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SEMESTER: |

PHY 101: CLASSICAL MECHANICS Marks: 75 Credit: 5

(All units carry Equal Marks. Two questions of eloearks are to be set from each unit.
Students require to answer at least one questiom éach unit.)

UNIT. I. Types of constraints on dynamical systegesjeralized coordinates ,d Alembert
principle, Euler- Lagrange equations of motion, iattwnal calculus and Hamilton’s
variational principles, Hamilton’s canonical eqaas of motions, cyclic coordinates.

UNIT.II. Lagrangian and Hamiltonian for central ¢es, electromagnetic forces, coupled
oscillators and other simple systems.

UNIT.IIl. Canonical variables, poission’s bracketjacobi identity, Canonical
transformations, generators of infinitesimal cawgahi transformations, symmetry
principles and conservation laws.

UNIT.IV. Hamilton Jacobi theory, Action and anglariables, centre of mass and
laboratory systems, Kepler problem, processing®rbi

UNIT.V. Small oscillations, normal coordinates aitel applications to chain molecules
and other problems.

Degree of freedom for a rigid body. Euler anglesta®ng frame coriolis force,
Foucault's pendulum. Eulerian coordinates and egustof motion for a rigid body,
Motion of a symmetrical top.

Text Books:
1. Classical Mechanics, Goldstein, Narosa PublgsHelhi.

2. Course of theoretical, Landau & Lifshitz, Phgsi@ol-I, Oxford University, Press
3. Classical Mechanics, Joag & rana, Mc Graw Hill.



Reference Books:

1. Classical Mechanics: a modern Perspective, BeweGraw Hill International.
2. Classical Mechanics, Awghmare, Prentice Hall.

3. Theoretical Lecture, Series. Vol- 1-10, Landali®&hitz, Paragon Press, 1976.
4. Lectures on theoretical, Physics. Vol-1, Sonetdfi Academic Press, NY 195.

5. New foundations for classical Mechanics, Hestnkkiwer Academic Publisher.
6. Introductions of Relativity, R. Resnik, Wiley &arn 1967.

7. Classical Mechanics, Corben & Stehle, Wiley No74.

8. The meaning of relativity'5Ed., Einstein, Princeton University Press.

9. Theory of space time and Gravitation&1Bd., K. Fock, Peragon 1964.

10. Introduction on to special relativity, Schwaitic Graw Hill, 1968.

PHY 102: MATHEMATICAL PHYSICS -l Marks:75  Credit:5

(All units carry Equal Marks. Two questions of eloearks are to be set from each unit.
Students require to answer at least one questiom éach unit.)

UNIT.I. Linear Vector Space: Vectors in n-dimensions, Linear independence, Inner
product, Schwartz inequality. Representations otors and linear operators with respect

to a basis, change of basis, Schmidt orthogonaizgirocess. Linear operators and their

matrix representation. Determination of eigen valaead eigen vectors of operators.

Unitary and hermitian operators. Hilbert space goralization.

UNIT.Il. Complex Variables Analytic functions and derivative of multi valued
functions, Riemann sheets, Cauchy-Riemann conditi@auchy integral theorem and
formula. Taylor and Laurent expansions of functimfscomplex variables. Residue
theorem and its applications. Conformal mappingalgtical continuation.

UNIT.IIl. Group Theory:

Definitions and examples of groups. Abstract growgubgroups, classes cosets, factor-
group, normal subgroup. Homomorphism, isomorphigich @aitomorphism, Permutation

groups. Group representations : reducibility, egl@mce. Schur's Lemma. Lie groups
and Lie algebra.

UNIT.IV. Differential and Integral equations:

Partial differential equations. Classification etend order partial differential equations.
Laplace and Poisson equations. Simultaneous lidif@rential equations with constant
and variable coefficients. Non-linear differentedjuations, Euler and Picard-Lineloft
existence theorems. Stability variety of criticalrgs. Van-der-Pol equations.



UNIT.V. Curvilinear Coordinates and Tensors:

Introduction to curvilinear co-ordinates, orthogboarvilinear co-ordinates, differential
operators in terms of orthogonal curvilinear cohoates. Gauss’'s theorem, Green’s
theorem and Stock’s theorem.

Definition, notation and summation convention oh3er, Symmetric and antisymmetric
tensor, covariant and contravariant tensor, Tengbrank greater than two, Scalars or
invariants. Tensor fields, Fundamental operatioith tensors, Line element and metric
tensor, Reciprocal tensor, Christoffel symbols, &@nt differentiation.

Text Books :

1. Vector Analysis, Murry R Speigel, Mc Graw Hill.

2. Complex variables, Murry R Speigel, Mc Graw Hill

3. Elements of Group Theory for Physicists, A WhipSlew Age International.
4. Matrices and tensors in physics, A W Joshi, Mge International.

5. Elements of partial differential equations, e8den, Mc Graw Hill.

6. Classical Theory of Fields, Landau and LifshBatterworth Heinemann.

Reference Books:

1.Mathematical Methods for Physicists, G B Arfkésademic Press.

PHY 103: QUANTUM MECHANICS | Marks:75 Credit: 5

(All units carry Equal Marks. Two questions of ehoearks are to be set from each unit.
Students require to answer at least one questiom éach unit.)

UNIT.I. Review of elementary ideas:

Inadequacy of classical mechanics—Compton effect.

Double slit experiment/Stern Gerlach experimenhtmoduce the idea of quantum state.
Wave packet description of the state — its timeetgyment. Physical interpretation of
wave function by Born’s probability. Ehrenfest’séldiem.

Postulates of Quantum Mechanics, Physical intespogt of eigen values, eigen

functions.

Wave function of Linear Harmonic Oscillator and Hygen atom. Uncertainty Principle.



UNIT.IIl. General formalism of Quantum Mechanics

Adjoint of an operator and self adjointness. Eigalue problem --
degeneracy,Observables—Completeness and normatizzteigen functions, Closure.
Momentum eigen functions — wavefunction in momenspace.

States with minimum uncertainty product. Commut@tgservables—removal of
degeneracy. Evolution of a system with time—cortstaf motion. Ehrenfest’s Theorem
. Non-interacting and Interacting systems.

UNIT. lll. Abstract Formulation of Quantum Mechanics

Quantum states—state vectors and Wave functionisettlispace of state vectors —Dirac
notation. Expansion coefficients; Dynamical varesbl and linear operators.
Representation of state vectors. Dynamical vargaatematrix operators —self adjointness
and hermiticity. Continuous basis—Schrodinger Regméation. Change of basis, unitary
transformation .

Time evolution--- Schrodinger, Heisenberg and Oingictures. Linear Harmonic
Oscillator using Operator method.

UNIT. IV. Angular momentum:

Angular momentum operators, Commutation relatioBgeneral angular momentum.
Eigenvalues and eigen functions éfahd J. Angular momentum matrices, Spin angular
momentum, Spin vectors for spin Y2 systems, spirricest for electron Commutation
relation, Pauli eigen values and eigen functioreciEbn spin function. Addition of
angular momenta, Clebsch-Gordon coefficients. Symmand Antisymmetric wave
functions. Particle exchange operator, Pauli’'s @&sioh principle. Density operator,
Density matrix.

UNIT.V. Symmetries and Conservation laws

Symmetry transformations, Unitary transformationsduced by translation and
rotation.Invariance under space and time transiatispace rotation and conservation of
momentum, energy and angular momentum, Selecties amd conservation laws.

Text Books:

1.Introductory Quantum Mechanics, R.L. Liboff, Pear Education, 2006.
2.Quantum Mechanics, L.I. Schiff, Mc Graw Hill, 1829
3. Quantum Mechanics, A.K. Ghatak and S. Lokanatiacmillan, 2000.

