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CLASS - M.Se. SUBJECT - PHYSICS .

SEMESTER - | PAPER-1 |
MATHEMATICAL PHYSICS
Unit -1
Differential equations: Recursion relation, generating functions and
orthogonality of Bessel functions of first and second kind, Hermite,
lLegendre, Associate Legendre and Laguerre Polynomials.Curvilinear co-
ordinate system with specific cases of Cartesian, Cylindrical, and Spherical
coordinate systems.
Unit -1l
Integral transforms. Fourier integral. Fourier transform and inverse Fouricr
transforms.  Fourier transform of derivatives. Convoluticn  theorem
Flementary Laplace transforms. Laplace transform of derivatives,
Application to a damped harmonic oscillator.
Unit 111 : :
Green's functions: Non-homogenous boundary value problems, Green:
function for one dimensional problems, eigen function expansion o
Green's function, Fourier transform.method of constructing Green -
function, Green's function for electrostatic boundary value.problems and
quantum-mechanical scattering problem.
Unit -1V
Complex variables: Analyticity of complex functions. Cauchy Riemann
equations. Cauchy theorem. Cauchy integral formula. Taylors, Maclaurin,
Laurent series & mapping. Theorem of residues. Simple cases of contour
" integration. Jordan's _lemma Integrals involving, multiple valued
unctions(Branch points). : '

Unit .V
This unit will have a short note question covering all the four units. The
students will have to answer any two questions out of the four. '
Books Recommended :
1. L. A. Pipes Mathematics of Engineers and Physicists
2. Arfken Mathematical Methods for Physicists
3. P.K. Chattopadhyay Mathematical Physics
4. H.K.Dass Mathematical Physics
5. Ghatak, Goyal & Guha Mathematical Physics
6. M.R Spiegel (Schaum Series) Complex variable & Laplace Transform
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LLADD - VLDC. SUBJECT - PHYSICS
PAFPER -1l

}

2

JESTER -
CLASSICAL MECHANICS
Unit - |

Mewtonin mechanics of one and many particles systems: Conservation
laws, Constrains their classification, Prificiple of virtual work; D'Almbert's
principle in generalized coordinates, The Lagrange’s equation from
D'Almbert's principle. Configuration space, Hamilton’s principle deduction
from D'Almberts principle, Generalized momenta and Lagrangian
formulation of the conservation theorems, Reduction to the equivalent one
body problem; the equation of moiion and first integrals, the differential
equation for thé orbit.

Unit - 11

The equat ions of canonical transformation and generating functions; The
Hamilton-Jacobi Action and Angel variables. Poisson.s brackets; simplc
algebraic properties of Poisson.s brackets. The equation of motion in
Poisson.s Brackets notation. Poisson theorem; principle of least action.
The Kepler problem, Inverse central force field, Rutherford scattering.
Unit- Il _

Theory of small oscillations, Equations of motion, Eigen frequencies and
general motion, nermal modes and coordinates, Applications to coupled
pendulum and linear bistable molecule. Rotating coordinate systems.
Acceleration in rotating frames. Coriolis. force and its terrestrizl
astronomical applications, Elementary treatment of Eulerian coordinates
and transformation matrices. Angular momentum inertia tensor. Eular
equations of motion for a rigid body. Torque free motien for a rigid body.
Unit - 1V

Symmetries of space and time. Invariance under galilion transformation,
Covariant fourdimensional formulation, 4 -Vectors and 4 - scalers.
Relativistic generalization of Newton's laws, 4 - momentum and 4 - force,
variance under Lornetz transformation relativistic mechanics. Covariant
Lagrangian, covariant Hamiltonian, Examples.

Unit -V

This unit will have a short note question covering all the tour units. The
students will have to answer any two questions out of the four.

