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Program Structure

Program
code Program

I nternal
assessment

Extern
-lal

exams

Max.

Mark
5

credi
ts

SEMISTER 1

101PH24 Classical Mechanics 30 70 100 4

LOZPH24 Introductory Quantum Mechanics 30 70 100 4

103PH24 Mathematical Physics 30 70 100 4

104PH24 Analos and Disital Electronics 30 70 100 4

Practicals:

105PH24 General Physics (Electricity&Qptics) PRACTICAL 100 4

tooPH24 Electronics PRACTICAL 100 4

SEMISTER 2

207PH24 Statistical Mechanics 30 70 100 4

202PH24 Solid State Physics 30 70 100 4

203PH24 Quantum Dynamics and Scattering Theory 30 70 r00 4

204PH24 Computational Methods and Programming 30 70 100 4

Practicals:

205PH24 General Physics (Spectroscopy)PRACTICAL r00 4

206PH24 ElectronicsPRACT|CAL r00 4

SEMISTER 3

301PH24 Nuclear and Particle Physics 30 70 100 4

302PH24 Advanced Quantum Mechanics 30 70 r00 4

303PH24 Condensed Matter Physics - I 30 70 100 4

304PH24 Condensed Matter Physics - II 30 70 100 4

Practicals:

305PH24 Microprocessor & C ProgrammingPRACTlCAL 100 4

306PH24 Condensed Matter PhysicsPRACT|CAL 100 4

SEMISTER 4

4OLPH24 Electromagnetic Theory, Lasers and Modern Optics 30 70 100 4

402PH24 Atomic, Molecular and Resonance Spectroscopy 30 70 100 4

403PH24 Advances in Materials Science 30 70 100 4

404PH24 Advanced Condensed Matter Physics 30 70 r00 4

Practicals:

405PH24 Advanced E lectro nicsPRACTICAL 100 4

406PH24 Advanced Condensed Matter PhysicsPRACTlCAL r00 4
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M.Sc. Physics - Syllabus
Semester L

IOIPH2 -CLASSICAL MECHANIC S

Course Objectives:

Unit-I(Lagrangianmechanics)
Newtonian mechanics of one and many particle systems,Conservation laws, Constraints

and their classification, principle of virtual work, D'Alernbert's principle and Lagrange's

equation of motion, Applications: linear harmonic oscillator, simple pendulum,

compound pendulurn, L-C Circuit, Lagrangian for a Charged Particle Moving in an

Electromagnetic field.

Learning Outcomes:

objects

motion in Lagrangianfrom D'Alembert's principle.

Unit-fl (Hamilton's mechanics)
Deduction of Hamilton's principle from D'Alemberts principle, modified Hamilton's

principle, Hamilton's principle and Lagrange's equations, generalized mom€ntum and

Lyc[c coordinates, Hamilton function H and conservation of energy, Hamilton's

equation (Hamilton's canonical equations of motion), Simple application of the

Hamilton principle- linear harmonic oscillator, simple pendulum, A-variation, principle

of least u"tion. bquationsofcanonical transformation, (Generating functions), examples

of canonical transformations for a harmonic oscillator.

Learning Outcomes:

Unit-III (Poisson's bracket and Hamilton Jacobi method)

Introduction to Poisson's bracket notation, equations of motion in Poisson bracket form,

fundamentals of Poisson's bracket notation, angular momentum and Poisson brackets,

Jacobi's identity.
Hamilton - Jacobi equation of Hamilton's principal function, The Harmonic oscillator

problem as an exampie of the Hamilton - Jacobi Method, Hamilton -Jacobi equation for

Hamilton's characteristic function, Action - angle variables.

Learning Outcomes:

Unit-IV (Dynamics of a rigid bodY)
The Euler angles-frst rotation, second rotation and third rotation, angular momentum
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and inertia tensor, principal axes and principal moments of inertia, rotational kinetic
energy of a rigid body, Euler's equations of motion of a rigid body, torque-free motion
of a rigid body.

Learning Outcomes:

rotation.

of motion.
Unit-V (Special theory of relativity)
Introduction to special theory of relativity, Galilean transformations, principle of
relativity, transformation of force from one inertial system to another, covariance of the
physical laws, principle of relativity and speed of light, Lorentz transformations,
consequences of Lorentz transformations, aberration of light from stars, relativistic
Doppler's effect.
Learning Outcomes:

Course Outcomes:

laws are applicable, can learn constrained motion of rigid bodies in one, two and
three dimensions.

Lagrangian systems and resolve with practical approach.

Text and Reference Books
I .Classical Mechanics by H.Goldstein
2. Fundamentals of Classical Mechanics by J.C. Upadhyaya,
3. Classical Mechanics by Charles P.Poole, John Safl<o 3'd Edition, Parson publications
4.Classical Mechanics by G. Aruldhas, pHI publishers
5. Introduction to special relativity- Robert Resnick.
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I Semester
M.Sc. PhYsics

r}LPH}4-INTRODUCTORY QUANTUM MECHANTCS

Course Objectives:

apply them to solve some quantum mechanical systems

solve complicated quantum mechanical systems

UNIT-I (Schrodinger wave equation and one dimensionalproblem)

Wny qftiZ Revisioi; Inadequac^y of classical mechanics; Schrodinger equation; continuity

.q*tiin; Ehrenfest theorim; admissible wave functions; Stationary states' One-

dimensional problems, wells and barriers. Harmonic oscillator by Schrodinger equation'

Learning Outcomes:
o Students will learn the difference between classical mechanics and quantum

mechanics'

UNIT-II (Linear vector spaces and operators)

Linear vector spaces in Quantum Mechanics: vectors and operators, change of basis'

Dirac's bra and ket notaiions. Eigen value problem for operators' The continuous

,p""t*-. Application to wave mechanics itt oo. dimension' Hermitian, unitary,

projection operators. Positive operators. Change of orthonormal basis, Orthogonalization

procedure, uncertaintY relation.

Learning Outcomes:
o students will learn the mathematical formalism of eigen values, eigen states of

wells and barriers and unitary operators, hermitian operators, which form the

fundamental basis of quantum theory'

UNIT III (Orbital angular momentum)
Angular momentum: iommutation relaiions for angular momentum operator' Angular

Momentum in spherical polar coordinates, Eigen value problem for I? andL,, L + 
"n6 

L-

operators Eigen values and eigen functions of rigid rotator and Hydrogen atom

Learning Outcomes:
o Learn commutations relations for angular momentum operator and its applications

in dailY life
oApplicationtorigidrotator,hydrogen-likeuP'o'andangularmomentum

operators will teacf, the student, ho* io obtain eigen values and eigen states for

such sYstems elegantlY.

UNIT fV (Time-independent perturbation theory)

Time-independent p".t*butiott theory; Non-degenerate and degenerate cases;

applications to (a)normal helium atom ib) Stark effec!- in Hydrogen atom' Variation

-"tftoA. Applicaiion to ground state of Helium atom, WKB method'
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Learning Outcomes:
r To understand the concepts of time-independent perturbation theory and their

applications to physical situations.
o Studying the applications of Non-degenerate and degenerate cases in perturbation

theory
o Learning the variation and WKB methods

UNIT V (Time dependent perturbation theory)

Time dependent perturbation: General perturbations, variation of constants, transition into
closely spaced levels -Fermi's Golden rule. Einstein transition probabilities, Interaction
of an atom with the electromagnetic radiation. Sudden and adiabatic approximation.

Learning Outcomes:
o Students will learn how to use perturbation theory to obtain corrections to energy

eigen-states
and eigen-values when an external electric or magnetic field is applied to a system. Learning the significances of Fermi's Golden rule.e To teach the students various approximation methods in quantum mechanics.

Course Outcomes:

Schrodinger equation, the wave function and iti statistical interpietation, the
uncertainty principle, stationary and non-stationary states, wells and barriers,
harmonic oscillator, as well as the relation between quantum mechanics and linear
algebra including understanding of linear vector spaces. They will master the
concepts of angular momentum and spin, as well as ihe rules foi quantization and
addition of these. Hence they will be able to solve the compiex systems by
approximation method.