References:

1. Modern Quantum Mechanics, J.J. Sakurai, Addis@siey, 1990.
2.Quantum Mechanics, E. Merzbacher, John Wiley &s54999.
3.Advanced Quantum Mechanics, Satya Prakash, Kéatér, 1990.
4.Quantum Mechanics,V.K. Thankappan, New Age Fub., 1996.
5.Quantum Mechanics S. Gasiorowiz, , Wiley, 1995.

6.Quantum Mechanics, P M Mathews and S VenkatesinGraw Hill, 1986.



PHY104: ELECTRONICS Marks : 75 Credit: 5

(All units carry Equal Marks. Two questions of egomarks are to be set from each unit.
Students require to answer at least one queston éach unit.)

UNIT.l. Network analysis: Norton, Thevenin, Superposition and maximum power
transfer Theorems. Mesh and node, Fourier sermgidf transform, Laplace transform
and their applications.

UNIT. Il. Semiconductor diodes:P-N junctions and other special diodes with their
characteristics and applications. BJT- charactesistnodes of operations, single stage
and Multi stage amplifiers. FET: JFET, MOSFET arfthracteristics. Positive and
negative feed back in amplifiers. Oscillator (HgrtPhase shift, Crystal oscillators),
Operational amplifier (OP-Amp): Ideal and practipabperties, Virtual ground, CMRR.
Op-amp as analog computer (adder, subtractor,rattag differentiator). Applications of
op-amp as: Comparator, Schmitt Trigger, Activeefit

UNIT.IIl. Combinational logic circuit: Boolean operation, simplification of Boolean
expression, De Morgans theorem, Adder and subtrdletdf and full), Multiplexer and
Demultiplexer, encoder and Decoder, RTL, DTL, THCL, CMOS families. Sequential
logic circuit: Flip flops: RS, JK, Master slave,ddd T. Comparison between latches and
FFs. Counters, registers. RAM and ROM. Basics ofcrbfirocessor and basic
architecture of .computer

UNIT. IV. Modulation: Amplitude modulation: Modulated wave equationecpum,
Power, SSB, DSB, DSBSC,VSB, Pilot carrier. Freqyanodulation. Pulse modulation:
Sampling theorem, PAM, PWM, PCM,: Optical fiber acoomication: Block diagram
and explanation.

Networking- OSI and TCP/IP, LAN, WAN X 400, wireeescommunication: Wi-Fi,
802.11g. Broad band and Mobile communication.

UNIT.V. Instrumentation: Analog and digital Instrumentation, Sensors anaiaors,
Interfacing using D/A and A/D converters,CRO, Muléters. Error analysis. DATA
acquisition systems: Pulse height analysis- siragld multichannel analyzers. Noise:
Various types of noises signal to noise ratio. Haénperature.

Text Books:

1. Millman & Halkias, Integrated Electronics : Abgl& digital circuits and digital
circuits and system, Mc Graw Hill, 1972.

2. SM Sze, Physics of semiconductor devicBSEan. Wiley Inter Science.

3. Millman & Halkias, Electronics Instrumentatiorgta Mc Graw Hill.

4. Prokis J.G. Digital communicatioff £dn. C Graw Hill International.



Reference Books:

1. Semiconductor Physics and devices-Basic PriegjpINeamen D.A, Irasin
Homewood, 1992.

2. Principle of communication system, Taub & ScigliTata Mc Graw Hill

3. Electronics Communication system, Kennedy, MataGraw Hill

4. Electronics Communications, Dennis, Roddy, CodlePrentice Hall of India.

5. Electronics instrumentation & Measurement Teghej Helfrick A.D. & Cooper
W.D. Prentice Hall of India.

6. Fundamentals of semiconductor theory and Dewtssics, Wang S, Prentice

Hall of India.
7. Electronics Instruments Hand BooR? Edn., Combs C.F Prentice Hall of India.
8. Optical process in semiconductor, PankoveRkéntice Hall Engle wood. NY.
9. Solid state Electronics devices, Stretman Brénfite Hall 1995.
10. Semiconductor devices, Singh J, Mc Graw Nit, 1994.
11. Fibre o;ptics and opto Electronics, Cheo PMK Grae Hill. NY 1990.
12. Optical Communication, Gowar, Prentice Hallrafia, 1993

PHY 105: Electronics Lab (LABORATORY-I) Marks: 75 Credit: 5

1. Characteristics of FET.
2. Characteristics and applictions of Zener diode.
3. Study of logic gates.
4. Use of oscilloscope.
5. Characteristics and applications of a Solidestibde
6. Study of regulated power supply
7. Transistor Amplifier : gain, phase shift, banidtlv etc.
8. Phase shift oscillator using transistors.
9. To Study a ripple counter.
10. To study encoder and decoder ciecuits.
11. To study half adder and full adder using |agites.
12. To study half substractor and full substraating logic gates.
13. Study of OP-AMP as inverting amplifier, non-@miing amplifier, difference
amplifier, adder etc.
14. To measure input offset voltage, input offaatrent, band width and slew rate
of an OP-AMP.
15. To study OP-AMP as function generator.
16. Study of monostable multivrator using IC 555.
17. Use of IC 555 (timer) as astable multivibrator.
18. Study of lock — in — Amplifier.
19. Study of modulating and demodulating circuits.
20. To design and implement a 4:1 Multiplexer udingic gates.
21. To design and implement a 1:4 Demux using Lggies.
22. To study the operation of the different typdsfalowing Flip Flops and
verification their truth tables.
23. Use of DA and AD Converters.
24. Use of OPAM as active filters- as 1st order jzags.



25. Use of OPAM as active filters As 1st order hugiss.

26. Use of OPAM as active filters As 2nd order loass.

27. Use of OPAM as active filters As 2nd order hpgiss.

28. Study of Phase shift oscillator using OP-AMP.

29. Study of Schmitt trigger using OP-AMP.

30. Study of comparator circuit using OP-AMP.

31. Study of RC Integrator and Differentiator citatsing OP-AMP.
32. Study of Photo Diode.

33. Study of LDR.

NB: The list of experiments should be considereduaggestive of the standard. and are
subject to availability of equipments. The teaclaesauthorised to either add or
delete experiments whenever necessary.

*kkkk
SEMESTER: I

PHY 201: ELECTROMAGNETIC THEORY Marks: 75 Credit: 5

(All'units carry Equal Marks. Two questions of afjmarks are to be set in equal units.
Students have to answer one question from each) unit

UNIT. I. Review of special theory of Relativitypwcept of invariant interval, Four
vector, Lorentz transformation in four dimensiosglace, Electromagnetic field tensor
in four dimensional space Maxwell equation, Lagrangf a charged particle, Lorentz
force.

UNIT. Il. Motion of a charged particle in electragnetic field: uniform E and B fields.
Non uniform fields, Diffusion across magnetic figldTime varying E and B Fields,
Adiabatic Invariants of electron moment

UNIT. lll. Saha’s equation of ionization, Plasmaitiations, Plasma Parameters, Debye
Length, Hydrodynamical description of Plasma, Funelatal equations, Hydro-magnetic
waves : Magneto Sonic and Alfven waves, waves,ggapon, phase and group velocity.

UNIT. IV. Radiation from an accelerated point chgrd.ienard-wieohirt potentials,
power radiated by a point charge. Spectral Reswlutf retarded potential, Dipole,
Quadrupole and magnetic dipole radiation, angulatridution of power radiation by
linearly and circularly accelerated charge.

UNIT.V. Scattering: Scattering due to harmonicallpund charge, Rayleigh and
Thompson scattering, coulomb collision due to artwanically bound charge, scattering
due to large particle, scattering phase functiomidation of Mie - T-matrix formulation
(only expression).



Text Books:

1. Classical Electrodynamics, J.D. Jackson, Wilagt&rn, 1989.

2. Introduction of Electrodynamics, Grifiths, PrientHall.

3. The classical theory of fields, L.D. Landau &NMNE,Lifshitz, Butterworth
Heinemann Ltd. Oxford.

Reference Books:

Quantum Electrodynamics, Berestetkii, LifshitaBvski, , Pergaman Press.
Fundamentals of Electromagnetic, Miah M.A.W tallslc Graw Hill.