Books Recommended

1. H.Goldstein ( Addison Wesley) Classical Mechanics

2. N.C.Rana & P.S.Jog Classical Mechanics .

3. Landw& Lifshitz ( Pergamann Press) Classical Mechanics

4. A. Sommarfield ( Academic Press) Classical Mechanics

5. R.G.Takwale & P.S. Puranik Introduction to Classical Mechanics
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LLASS - M.Sc. SUBJECT - FHYSICS

THETEITRE PAPER - 1ll
AIAMTUM MECHANICS- |
“=wn Fosiulates of quantum Mechanics, equation of continuity, Normality,

- adty and closure properties of eigen functions, expectation values
_ =trenfest theorems, solution of Schrodinger equation for one
-~ —=~sjonal (a) potential well (b) potential step and (c) Potential barrier.

nit . |l

~=ar vector space, concept of Hibert space, bra and ket notation for state
‘=ctor, representation of state vectors and dynamical variables by matrices
=nd unitary transformation (Translation and rotation), creation and
annihilation  operators, matrices for x and p. Heisenberg uncertainty
relation through operators (Schwartz inequality). Harmonic oscillator by
operator method. :

Unit -1
Solution of Schrodinger equation for (a) linear harmonic oscillator (b)
hydrogen - iike atom (c) square well potential and their respective

application to atomic spectra, molecular spectra and low energy nuclear
states (deutron). ,

Unit - 1V

Angular momentum in quantum mechanics, Eigen values and Eigen
function of Lz and Lz in term of si h’-'rlcaf harmonics, commutation relation.
Interpretation of wave function; coordmate and momentum, representation
of wave function and operators. Spinangular momentum and Pauli spin
matrices, Addition of two angular momenta with some examples. CG-
coefficient and their properties, computation of CG-coefficient.

Unit -V :
This unit will have a short note guestion covering all the four units. The
students will have to answer any two questions out of the four.

Text Books and reference-book:

. L1 Schiif, Quantum Mechanics

7. 5 Gasiorovvicz, Quantum Physics

3. B Craseman and J D Powell Quantum Mechanics
4. A P Messiah Quantum Mechanics

5. J. Sakurai Modern Quantum Mechanics

. Mathews and Venkatesan Quantum Mechanics

9

111 « :./fﬁ’::‘f

’ O % 5



CLASS-M.SC. SUBJELY = rit1 oneo
PAPER - 1Y

B
FOTROMIC DEVICES

b

naistors: JFET, BJT, MOSFET and MESEET, structure derivations of
‘e equations for 1-V characteristics under different condition, microwave
davices, tunnel diode, transfer electron devices (Gunn diode), avalanche

ransits time devices, fmpatt diedes and parametric devices.

it -1

Photonic  devices: radiative  and non-radiative  transitions, optical
absorption, bulk and. Thin film photo conductive devices (LDR), dicde
Photo detectars, Solar cell (open circuit voltage and short circuit current, fill
factor), LED (high frequency limit, effect of surface and indirect
rarombination current, operation of LED), semi-conductors; diode lasers
(ronditions for population inversion in active region, light confinement
iactor, optical gain and threshold current for lasing.

Unit - 1
Memory Devices: Read Only Memory (ROM) and Random Access
Memory (RAM). Types cf ROM: PROM, EPROM, EEPROM and EAPROM,
Static and dynamic RAMs (SRAM & DRAM), characteristics of SRAM and
DRAM Hybrid Memories : CMOS and NMOS memories, Nonvolatile RAM,
{orro-electric memories, charge coupled devices (CCD), storage devices:
Geometry and organization of magnetic (FDD & HDD) and Optical (CD-
ROM. CD-R, CD-R/'W, DVD) Storage devices. ~

tnit -1V

Clectro - optic, Magneto-optic and Acousto - optic effects, piczoclectri
= 4 clrie,

Clectrostrictive and magnetostrictive effects. sensors and actuator devices
piczoelectric resonators and filters. ‘ =

init - v
Ihis unit will have a short note question covering all the four units. The
iudents will have to answer any two questions out of the four.

T'ex! books and reference books:

| SM Sze Willey (1985) Semiconductors devices - physics technology

2 MS tyagi Introduction to semiconductors devices

3 M Sayer and A Manisingh Measurement instrumentation and
oxperimental design in physics and engineering

1 Ajoy Ghatak and Thyagrajam Optical Electronics,
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Subiject : ?}é\fsiitﬂ

st of Experiments for M.Sc. (Ist Sem) 2014-15

Lab A : General

Forbidden energy gap.

2, Dielectric Constant.
: e/m by Thomson's / Millikan’s oil drop method.
1, Fourier analysis.