Text and Reference books

l. Eugen Merzbacher, euantum Mechanics, Wiley
2. L I Schiff, Quantum Mechanics (Mc Graw-Hill)
3. B crasemann and J D powell, euantum Mechanics (Addison wesley)
4. A P Messiah, Quantum Mechanics
5. J J Sakural, Modem Quantum Mechanics
6. Mathews and Venkatesan euantum Mechanics
7. Quantum Mechanics" by R.D. Ratna Raju
8. Fundamentals of quantum Mechanics, Statistical Mechanics & Solid State physics by

S.P.Kuila, Books and Allied. Kolkata
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I Semester
M.Sc. PhYsics

1 O3PH24.MATHEMATICAL PHYSICS

Learning Objectives:

functions, Fourier series and integral transforms'

Unit-I
Beta & Gamma functions -definition, relation between them- properties'

Legendre,s Difl'erential equation: The Power series Solution-Legendre Functions of

thJfirst and second kind ieneratrng Function- Rodrigue's formula- Orthogonal

Properties - Recurrence Relations-Physical applications' - .

Associated Legendre equation, fthogonal properties of Associated Legendre's

function.
Bessel's Differential Equation: Power series Solution -Bessel Functions of First and

Second kind- Generatini Function -Orthogonal Properties -Recurrence Relations-

Physical aPPlications-

Learning Outcomes:

equations.

problems in the studY of PhYsics'

Unit-II
Hermite Differential Equ ation : Power series S o lution-Hermite po lynomiu\ - -.
Generating Function-Ortirogonality -Recurrence relations -Rodrigues formula- Physical

applications.
Laguerre Differential equations:

Rodrigue's formula- Recurrence

applications.
Learning Outcomes:

Equation.

problems in the studY of PhYsics'

Unit-III
Integral Transforms: Laplace transforms - definition- properties-Derivative of

Laplace transforr*- i"pl;;t transform-of a derivative -Laplace transform of periodic

function- evaluation o i Lup la" 
" 

transforms-Inverse Lap lace trans forms-properties-

evaluation of Inverse Laplace transforms- elementary function method- Partial fraction

method- Solution oiordinary differential equation by using Laplace transformation

method-Fourier series- evaluation of Fourier coefficients- problems-Fourier

Transforms- infinite Fourier Transforms-Finite Fourier Transforms-Properties-

problems.

The Power series Solution-Generating Function-

Relations, Orthogonal Properties- - Physical



Learning Outcomes:

problems and used to understand the analysis of Fourier series.

different tlpes of waves.

Unit-IV
Complex Variables: Function of complex number- definition-properties, analytic
function-Cauchy -Riemann conditions-polar form-problems, Cauchy's integral
lheorern, Cauchy's inte-gral formula- problems, Taylor-'s Series-Laurent's expansion-
Problems, Calculus of Residues, Cauchy's Residue theorenr, Evaluation of Residues,
Evaluation of contour integrals.

Learning Outcomes:

Unit-V
Tensor Analysis: Introduction- Contravariant, Covariant and mixed tensors - Rank of
a tensor - symmetric and anti-symmetric tensors - Invariant tensors, Addition and
multiplication of tensors, outer and inner products- contraction of tensors and quotient
law.
Learning Outcomes:

tensors.

Course Outcomes:
After successfully completing the course, student will be able to:

integral theorems.

mechanics.

mathematical problems relevant to the physical sciences.

Text and reference books:
1. Mathematical Methods for physics. By G.Arfl<en
2' Laplace and Fourier Transforms-by Goyal and Gupta. Pragatiprakashan" Meerut3. Matrices and Tensors for physicists by A W.Joshi'
4. Mathematical.p.hysic_s byB.D.Gupta, vikas publishing House, New Delhi5. Complex Variables, Schaum Series
6. Vector and Tensor Analysis, Schaum Series
7 - Fundamentals of Mathematical physics, 6th Edition by A.B.Gupta, Books and

Allied, Kolkata.
8. Mathematical physics - B.S. Rajput
9. Mathematical physics - Satya prakash
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Semester 1

M.Sc. Physics
IO4PH24--ANALOG AND DIGITAL ELECTRONICS

Course Objectives:

analysis.

Feedback.

electronics.

Instructionset,Addressingmo desandsomeil lustrativepro grammes.

UNIT.I
Semiconductor Devices
Diodes, Junction diode, Tunnel diode, Photo diode, transistors, Silicon controlled
rectifier, Uni junction transistor, Field effect transistor, nET & MOSFET, CMOS,
Opto-electronic devices: Solar cells, Photo detectors, LEDs.
Learning Outcomes:

o ConstructionandworkingofTunneldiode,photodiode,SiliconControlledRectifier,U
ni-junction Transistor.

o Know the Characteristics of FET, MOSFET and CMOS.
o Construction, working and applications of Solar Cells and LED's.

UNIT II
Operational Amplifiers
Differential Amplifier --circuit configurations - dual input, balanced output
amplifier DC analysis
analysis,invertingandnoninvertinginputsCMRR.BlockdiagramofatypicalOp-Amp-
analysis.Open loop configurationinvertingandnon-invertingamplifiers.Op-ampwith
negativefeedback-voltageseriesfeedback- effect of feedback on closed loop gain input
resistance output resistance bandwidth and output offset voltage- voltage follower.
Practical Op-amps
Input offset voltage- input bias current-input offset current, total output offset voltage,

CMRR frequency response. Summing amplifier, Scaling and Averaging amplifiers,
integrator and differentiator.
Oscillators principles, oscillator types frequency stability
responseThephaseshiftoscillator,Weinbridgeoscillator-Multivibrators- Monostable and

a stable -+omparators- Square wave and triangular wave generators- voltage regulators.

Learning Outcomes:
. To learn about the Differential amplifier and then the Operational amplifier, AC

and DC analysis, Characteristics, Effect of Feedback.
. Oscillators Principles, Construction and working of different tlpes of Oscillators.

Clear picture of Multivibrators and then the Comparators using Operational
amplifiers.

UNIT TII
Communication Electronics
Amplitude modulation - Generation of AM waves - Demodulation of AM waves -
DSBSC modulation. Generation of DSBSC waves. Coherent detection of DSBSC
waves, SSB modulation, Generation and detection of SSB waves. Vestigial side band
modulation, Frequency D ivision Multiplexing (FDM).

differential
Ac
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Learning Outcomes:
o Acquiring knowledge in Communication electronics AM &FM, modulation and

Demodulation

UNIT IV
Digital Electronics
Simplification of Boolean expressions: Algebraic method, Karnaugh method, EX-OR,
EX-NOR gates, Combinational Logic gates- Decoder- encodersl Multiplexer (data
selectors)-application of multiplexer - D" multiplexer( data distributors), Sequential
Logic- Flip-Flops: 

_A l- bit memory - the R-S riip - Flop, JK Fhp_Flop'_ JK master
slave Flip-Flop - T- Flip - Flop - D Flip - Flop - stit registers-- Synchronous and
Asynchronous counters - cascade counters - ND to D/A converters.

Learning Outcomes:
r Expressing the Boolean expressions in a simple way, Karnaugh method.o Learning the Combinational Logic Circuits, Multipiexer and Demultiplexer. Learning about the Sequential Logic circuits- Flip-Flops, Registers and

Counters

UNIT V
Microprocessors
Introduction to microcomputers - memory - input/output -interfacing devices g0g5
cPU -Architecture - BUS timings - Demultipiexing ihe address bus - generating
control signals - instruction set - addressing -od., - iilustrative programmes - writingassembly language programmes -looping, counting and indexing - ciunters and timing
delays - stack and subroutine. Introduction to micro controllers-805 | micro controllers-
architecture & pin description.
Data interpretation and analysis-Precision and accuracy- Error analysis, propagation ofeffors. Least squares fitting.

Learning Outcomes:
o Knowledge about the Microprocessor and its Architectureo Learning the Instruction Set, Addressing modes. Writing the programmes using g0g5 instructionso Little knowledge about g05l Microcontroller

Course Outcomes:
At the end of the course the student is expected to assimilate the following andpossesses basic knowledge of the following.

optoelectronic devices such as Diodes, transistors, Solar Cells, photo detectors
and LEDs.

and DC Analysis, Characteristics, bffect of Feedback.