Theory of Electromagnetic Fluids, Cook D.M , iRiee.

Electromagnetic field and waves, Lorrain & Q@mBreeman & company San,
Fransiscs.

Electrodynamics Vol- Ill, Somber field, Acadenfcess.

PwbhE

o

PHY 202: MATHEMATICAL PHYSICS I Marks: 75 Credit: 5

UNIT. I. Numerical Techniques:

Finite difference calculus, interpolation and egtiation (forward backward and
central), Trapezoidal rule and Simpsons 1/3rd ofii@tegration , roots of polynomial,
Newton-Rapshon, Picard’s method, Runge- Kutta ntethoatrix eigenvalue problems,
simple programming with FORTRAN

UNIT. Il. Dynamical System and Nonlinear Dynamics:

One dimesional flow: Fixed points and stabilitpear stability analysis, existence and
uniqueness, impossibility of oscillations, potelstia

Bifurcations: different types of bifurcations( Séelthode, Transcritical, Pitchfork etc),
Imperfect bifurcation and catastrophes, VolterRrsy Predators Method

UNIT. Ill. Chaos and Fractals:

Lorenz Equations: Its properties, Strange Attradtorenz Map, Exploring Parameter
Space

One Dimensional Maps: Logestic Map, Liapunov Expaneniversality

Fractals: Cantor Set, Self similar fractals, Boxeinsion, Pointwise and correlation
dimension

UNIT. IV. Special functions:

Green's functions ; Hypergeometric functions ; Fioms related to Hypergometric
function-Jacobi , Legendre ; Confluent Hypergeomdtmctions ; Functions related to
Confluent Hypergeometric function-Hermite , LageerBessel, Elliptical integral of
first and second kind

UNIT. V. Topology:
Basis for topology, Order topology, Continuous fimes, Product topology, Metric
topology, Quotient topology.



Connected spaces, Components and local connecte@wmapact spaces, Limit point
compactness, Local compactness, One point comigati.

The Countability Axioms, Separation Axioms, Norraphces, The Urysohn
Lemma, The Urysohn metrization theorem (statemely) oThe Tietze extension theorem.

Text Books:

1.Numerical Methods for Scientific and Engineer@gmputation, M.K.Jain, S.R.K.
lyengar, R.K.Jain , New Age International (P) Ltd.

2.Introductory Methods of Numerical Analysis, SSastry, PHI.

3.An Introduction to Numerical Analysis, Kendall &kinson,Wiley Eastern.

4.Nonlinear Dynamics and Chaos: With applicatioRhysics, Biology Chemistry and
Engineering, Steven H Strogatz, Westview.

5.Functional Analysis, Balmohan. V. Limaye, NAge International (P) Ltd.

6.Functional Analysis, Rudin Walter Tata McGrawtHi

7.Introductory Functional Analysis with Applicati®nErwin Kreyszig, WILEY.

8.Special Functions, Z X Wang and D R Guo, Worastific Publishing Co.

Reference books:

1. Elementary Numerical analysis — An Algorithmapproach, 3rd Edition., Corte S.D.
and de Boor, McGraw Hill International Book Compah$80.
2. Numerical Mathematical Analysis, James B. Saangh, Oxford & IBH
Publishing Company, New Delhi.
. Introduction to Numerical Analysis, F.B. Hildalod, McGraw Hill, New York,
1956.
Chaos in classical and quantum Mechanics, v@&iter Springer, 1990.
Mathematical Methods for Physicists, G. Arfk&oademic Press.
Special Functions of Mathematical Physics ahdnistry, I.N. Sneddon, Longman.
Applied Mathematics for Physicists and EngiegkrA. Pipes and L.R. Harwill,
McGraw-Hill.
8. Mathematical Physics, P.K. Chattopadhyay, Wiagtern.
9. Advanced Engineering Mathematics, C.R. Wylie bl Barrett, McGraw-Hill.
10. Advanced Engineering Mathematics, E. Kreysaitdey Eastern.
11. Mathematics for Scientists and Engineers, He@pRrentice Hall,1992.
12. Introduction to Topology and Modern AnalysisFGSimmons, Mc-Graw Hill.
13. Topology A first Course, J.R. Munkers, Prenticdl ldaindia.
14. Topology, J. Dugundji, Allyn and Bacon, Bostt966.
15. Introduction to General Topology, K. D. JodNiley Eastern Limited.

w
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PHY 203(A) (Optional): RELATIVITY FOR ALL Marks: 75 Credit: 5

(All units carry Equal Marks. Two questions of egomarks are to be set from each unit.
Students require to answer at least one queston éach unit.)



UNIT. I. Concept of Space and Time:

Galilean and Newtonian concept of space and timertial frames - Michelson Morley
experiment- Einstein’s postulates and consequemteapace time- principle of relativity-
non-absolute nature of space and time- space laedatie only observer dependent

UNIT. Il. Special theory of Relativity (STR):
Lorentz transformation equation- Time dilation arfdvin paradox- space time
continuum- mass energy equivalence ( E = K).C

UNIT. Ill. Space, Time and Gravity in Newtonian Physics:
Newtonian Gravity, Gravitational and Inertial masariational principle in Newtonian
Mechanics- Inertial frames- Olber’s paradox- Magtrigciple.

UNIT. IV. Geometry in Physics and General Theory of Relatiwt

Different geometries- specifying geometry- Co-oedés and line elements- the
invariants in GTR- Gravity is geometry- curvatafespace time as a measure of gravity
- Equivalence principle of gravitational and im@r mass — clocks in a gravitational
field- Global Positing System.

UNIT. V. Observed Universe:

Composition of the Universe- Hubble’s law- expamgduniverse- evolution of universe-
Big Bang- the dimension of universe- finiteness f uoiverse- cosmic microwave
background radiation (CMBR) - accelerated expansidark energy- dark matter-
alternate cosmology

Text Books:

1.Relativity: the Special and the General Theorpeft Einstein (English
Translation: R W Lawson) Routledge, London, 2000.

2.The Classical Theory of Fields volume 2, J. lLdhdau and E. M. Lifshitz (1st
edition Pergamon Press, 1951 etition Butterworth-Heinemann 1980.

3.C W Misner, K S Thorne and J A Wheeler, Grawtatiw. H. Freeman and
Company, New York 1972.

4.S. Weinberg, Principles and Applications of tren€ral Theory of Relativity,
John Wiley & Sons Inc. 1972.

5.Gravity, Hartley, Pearson education.

6.Space-Time and space time , Lawrence Sklar, binalifornia Press.

7.Relativity for Million, Gardner

PHY 203 (B) (Optional): ELECTRONICS AND INSTRUMENTA TION
Marks: 75 Credit: 5

(All units carry Equal Marks. Two questions of eloearks are to be set from each unit.
Students require to answer at least one questiom éach unit.)



UNIT. I. Basic Characteristics of Instruments:
Basic block diagram of an instrument. Static anghdnic Characteristics, their related

parameters (Calibration, accuracy, sensitivityolgson, repeatability, speed of response,
measuring lag, fidelity etc.). Different typeslnétrumental errors.

UNIT. II. Transducer and digital signal processing:

Transducer: classifications, ideal characteris@esgl importance. Different types of
transducers: Optoelectronic transducer, Temperatmsor, Pressure sensor, Flow meter,
Displacement transducer and Humidity sensor

Digital Signal processingypes of Signals, convolution, correlation, Fouseries and
transforms (Discrete Time), Z-transform, DFT and Ffgital filter design, data
acquisition system

UNIT. Ill. Analytical instrumentation:

Spectroscopy and spectral methods of analysis.ti®pbotometers- basic principle and
uses: UV/VIS, Photoluminescence, FT-IR, Raman tspgwopy, X-Ray diffraction,
NMR. Impedance analyser, AAS. Chromatography.

