse. The Phase shift osciltasor.
Wein bridge Osciltasor, LC tumable oscilaors, Meltivibasors- Moscstabic

‘%

_._____——-_-____——_____




-
C Uneversity of Rajasthan / 13
Suiiabus - M Sc. Phyvsics 1 12 8 Fortran 77 : Variables, Expressions, Jumping. Branching and
¥ Digital Electronics : Combinatonzl Logic ‘The transistor as a Looping Smmm& Inpav Output statcment. Stgtcmcnl for handling loput/
savzn o Realisation of OR. AND, NOT. NOR and NAND gates. Exclusive Output Files, Subroutine. External Puncuon, special statcmmt.s: OOMMON,
TR zaiz Boolean algebra - Demorgan's theorems Adder, Subtractor, ENTRY. FORMAT PAUS'E. EQIHYALI?.NCE. ‘Pr-ogra.mmmgA of simp.lc
Somperator. Decoder/ Demultiplexer Daia selector/multiplexes - Encoder. | z:::;’:: ;;ol:‘;gsq‘:x:ml?::hum differentiation. megration, marix
Sequential Logic: Flip - Flops : one - bit memory, The RS Flip- Reference Books : '
bop. JK Fp- Flop. JK master slave Flip - Flops, T Flip - Flop. D Flip - Flop, 1. Ryder—Electronic Fundamentals and applications.
Saift resisiess - synchronous and asynchronous counters- cascade countess. 2. Millman and Tuub—Pulse, Digital and Switching wave forms.
Binary counter. Docade counter 3. Millman and Helkias—nteprated Electronics,
Basic concepts about fabrication and characteristics of integrated 4. Ryder—network Lines and Fields.
sircuits. ' S Bapat—FElectronics Devices and Ciccuitrs.
4. Microprocessors : Introduction to microccmputers : memory - 6. ARalston and P, Rabinowitz, A First Course in Numberical analysis
putoutpu: - Interfacing devices 8085, CPU - Architecture - BUS timings - - Mc Graw Hill (1985)
Deaultiplexing the address bus generating control signals - Instruction set - 7. $.S. Sastry, Introcuctosy Methods of Numerical Anatysis. Prentice-
zicressing modes - Hlustrative programmss - writing assembly language : hall of India (1979).
Frogramrmss looping. counting and indexir2 - counters and timing dclays . 8. Ram Kumar, Programming with Fortran 77. McGrasHill (1986).
.22k and subrouune. 9. “Electronic Devioes and circuit theory™ byRobutBoyl::mdandlmns
Nashdsky PHI, New Dethi. 1100 001. 1991
R Section B | 10, @m&mmmmmm“wmma@mm
5. Errorsin numerical analysis: Source of ervor, Round off error, PHL. Second Edition, 1991. :
Compytes Asithmetic, Ervor Analysis. Condition and stability, Approximation, 11. "Digital peinciples and Applic ‘ions™ by A.P. Malvino and Donalc
=unctonal and Error analysis, the method of Undetermined Coefficients. P.Leach, Tata Megraw - Hill company, New Delhi. 1993.
‘ Cse of interpolation formula, lterated interpolation, Inverse 12. “Microprocessor Architecture, Programming and appiications with
i i erpoiation. Harmite interpolation and Spline interpolation, Solition of Linear 8085/8086 by Ramech S. Gaonkar, Wiley - Eastem Lad.. 1987.

zgeations : Direct and Iterative methods, Calculation of eigen values and eigen |

. . LIST OF EXPERIMENTS FOR M.Sc PREVIOUS
»2ciors for sysmmetric matrices, .

! % 6. Solution of Nonlitier equation: Bisection method, Newton's Scheme ;. o ) sach dav. The
: etod. modified Newton's method, method of hieration, Newton's method ~~ 1be examination will be conducted {or two days, 6 los. y. Thz
4 &n& methed of iteration for a system of cosvation Newton's method for the dxsmbyuon of the marks will be as Follows - _ g
232 of compicx Toots. T e ents : ! 1N20 ' )
2 A i Integration of a function: Trapezoidal and Simpson's rules. Gaussian v 0 experimen 0 e
:i“g 2 &: R s zadramrs formutz, Singular integrals, Double integration, va ' 0 TS
o 7. Integration of Ordinary differential equation : Predictor - Rect oy
VA G : Tl 20 |
u,;r %29 %L\ correcior methods, Runga-Kntta method. Simultaneous and Higber order . - ‘s
AR A £gualions. . . .
SR A/ . . . . lmd&pmm(ayum).
C:Pﬁ@,« ’.\u:z_:mcallmcgra'uonand_D:ﬂ’ummonofDam,lmstSms L To a gais amd
% Aoproximatens. Fast Foerier Transform. ‘: of g ‘ ¥ g o -
% Some elementary information about Computer: CPU, Memory, 2 Tr Actmeninn v - =
- % \\ Inout Ouipu: devices. Super. Mini and Micro systems, MS- raeneio s
» v Voogvgtem Wieh Tae? ¥
l .
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Syliabus : M. Sc. Physics/ 14