Demodulation

Text and Reference Books



I . Electronio devices and circuits-G.K.Mitha(Khanna)
2. Integrated Elechonics- Jacob miltman & c.c. Halkies(TMII)

t. Op-A-ps & Linear integratef circuits- Ramakanthl'G-ryf*
;: 6 d;rt r-io"* iotef,ated circuits- D. Mahesh Kumar(MacMillan)

.-tl D T ^^,
;: ;"d;il;.;fi;J aiprications by A.p.Matvino and Donald P.Leech rMH lee3

-:aLotro < /QnQ(t -'D amacl
6. Microprocessor.

S.Gaonkar, WielY-Eastem I 987'

Z. Oigit"f Bi""ttonics: An Introduction to theory and Practical - WilliarnH'Gotnman'
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I Semester
M. Sc Physics

PRACTICAL - I
f0sPH24-General physics and Optics

Planks constant.

Twin - T- Filter.

Newton's Rings.

Diffraction Grating - Normal incidence.

Thermistor

Mesh Method

I Semester
M. Sc Physics

PRACTICAL _ II
IO6PH24-ELECTRONICS

single stage R-c coupled common emitter transistor amplifier.

I-V characteristics of UJT.

Astable multivibrator.

Zener - Diode as voltage regulator.

Relaxation oscillator.

V-I characteristics of Light Dependent Resistor (LDR).

RC-phase shift oscillator.



Semester 2
M.Sc. Physics

Academic Year 2022-23 Amended
zOLPIilz4. STATISTICAL MECHANICS

Course Objectives:

calculating probability for various statistical systems of particles.

systems

UNIT I (Fundamentals of classical statistical mechanics)
Relation between statistical mechanics and thermodynamics, Phase space, Ensembles-

micro canonical, canonical and grand canonical ensemble, density distribution in the

phase space, Liouville's theorern, equipartition of energy theorenr, microstates and

macrostates.
Learning Outcomes:

o To learn postulates of classical statistical mechanics and Ensembles.

o To study density of states Liouville's theorem and paradox.

UNIT-II (Ideal gas in various ensembles)
Classical ideal gas in micro canonical ensemble, partition function for micro canonical

ensemble, Gibb's paradox,
partition function for Canonical ensemble, thermo dynamical function for Canonical

ensemble, partition fu nction
for Grand canonical ensemble, thermodynamical function for Grand canonical ensemble.

Learning Outcomes:
o To know about partition function in different ensembles.

o To study the Gibb's Paradox.

LINIT III (Energy fluctuation and distribution function)

Energy fluctuation in micro canonical ensemble, energy fluctuation in canonical

ensemble, density fluctuation in Grand canonical ensemble, energy fluctuation in Grand

canonical ensemble. Maxwell-Boltzmanndistribution, Bose-Einstein distribution, Fermi-

Dirac distribution. Darwin-Fowler method.

Learning Outcomes:
o To study the features of Maxwell-Boltzmann statistics.

o To derive the Bose-Einstein distribution.

UNIT IV (Molecular partition function)
Molecular partition function- Translational partition function, Rotational partition

function, Vibrational partition function, Electronic and Nuclear partition function,

application ofrotational partition function, application of vibrational partition function in

solids.

Learning Outcomes:
o To learn electronic and nuclear partition function.
o To acquire knowledge about vibrational partition function in solids
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LINIT V (Ideal Fermi and Bose Gas)
Equation of state of an ideal Fermi gas, theory of White dwarf stars, Landau
diamagnetisnr, Photons, Phonons in solids, Bose-'Einstein condensation, thermionic
emission, magnetic susceptibility of free electrons, Brownian motion of a molecule.

Learning Outcomes:
o To learn about Ideal Fermi gas and to derive equations.o To acquire knowledge about Bose- Einstein condensation.

Course Outcomes:

ofevents.

can easily distribute bosons, fermions and cLssicaf particles among 
"rr"rgylevels.

electron system.
Text and Reference Books:

l. Statistical and Thermal physics by S. Lokanadhan and R.S. Gambhir (pHD.
2. Statistical Mechanics by K. Huang (Wiley Eastern)
3. statistical Mechanics: Theory andapplications by s.r. sintra
4. Fundamentals of Statistical and Thermal physics by F. Reif
5. statistical Mechanics by Gupta and Kumar, pragatiprakashan pub. Meerut.
6.Statistical Mechanics by Satya prakash.
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Semester 2
M.Sc. phvsics

2O2PH24 SOLID STATE PIIYSICS

Course Objectives:

understand the gradual development of the subject r"g.oing solid state matrer.

association and regular, periodic arrangement in crystals.

emphasis on the elementary band theory of semiconductors.

UNIT I
CRYSTAL STRUCTURE: Periodic array of atoms-Lattice translation vectors andlattices, symmetry operations, The Basis and the Crystal Structure, primitive Lattice cell,Fundamental types of lattices-Two-Dimensional lattice;;;;, three-Dimensional latticetypes, Index system for crystal planes, Packing densitf'SC, gcC and FCC, simplecrystal structures-- sodium chloiide, cesium ctloride,"diamond structures and, zncSulfide.
Learning Outcomes:

To understand the arrangement of atoms and the possible arrangements in solidstate materials.
To know about different parameters regarding the structure of the materials andcrystal planes.

t Discussing structures of some familiar materials NaCl, CsCl, diamond and ZnS.

UNIT II
CRYSTAL DIFFRACTION AND RECIpRocAL LATTICE: Bragg,s raw,Experimental diffraction methods- Laue method and powder method, orii'ution orscattered wave amplitude' Geometrical Structure Factor, Reciprocal lattice, Reciprocallattice to SC lattice, BCC lattice and FCC. rattice, Propertiesof reciprocal lattice,
B ri I lou in Zone, Neutron di ffract ion, Electron d iffract ion.
Learning Outcomes:

o clear understanding of X-ray diffraction techniques like Laue, powder methodsusing Bragg's law.
o To know some useful parameters about cubic and non-cubic crystal systems.o Understanding of positions of the atoms in a unit cell further useful to obtainknowledge on reciprocal lattice for different svstems.

UNIT III
Lattice vibrations and rhermal Properties: Elastic waves in one dimensional array ofidentical atoms' vibrational modes of a diatomic linear lattice and dispersion relations.Acoustic and optical modes. Infrared absorption in ionic crystals. phonons andverification of dispersion relation in crystal lattices. ruttic" i"ut capacity- Einstein andvibrational modes of continuous medium-Debye theory. origin oi trr".-ut 

"*punrionand Gruneisen relation.
Learning Outcomes:

o To obtain expressions for one dimensional linear lattice and diatomic lattice.o Distinguish between acoustical and optical modes.o Understand the importance of Einstein,s theory and Debye,s theory.

n Nj6-L
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UNIT IV
FREE ELECTRON FERMI GAS: Failures of free electron theory of metals (eualitative
only) Energy levels and density of orbits in one dimension, Free electron- gas in 3dimensions-Fermi-Dirac distribution function and variation of Fermi function withtemperature (Qualitative. only)-Density_.of states-Heat capacity of the electron gas,Experimental heat capacity of metals--Electrical conductivity and ohm,s law-Thermal
conductivity of metals-Wiedemann-Franz law-Motion of magnetic field-Hall effect.
Learning Outcomes:

o Understanding the classical free electron theory - their failure and quantum free
electron theory.

o Understanding about erectrical and thermal conductivitv.

I]NIT V
THE BAND THEORY oF SOLIDS: Nearly free electron model, origin of the energygap, The Block Theorem, Kronig-Penny Mode[ wave equation of election in a periodicpotential, Approximate solution near a-zone boundary Effective mass of electrin, Thedistinction between metals, insulators and semiconduciors.
Learning Outcomes:

o Understanding the conduction, valance bands and reasons for energy band gap.o Understanding about the band theory of solids and must be able to differentiate
insulators, conductors and semiconductors.

Course Outcome:

miller indices, reciprocal lattice, co.rcepi of Brillouin zones.

physics by covering structural aspects like lattice cell parameters which are
- studied by diffraction techniques.

insulators and semiconductors.