Study of acoustical and optical modes.

Lab B : Electronics

] Study of Semiconductors (diode / Zener diode)

2. Transistor as a switch.

3. Study of SC Controlled rectifiers.
A, IC regulated power supply.

5. Study of RC coupled amplifier.
Note

_ Other experiments depending upon availability in institution, related to
theory paper in corresponding semester.
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CLASS - M.Se. SUBJECT - PHYBILD

F- 23723 - 4 PAFER -1
AUAMTUM MECHANICS

Unit - |

Approxmination method for bound states : Rayleigh- Schredingsi
Perturbation theory of non-degenrate- and degenrate levels and thei
application to perturbation of an oscillator, normal helium atom and first
order stark effect in hydrogen. Variation method and its application 1o
ground state helium, W K B Approximation method, connection formulae,
ideas on potential barrier with applications to theory of alpha decay.

Unit - 11

Time dependant perturbation theory: Methods of variation of constants
and transition probability, adiabatic and sudden approximation, wave
equation for a system of charged particles under the influence of externz!
electromagnetic field, absorption and induced emission, Einstein's A and B
coefficients and transition probability.

Unit- 11l

Theory of Scattering, Physical concepts, scattering amplitude, scattering
cross  section. Born  Approximation and partial waves, scattering by
perfectly rigid sphere, complex potential and absorption, scattering by
spherically symmetric potential, identical particles with spin, Pauli's spin
matrices. ’

Unit- 1V

Schrdinger.s relativistic equation (Klein-Gordon equation), Probability and
" cuwent density, Klein - Gordon equation in presence. of electromagnetic
fieldt, hydrogen atom, short comings of Klein-Gordon equation, Dirac.s o
‘relativistic eguation for free electron, Dirac.s Matrices. Dirac.s relativisiic
equgtion in electromagnetic field, negative energy states and thoir
interpretation hydrogen atom, hyperfine splitting.

Unit -V

This unit will have a short note question covering all the four units. The
sludents will have to answer any two questions out of the four.

Text Books and reference book:

1 1| Schiff Quantum Mechanics

5 5 Gasiorowicz Quantum Physics &

3 B Craseman and J J Powell Quantum Mechanics (Addison Wessley)

4 A Messiah Quantum Mechanics

5 J.J. Sakurai Modern Quantum Mechanics

6 Mathews and Venkatessan Quantum Mechanics

7 A K.Ghatak and !_oknathan Quantum Mechanics



=30 PAPER - 1!
STICAL MECHANICS

i

L indation of statistical mechanics, specificafion of states of a system
- antact between statistics and thermodynamics, classical ideal gas entropy
of mixing and Gibb.s paradox. Microcanonical ensemble, phase space,
trajectories and density of states, Liouville theorem, canonical and grand
~anonical ensembles, partition function, calculation of statistical quantities,
energy and density iluctuations.

Linit-1

Siatistics of ensembles, statistics of indistinguishable particles, density
matrix, Maxwell -- Boltzmann, Fermi Dirac and Bose- Einstein statistics,
properties of ideal Bose gases, Bose . Einstein condensation, properties of
ideal Fermi gas, electron gas in metals, Boltzman transport equation.
Pinit-11

Cluster expansion for a classical gas, virial equation of state, mean field
theory of Ising model in 3.2 and 1 dimension. Exact solution in one-
dimension.

Linit .V

Ihermodynamics fluctuation spatial correlation Brownian motion, Langevin

theory, fluctuation dissipation theorem, the Fokker-Planck equation,
Onsager reciprocity relations

Unit . V ' t

This wnit will have a short note question Covering all the four, units. The,
cindents will have to answer any two questions out of the four.
Text Books and reference book: -

| F Reif Statistical and thermal Physics

K Huang Statistical Mechanics

1 R K Pathria Statistical Mechanics

1 R Kubo Statistical Mechanics

5. Tandan Statistical Physics

<

|4
'
P A l\/ D ‘”""ﬂ\
g M Ay
el g\t < Yl
CAle M

AD




: CLASS - M.Sc. SUBJECT - PHYSICS
SZMISTER - PAPER -l

=1 ZCTRODYNAMICS AND PLASMA PHYSICS
Unit .} L .
Saview of Basics of electrostatics and magnetostatics (electric field,
Gauss.s law, Laplaces and Poisson equations, method of images, Biot-
Sawart law, Ampere law, Maxwell's equations, scalar and vector
potentials, gauge transformation, Lorentz gauge, Coulomb Gauge,
Solution of Maxwell equations in conducting media radiations by moving
charges, retarded potentials, Lienard Wiechrt potentials, fields of charged
particles in uniform motion, fields of arbitrarily moving charge particle.
LInit-1l