-2 czsigr 2 RC counpled two stage amplifier of a given gain and
e ¢t o frequeacies.

To stedy Hartley oscillator,
To Study Transistor bias Stabi) ity.

Te design a Multivibeator of given frequency and study its wave

shape

Tc swudy e characreristics of FET and usc it o design an
reiaxauor oscillator and measure jts {requency.

70 s:udy the characieristics of an operational amplifier.

7o study the characteristics of 2 UJT and use it to design a
relaxation oscillator and measure its frequency.

- To study the addition, integration and differentiation propertics

©f an operational amplifier,

:1. De=termine Plack constant using solar Cell.
12, To determine Plack constant and work function by a photo-cell.

To Sm.d"" regulated power supply using (A) Zener diode only (b)
Zene: Ziode with 2 series wransisior (c) Zener diode with 2 shunt

TANsS0Y
Te veniv Fresnel's formula,

Te siulx the percentage regulation and variation of Ripple factor,
¥k lozd {or a full wave rectifier.

To sl anziog to digital and digital 1o analog conversion.

. Testud a ériven mechanical oscillator,
.Te ~erilv Hartmann's formula using constant deviation

spectrog-aph.
To find 2/ of eleciron using Zeeman effect.

. To find Dissociation energy to 1.

Study of CH Bands.
Salt Aralysis’Raman effect (Atomic).
Design 2nd study of pass filters.

Macheleon Inierfammeter
Fabry paty Interferometer.

. Datermrmaven of velocity of Ultrasonic waves.
.. Swdy of Shipteaily polarised light by Babinet Compensator.

> 95

!
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M. S¢ PHYSICS FINAL
Paper-V Advanced Quantum Mechdnics Max Marks 100
' and Intoductory Quantum Field Time 3 hrs
Paper-V] Nuclea- Physics Max Marks 100
Time 2 hrs.
Paper-Vil Statistical and Solid Staie Physics Max Marks 100
Time 3 brs.
Paper-VIIl :  (A)M:crowave Electronics Max Marks 100
Time 3 brs.
OR
Paper-VIIi :  (B)Plasma Physics Max Marks 10C
Time 3 s,

PAPER -V : ADVANCED QUANTUM MECHANICS AND
INTRODUCTORY QUANTUM FIELD THEORY
Max. Madks 100 Duration 3 us.
Note : Inall Ten questions are 16 be set. Five from each section. Candiaates
are required 10 atiemp! five questions in all, 1aking a least 1wo
questions from each section.
Section A

1. Scattering {non-relati _tic) : Differential and total sm(k:mg
cross section; transformation from CM frame to Lab frame, solution of
scattcring problem by the method of partial wave analysis, expansion of a
plane wave into a spherical wave and scatering amplitude. be optical
theorem, Applications - scavesing from 2 delta potential. square well potertial
and the hard dphere scattering of identical particles, energy depandence and
resonance scatlering. Breiti-Wigner formuia, quasi stabonary states.

The Lippman-Schwinger equation and the Green's function appreach
for scittesing problem, Bom approximation and its validity fox scattering
pootilera, Coulomb scattering problem under first Bom a2pproximation in elastic

2. Relativistic annlaﬁanndmm:mﬁ
relativistic formulation of quastsm theory, The Kicin-Gonlon oguatios,
Probability deasity and probability caceat demsiey. solstion of fiee pariicie X .G
couation in MOomEstR represeatition, intcrpretation of negatise pasbebiliey

ol ‘~m‘““c:‘0f(:amysmmmmm U
.. - -
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Dirac cquaticn. orthogonality and completcncss relations for Dirac spinors.
INISTTTTALCT O f nagalve energy solulion and bole theor)