UNIT. IV. Advanced Optical and electronic instrumentation:

Polarization, polarizers, dichroism, birefringenogtical activity, induced optical effects
- Kerr effect, Pockel effect. Telescope-working principles, different types and
applications. Polari meter and CCD: basic principleoperation. Electron Microscope:
Basic principle, different types of Electron Miccopes (eg.SEM, TEM, AFM, STM
etc), their advantages and uses.

UNIT. V. Biomedical instrumentation:

CardiographyWorking of Electrocardiograph (ECG), EchocardiodgrégCHO) and Vectro
cardiograph (VCO), their advantages and disadvastaGomputerized axial tomography
scans (CT scan): working and applicatiokedical sonography (ultrasonography) — basic
principle and importance. Blood pressure measuremen

Text Books:
1.Principle of Industrial Instrumentation, D. Ratabis, Tata McGraw-Hill,

Publishing Company, New Delhi.
2.Transducers and Instrumentation, D.V.S MurBngntice — Hall of India.



3.Modern Electronic Instrumentation & Measuestn Techniques, Albert D.
Helfrick & William D. Cooper, Prentice — Hall dfidia.

4.Sensors and Transducers, D. Patranabis, Prenttied of India.

5.Instrument Transducers an Introduction to thenfd®mance and design: Hermann
and Neubert, Oxford University Press.

6.Electronic Instrumentation, H.S. Kalsi, Tata®faw-Hill, Company, New Delhi.

7.Instrumentation, Devices and System, C.S. Rar@d&h Sarma, V.S.V. Mani,
Tata McGraw-Hill, Company, New Delhi.

PHY 204: SOLID STATE PHYSICS Total Marks: 75 Credits: 5

(All units carry Equal Marks. Two questions of eloearks are to be set from each unit.
Students require to answer at least one questiom éach unit.)

UNIT. I. Crystal Structure:

Crystal lattice, Unit cell, Bravais lattices, X-raffraction, Bragg's law, Reciprocal
lattice, Laue diffraction, Crystal structures, Aterscattering factor, Neutron diffraction,
Electron diffraction, Crystal structure determioat by Laue, Powder and Rotating
crystal methods.

UNIT. II. Crystal Binding and Crystal Vibration:

Type of crystal binding, Crystals of inert gasesn wer Waals-london Interaction, lonic
bonding and Madelung constant.

Quantization of lattice vibrations, Dispersionatedns, Anharmonic vibrations, Thermal
expansions and Thermal conductivity.

UNIT. Ill. Motion of electron in a periodic lattice:

Bloch theorem, Kronig-Penney model and origin ofidsin solids, Brillouin zones for
simple lattices, Crystal momentum, Effective maSeglectrons and holes, Free electron
approximation, Tight binding approximation, Applica to simple cubic lattices.

Fermi Surface: Ideas of Fermi surfaces and itsyshydthe De Hass-van Alphen effect,
Cyclotron resonance.

UNIT. IV. Physics of Semiconductor:

Intrinsic and Extrinsic Semiconductor, Carrier cemcation in intrinsic and extrinsic
semiconductor, Fermi levels, Recombination pracé&ssctifier equation, Continuity
equation, I-V Characteristics of p-n junction, Haflect, Application of Hall Effect.

UNIT.V. Superconductivity:

Type | and Type 1l superconductors, Meissner effettondon-Equations,
Thermodynamics of Superconductors, BCS Theory, @uantunneling, Josephson
effect, High temperature superconductivity.

Text Books:



Elementary Solid State Physics, M. A. Omar, sanrd ed.(2004).

Solid State Physics, N.W. Ashcroft & N.D. Mernfiharcourt Asia, 2001).
Introduction to Solid State Physics, Charlesl;eH(it(?th ed. Wiley)
Principles of the Solid State, H.V. Keer (Wilegstern Limited, 1994).
Elements of Solid State Physics, J. P. SrivastBventice Hall of India,
2006).

arnNpE

PHY 205 : GENERAL PHYSICS LAB Marks: 75 Credit: 5

1. Experiments with Michelson Interferometer: Datgration of wavelength,
small difference in wavelength, etc.

2. Experiments with Fabry-Perrot Interferometertddmination of wavelength,
small difference in wavelength, etc.

3. Study of Zeeman Effect and determination of efralectron.

4. Determination of wavelengths of spectral linsgg Constant Deviation
Spectrometer.

5. Analysis of elliptically polarized light usingaBinet Compensator.

6. Determination of refractive index or thickne$s dhin film using Jamin’s
Inetrferometer.

7. Study of Hall Effect.

8. Study the variation of resistivity of a semicantbr with temperature and hence
to determine the Band Gap.using Four Probe set up.

9. Determination of velocity of ultrasonic wavedid using Ultrasonic
Interferometer.

10. Determination of velocity of ultrasonic wavdlimuid by study of diffraction of
light by the wave.

11. Determinatioon of Stefan’s Constant.
12. Determination of Plank Constant using phota cel

13. Charecteristics of a PN junction, determinatibreverse saturation current,
material constant, temperature co-efficient of jiorcvoltage etc.

14. Study of Characteristics of LED.
15. Determination of Dielectric Constant.

16. Study of plateau of a Geiger —Muller countet earry out statistical analysis of
the data.



NB: The list of experiments should be consideredumgestive of the standard. and are
subject to availability of equipments. The teaclaesauthorised to either add or
delete experiments whenever necessary.

*kkkk



SEMESTER: Il

PHY 301: STATISTICAL PHYSICS Marks: 75 Credit: 5

(All units carry Equal Marks. Two questions of egomarks are to be set from each unit.
Students require to answer at least one queston éach unit.)

UNIT. I. Thermodynamic laws and functions, Entropyee energy, Internal Energy,
Enthalpy, Chemical Potential, Fugacity (definiticssd significance). Micro and macro
states, Phase space of a classical system, Defstigtes, Liouville’s Theorem.

UNIT. Il. Micro canonical, Canonical and Grand cammal ensembles. Concept of
ensemble average, Equation of state, specific fedtentropy of a classical ideal gas
using microcanonical ensemble. Entropy of mixingbl® paradox, Sakura Tetrode
Equation. Energy and Density fluctuations; Eqewak of various ensembles, Virial and
equipartition theorems.

Partition function: Definition and significance. plation to an ideal diatomic gas.
Classical harmonic oscillator, magnetic dipolea imagnetic field.

UNIT.III. Inadequacy of classical theory, Quantuneananical ensemble theory, density
matrix, Ensembles in quantum statistical mechanics.

Partition functions with examples including: (i) alectron in a magnetic field (ii) Free

particle in a box (iii) Linear Harmonic oscillator.

Ensembles of ideal Boltzmann, Bose-Einstein andnFeas. Identical particles and

symmetry requirement, difficulty with Maxwell-Boltzann statistics, quantum

distribution functions, Bose-Einstein and Fermidgistatistics. Grand partition function
for ideal Bose and Fermi gas.

UNIT.IV. Ideal Bose System: Thermodynamic behawbideal Bose gas, Bose-Einstein
condensation (Experimental evidences), Liquid Hueliutwo fluid hydrodynamics,
Second sound, Theories of Landau and Feynman {atixadi only).

Thermodynamics of Black body radiation — StephanltzBwann law, Wein's
Displacement Law.

Ideal Fermi System: Thermodynamic behavior of aaid-ermi Gas, Degenerate Fermi
Gas, Pauli Paramagnetism.

UNIT.V. Fluctuations, Gaussian distribution, Brownian moticangevin’s Theorem).
Approach to equilibrium: Fokker -Planck Equatiotudtuation- dissipation theorem.