Fialds of accelerated charged particles at low velocity and high velocity,
angular distribution of power radiated, Review of four vector and Lorentz
transformation in 4-dimensional spaces, Invariance of electric charge,
relativistic transformation properties of E and H fields. Electromagnetic
fiolds tensor in 4-dimensional Maxwell equation, Four Vector current and
potential and their invariance under Lorentz transformation, covariance of
electrodynamics. Langragian and Hamiltonian for a relativistic charged
particle jn External EM field; motion of charged particles in electromagnetic
fields. uniform and nonuniform E and B fields.

Unit -fll ‘ )
Elementary concept of occurrence of plasma. Gaseous and sclid state
plasma. Production of gaseous and sclid state plasma. Plasma
parameters. Plasma confinement pinch effect instability in a pinched-

plasma column. Electrical neuirality in a plasma, [ebye screening

distance. Clasma oscillations: - Transverse osciflations and Iongitudinal
oscillations.

Unit . IV

Domain  of  Magnetohydrodynamics  and  plasma Physics
Magnetohydrodynamic — equations, magnetic  hydro-static ~ pressure
hydrodynamic waves: Magneto-sonic and Alfven waves, particle orbits and
drift motion in a plasmas, Experimental study of Plasma, the theory of
single and double probes. |

Unit -V P :

This unit will have a short note question covering all the feur units. The
students will have to answer any two questions out of the four.

lext Books and reference book:

1. Ritteneerort Plasma Physics 2. Cher. Plasma Physics

3. Gupta, kumar, Singh Electrodynamics 4. Sen Plasma state and matter
5. Jackson Classical electrodynamics o
6. Pamolsky & Philips Classical electricity and Magnetism
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ectra of alkali elements, Spin orbit interaction
JFE Methods Of molecular quantu
a3 Fermi statistical model, Hartree and Hartree fock
~ron system. Interaction energy N L-S and J-J couplin
= ruciure (qn_lalitative), 'uine'broadening mechanisms{genera\ ideas
P -4
Types ot
spherical 0P molecules.
rioid rotator, Energy level
ntational lines,
SIIREAll
yibrational energy of dialo
harmonic osciltator, Energy levels and spectrurﬁ,
curve, Molecules as vibrating rotator, vibration gpectrum of
molecule pQR branches, IR spectrometer(qua\itative)
l]bHT¥\y '
Introduction to U

= of alkall Spectra .

Q]

Rotational spectra of diatomi
and Spectra of non-rigid rotator,

mic molecule, diatomic

Itraviolet, visible and

speo\roscopy: introduction, pure rotaticnal and vibrational
Techniques and instrumentaﬁon, Photo electron spectrOscopy,
idea about phoioacoustic' spectroscopy and
specucscopy(principle).= : o :

UNIT-V ' '

This unit will have 4 short note question covering all the four units.
students will have 10 answer any two questions out of the four.
Text and reference Rooks:

{ H.E. White Introduction 10 atomic spectr
2.C.B. panwell Fundamental of moleculai spectroscopy
1 Walker and Strnghem Spectroscopy vol. 1, It and 111
4 G.M.Barrow Introduction 10 molecular speclroscopy
5. Herzberd Spectra of diatomic molecules x

6. Jeanne L and McHale Molecular Spectroscopy

7. J.M.Brown Molecular Spectroscopy ‘

g p.F.Bemath Spectra of atoms and molecules

9. J.M. Halian Modern Spectroscopy ’

a

molecules. Diatomic linear. Symmetric top, asymmetric top and
¢ molecules s a
intensity ©f

molecule as 3
Morse potential enetyy

- 135 -M.Sc. SUBJECT - PHYSICS :
\10LECULAR PHYSICS
~ ..~-23 of one electron atom. f»\tomicorbitais. Hydrogen spectrum,

and line

m mechanics,
method, Two
a. nyperfine

). by

simplc

diatomic

infra-red spectroscopy, Raman

specira,

plementaly
Mosshauet
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Subject : Physics

List of Experiments for M.Sc. (2nd Sem) 2014-15

Lab A : General

1. Study of calcite prism.
2. Study of Characteristics of Thermistor.
3 Wavelength of light using grating.

4, Four Probe methods.
5. Study of lonization potential of given gas.