3. Symmetries of Dirac Equation : Lorentz covariance of Dirac
tquauon, proofl of covariance and desivation of Loceatz boost and rotation
matrices for Dirac spinors, Projection opceators involving (our momentum
and spin. Parity (P), charge conjugation (C), time reversal (T) and CPT operatocs
for Dirac spinors. Billinear covariants, and their transformations bebaviour
under Lorentz ransformation. PC.T. and CPT, expectation values of co-ordinate
and rclocity involving only. positive cnergy solutions and the associated
problems. inclusion of negative cnergy solution, Zitter bewegung, Klain
paradox. )

4. The Quantum Theory of Radiation : Qlassical radiaticn field,
ransversality cosdition. Fourier decomposition and radiation oscillators,
Quanuzation of radiation oscillator, creation, apnihilation and number
cperalors, phoioa staiss, photon as 2 quantum mechanical excitations of the
r=2anes field. Saations and ts wncertainty relation, validity of the classical
dewonpung. marx sliement for eission and absorption, spontaneous emission
1 b dipole approximation. Ravlzigh scattering. Thomsoa scantering and the
Rzman eJeci. Rzdiation damping and Resonance fluorescence.,

Section B

5. Scalar and vector fields : Classical Lagrangian field theory.
Ev.zr-Lagrange's equation. Lagrangian dersity for electromagnetic field.
Occrepation mamber represeniazion for simple harmouic oscillator, linear arcay
of coupled oscillators. second qrantization of ideatical bosons, second
quantization of e w2l Kein Gordan field and complex Kicin-Gordan feld,
th? m2son propagator. .

5 Thez oocuepzica number representation for fermions, second
quant:zauon of the Dirac fied. (-¢ femion propagator, the c.m. interaction
252 gauge invariance, covarian: cuantization of the free electromagnetic ficld,
the pboton propagator.

7. S-mamix. the S-matrix expansion, Wick’s thearem, Diagammatic
representation in configaration space, the momestum rqxwumm.?cymnan
diagrams of basic processes, Fevnman rules of QED.

s Apphmbonsofs-mtruformalism:mcCoulombmg.
Bhabha scanesing, Molier scattering, Compton scattering and pair prodaction.
Reference Books : ’ .

*1. Ashbok Das and A C. Millissionss : Quantum Mechanics - AModu:n
\;:pmach {Gacden and Breach Science Pablishers).

E. Mezzbaker : Quzntum Mechanics, SocondEdinon .
Wilev and sons) ’

-
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Bjorken and Dreil - Relativistic Quan um Mcchances (MGraw Hill)
J.J Sakun - Aevanced Quantum Machamics (Jobn Wiicy)
F.Mandal & G. Shaw, Quantum Fizlc Theory (Jol:n Wiley)
. JM. Ziman, Elements of Advance Quantum Thacry, (Cambridge
»+ University Press).

PEPER - VI : NUCLEAR PHYSICS

Max. Marks 100
Note -

N A W

. Duration 3 brs.
Inail Ten qucfuons are 10 be sat. Five from each section. Candidates
are required to attempt five questions in all, taking ar least two
questions from each section.

SectionA
1. Two Nucleon system and Nuclear Forces : General nature of
the foroe between nucléons, santration of nuclear forces, chacge independence
and spin dependence, General forms of two nocleon interaction. ceniral,
noncentral and velocity dependent potentials, Analysis of the ground state
(3S,) of deutcron using a square well patential, range-depth relatonship, excited
statzs of denteront, Discussion of the ground siate of deutron under noncertral
force. calculation of the electric quadrupole and magnetic dipole moments
and the D-state admixture.

2. Nucleon-Nucleon Scattering and Potentials : Parual wave
analysis of the ncutron-proton scaitering al low coergy assuming central
potentral with square well shape, concept of e scatiedng length, coberent
scattenng of neurons by protons in (ortho and para) hydrogea molecule;
conclusions of these analyscs regarding scattering lengths, range and depth of
the potential: the effective range theory (in peutron-prolca scaitering) and the
shape indcpendence of nuclear potential; A qualitative discussion of proton-
proton scattering at low energy: General fzatures of two-body scauering at
bigh cnergy Effect of exchange forces: Phcnomemonologaial siatmada-
Johnston hard core potential and Reid hard coce and soft core potentials; Main
features of the One boson Exchange Potentia’s {OBEP) no dedivation.