Phase Transitions: Phenomenology —First and Secordér phase transitions,
elementary idea of critical phenomena, Universatifycritical exponents, scaling of
thermodynamic functions. Elementary ideas of Meaid ftheories, Exact solutions --
Ising model in 1- dimension.

Text Books:

1. RK Patharia, Statistical Mechanic&“(®d) Butterworth Heinman,(Elsevier) 2005



2. K Huang, Statistical Mechanicé"?%d) John Wiley & Sons, 2002
3. F Reif, Statistical and Thermal Physics, McGHill; 1985
4. B B Laud, Fundamentals of Statistical mechamiesv Age International Publishers,
1998
5. L D Landau & E M Lifshitz, Statisticahisics, Part | & II, Butterworth and Heinman,
1980.

PHY 302: QUANTUM MECHANICS Il Marks: 75 Credit: 5

(All units carry Equal Marks. Two questions of egomarks are to be set from each unit.
Students require to answer at least one queston éach unit.)

UNIT.l. Perturbation Theory:

Time independent perturbation theory - non-degdeeemd degenerate cases, Fine
structure and Zeeman effect (without spin), Stdfece Time dependent perturbation
theory - Fermi Golden rule, Harmonic perturbatidamiabatic and sudden
approximations(Absorption and emission of Radiation — Einstein’® Aoefficients —
selection rules).

UNIT.IIl. Approximation methods:

WKB approximation, connection with classical limitsonnection formula, validity of
WKB approximation, Alpha emission, Variational teajue — ground state of hydrogen
ion.

UNIT. lll. Scattering Theory:

Amplitude and cross-section, CM and Laboratory fa®olution of scattering problem
by the method of partial wave analysis, Expansiba plane wave into a spherical wave
and scattering amplitude, Green'’s function for tecatg problem, Green’s function with
different boundary conditions, the optical theor&uattering by an attractive square well
potential, Breit-Wigner formula. Born approximaticaand its validity for scattering
problem, Coulomb scattering problem under firsteor8orn approximation in elastic
scattering.

UNIT.IV. Relativistic Quantum Mechanics:

Attempt for relativistic formulation of Quantum Muaanics, The Klein-Gordon equation,
Probability density and probability current densgglution of free particle Klein-Gordon

equation in momentum representation, interpretadonegative probability density and
negative energy solutions, Dirac equation for a foarticle, properties of Dirac matrices
and algebra for gamma matrices, Solution of thee fparticle, orthogonality and

completeness relation for Dirac spinors, fine dtreee of hydrogen atom, Lamb shift,
interpretation of negative energy solution and liéory.

UNIT.V. Scalar field Theory:
Concept of systems with infinite degrees of freadClassical fields, Equations of
motion, Hamiltonian. Symmetries and invarianaeg@ples — Noether's Theorem.



Canonical quantization of scalar field—creatiomiaiation operators, Commutation
relations. Interpretation of the quantized fieldnrumber operator, connection with
harmonic oscillator.

Text Books:

1. Quantum Mechanics, Ghatak and Loknathan
2. Quantum Mechanics, Mathews and Venkatesh
3. Quantum Mechanics, Greiner

4. Field Quantization, Greiner

5. Classical Theory of Fileds, Landau Lifshitz

Reference Books:

1. Quantum Mechanics, Sakurai
2. Quantum Mechanics, Schiff
4. Field Theory, Ryder.

PHY 303 (A) (Optional Paper): Basic Astronomy  Marks: 75 Credit:5

(All units carry Equal Marks. Two questions of eloearks are to be set from each unit.
Students require to answer at least one queston éach unit.)

UNIT. I. Time and co-ordinate system:

Spherical Trigonometry, the celestial sphere; thedioal points and circles on the
celestial sphere. Equatorial. ecliptic and galasygtem of co-ordinates.

Constellations and nomenclature of stars. Aspettsky from different places on the
earth. Twilight, Seasons, Sidereal, Apparent andérMsolar time and their relations.
Equation of time. Ephemeris and Atomic Times. CdéenJulian date and heliocentric
correction. precession, nutation and proper matiothe coordinates of stars.

UNIT. Il. Astronomical Measurements and Telscopes :

Magnitude systems: apparent and absolute magnijtaligance modulus, color index;
Atmospheric extinctionseeing and scintillation.

Distances of stars from the trigopnometric and mgwluster, parallaxes. Stellar motions.
Black-body approximation to the continuous radiatmd temperatures of stars. Variable
stars as distance indicators.

Basic optics and optical telescopes, Detectors mstfuments, Radio telescopes,
Infrared, ultraviolet and X-ray telescopes, Detestghotographic plate, PMT, CCD;
Analysers: Polarimeter, Photometer and Spectrometer

UNIT. Ill. Solar system:



Origin and evolution of the Solar System - Phgkaharacteristics, Rotation, Sunspots.
Inner planets, Jovian planets, Dwarf planets. Astist classification, origin. Comets:
Discovery and designation, physical nature, clasgibn, origin. Meteors and
Meteorites.

UNIT. IV. Stars and Our Galaxy:

Colour —magnitude relation, H R diagrams, Differspéctral types of stars, Star
formation in Molecular clouds, Stellar EvolutiomdEstate of stars : Supernova, Neutron
star and Black hole:

Our Galaxy: Milky way, structure and morphologyanir galaxy, Galactic rotation,
Missing Mass problem.

UNIT.V. External Galaxies and Cosmology:

Normal Galaxies, AGNs, Classification scheme fdemal galaxies, Hubble’s law,
Distances, Big Bang and steady state theory obtiggn of universe, The present epoch
and evolution of universe, Alternate cosmology

Text Books:

1.Physical Universe, Frank Shu

2.Text book of Spherical Astronomy, W.M.Smart.

3.Astronomy: From the Earth to the Universe(Sixditign), Jay M. Pasachoff.

4. Orbital Motion, A.E.Roy.

5. Introduction to Celestial Mechanics, McCusky.

6.Astrophysics:Stars and Galaxies, K.D.AbhyankKata McGraw Hill Publication
(Chap.2)

7.Exploration of the Universe, G.Abell.

8.A.Unsold: New Cosmos.

9.Introduction to Astrophysics, B Basu, T chatterj N Biswas.

PHY303 (B) (Optional Paper) : NANOPHYSICS
Marks : 75 Credit:

(All units carry Equal Marks. Two questions of egoearks are to be set from each unit.
Students require to answer at least one queston éach unit.)

UNIT. I. Fundamentals of nanomaterial and nanotechnolagyoitance and Challenges
of nanotechnology. Concept of strong and weak mumarconfinement. Semiconductor,
metal nanomaterials, and their size dependeipiepties.



UNIT.Il. Concept of Top down and bottom up approaches, thdirantages and
disadvantages. Different synthesis techniquesthography, vapour deposition, laser
deposition, RF sputtering, Molecular beam epitasole gel. Chemical and quenching
methods of preparation.

UNIT. Ill. Importance of nano characterizations ffBient characterization techniques.
UV/VIS/NIR/IR spectroscopy, X-Ray diffraction, Ekeen microscopy (TEM, SEM,
AFM, STM etc), Photoluminescence, ElectrolumineseerParticle size analysis and
Impedance analysis.

UNIT.IV. Laser (UV/VIS), Swift ion irradiation andtheir related parameter.s
Experimental set up. Effect of irradiations on namaterials. Creations of crystal defects
and Improvement in optical, electronic propertiesano materials.

UNIT. V. Applications of nano materials: Light emitting athetecting device. electronic
and photonic switch, Tuning device, filter, seglectron transistor (SET), photo
voltaic cell, second harmonic generator, gas serstibacterial element, drug delivery
system.

Text books:

1. S S Nath, Synthesis of semiconductor quantus aud their applications, LAP
LAMBERT Academic Publishing AG & Co. KG, German$BN: 978-3-8383-6106-2,
2010.