Text and Reference books:
1. Introduction to solid state physics, c. Kittel, sth Edition,
2. Solid State physics, A.J. Dekker.
3. Solid State physics, S.O. pillai 7th Edition
4. Solid State Physics H.c. Gupta, vikas publisher, Noida, 2nd Edition5' Fundamentals of quantum Mechanics, Statistical Mechanics & Solid state physics byS.P.Kuila, Books and Allied, Kolkata
6. Solid State Physics, M.A. Wahab, Narosa publishing house.
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Semester
M.Sc. physics

203P1124 -QUANTUM DYNAMIC S AND SCATTERING THEORY

Course Objectives:

I To develop understanding of scattiring theory

mechanical systems

UNIT-I (Spin and Total angular momentum)

Introduction to spin and total angular momenfum, spin angular momentum and pauli,s
spin matrices, total angular momentum J. 

"*pii"it 
riatrices for i,j.,i,*1"

combination of two angular moment and tensor operator, Clebsch-Gordan coefficientJ
for jrll2, jz:l/2 and jr:I, j2:I/2, Wigner-Eckarttheorern.

Learning Outcomes:
o The students will be able to grasp the concepts of spin and angular momenrum,

as well as their quantization and addition rules.
o Students will learn the mathematical formalism of Clebsch-Gordan coefficients

quantum theory.

UNIT II (Quantum dynamics)

Introduction to quantum dynamics, equation of motion in Schrodinger picture and
Heisenberg picture, correspondence between the two, correspondence wiih classical
mechanics, application of Heisenberg picture to harmonic oscillator, interaction picture.
Learning Outcomes:

o Learn mathematical expressions for Schrridinger picture and their applications.o Students will learn the application of Heisenberg picture.

UNIT III (Identical particles)
The indistinguishability of identical particles - the state vector space for a system of
identical particles - creation and annihilation operators- continuous one particle system-
dynamical variables - the quantum dynamics of identical particle systems.
Learning Outcomes:

o students will learn the physical significance of identical particles.
o The students will be able to grasp the concepts of quantum dynamics of identical

particle systems
UNIT IV (Scattering Theory)
Introduction of scattering - notion of cross section - scattering of a wave packet-
scattering in continuous stream model - Green's function in scatlering theory I Bo-
approximation - first order approximation - criteria for the .t utidity tf go-
approximation" form factor scattering- scattering from a square well potential - partial
wave analysis - expansion of a plane wave - optimal theorim -scattering from a ,quup
well potential.

ffiff



Learning Outcomes:
o Acquiring knowledge in sscattering theory. Studylng the applications of Green's function and

Scattering Theory.
Born approximation in

UNIT V (Molecular euantum Mechanics)
Introduction to molecular quantum mechanics,
the hydrogen molecule ion - the valance bond
Comparison of the methods - Heitler_London
2e4).
Learning Outcomes:

o Students will gain theknowledge about the Born-Oppenheimer Approximation
' Learning the significances ofHeitler-London methoio Knowing the importance of different methods involved in Molecular euantumMechanics

Course Outcomes:

concepts.

target quantum system.

Text and Reference Books
L Merzbacher, euantum Mechanics
2. L I Schiff, Quantum Mechanics (Mc Graw_Hill)
3' B crasemann and J D poweil, euantum Mechanics (Addison wesley)4. AP Messiah, euantum Mechanlcs
5. J J Sakural, Modem euantum Mechanics
6. Mathews and Venkatesan euantum Mechanics
7. Quantum Mechanics, R.D. Ratna Raju
8. Quantum mechanics by Kakani and bhandaliya
9. Atkins P, Molecular euantum Mechanics, Oup 1996(T)

the Bom-Oppenheimer approximation -
method - the molecular orbital method_
method (Ref: Atkins, Chapter-g, Z7g-



Semester 2

I O 4PH2 4-CO MPUTA"O*Xf ililI{i&, AND PRO GRAMMING

Course objective:

equations

simple programs

I Acquiring knowledge about control statements, iurays and user defined functions

UNIT-ILinear, Nonrinear Equations and simurtaneous Equations
Linear and Nonlinear Equations: solutions of Algeb.ai" and transcendental equations-Bisection, False position and Newton-Raphson Lethods-Basic principles-Formulae-
Algorithms simultaneous Equations: Solutions of simultaneour ri""i, 

"q""tions 
-

Gauss elimination method' Jacobi and Gauss seidel iterative methods-Basic principles-
Formulae-Algorithms

Learning outcomes:
e Learning the solutions to the linear equations , Algorithmsr Learning the solutions to the Non-linear equations, Algorithmsr Solutions to the simultaneous equations and Algorithmso Learning Iterative methods for solutions and the Algorithms

UNIT-II Interpolations, Numerical differentiation and integration
rnterpolations: ConcepJ-of linear interpolation-Finite differences-Forward, Backwards
and central differences-Newton's and Lagrange's interpolation formulae-piinciples und
Algorithms
Numerical differentiation.and integration: Numerical differentiation-algorithm for
evaluation of first order derivatives using formulae based on Taylor's series'-Numerical
integration-Trapezoidal and simpson's i3 rule-Formulae-Algorithms, Solution of first
order differential equation using Runge _ Kutta method.
Learning outcomes:

r Learning various concepts of interpolations along with their principals and
algorithms.

t Learning Taylor's series formulae and algorithm for evaluating first order
derivatives

r Learning Trapezoidal and simpson's l/3 rule-Formulae, Algorithms for
numerical integration.

o Learning Runge - Kutta method for solutions to first order differential equation

UNIT-III Fundamentals of C Language and Operators
Fundamentals of C Language:
C Character set -Identifiers and Keywords-Constants-Variables-Data tlpes-Declarations
of variables -Declaration of storage class-Defining symboli" 

"onstarit, -nrrign-"ntstatement.
Operators - Arithmetic operators-Relational operators-Logic operators-Assignment
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operators- Incremenl and decrement operators {onditional operators- Bitwise operators.
Arithmetic expressions - Precedence of arithmetic operators - Tlpe convirters in
expressions - Mathem_atical (Library) functions - data input and onput - The getchar
and putchar functions-Scanf- printf -simple programs.
Learning outcomes:

o Acquiring knowledge about C character set.
o Understanding different types of operators.
o Acquiring knowledge about arithmetic operators, mathematical functions, data

input and output functions
o Writing the programmes using C character functions.

uNrr-rv control statements, Arrays and User Defined functions
Control statements and Arrays: If-Else statements -Switch statement-The operator -Go ro -while, Do-while, FoR statements-BREAK and coNTINUE statements.
Arrays: One dimensional and two dimensional arrays -Initialization -Type declaration-
Inputting and outputting of data for arrays -Programs of matrices addiiion, subtraction
and multiplication
User Defined functions: The form of C functions -Return values and their types -calling a function -- category of functions. Nesting of functions- R";*r;;:'ANSI cfunctions-Function declaration. Scope and life time of variables in functions.
Learning outcomes:

. Learning different types of control statements and arrays.o Little knowledge about Initialization, Tlpe declaration, Inputting and outputtingofdata for arrays.
o Acquiring knowledge on various user defined functions.o Learning about function declarations and lifetime of variables in functions.

UNIT V-MATLAB and Applications:
Basics of Mat lab- Mat lab windows - on-line help- Input-output-File tlpes-platform
Dependence-creating and working with Arrays of Numbers - creating, saving, protsprinting Matrices and vectors -- Input - Indexing - matrix Manipulation-creatingvectors Matrix and Array operations Arithmetic -operations-Relational 

operations -Logical operations - Elementiry math functions, Mairix functions - Character StringsApplications- Linear Algebra,-solving a linear system, Gaussian elimination, Finding
liqen vafugs and eigenvectors, Matrix factorizations, Curve Fitting and Interpolation -Polynomial curve fitting on the fly, Least squares curve fitting, General nonlinear fits,Interpolations.
Learning outcome:

o Learning basic knowledge of MATLABe Understanding various operations and functions in MATLAB
Acquiring knowledge about curve frttings using MATLAB

Course outcome:
At the end of the course the student is expected to assimilate the following and possesses
basic knowledge of the following.

differentiation and integration

output functions, program writing using c character functions
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To write progr:uns of matrices addition, subtraction and multiplication using
alTays
Application ofMATLAB

Text and Reference Books
1. Numerical methods, v.N.vedamurtly, N.ch.s.N.Iyengar, FirstEdition(vpH)
2. Couputer Oriented Numerical Methods-V. Raja n"rl--foottn edition(pHl)3. Y. Kirani Singh and B. B.Chaudhuri, MATLAB Programming, printice-Hall

India" 2007
4. Rudra Pratap, Getting Started with Matlab 7, Oxfor4 Indian University Edition,

2006
5. Stormy Attaway: A Practical introduction to programming and problem solving,

Elsevier 2012
6. Numerical Methods, E. Balaguruswamy, Tata McGraw Hill
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Course Objectives:

and decay theory Nucleus of lattice.

extensively discussed in this coruse.

and important applications in nuclear physics.