3. Interaction of radiation and charged partide with matter (No
dexiwation) : Law of absorption and atesuation ceefficient; Photoclectic effect,
Compton scittering, pair production; chm-Nmmaosssewmsrorpda:md
and nnpohnzed radiation, angular disuibrtion of scattered photon and

&mm&w’-ﬁnhnmm
oergy ﬂ;und projectile dependence of all taree processes, Range-cacgy
curves: Stagebng

4. Experimental Techniques : Gas Slied commsters; Scimidiaior




 ———"
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ke couniers; Solid stz Geteciors: Surface bamier detectors:

“omni sroais used with typical nuclear deteciors; Multiwire proportion

LA SRrs

. Nuclear emulsions, techniques of measuremer.t and analysis of
npan o evachroron: Linear accelerations, Acceleraton of beavy ions. |

Section B

2 Nudlexr shell modef : Single parucle and collective motions in

e msen e

[N
e

=~ g0 enale panicle wave functions and level sequence; magic
made! predictions for pround state panity, angular momentwm,

R

LT s and elecine-quadnupale momenss: and theis comparison with
0 s e fontiguration mixing; single particle vansiton probability
oo <zl madel: selection rules: apprexamate estimates for the
© oo iy and Weisskopf units: Nuclear isonerism,
f

Callective nuclear models : Collective vanable 10 describe the

.= = -¢es of puclear motion; Parametrizauon of nuclear surface; A

..+ of the collective model Hamiltonian (in the quadratic
zon - Vibrational modcs of a spherical nucleus, Collective modes

> -en-even nucices and moments ¢f inertia; Collectve specura
4 2721C ransiton in even nuclei and companison with experimental

3’

- 537n 12222t for the single particie states it deformed auclei.

~ Nuchear samma and beta decay : Tlectnc and magnetic mutiipole

£, ReeTramoe 1INy

-2 Accax probatudities in nuciear svsiem (ao denvauons)
o ~: =eohatuiity, Selection rufes Internal conversion and zero-

e s zmaciensties of weak inierachon, nuclear tela decay and

N

L2 f LI sacrsy spectrum and Feeau- Xune plot: Fermi th-
.. : msemved selection rules Feami and Gammow-Teller) 1or
Az T-walues: General interaction Hamiltonian for beta decay
-zrs2rving and non copserving terms: Forbidden transitions;
amn3l we~Tiz2zan of parity violation: The V-A interaction and

i aewta

§. Nuclezr Reactions: Theories of Nuciear Reactions; Partial wave

=53 section; Compound nucleus formation and beeakup;
2 rezction- Breit-Wigner dispessica formula for s-

=" Il.utum s section: statistical theory of nuckear reactions.
TTaT zf'mwimf«gedﬁcmmmmm

[
¢
¢
1
]

1 {,l e
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Reference Books
1. JMBlau a0d V.E. Weisskipf : Theorzucal Nuclear Pbysics
2. Statisticaltheory of nuciear reaciions, Exapzration probability and
. cross secton for specifie razctior. .
2 i};ﬂ Elton : Introductory Nuclear Theory, ELBS Pub. London,
4. B.K. Agrawl : Nuclear Phrysics, Loxbbarti Pub, Allababad.1989
5. MK Pal: NuZear Structare, Alfiiiated Eaist-West Press.1982).
6. 'R.R. Roy and B.P. Nigam, Nuclea: Phusics, Willey-Eacster, 1979
7. M.A. Preston & R K Bhzduri-Structure of the Nucleus, Addision
Wesley, 1975
8.

9

10.

11
12.
13.
14.
15.
16.
17

R.M. Singru : Introductory Experimental Nuclear Physics
England - Techniques on Nuclear Structure (Vo!. 1)

R.D. Evans - The Atomic Nucleus (McGraw - Hills, 1955)

H. Enge - Introduction to Nuclear Physics, Addition-Wesley, 1970
W.E. Burcham - Elemeants af Nuclear Physics, ELBS, Longman. 198
B.L. Cohen - Concpt of Nuciear Physics Tata Mc-Graw Hills, 1982
E. Segre - Nrclei, Particles Eenjamin, 1977

I. Kaplan - Noclear Physics, Addison Wesley, 1963

D. Hallidy - Inteoductory Nuclzar Physics, Wilev. 1955,

Harvey - Introduction of Nudear Pbysics and Chemistry

PEPER-VAI : STATISTICAL AND SOLID STATE PHYSICS
Max. Marks 100 -

Note -

Duration 3 brs.
Inall Ten questions are 1o be sxi. Five from each secrion. Candidate s
are required ;0 aitempt five guestions in all. 1aking at jeast two
questions from eack section.