2.V.Rajendran, B.hillebrands,K Saminathan K.E.Genke Ed., Synthesis and
characterization of Nanostructured Materials, Mdtzvii Publishers, 2010.

3. G. Cao, Nanostructures and Nanomaterials, imp@ollege Press, 2004.

4. G. A. Mansori: Principles of Nanotechnology, WidBcientific, Chicago, 2005.

5. C. P. Poole,and F. J. Owens, Introduction &mdtechnology, Wiley Interscience:
New Jersey, 2003.

Reference books:

1. Gautam Gope, D Chakder, S S Nath, Preparatignaritum dots and their uses in
electronics and optics, VDM Verlag Dr. Muller GmiBHCo. KG, Germany. ,ISBN:
978-3-639-20197-0, 2010.

2. K. Klabunde, Nanoscale Materials in Chemistrylewinterscience: New York, 2001.
3.V. Rotello (Ed.): Nanoparticles: Building Blocka Nanotechnology, Nanostructure
Science and Technology, Kluwer Academic/Plenum iBbts, New York, 2004.

4. P.M.Ajayan, L.S.Schadler,P.V.Braun, Nanocompgosdience and technology, Wlley-
VCH, 2003.



304 (A): ASTROPHYSICS | Marks : 75 Credit: 5

(All units carry Equal Marks. Two questions of egomarks are to be set from each unit.
Students require to answer at least one queston éach unit.)

UNIT. I. Celestial co-ordinate system and observational teofgques

Celestial sphere-Sidereal and solar time, Equatfonme-different co-ordinate system,
determination of luminosity-Black body radiations¥linosity and magnitude of star-
relations with mass, radius,-colour index-distadegtermination by parallax and other
methods.

UNIT. II. Telescopes and Instrumentations

Different optical configuration for astronomicalléscope plate scale and diffraction
limits-telescopes for Y-ray, X-ray UV, IR mm anddra astronomy- photometry with
photometers and CCD- spectrometry and polarimeitty various instruments.

UNIT. lll. Stellar structure and Evolution Part-I:

Spectral classification of stars- Saha’s equatidl®€ cycles —HR Diagram-description
of radiation fields opacities-radiative transfetrusture of spectral line-hydrostatic
equilibrium equation of state-main sequence.

Formation of stars in Molecular clouds: Jeans naags Instability conditions, Role of
rotation and Magnetic field

UNIT. IV. Stallar structure of Evolution Part-II :

Evolution of main sequence-late stages-supernoegercgtrate remnants: white dwarf
Chandrasekhar limit-Neutron star- pulsars Blackddol

Binary stars- different types of binaries- WD biear neutron star and black hole
binaries.

UNIT. V. Sun and Solar system

Physical characteristics of sun-rotation, magnéetd, granulation, sunspots, other
chromospheric activities.

Primordial Solar Nebula-Origin and evolution of@aosystem- planets, comets, asteroids
and other minor bodies-formation of comets-Oorudiplanetary dust and gas.

Text Books:

1.Astrophysics, K.S Krishnaswamy , CUP.

2.Astrophysics, Baidyanath Basu, Prentical Hall.

3.Astrophysics, KD Abhankar, Orient Longman.

4.Electronic Imaging in Astronomy, Mclean, Willey.

5.Text Book on Astronomy and Astrophysics with edeits of cosmology, V.B.Bhatia,
Narosa.

6.

Reference Books:



Observational, Astrophysics-Smith, CUP.
Physical Universe, F Shu, CUP.

Astrophysical Quantities, Allen, Willey.
Astrophysical Quantities, KR Lang, Springer el

PwnE

PHY 304 (B): CONDENSED MATTER PHYSICS | Marks: 75 Credit: 5

(All units carry Equal Marks. Two questions of egoearks are to be set from each unit.
Students require to answer at least one queston éach unit.)

UNIT. I. Elastic Constants and Elastic Waves:

Analysis of elastic Stress, Analysis of elastiaisty Elastic compliance and Stiffness
constants, stiffness constants for cubic crysEstic energy density, Elastic waves in
cubic crystals, waves in (100), (110), (111) dicets, Experimental determination of
elastic constants.

UNIT.II. Thermal properties of Solids:

Lattice heat capacity, Classical theory, Einsteitteory, Debye’s theory, Born’s
modification, Heat capacity of diatomic latticesattice thermal conductivity, Phonon
mean free path, phonon-phonon scattering-Umklapmcgsses, Anharmonic crystal
interactions, Gruneisen relation, Thermal expansion

UNIT. Ill. Free Electron Theory of Metals:

Drude-Lorentz free electron theory, Electrical ocecti/ity, Thermal conductivity,
Wiedmann —Franz ratio, Sommerfield quantum thedtsge electron gas in three
dimensions, Density of electron states, Fermi dstatistics and distribution function,
Effect of temperature on FD function, Electronieafic heat, Failure of free electron
model.

UNIT.IV. Crystal Imperfections:

Imperfections in Crystals, Equilibrium concentratiof point defects, Colour centres and
coloration of crystals, Dislocations, Edge and $crdislocations, Burger's vector,
Dislocation energy, Dislocation densities, Disloma and Crystal Growth, Diffusion in
solids, diffusion constant, self-diffusion, Fick&w.

UNIT.V. Liquid Crystals and Nano Science:

Elementary concepts of liquid crystals, thermotro@ind lyotropic, nematics and
semantics, applications, Nano materials, elemenpaoperties of nano materials and
applications, bottom up approaches, top-down ambres, tools for measuring
nanostrcutures, tools to make nanostructures.

Text Books:



1.Solid State Physics, N.W. Ashcroft & N.D. Mermifarcourt Asia, 2001.

2Quantum theory of solids, C. Kittel, Academic.

1. Introduction to Solid State Physics, Charleseit™" ed. Wiley.

2. Solid State Physics, M. S. Rogalski and StuaR@mer, Gordon and Breach,
2001.

3. Solid State Physics, M. A. Wahab, Narosa, 2006.

4. Solid State Physics, H.lbachs & H. Luths, Spgimnd996.

5. Elementary electronic structure, W.A.Harrisorgritf Scientific, 2004.

PHY 304 (C): ADVANCED QUANTUM FIELD THEORY |

Marks: 75 Credit: 5
(All units carry Equal Marks. Two questions of efuearks are to be set from each unit.
Students require to answer at least one questiom éach unit.)

UNIT. I. Review of relativistic quantum mechaniesKlein Gordon equation, Dirac
equation, antiparticles, Dirac spinors, algebra yefatrices, bilinear covariants,
Maxwell’'s equations, gauge transformations.

Lagrangian formulation — action functional, Eulagtange’s equation, variational
principle and Noether’s theorem, Hamilton’s formeali Poisson’s bracket.

UNIT.Il. Canonical quantization of real and complex scalaeld$, Fourier
decomposition, creation and annihilation operatoesmal ordering, Green’s function.
Quantisation of the Dirac field, Dirac propagatQuantisation of the electromagnetic
field, Coulomb and Lorentz gauges, photon propagato

UNIT.IIl. S-matrix expansion, Wick's theorem, matrielement, fermion scattering,
Feynman diagrams and Feynman rules.

Decay rate, decay of a scalar into a fermion <femntion pair, u-decay inte”, v, v, .

Scattering cross-section and kinematics, laboratangd centre of mass frames,
Mandelstam variables.

UNIT.IV. Parity, charge conjugation and time rewdrdor free scalar, Dirac &
electromagnetic fields and for interacting fiel@P transformation and CPT theorem.
Invariance principles and weak interactions.

UNIT.V. Symmetry groups, examples of continuous msytry groups — U(1), SU(2),
SU(3), etc, generators of continuous groups anckseptations.