UNIT-I (Nuclear Forces)
Mass defect, Binding energy, nuclear magnetic dipole moment, electric quadruporemoment, characteristics of Nuclear Forces, gro*d state of deuteron, qrrutituti.,r"
discussion of neutron-p^roton scattering at 1ow inergies, ptoto* proton scattering at lowenergies, saturation of nuclear forcis, Meson tileo.y of nuclear forces( yukawa,s
Potential).
Learning Outcomes:
To study the primary concepts in Nuclear physics and domains, instability, Energy levels, mirrornuclei.

' characteristics of Nuclear Force and Ground state of deuteron.' Discussions onscattering cross-sections, neutron-proton andproton- proton scattering atlow energies.

' Knowledge about charge independence, spin dependence ofnuclear forces.. Meson theory of nuclear forcei.

UNIT-II (Nuclear Models and Nuclear Decay)
weizsacker semi-empirical mass formula, iiquid drop model, Bohr -wheeler theory ofnuclear fission, Nuclear shell model-square well of infinite depth, harmonic oscillatorpotential, spin-orbit potential. Gamow's theory of Alpha decay process, Fermi,s theoryofB - decay.
Learning Outcomes:r Complete knowledge on concepts in Nuclear Models.

' Alpha decay process, Energy release in Beta-decay, Fermi,s theory of B - decay,
selection rules and parity violation in p _decay.

UNIT-III (Nuclear Reactions and Nuclear Energy)
Tlpes of nuclear reactions, conservation laws of-nuclear reactions, Nuclear reactionkinematics - the Q - equation, threshold energy- Nuclear cross section.
Nuclear fission, tlpes of fission, nuclear triion and thermonuclear reactions, generalaspect ofreactor design, classification ofreactors-research reactors and power reactors.

Learning Outcomes:

' Knowledge on various kinds of nuclear reactions and conseryation laws.
' Detailed information on nuclear kinematics, !: a - equation, threshold energy.' Explanations on various concepts of nuclear Fissiin.
' Tlpes of nuclear reactors and subject on nuclear chain reaction.
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UNIT-ry (Particle Accelerators)
Introduction, Classification of accelerators, Electrostatic accelerators - Cockcroft-
Walton accelerator, Van de Graff accelerator, Linear accelerators - Drift tube
accelerators , Wave guide accelerators - Low energy circular accelerators - Cyclotron
(fixed frequency )and Betatron accelerator.

Learning Outcomes:
. Knowledge on Classification of accelerators.r Types of Linear accelerators and Low energy circular accelerators.

UNIT-V (Elementary Particle Physics)
Classification of elementary particles, particle interactions, conservation laws (linear
momenturn, angular momentun; energy, charge, baryon number, lepton number,
isospin, hyper charge, strangeness quantum number), Elementary ideas of CP and CpT
invariance, SU(2), SU(3) multiplets, Quark model.

Learning Outcomes:

' Classification - Particle interactions and families, symmetries and conservation
laws

r Elementary ideas of CP and CPT invariance, SU(2), SU(3) multiplets and Quark
model.

. Knowledge on dissimilar applications in nuclear physics.

Course Outcomes:

Text and Reference books
1. Nuclear Physics by D.C. Tayal, Himalaya publishing Co.,
2. IntroductoryNuclear Physics by Kenneth S. Krane
3. Introduction to Nuclear Physics by Harald A. Enge
4. Concepts of Nuclear Physics by Bernard L. Cohen.
5. Elementary particle physics- M.J. Longo
6. Introduction to Elementary Particles by D. Griffiths
7. Nuclear Physics by S.B. Patel, Wiley Eastern Ltd.,
NOTE: Question paper contains FM questions with internal choice have to be set

from each unit. Each question carries 14 marks.
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Semester 3
M.Sc. physics

302pH24_ ADVANCED QUANTUM MECHANICS

Course Objectives:

presence of electromagnetic fields

under Lorentz transformations, getting knowledge on charge conjugation

second quantization.

Unit - I (Klein -Gordon and Dirac equation)

Klein -cordon equation --continuity equation (probability and Current density) - Klein -Gordon equation in presence of electromagnetic field - Dirac equation (for a free particle)- probability and Current density - constants of motion - Dirac equation in p..s.n.. orelectromagnetic fields
Learning Outcomes

o Derivation of Klein -Gordon equation for a free particle and in the presence ofelectromagnetic fields
o Variation of Dirac equationin case of a free particle and electromagnetic field.o continuity equation in the absence (free pu.ti.t"y and presence of e.m.field

Unit - II (Applications of Dirac's equation)

Hydrogen atom - covariant notation - covariance of Dirac equation- invariance of Diracequation under Loreru transformation - pure rotation and Lorentz transformation. chargeconjugation - hole lheorv31d charge conjugation - proi."iion operators for energy andspin- bilinear covariant - Dirac equation roi z-ero ,nur, 
"na 

,pin % particles.
Learning Outcomes

r To learn about Hydrogen atom under the quantum effects and Dirac equation,
Knowing information on Lorentz transforrnation, charge conjugation

Unit - III (Quantization of classical field) 
. !

Introduction for quantization of fields - concept of field Hamiltonian formulation ofclassical field - real scalar field Schrodinger field - Dirac field - Maxwell,s field -quantum equation of the field - quantization of real scalar field and second quantization -quantiz-ation of complex scalar field - quantization of Schrodinger field - quantization ofDirac field.
Learning Outcomes

o Basic concepts of quantization of fields, derivation and problematic approaches toDirac and Maxwell,s fields.
o Concept of Second quantization and scalar fields.

Unit - IV (Quantum theory of radiation)
classical radiation field, creation, annihilation and number operators, quantized radiationfield' Emission and absorption of photons by atoms, nayteigtr s"atterirrg Thomsonscattering, and the Raman effect, radiation damping urid i"rorrurr"" i.ror"r""nr",
dispersion relations and causality, the self-energy of a bound electron: the Lamb shift.

t



Learning Outcomes
r Students should be able to understand radiation fields representation in semi

classical approaches.
o To know the representation and analysis of the self-energy of a bound electron.
o To understand the various scattering methods such as Thomson Scatterings.

Unit - V (Relativistic quantum mechanics)
Probability conservation in relativistic quantum mechanics,the Dirac equation, simple
solutions, non relativistic approximation, plane waves. Relativistic covariant, bilinear
covariants, Dirac operators in the Heisenberg representation, Zitterbewegung and
negative-energy solutions, central force problem., the hydrogen atonr, hole theory and
charge conjugation, qlantaation of the Dirac filed, weak interaction and parity non
conservation., the two-component neutrino.
Learning Outcomes

o Students should be able to understand Relativistic covariant
o To know the representation and analysis of Zitterbewegung solutions
o To understand the Dirac filed.

Course Outcomes

in quantum theory works on free particles and in the electromagnetic field.

Text and Reference books
1. Advanced Quantum Mechanics by J.J. Sakurai
2. Relativistic Quantum Fields. Vols. I & II byBjorken and Drell
3. Quantum Field Theory by Mandl
4. Particles and Fields by Lurie
5. Quantum Theory of Fields. Vols. I & II by Weinberg
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Semester 3
M.Sc. Physics

303PH24. CONDENSED MATTER PITYSICS .I

Course Objectives:

dynamics and thermal neutron scattering would be extensively discussed in this
course.

defects in ionic crystals.

hole interaction in single ionsand Lattice defect in ionic crystals and estimation
of concentration of defects in ionic crystals. Thallium-activated alkali halides,
The sulfide phosphors, Electrolumin"r".nr..

thermal conductivity- phonon mean free path.

orbital Angular Momentum.