Section A

i. Basic Principles, Canonical and Grand Canonical ensembles:

Concept of stauistical distritution, phase space, density of states, Liouville's
theorem. systems and ensemble, entropy in statistical mechanics Conpection

statistical quantities micro canonical cnsemble,.

ensemble, density fluctnarinn-

L m1:nns zhd Seir simpie ieorsical description (Butes =

heat and catropy of 2 periect £22, wsiog mic®~, - ~
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T .o oL toaudnal and vibrauonal contributions to the pertition function
<o nzal draicmic gas. Specific heat of a diatomic gas, ortho and para
el e
“dentcal paricles and symmeuy requirement. diflicultes with
Mzxae.l -Rolzmann statistics. quantum distribution functions. Bosc-Einstein
an¢ Ferrm:-Dirac suatistics, Boson statistics and Planck’s formuls, Bose Einstein
cor.enszuen. liquid He* as a Boson system, quantization of banmonic oscillator
2nd crezuon and annihilation of Phonon operators, quantization of fermion
operzloTs - ,
3. Theory of Metals : Fermi-Dirac distribution function, density of
¢ »mneraturs dependence of Fermi energy, specific heat, use of Fermi-
-ac vaucacs 1 the calculaton of thermal conductivity and electrical
senduceh s Witemann - Franz ratio, susceptibility. width of conduction band,
22 i20rv of light absorption in metals. .
: Band Theory : Block theorem. Kronig Penny model, effective

ceos 7z euzons. Wigner-Seitz approximation. NFE model. tight binding
et =2 and cacwiansn of density for a band in simple cubic latuce, pscudoe

Section B
1 {.attice Vibratuibs and Thermal Properties : Interrclations
serager, 2 constants C,,. € and C,, wave propagation and expanmental
spramrimsier <7 alastic constant of cubic crystal, vibrations of lincarmono
5 2-anemec fasticss. Determination of phonon dispession by inelastic

ane L2

C3lisnng i nesuons. . '
. " Cemiconductors : law of mass acton, calculation of impunty

ipsoidal energy surfaces in Si and Ge, Hall c{rcc't‘
soonn. mechanism. cpucal transitions and Schockely-Read theory

ex=.imne. ~umocpaductvity, photo-Lummesoence.

- a3 iine. planar and bulk defeats, colour centres, F-centre and

sea-ecaie cenwesin alkal: balides. ) ‘
T - \{aonelism : Larmor diamagnetism. Paramagneusm, Cur-c
_a.evan and Q;z.r.mm ibeoriss. Susceptibility of rare carth and transition
¢ Tromzeretsm- Domain theory, Veiss molecutar field and exchange.

wzves Hsersion reiauen andits experimental deremination by inelastic
% 3 % maereamg cc2vering. heast capacity. Vucleagnwnmonancc:Con(ﬁnms
. ' \‘c:' -agnnanmca. Blzck eguations. NMR-experiment and charactesistics of an

| Unrersity of Rajastharn 72}
Giver and AC and DC, Josephson tunnelings.

(b} Coouper peirs and derivation
theory (no derivation).
Reference Bopks :
. Huag : Statstical Mechanics
2. Reif : Fundamentals of Statistical and Tbermed ynamical Physice.
3. Rx.cc : Statistica’ mechanics and Thermal Physics
4. Kmlc : Elementary swatistical Mechartics
2. Kinle  : katroduction to Solid State Physics
7

of BCS Ham: "tonian. results or 3Cs

- Palicrson: Solid State Physics
. Lesy  : Solid State Physicy
8. Mukeivy : Solid State and Semi-conductor Phys:cs.

PEPER - VIII : (A) MICROWAVE ELE CTRONICS

Max. Marks. -0G Duration 3 ks

Note: Inu . Ten questions are 50 be set. Five from each secrion. Candidates

arc ~:quired to attempt five questions in all, taking ar (east twa

Qu--s2ons from each section.

Section A

L .duction to microwaves and its frequency specurum. Apolication
ol microwaves. : ‘

*Vave guides : (a) Rectangular wave guides: Wave Equation & s
sotutions, TE&TM modes. Dominant mode and choice of wave gnide
Dimensions Metkods of excitation of wave guide. ‘
(®) Circular wave guide-wave equation & its solutions TE, TM &

TEM modes.