List : Lab B (Electronics)

Study of characteristics of FET

1.

2 Study of RPS using Transistor.

3 Study of Filter circuits.

A study of Negative resistance diode (Tunnel / LDR)
B. Study of Photocell / solar cell. .
Note :

Other experiments depending upon availability in institution, related to
theory paper in corresponding semester.
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=y 43= - WM. Sc. SUBJEU ] - FRI2IL9 romee

PAPER -1

~-yzom shructure: o .

==ce in two and three dimension. Simple crystal structures:

close packed structure, Diamond structure, zinc blende

= e, sodium chloride structure, cesium chloride structure.

et

Crystal diffraction by X-Ray: ~

i)

2=ciprocal lattice, Reciprocal lattice of bcc and fcc lattice. Relation (-\\.
~=myeen crystal lattice axes and crystal reciprocal lattice axes. Bragy G
gitiraction. Condition in term of reciprocal lattice vector. Brillouin Zones.

Unit-ill ,

Flastic properties of solids:

Stress and strain components, elastic compliance and stiffness constants,
olastic energy density, reduction of number of elastic constants, elastic
<tiffness constants for isotropic body, elastic constant for cubic isotropic
hodies, elastic waves, waves in (100) direction, experimeniai determination
of elastic constanis. @ "

Unit . IV

| attice vibration and phonons: _

| atlice dynamic of a diatomic linear jattice. Lattice vibrational spectrum.
The concept of phonons momentum of phonons. Inelastic scattering of
photons by phonons. Inelastic scattering of neutrons by phonons. Inelastic
scattering of X-Ray. : ’
Unit - V

Thermal properties and band theory of solids:

Anharmonicity, thermal expansion, thermal conductivity, equation of state
of solids, gruneisen constant. Band theory, classification of solids,
concepts of effective mass. Fermi surfaces, anomalous skin effect, De
Hass van alphen effect, cyclotron resonance, magneto resistance.

Text and reference Books :

1 1. Verma and Srivaslava: Crystallography for solid State physics.

o Azaroff: Elementary 1o Solids. .

3 Omar; Introduction Solids state physics.

4. Kittle: Solids state physics

5. Huong: theoretical solids state physics

6. Weertman and weeitman: Elementary dislocation theory

7. Buerger: Crystal structure physics.

8 Made lung: introduction 10 solids state physics.
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CLASS - M.Sc. SUBJECT-PHYSICS /=%

. | PAPER - I
ZAR AND PARTICLE PHYSICS

=ar Interaction and Nuclear reacption:
~=ar forces, exchange and tensor forces, meson theory of nuclear
223, Low-energy n-p scaltering and spin dependence of n-p forces.
Urrect and compound nuclear reaction mechanism, reciprocity theorem.
Unit - 11 [\
Accelerators of charged particles: o
Study of cyclotron, phase stability, frequency modulated cyclotron
(synchorocyclotron) magnetic induction accelerator (Betatron), Electron P,
synchrotron and linear accelerator (Linac)
Unit . I
Nuclear models:
Liquid drop model, Bohr-wheeler's theory of nuclear fission, shell model,
spin orbit interaction, magic number, spin and angular momenta of nuclear
ground state, nuclear quadrupole momient.
Unit - IV ' o
Nuclear decay and elementary particles:
f Decay, general features of f ray spectrum, Fermi theory of B decay,
selection rules, parity in p decay, muitipole radiation, internal conversion,
nuclear isomerism. ' '
Unit-v. o .
Elementary particles: o
Classification of elementary particlas, fundamental interaction, parameters
of elementary particles. Symmetry and conservation laws, symmetry
schemes of elementary particles SU(3) '
Text and reference Books:
- Introduction to Nuclear physics "H.A. Enge
- Nuclear radiation detectors : S.5. Kapoor and V.S.Ramamurthy
. Atomic and Nuclear physics : S.N. Ghoshal
- Muclear and Particle physics: D.G. Tayal
. Nuclear Physics :R.C. Sharma
. Introduction to Nuclear physics : KRANE
- Nuclear physics Principles & Application Lilley
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235 - M.Ec SUBJECT - PHYSICS