UNIT-I
Defects: Properties of metallic lattices and simple alloys: The structure of metals --classification
of lattice defects. Configurational -entropy -The number of vacancies and interstitial as functionof temperature -The formation of lattice iefects in metals. Lattice defect in ionic crystals andestimation of concentration of defects in ionic crystals. Edge andscrew dislocation The Frankread mechanism of dislocation multiplication.

Learning Outcomes:

o Properties, structure and classification of metal alloys and their defects,o Estimation of lattice defects in ionic crystals.o To know how to form lattice defects in metals.o To learn about the Frank read mechanism of dislocation multiplication.

UNIT.II
optical Properties: optical and thermal electronic excitation in ionic crystals, Theultraviolet spectrum of the alkali halides; excitons, Illustration of electron-holeinteraction in single ions, Qualitative discussion of the influence of lattice defects on theelectronic levels, Non stoichiometric crystals containing excess metal, Thetransformation of F centers into Fr centers and vice versa, coagulation of F centers andcolloids, color centers resulting from excess halogen, Color centers produced byirradiation with X-rays.
Learning Outcomes:

' optical and thermal electronic excitation of ionic crystals and Illustrate theelectron-hole interaction in single ions.o The transformation of F centers into F1 centers and learn about photoconductivity
in crystals containing excess metal.

o General remarks about Luminescence Excitation and emission, Decay
mechanisms.

o To know about Thallium-activated alkali halides, sulfide phosphors andElectroluminescence.

rr*r$.hflffivSr;,ii:$ffIli.PhDt'.*"*ii*1;19*r*,
u$'J*-Y'lu;iii'reA"l?g"NX;'

l^rirro0



o Learning the Non stoichiometric crystals containing excess metals.
UNIT-III Photoconductivity and Luminescence
Excitons: Weakly bound and tightly bound - Photoconductivity - Simple model -
Influence of traps - Space charge effects - Determination of photoconductivity.
Luminescence Various tlpes- Thermoluminescence, Electroluminescence,
Photoluminescence, Cathodoluminescence and Chemiluminescence - Excitation and

emission - Decay mechanisms - Applications.
Learning Outcomes:

o To know about photoconductivity and various traps and their effects.
o General remarks about Luminescence Excitation and emission, Decay

mechanisms.
o Learning the applications of decay mechanisms..

UNIT IV: Semiconductor Physics
Intrinsic and extrinsic semiconductors -Fermi level, Expressions for electron and hole

concentrations in intrinsic and extrinsic semiconductors- Variation of Fermi level with
temperature - np product - Carrier mobility, conductivity and their variation with
temperature - Direct and indirect band gap semiconductors - Differences and examples

-Continuity equation - Drift and Diffusion - Einstein relation -Recombination of
electron -hole pairs - various recombination mechanisms'
.Learning Outcomes:

o Knowledge about the importance of semiconductors.
r To know about the variation of Fermi level with temperature.

r To know about the direct and indirect band gap semiconductors

o Learning with various recombination mechanisms.

UNIT V
Magnetic Properties of Solids: Quantum theory of Para magnetisrn, Crystal Field

Splitting, Quenching of the orbital Angular Momentunr, Ferromagnetism Curie point

and the Exchange integral, Saturation Magnetization at Absolute Zero, Magnons,

Bloch's T3'2 law. Ferromagnetic Domains. Antifenomagnetisnr, The two-sublattice

model, Superexchage interaction Ferrimagnetism, The structure of ferrites, The

saturation magnetuation, Elements of Neel's theory. (Solid State Physics by C. Kittel
Chapters 14 and 15)
Learning Outcomes:

o Ferromagnetism Curie point and the Exchange integral, Saturation Magnetization at

Absolute Zero,
o To learn about the Ferromagnetic Domains. Antifenomagnetisrrl
o To study the saturation magnetization and Elements of Neel's theory.

Course Outcomes:

lattice dynamics and Luminescence Excitation and emission, Decay mechanisms

spectroscopy.

numerical calculations needed for understanding the quantum theory of solids.

Text and Reference Books
l. Madelng: Introduction to Solid State theory
2. Callaway: Quantum theory of solid state

3. A.J. Dekker: Solid state physics
4. C. Kittel: Solid State Physics
5. Introduction to Semiconductor materials and devices -MS 'Tyagi , Wiley
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6. Solid State Physics S.O. pillai New Age International

Semester 3
M.Sc. Physics

3O4PHa4.CONDENSED MATTER PHYSICS -II

Course Objectives:

quantum mechanics for Dielectric studies.

UNIT.I
Elements of group theory: Introduction to crystallographic point groups, the five platonic
solids, procedure for symmetry classification of rioleculei, clais, matrix notation for
geometrical transformations, matrix representation of point groups, reducible and irreducible
representations, great orthogonality theorem and its *nr"qi"o"es, Character tables for C2y
1nd 

C:v point groups, Mullikan symbolism, Symmetry rp""i"r.
Learning Outcomes:

r Learning concepts of mechanics crystallography via point groupso Study the classification of point groups and matrix and notation representations.o In view of Competitive exams problematic and derivational tactics through
characteristics tables and symmetry species.

Unit II
Elements of Ligand field theory& Electronic spectra: Concept of ligand field and crystalfield. Free ion configurations- tlrms and states.berivation of free ion terms fJ;i #ff;configuration. Energy ordering of terms- Hund,s rules.
Learning Outcomes:

o Learning theories of Elements of Ligand field theory & Electronic spectra with ligandfield and crystal field.
Unit III Crystal fields parameters
Strength of crystal fields, Crystal field potentials for 01 and Ta fields. Meaning of Dq.construction of ligand field energy level diagrams- effeci of weak crystal fields on terms.Splitting due to lower symmetries Electronic slectra of dr and o'rv.r""ir.f-s iiigru., *itt,specific examples.
Learning Outcomes:

o Creating interest toward research via theory, calculation and pictorial presentation T-S
diagrams and crystal field theory.

Unit-IV
Dielectrics: Macroscopic description of the static dielectric constant, The static electronicand ionic polarizabilities of molecules, orientational Polarization, The static dielectricconstant of gases. The internal field according to Lorentz, ihe static dielectric constant ofsolids, Classius-Mosetti equation, The .o-pl"" dielectric constant and dielectric losses,Dielectric losses, relaxation time and Debyels relations, Cole-Cole diagrams. The classical
theory of electronic polarization and optical absorption.
Learning Outcomes:

o Learning concepts of Dielectrics and polarization
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o Study the fields through Lorentz field and pictorial representation to understand Cole-
Cole diagrams.

Unit V
Ferroelectrics: General properties of ferroelectric materials. Classification and
properties of representative ferroelectrics, the dipole theory of ferroelectricity, objections
against the dipole theory, Ionic displacements and the behaviour of BaTiOE above the curie
temperature, the theory of spontaneous polarization of BaTiOt. Thermodynamics of
ferroelectric transitions, Ferroelectric domains.
Learning Outcomes:

. Learning concepts of ferroelectric materials.
o Creating interest toward research via theory and thermodlmamics of ferro electric

transitions.

Course Outcomes:

diagrams.

done.

Text and Reference Books
1. Chemical applications of group theory by F.A. Cotton
2. Spectroscopy of molecules by Veera Reddy
3. Solid State Physics by A.J.Dekker (Macmillan)
4. Solid State Physics by C.Kittel
5. Advanced inorganic chemistry by F.A. Coffon & G. Wilkinso
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Semester 3
M. Sc Physics

PRACTICAL - I
3OsPH24-MICROPROCESSOR & C PROGRAMMING

Multiplication by repetitive addition

Multibyte addition.

Decoding the number in ASCII.

Interchanging the digits in a two digit number.

Addition of two matrices.

Surface Area, volume of sphere and cone.

Trace of a matrix

Distance between the two points.

Given number is a prime or not.

Transpose of a given matrix.

Semester 3
M. Sc Physics

PRACTICAL - II
3O6PH24.CONDENSED MATTER PHYSICS

Specific heat of Graphite.

IV characteristics of solar cells.

Internal series Resistance of Solar cells.

Dielectric constant of Ferro electric material.