Spontaneous symmetry breaking — discrete symmig(ty), and non-abelian symmetries,
Goldstone theorem and Goldstone boson, Higgs mexrhan

Text Books:



1.Quantum Mechanics, L | Schiff, McGraw Hill

2.Advanced Quantum Mechanics, J J Sakurai, Pe&docation, 2001

3.Quantum Field Theory, L H Ryder, Academic Puldish

4.A First Book on Quantum Field Theory, A LahiridaR B Pal, Narosa, 2007

5.Field Quantisation, W Greiner and Reinhardt, \gyet

6.Relativistic Quantum Mechanics, J D Bjorken arid Brell, McGraw Hill

7.Relativistic Quantum Fields, J D Bjorken and ®ill, McGraw Hill

8.Quarks and Leptons, F Halzen and A D Martin, Jiley and Sons

9.Introduction to Quantum Electrodynamics and BrtPhysics, D C Joshi, | K
International Publishing House Pvt Ltd, 2007

10.Introduction to High Energy Physics, D H Perkidddison-Wesley

11.Gauge Theory of Elementary Particle Physics, Theng and L F Li, Oxford
University Press, 1988

12.The Quantum Theory of Fields, Vol I, Il, Stewdeinberg, Cambridge University
Press, 1995

PHY 304 (D): NON-LINEAR OPTICS AND LASER SPECTROSCORPY |
Marks: 75 Credit: 5

(All units carry Equal Marks. Two questions of egomarks are to be set from each unit.
Students require to answer at least one queston éach unit.)

UNIT. I. Introduction to Non-linear optics: non-&ar response, graphical representation,
experimental observation of optical non-linear ghraenon - Frenken’s expt. Non-linear
susceptibility and properties. Maxwell equations fon—linear optics, an-harmonic
oscillator and free electron gas model (illustnatad non-linearity). General description
of wave propagation in non-linear medium, Coupledvev equations, Manley-Rowe
relations.

UNIT.Il. Quantum theory of non-linear susceptilyilit Schrodinger wave equations;
perturbation theory. Calculation of probability dimle. Derivation of first, second and
third order susceptibilities.

Two level approximation - density matrix equatiomgtical Bloch equations, Rabi
solution of Schrédinger equations - atom initialyground state.

UNIT.IIl. Second order non-linear processes: sedmsuunonic generation; generation by
focused Gaussian beams. Sum and difference fregugemeration, phase matching
consideration; Sum frequency generation, differefiuency generation, optical
rectification and field induced magnetisation.



Parametric Amplification & Oscillations - single @oubly resonant, frequency tuning.

UNIT.IV. Third order non-linear processes: Self-Baanodulation, temporal solition,
Cross phase modulation, Self-focussing, Four wawengy Optical phase conjugation,
optical bistability and switching.

UNIT.V. Electro-optic and magneto-optic effect: &i®-optic effects, idea of electro-
optic modulators, magneto-optic effect and modulakatroduction to Photorefractive
effect, Kukhtarev et al equations. Acousto-optiteetf Raman-Nath diffraction and
acoustic-optic modulator.

Text Books:

1. Principles of Non-linear optics, Y.R. Shen

Non-linear optics, N. Bloembergen, World sai@publishing co.
Non-linear optical spectroscopy, S. Mukamel,FOU

Non-linear optics, R. W. Boyd, Elsevier.

Laser Spectroscopy, W. Demtrider, Springer.

Essentials of laser and Non-linear Optics, Bdbuah, Pragati Prakashan.
Non-Linear Optics and Laser, B B Laud

Noabkwn

PHY 305 (A): Laboratory on Astrophysics | Marks: 75 Credit: 5

Calibration of plate scale of a given astron@hielescope
Determination of diameter of moon by transit
Determination of diameter of sun by transit
Calibration of a photometer for astronomical sugament
Determination of the width of lunar craters anakria
Recording of the number of sunspots and studkg efriation
Determination of the time period and angularoegy of spin motion of sun
(from Sun spot studies)
8. Determination of photospheric temperature offsom Planck’s law
9. Determination of solar constants
10. Determination of intensity of solar Fraunhoffaes
11. Determination of orbital periods of satellifeJapiter
12. Determination of angular diameter of SaturngRin
13. Application of Image Processing Software(IRASEh 2002) to determine
magnitudes of different stars in a star field.
14. Application of image processing software(IRAGEh 2002) to determine
angular separations of different stars in a s&dfi

NogohrwNE

NB: This list is tentative, subject to the availabiof equipments and other relevant
considerations.



Phy 305 (B): LABORATORY ON CONDENSED MATTER PHYSICS |
Marks: 75 Credit: 5

Study of temperature dependence of Hall Effect.
Study of Magnetic Hysteresis Loop.
Study of Magnetoresistance of a semiconductor.

Determination Lande g factor by Electron Spiséteance Spectrometer.

a c w0 N oE

Study of variation of resistivity of a large galmand a thin slice using high
precision low current source, microvoltmeter, fpuwbe arrangement and PID
controlled oven.

6. Determination of ionic susceptibility of a givealution and magnetic moment
of the ion in terms of Bohr Magnetron.

7. Study of dispersion curve for mono-atomic l&tand di-atomic lattice by
Lattice Dynamic Kit.

8. Determination of Dielectric Constant using LCRtar.
9. Determination of Currie Temperature of a fereggic material.
10. Determination of Curie Temperature of a ferrgneic material.

NB: This list is tentative, subject to the availabiof equipments and other relevant
considerations.
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SEMESTER -1V

PHY 401: ATOMIC AND LASER PHYSICS Marks: 75 Credit: 5

(All units carry Equal Marks. Two questions of egoarks are to be set from each unit.
Students require to answer at least one question éach unit.)

UNIT. I. Review of atomic models and concepts, Hydrogentsppedrom the Bohr and
Bohr-Sommerfeld theories, Variation of the Rydbepgstant, Unquantized states and



continuous spectra, Larmor’s precession, Spacetigadion, Electron spin, Stern-
Gerlach experiment, Vector atom model.

UNIT.II. Hydrogen fine structure, Relativistic ceation, Spin-Orbit interaction, Lamb
shift, Hyperfine structure, Zeeman and Back-Goudgffects in hyperfine structure,
Breadth of spectral lines.

UNIT. Ill. LS and JJ coupling schemes, Derivation of spetdrais under these
schemes, Lande Interval rule, Normal and invertaettiplets, Spectra of alkali and
alkaline earth elements, Selection and intensigsguOscillator strength.

UNIT.IV. Hartree’s SCF method, X-ray spectra, Zeeman effexinal and anomalous),
Lande g-formula, Paschen-Back effect, Stark effect.

UNIT.V. Lasers:Einstein’s coefficients, Requisites for produciagédr light, Laser rate
equations, Optical resonators, He-Ne laser, Stditk daser, Gas lasers, Free electron
laser, Semi conductor lasers, Laser applications.

Text Books:

1. Introduction to Atomic Spectra, H. E. White, Ma@-Hill Book Company.

2. Physics of atoms and Molecules, B H BransdenGddoachain, Pearson Education
3. Concept of Modern Physics, A. Beiser, McGrawl-Biience

4. Spectroscopy Volume I, B.P. Straughan and Sk&alohn Wiley & Sons, Inc., New
York.

5. Lasers: Theory and Application, K. Thyagarajad A. K. Ghatak, Plenum Press, New
York and London.

Reference Books:

1. Atomic Spectra by H. G. Kuhn,
2. Atomic Spectra and Atomic Structure by G. Herzberg.
3. Principles of Lasers by O. Svelto,

PHY 402: NUCLEAR AND PARTICLE PHYSICS

Marks: 75 Credit: 5
(All units carry Equal Marks. Two questions of ehoearks are to be set from each unit.
Students require to answer at least one questiom éach unit.)

UNIT.I. Evidence for saturation property, excharg@racter spin dependence, charge
dependence and charge symmetry of Nuclear forospis formalism, Central and tensor
forces. General form of nucleon-nucleon force.