() Autenuation - Cause of attenuation in wave gwmdes, wall currest
& derivation of atteanation constant, Q of the wave guide.

(a) Resonators : Resonant Modes of rectangukar and cylawdrical
cavity resonators, Q of the cavity resonators, Excitation
techmiques, Introdoction to Microstrip and Diclectric resonators,
Frequency merer.

(b) Parrites
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=22 & Magneuc field of oscillations. Modes of oscillation &
eperating characteristics.

Traveling wave tubes: O & M type travelling wave tubes.
Gyrotrons: Constructions of different Gyrotrons, Sicld - Pariicle
ineracyon in Gyrotron,

Microwave Measurement ;

2 Mizowave Detectors: Power, Frequency, Attenuation, Impedance
- tig smith chan, VSWR, Refleciometer, Direcuvity, coupling
usig cireclion coupler. o

T Lrmpley pennittivity of matcrial & its measurement: definition of
= 2iex of Solids. liquids and powders using shift of minima metbod.
Section B
2* Avzlanche Transit Tane Device: Read Diode, Negauve resistance
=f an avalanching p-n Junction diode IMPATT ind TRAPATT
Oscillator. .
b} Transfesred Electron Device: Gunn effect, two velley. model, Hi gh
fiel Domains, Different Modes for Microwave generation.

fc* Passive Devices: Termination (Short circui: and matched

t2rTnations} Attemuator, phase changers. E&H plane Tees, Hybrid

‘uncidons. Directional coupler. _ .

“arzmneic Amplifier: Varactor, Equation of Capacitance in Linearly

223 & abrupt p-n junction, Manely Rowe relations, parametric

pacmverior and Negative resistance parametric amplificr, use of

.rcator, Noisc in parametric amplifiers.

M:irowave Antennas: Introduction to antenna parameiers,

*42202uc Currents, Electric and magnetic current sheet, Field of

Hu-gen's source, Radiation from a slot antenna, open cnd of a

w2v2 guide and Electromagpetic Homs. Prabolic reflectors, Lens

anicnnas.

Radi:ation fields of Microstrip wave guide, Microst-ip wave guide,

Microstrip antenna calculations, Microstrip design foonulas,

Microwave Communication: (a) LOS microwave systems,

Dzrivatuon of LOS communication range, OTH microwave

vstams. Dacivation of field strength of topospheric waves.
" Trnemussion interference and signal damping. Doct propagatics.
22l Communication o Satellite frequencies allocation
Jrnzarenous satellites. Satellite orbits, Satellite location with

e ok

.

<

R ¢ference Books: Univers 11y ofR a‘as:han ) 23
2. Theo ;
"Y ad application of m
8 icr
Beam (McGraw Hin OWavesdy AB. Brownwel &RE

ir Circyig appﬁcilllonsby
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Section A

! Basic properties and occurence. Definition of plasma. Criteria ;

" 77.zama brhaviour, Plasma oscillation. Quasineutrality and Debye shielding. '