Series and parallel combination of solar cell.

Coefficient of thermal expansion.



Semester4
M.Sc. Physics

4OLPH}4-ELECTROMAGNETIC THEORY, LASERS AND
MODERN OPTICS

Course Objectives:

UNIT-I Electromagnetic Waves
Electromagnetic Theory: Maxwell's equations -General wave equation-Propagation of
light in isotropic dielectric medium-Propagation of light in conducting medium -Skin
depth -Laws of reflection and refraction at the boundary of a dielectric interface-

Frisenel's equations-Poynting's theorenrNon-Uniqueness' of electromagnetic potentials

and Gauge transformations (Coulomb and Lorentz gauge).

Learning Outcomes:

as its aims.

electromagnetic waves in media.

Maxwell's equations.

UNIT-II Electromagnetic Radiation
Electromagnetic Radiation -Retarded Potentials -Radiation from an Oscillating dipole -
Electric quadrupole- radiation-Linear Antenna -Lienard-Wiechert Potentials-

Electromagnetic fields of a uniformly moving point charge-Radiation from an accelerated

charge at low velocity-Larmor's formula.
Learning Outcomes:

from different accelerated charges, as well as its aims'

UNIT-III Lasers
Lasers: Introduction - directionality- brightness- monochromaticity- coherence - relation

between the coherence of the field and the size of the source - The Einstein coefficients -
Population inversion-Pumping schemes - attainment of population inversion - two level

- three level and four level pumping . Optical feedback: the optical resonator-Quality

factor- laser power and threshold condition confinement of beam within the resonator.-

line broadening mechanisms - natural, collision and Doppler broadening-Types of
Lasers:, He-Ne Laser, Semiconductor GaAs laser, COz Laser, Nd-YAG Laser-
applications of lasers.

Learning Outcomes:

I\*-'l-tUf-
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Students will learn the importance of absolption and emission processes in lasers.
Students will acquire the knowledge aboutipplications of lasers in different fields

UNIT -fV Non linear Optics and Holography
Basic Principles- Harmonic generation --second harmonic generation-phase matching -Third Harmonic generation-optical mixing -Parametric leneration of light -parametriclight oscillator- Frequency up conversion-Self focuiing of light-Introduction toHolography- Recording and reconstruction of Hologra*guri" theory of Holography-Diffirse obje ct il lumination- Speckle pattern 

-Applicai ions o f Ho ro g.upiry.
Learning Outcomes:

: Acquiring knowledge on Non linear optical devices and Holographic materials

generation

lasers

UNIT-V Fiber Optics
Introduction - total internal refraction --optical fiber modes and configurations- fibertypes - step index fiber struchues - singli mode fibers-Graded index fiber structure -Fiber materials and.fabrication- wave guide equation- *arr" equations for step indexedfibers - modal equation - attenuation --signal distortion on optical wave guides - Blockdiagram offiber optic communication system - Applications of optical fibers.Learning Outcomes:

I Learning the physical significan"r. of diff.rent types of fibers

Course Outcomes:

: lAjt 
the completion of this course students will be able to

. linear optics and fibre optics

day life

Text and Reference Books
1. Introduction to Electrodynamics by D.J.Griffiths, prentice-Halr, India
]. llectromagnetics by B.B. Laud, Witry _Eastem, New Delhi.
3. Modern Optics by Fowels
4' Laser and their applications by M.J. Beesly, Tayror and Francis , 1976.5' Laser and Non-Linear optics 

-by 
B.B. Laud, wiley Eastern Ltd.,l9g3.

6. Optics by E. Hecht, Addison Wiley, D7+.
7. optical fibers communications by Gerel Keiser, McGraw Hill Book, 2000.
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Semester 4
M.Sc. Physics

402PH24. ATOMIC, MOLECULAR AND RESONANCE SPECTROSCOPY

Learning Objectives:
. The subject of Molecular and Solid State Spechoscopy has reached a significant

advancement in high-precision experimental measurement techniques.

. The main objective is to teach the students the basic atomic and molecular

(diatomic) structures with quantum mechanical approach leading to their

fundamental sPectroscoPies.

UNIT I: Atomic Absorption Spectroscopy
Introduction - Principle - Differences between Atomic Absorption Spectroscopy and

Flame Emission Spectroscopy- Advantages of Atomic Absorption Spectroscopy over

Flame Emission Spectroscopy-Disadvantages of Atomic Absorption Spectroscopy-

Applications of Atomic Absorption Spectroscopy.

Learning Outcomes:
o To know about atomic structure and how they absorb the energy.

o To learn about different absorption techniques.

Unit-II: Absorption spectrophotometer
Introduction-Beei's law.Absorptivity-W and Visible absorption-Instrumentation-Block

diagram of spectrophotometer-gratings and prisms-radient energy sources-filters-

pho-tosensitive detect-ors-barrier layer cells-photo emissive cells-photomultiplier tubes.

Relation between absorption in the visible and UV region and molecular structure.

Learning Outcomes:
o To know about absorptiontechniques.
o To acquire knowledge about absorption process and instrumentation.

Unit-III: Raman spectroscopy- Introduction-Theory of Raman scattering-Rotational

Raman spectra-Vibrational Raman Spectra-Laser Raman Spectroscopy - Sample

Handling techniques-Polarisation of Raman Scattered light-Fourier Transform (FT)

Raman Spectroscopy and its additional advantages over the conventional Raman

SpectroscoPY.

FTIR spectrometer-Principle-working-block diagram-molecular structure-qualitative

and quantitative analysis-applications-difference between FTIR and IR spectrometer.

Learning Outcomes:
o To learn about the molecular spectroscopy and its techniques.

. To know about the instrumentation of FTIR.

UNIT.IV
NMR Theory, Basic Principles, Nuclear spin and Magnetic moment, Relaxation mechanism,

spin lattice and spin-spin relaxation (12) times by pulse methods, Bloch's equations and

solutions of Bloch's equations - Experimental methods, CW NMR Spectrometer.

Electron Spin Resonun"i - The ESR spectrometer, experimental methods, thermal

equilibrium and Relaxation methods, characteristics of g and A values, Unpaired
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electron, fine structure and Hyperfine structure.

Learning Outcomes:
o To learn the Basic principles of NMR theory and Experimental methods.o To study what is ESR and ESR spectrometer.

UNIT-V
Nuclear quadrupole resonance (Nqni spectroscopy, The fundamental requirements of NeRspectroscopy, G^eneral principles, Integral spins and Half Integral s;i;; ;;perimentaldetection of NQR ftequencies, block- diagram or Nqn spectrometer, Experimentalmethods of sR oscillator, cw oscillator, pilse -.ttoar. Mossbauer spectroscopy: TheMossbauer Effect, Recoil less Emissioi l;d ausorpioi, The Mossbauer spectrometer,Experimental Methods, chemical shift, Magnert" H;;;fi"e interactions. photo ElectronSpectroscopy, its theory instrumentation aricl Applicaiions.

Learning Outcomes:
r To know about NeR and experimental detection ofNQ frequencies.o To study Mossbauer spectroscopy.
o To learn Photo electron spectroscopy and

Course Outcomes:
After the completion of the course, students will be able to:

' Describe theories explaining the structure of atoms and the origin of the observedspectra.
o Knows the different types of atomic spectra.t Explain the observed dependence of molecular, atomic and electron spectral lineson externally applied electric and magnetic fields.o The student would.be equippea r1ii1r an in-depth knowledge of spectroscopictecbniques that can be applied in solving problems.

Text and Reference Books:
l ' Atomic and Molecurar-spectroscopy, Gurdeep chatwar, sharma Anand,Himalaya publishing House.
2' Fundamentals of Molecular spectroscopl_, c:N. Banweil, Tata Mc Graw_HilI,r9g3.3' Instrumental methods ofAnaiysis by wi'ard, Merritt and Dean4' Molecular spectra and Molecular Structure. (van Nostrand) by G. Herzberg5. Introduction to atomic spectra by H.E. WfritL g;
6. Fundamentals of molecular rpr"i*r.opy by C.fi. Banwell (T)
7. Nuclear Magnetic_R_esonunrc By E.R. 