--2- zvzizm (Binary, Octal, Decimal, heiadecimal) and conversion
== them. Boolean arithmetic, signed and unsigned binary numbers,
-~ —='zment, 2's complement,

~+eg: BCD, Gray, ASCII, EBCDIC, Demorgans theorem, Gates: OR,
=D, NOT, NOR, GR, NAND, XOR, XNOR, Boolean algebra, karnaugh
map, adder and subtractor circuit design.
LInit-11
Multiplexer, demultiplexer, —encoder, decoder, parity checker and
generator, Flip-Flops: R-S.D, J-k, J-k Master slave flip flop, race around
condition registers, shift registers (left and right shift).
Unit-1V
Counters-asynchronous (ripple)-counter,' synchronous (parallel) counter,
MOD-5 counter and MOD-10 counter, BCD counter, Up-Down counter,
Shift Register counter (Ring counter).
Unit-V o '
Digital to analog conversion (Binary weighted register method, R-2R ladder
network method, complete DAC structure. Analog 1o digital converters
(Stair case of counter method, single siope, equal slope, successive
approximation ADG). — * ¢
lext and reference Books: ' i

| “Digital principles and applications” by A.P.Malvino and Donald

P [each, Tata Megraw-Hill company, New Delhi, 1993.

2. “Microprocesscr Architecutre, Programming and Applications with
8085/8086 by Rames S. Gaonkar, Wiley-eastern Ltd. 1987 (for Lnit
V)"

Digital electronics ~S.N. Ali

Digital electronics —Morries Mano

Microprocessor and Microcomputers~B.Ram-Dhanpat Rai
publications V edition. L :
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CLAZES -M.Sc, SUBJECT - PHYSICS

.

SEUESTER - FAPER -1V
L EREEE chful:{ Physics

Urit-l o

_==z2r Maagnetic Resonance Spe(‘troscopy

.'_f:'":si of Nuclear Magnetic resonance spectroscopy, Interaction
“=hwveen nuclear spin and magnetic field, popuiation of energy level,
r=laxation processes, spin-spin interaction and spin-spin coupling between

two and more nuclei (Qualitative) (\ \
Unit-1l o/
Electronic spectra of Diatomic Molecules: Y
Franck Condon principles, dissociation and pre-dissociation, dissociation

eriergy. Born-Oppenheimer-approximation, vibrational coarse structure of pd
electronic spectra (bands progression and sequence).

Unit-Hl

Raman Spectra
Raman effect, quantum theory of Raman effect, Molecu!ar polarisibility i

Raman eﬁect Vibrational Raman spectra, vibration-rotation Raman
Spectra  of diatomic  molecules, apphcatlon of Raman and infrarcd
spectroscopy in the structure determination. -
Unit-1V
Mossbauer Spectroscopy:
Mossbauer Effect, principles of Mossbauer spectroscopy, recoil loas
~emission of gamma emission, line width and resonance absorplion,

application of mosshauer spectrosuopy (lsomer shift, Quadra pole sphttmg-
magnetic field effect).
Unit-V
Electron Spin Resonance spectroscopy:
Elementary Idea about ESR, Principle of ESR, ESRA spectrometer, splmrmq
of alectron energy levels by a magnetic field, G-Values, simple
experimental setup of ESR. ESR spectra of free radicals in solution, f"-.s'l
Isotropic system.
Text and reference Books:

1 FFundamentals of Molecular Speciroscopy-C.B. B‘anwe!l

2. Spectra of Diatomic Molecules-Herzberg.

3. Mossbauer Spectroscopy-M.R.Bhide

4. NMR and Chemistry-J.W.Akitt

5. Modern Spectroscopy-J.M.Hollons



Subject :Vighysics

List of Experiments for M.Sc. (3rd Sem) 2014-15

Lab A : General




