TLrmlasma c ; 4. COn(roll d (Jm'ver;,,}. of Rajastngn S 25
©--*NR3 parameter. natural occurence of plasmas. Astropbysical plasmas. contro| - le ‘b"mo"‘-’deﬂrﬂu{on Pows
Plesmam Magnetospbere and ionosphere, introduction 1o vanous thooretical trolled the onuélear firsign ‘gnition (e tuals ang prodbleins of
arrroaches © Kinetic, Mlﬂu-ﬂuidand single fluid. Magnesic coafinement Simpie discussion orT?z‘:mmmm 0 Lawson e T4
2. Charged particle motion and drifts : Guiding centre motion of and Z'P’"Ch- Idea abiut inteniy confinement aadalk fc?ar.“on T apales
a chasges parucle. Motion in (i) uniform clectric and magnetic fields (i) Plasma heating ang probleras of fusion, e fusion: Mettags of
gravitabonai and magnetic fields. Motion in non-uniform magpetic ficld (i) , References
Grad B perpendicular 1o B, Grad B drift and curvature drift (i) Grad B parallel I F.X. Chen: Anntroduction (0 Plasgy >
- - . . - . . . ' : a h“SICS (P‘ . .
1© B an¢ principle of magnetc mirror. Motion in non-uniform electric field 2 Baley: Plasmys - Labora(ory 20d Cocuns eALM Pragy) 1974
for smal! larmour radius. Timc vary*ng clectic ficld and polarization drift. ! 3. WB. Kunke] *Plasma Physes mOsmxc.
Tirm2 varving magnetic field adiabatic invariance of Mmagentic moment. 31 ABim:ncorm.f mm-so{n cory and Applicaton
3 Diffiusion and resistivity: Collision nd diffusion parameters. | 4. Huddiesone & Leonong hm:“m Physics (Pecgacion Press) : 93
e 2l 2 plasma by diffusion. ambipolar diffusion. Diffusion 2cq0ss a | 5. RC Davidson chmods-' D‘agﬂouc Techniques
- :zz12i2 Cotlision in fullv ionized plasma.. Plasma resistivity. Diffusion 1 6. Hokt 2nd Hasgp: - 12 Noa-linear Plasms theor. 197
- *~ 222 rl2smas. Solation of Diffasion squation. plasma production LSTo ’ : of Plasma
T L7 UTTis Toennal onrataa. saba equation. Brief discassion of methods FE)CPFMMFORM&FINAL
717 rl2sma preducuon . Steady sune giow discharge. microwave Scheme -
T 2eT and induciion discharge. Doubie plasma machine. clementary L
e *-tlas:nzd:agnomcs.dewustxncmdmagnwcpmbcs _ mm‘fm&wr“w““?&Sm.mm-, .
‘ 2 \HD powes generation. bas:c prnciple and working of MHD #ill be as Follgws - [
' iz Toedoctvrty of gaseous warking fimd Basac fhnd ceuations. §
! e c.oz2z Ohm's law Fasadav and Hai! generators. perf rmance Tmm Marj ,r
T i e slsimncal eff:ciency of Faraday and Hail Geocracss. Viva i2) N
Section B Recond : 4)
Waves in plasma: clectron plasma waves. lon Waves, ‘ 40
B 3 mmwmmawhﬁﬂmﬂm : Mo PasM::: 2(13
i s B s | USTOF EXPER Uy
R T fw;cﬁsmmw‘mmﬂkl 5 _;:‘::mmchzj_f-;ir: of a radic 15010DC usens M ¢ us.
R Tl el EEERea2earfic waves. M2rpciosonec waes, o o - ‘hSOrptzogt of parncles and detegnine TANLL USNE 2; jea \
— Eggzilibriwm and Stability : Hrdromagactc cthbnm . 110 Sources. N AN
A\Z.'-, .17 L mzenetic fiedd meo a plasae  Classification of mstabilitics, The i - m’%mﬂlmm._ _ ™~
5S S .-Tinomsabioy Xoeerls treatneny of plasma oscillacons 2008 tanden ‘ of I m’ W-m:nxr: -
T o pzvmsel expiamans { £ WoChum of - pam . <
I Niznlivear effects : The Segdeos poeemtial. Derivation of KAV 5 To:ﬂta'i‘bnhh:cﬂtz“-ém o.
\\~;4_:rt':r:rmrz=:s.5cﬁmso!useahonemm ) "’sﬁm&‘n‘. ﬂcdaquaqu‘l -
B ) - Fo — Za 2 LS - - SORwrs




. Swmdy of lanice dispersion.
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{ocula
40 stdy temperature vaniatior: of resistivity for a semi-conductor
and w obtain band gap using four probe method.
70 stdy hall effect and 10 determine ball coefficient.
~o smdy the variation of rigidity of a given specimen as a function
27 the temperature.

. -0 study the dynamics of a lattice using electrical analog.

T2 stuéy ESR amd desermine 2-factor for a given spectnam.

0 deicrmme ultrasonic velocity and 10 obtain compressibility for a
crvern liquid.

Smdy the charactenstics of a given Klyszron and calcuiate the mode
zumber, ETS_and transit time.

. Seudy the simsodaged L C R. transmission Eac (andio frequency) and

-0 {ind out the valoe for and Zo experimentally from the graph.
Study the radiation pattern of a given Pyramidal born by plouing it
on a Polar graph paper. Find the half power beamwidih and calculaze

s gain.

.. Eindibe dickcatric constam of a given solid (Teflon) for three different

lzngths by using slotted scction.

Find the diclecunc constan of a given liquid {organic) using sloued
saction of K-bard.

Verification of Brage’s law using microwaves...

Determination of Diclectric Constant of a liqeid by lecher wire.
Study of 2 Heat Capacity of Solids.