,And.r*, 
cambridge university press 19558' spectroscopy by B'P. Stranghon and S.walker volume ]t lohn wiley and Sons Inc.,New York, 1976

9' Pulse and Fourier transform NMR by TC farrar and ED Becker, Academic press l97l10. Mossbauer Spectroscopy by NA.e. BhiOe.

its applications.
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Semester 4
M.Sc. Physics

403PH24. ADVANCES IN MATERIALS SCIENCE

Course Objective:

glass forming systems, glass transition temperatures and applications of glasses

molecular systems

biomedical applications

understand various approaches ofnanomaterial synthesis and characterization

Unit-I
Introduction: Classification of Materials: Types of materials, Metals, Ceramics

(glasses), polymers, composites, semiconductors.
Glasses: The glass transition - theories for the glass transition, Factors that determine the

glass-transition temperature. Glass forming systems and ease of glass formation,

preparation of glass materials.
Applications of Glasses: electronic applications, electrochemical applications, optical

applications, magnetic applications.
Learning outcomes:

. Classification of materials
o The basic knowledge about glass, glass preparation, characteristics of glass

formation, factors of glass transition, applications of Glasses

Unit-[
Biomaterials: Implant materials: Stainless steels and its alloys, Ti and Ti based alloys,

Ceramic implant materials; Hydroxyapatite glass ceramics, Carbon Implant materials,

Polymeric Implant materials, Soft tissue replacement implants, Sutures, Surgical tapes

and adhesives, heart valve implants, Artificial organs, Hard Tissue replacement

Implants, Internal Fracture Fixation Devices, Wires, Pins, and Screws, Fracture Plates.

Learning outcomes:
o The fundamentals of biomaterials
r To acquire knowledge about types of implant materials and their biomedical

usage

Unit-III
Liquid Crystals: Mesomorphism of anisoffopic systems, different liquid crystalline

phases and phase transitions, Elastic continuum theory of liquid crystals, liquid crystals

in electric and magnetic fields, few applications of liquid crystals.

Learning outcomes:
. To learn about types of liquid crystals and theory of liquid crystals

o To acquire knowledge about defects and dynamics in liquid crystals

Unit-IV: Nanomaterials:
Origin of Nano materials-Zero, one and two dimensional Nano materials quantum
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confinement, density of states, physical and chemical properties, synthesis of Nanomaterials-Bottom-up and Top-down approaches, ChemiCal methods: Sol-Gel process-
Spray Pyrolysis- Solvothermal syntheiis-Chemical vapor deposition (CVD), physical
methods: Ball milling-Inert gas condensation technique-Thlrmal evaporation-pulsed
Laser Deposition (plD)-sputtering-Laser ablation method.
Learning outcomes:

o To understand various types of nano crystalline materialso To describe several synthesis methods for fabrication of nanomaterialso To analyze and characterize the properties of nanomaterials using various

. 
character'uationtechniques

Unit-V: Carbon based nanomaterials:

carbon based molecules and carbon bond - c60: Discovery, synthesis and structure ofc60 - superconductivity in c60 - carbon nanotubes: Fabrication - structure - Electricalproperties - vibrational properties - Mechanical properties - Applications (fuel cells,chemical sensors, catalysts).
Learning outcomes:

o To understand various tlpes of Carbon nanotubes.o To describe electrical properties
. Applications of nanomaterials

Course Outcome:
At the end of the course the student is expected to assimilate the following and possessesbasic knowledge of the followins.

preparation, characteristics of gluss formation, factors of glass transition,applications of Glasses

Text and Reference Books:
1. Inorganic solid^s D. M. Adams (John_Wiley)

2. physics of Amorphous Materials Uy SX.. Elliott.
3. Fundamentals of thermotror_i9 li_euii 

".vrturr, 
a"Jen and vertoghen4. Nanocrystalline materials_ H. Gleiter

5. Biomaterials Science and Engg. J.B. park
6' Intro'duction to Material ,Ji-.n., for Engineers by James. F. shackelford(Newyork. t9S5)
t t3:*: p poole Jr., Frank J. ownes, Introduction to Nanotechnology, John wiley

8. science of Engineering Materials and carbon Nanotubes, c.M. SRIVASTAVA
and C. SRINIVASAN (New Agelnt).
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Semester 4
M.Sc. Physics

4O4PH24 - ADVAI\CED CONDENSED MATTER PHYSICS
Course Objective:

influence of interatomic forces on crystals of different bonding nature and

studied thermal properties of the solids including the interaction of electron,

photon and phonons.

matter.

UNIT I
Lattice Dynamics and Optical properties of Solidsl Inter atomic forces and lattice

dynamics of simple metals, ionic and covalent crystals. Optical phonons and dielectric

constants. Inelastic neutron scattering. Anhormonicitg thermal expansion and thermal

conductivity. Interaction of electrons and phonons with photons., Direct and indirect

transitions.
Learning outcome:

o To know how interatomic forces acting on crystal lattice, thermal propedies of
the solid state rnatter.

o Optical properties of the matter are understood with the help of electron, phonon,

photon interaction.

UNIT II
Crystal growth techniques: Bridgeman-Czochralski-liquid encapsulated czochralski

(LiC) giowth technique-zone refining and floating zone growth-chemical vapour

Aeposition (CVD)-Molecular beam epitaxy (MOVPE)-vapour phase epitaxy-

hydrothermal growth-Growth from melt solutions-Flame fusion method.

Learning outcome:
o To know how to grow crystals using different preparation techniques.

o Understanding the advantages and difficulties in the process of growing crystals.

UNIT III
Absorption in insulators, Polaritons, One - phonon absorption, optical properties of
metals, skin effect and anomalous skin effect. Interaction of electrons with acoustic and

optical phonons, polarons.

Learning outcome:
o Students can understand the absorption process in insulators then optical

properties are observed.

o To know the basic understanding of normal and anomalous skin effect,

penetration dePth etc'

UNIT IV
Superconductivity: The Meissner effect - Isotope effect- specific heat-thermal

conductivity and manifestation of energy gap. Quantum tunneling-Cooper pairing due

to phonons, BCS theory of superconductivity, Ginzsburg-Landau theory and application
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understand the basic theory of superconductors and their Type I and IIclassifications.
comprehend the physical concept of BCS theory through formation of cooperpalrs.

o Advantages of Josephson effect of superconductors and practical applications ofsuperconductors in various fields.
UNIT V
Characteri zation Techniques :

X-ray diffraction, data manipulation of diffracted X-rays for structure determination,Scanning Probe microscopy, 
-scanning Electron microscopy, Transmission ElectronMicroscopy, Scanning Tunneling Micioscopy, optical microscopy, DTA, TGA andDSC measurements.

Learning outcome:
r understand the basic Instrumentation and working principle of advancedinstruments.
o To know the applications of materials using the various techniques.Course outcome:

matter physic.s. by covering lattice dynamics, prepa.ation of crystals underdiflerent conditions.

, absorption phenomenon in insulators and metals.

- practical applications are explained.

characterization.

Text and Reference Books

]. ll{elung: Introduction to Solid State Theory.
2. Callaway: euantum theory of Solid State.
3. Huang: Theoretical Solid State physics
4. Kittel: Quantum theory of Solids

: l"lid state Physics by Guptha Kumar and Sarma
6. Solid State Physics S.O. pillai New Age International
7. Science of Engineering Materials: c.fr. Srivastva and c. Srinivasan_New AgeInternational, 2005.

lrrlSrl,,ttinciples 
and Practice of electron Microcopy: Ian. M. watt-cambridge

Press, 1997.

to Josephson effect: d-c Josephson effect, a-c Josephson effect, macroscopic quantuminterference. vortices and tlpe I and type u'.,rp"r.onductors, applications ofsuperconductivity-high temperature superconductivity (eiementary).
Learning outcome:
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Semester 4
M. Sc Physics

PRACTICAL - I
4WPI'f2 4.ADVANCED ELECTRONICS

Astable multivibrator using lc74l

Colpitts oscillator

Demorgons theorem

D C regulated power supply.

Summing and averaging arylifier.

Semester 4
M. Sc Physics

PRACTICAL - II
4O6PH24- N)VAIICED COIYDENSED MATTER PHYSICS

Optical absorption

B H curve

Thermos EMF

Hall effe.pt.

G M Counter
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