Dipole and quadrupole moment of the deuteron. SCasthtes.



UNIT.IIl. Shell Model: Single particle model with sare well, harmonic oscillator and
spin-orbit potentials, Collective model, Nilssonaeb

Nuclear reaction & decay : Direct and compound tteas. Reaction cross-section and
resonance. electromagnetic decays, selection Faleni’'s theory of3-decay, Kurie plot,
parity violation, Wu’'s experiment, 2-component theof neutrinos, neutrino helicity,
concepts of neutrino mass and oscillation (solat atmospheric neutrino problems),
Majorana neutrino.

UNIT.IIl. Scattering cross-section and kinematiagldtivistic quantum mechanical
treatment to be introduced), Rutherford and Motissfsections, nuclear form factors,
electron-proton scattering, electromagnetic fornttdes, deep inelastic scattering,
structure functions, Bjorken scaling.

UNIT.IV. Dynamical quark structure of hadrons, vale and sea quarks, quark
momentum distribution, gluon distribution, strongupling constant, asymptotic

freedom, scaling violation of structure functions.

Charged leptons and neutrinos, violation of quantommbers in weak interactions

(hadronic decays, semi-leptonic and leptonic preegsand electromagnetic interactions,
W* and 7 bosons, charged current (e.g. muon decay) andahetrrent processes.

Overview of the Standard Model.

UNIT.V. Synchrotron. Modern colliders : LHC and RHIGermanium and silicon solid
state detectors. Scintillation and Cerencov cosntéybrid detectors.
Data acquisition technique. Single channel andirabéinnel analysers.

Text Books:

Nuclear Physics, R R Roy and B P Nigam, New Wgernational.
Nuclear Physics, Experimental and Theoreticeh Hans.

Concepts of Nuclear Physics, B L Cohen, Tata MaCHill.

Introduction to High Energy Physics, P H Perkikddison-Wesley.
Quarks and Leptons, F Halzen and A D Martinn)hley and Sons.
Nuclear Physics, S N Ghosal, S Chand and Company

Nuclear Physics, D C Tayal.

Particles and Nuclei, B Povh, K Rith, C Schold & Zetsche, Springer.
Introduction to Nuclear and Particle Physics,Das and T Ferbel, World
Scientific.

10. Nuclear Physics, Principles and Applicatiohnlailley.

CoNoOkwWNDE

PHY 403: MOLECULAR SPECTROSCOPY

(All units carry Equal Marks. Two questions of eloearks are to be set from each unit.
Students require to answer at least one questiom éach unit.)



UNIT. I. Molecular Formation and Structure: Nature of bonding in Molecules,
Molecular orbital and valence bond theories, LCA€atment of H2+ & H2 molecules,
Bonding and anti-bonding orbitals, Bond order, €lation diagram, Molecular orbital
picture of some homo and heteronuclear diatomicouwés.

UNIT.Il. Spectra:Born-Oppenheimer approximation, Origin of molecidpectra,
Fluorescence and phosphorescence, Rotational Sp@igid and non-rigid rotator
approximations), Rotational spectra of Polyatomateaules, Isotopic effect on
rotational spectra.

UNIT. Ill. IR Spectroscopy:Vibrational spectra (Harmonic and anharmonic
approximations), Isotopic effect, Rotational-Viboatal spectra, Raman spectroscopy.

UNIT. IV. UV SpectroscopyElectronic spectra in emission and absorption, atibnal
and rotational structures of electronic bands, lH@andon Principle and its applications,
Isotopic effect on electronic spectra, Molecul@&célonic states.

UNIT. V. Electronic structure methods:Hartree-Fock (HF) method, Electron
correlation, Post HF methods (concepts), Densitgtional theory (DFT), Hohenburg-
Kohn theorem, Kohn-Sham idea, Elementary idea n$itgefunctionals.

Text Books:

1. Physics of Atoms and Molecules, B. H. Bransdah@. J. Joachain, Pearson
Education

2. Fundamentals of Molecular Spectroscopy, C N Bdinwata McGraw Hill.

3. Spectroscopy Volumes 11&lll, B. P. Straughan &dValker, John Wiley & Sons,
Inc., New York.

4. Valence, C A Culson, Oxford University Press.

5. Quantum Chemistry, I N Levine, Prentice Hall

Reference Books:

1. Molecular Structure and Molecular Spectra (Vdl,2,3) by G. Herzberg.
2. High Resolution Spectroscopy by J.M. Hollas.
3. Density functional theory of atoms and molecilgfobert G Parr and Weitau Yang.

PHY 404 (A): ASTROPHYSICS lIMarks : 75 Cite8

(All units carry Equal Marks. Two questions of eloearks are to be set from each unit.
Students require to answer at least one questiom éach unit.)



UNIT. I. Star High Energy Radiative Processes in Astronomy:
Synchrotron emission for a single particle and mseenble of particles — Energy loss and
electron scattering-Compton scattering-Bremstradnhawliation.

UNIT. Il. Star formation in ISM, clusters, variablend binary stars, Interstellar
medium(ISM)-various nebula-Jeans condition foraqmdle-Protostars —star formation.
Stellar Clusters : open and Globular- IMF.

Variable stars-period luminosity relations and alise determination Binary stars-types
of binaries.

UNIT. lll. Galaxies: The Milky way Galaxy- kinematics- Hubbles clagsifion scheme
for external galaxies- spirals and ellipticals egulars-Normal galaxies and AGNs-
Quasi-stellar objects-Unified Model-Gamma Ray hurst

UNIT. IV. General Theory of Relativity:

Principle of Equivalence- Gravity and Geometry. MetTensor and its properties-
curved space time-tensor calculus —co-variant miffeation-parallel transport- Bianchi
Identities -particle trajectories in Gravitatioriedld- Einstein’s field Equations- - Schwa
child metric.

UNIT. V. Large scale Structure and Cosmology:

Hubble’s law- angular size- friedmann Robertsonf&al Model, cosmological
constants-the early universe- thermodynamics ofyeaniverse- nucleo-synthesis-
Microwave Background radiation- elementary ideas structure formations- age of
universe. Big Bang and Steady State Theory.

Text Books:

Astrophysics, K S Krishnaswamy, CUP.

Astrophysics, Baidyanath Basu, Prentice Hall.

Astrophysics, K D Abhaynakar, Orient Longman.

Electronic Imaging Astronomy, Melean, Wiley.

The classical theory of Fields Vol-2, Landau ahdshitz, Butterworth
Heinemann

6. Introduction to cosmology, J V Narlikar, CUP.

7. General relativity and cosmology, J V Narlikgicmmillan.

8.Text Book on Astrono and Astrophysics with Eletsesf cosmology, V B Bhatia,

Narosa.

aghhnNE

Reference Books:

1.0bservational Astrophysics, Smith, CUP.

2. Physical Universe, F Shu, OUP.

3.Astrophysical quantities, Allen, Willey.

4. Astrophysical quantities, K R Lang, Springer lgr



404 (B): CONDENSED MATTER PHYSICS I
Marks : 75 Credit: 5

(All units carry Equal Marks. Two questions of egoarks are to be set from each unit.
Students require to answer at least one queston éach unit.)

UNIT. I. Transport Properties:

Boltzmann Transport equation, Electrical conduttivirhermal conductivity of metals,
Variation of Electrical and thermal conductivityttvitemperature, Thermoelectric Power,
Wiedmann —Franz law, Hall effect, Free electrom imagnetic field, Magnetoresistance,
Viscosity from Boltzmann equation,

UNIT.Il. Band Theory of Solids:

Electronic Energy bands in soli@jght-binding method, Applications to simple cubic
crystals, Basics of Density Functional Theory (DFfiphenberg Kohn theorem, Kohn
Sham method, Exchange correlation, Plane wave metAogmented Plane Wave
(APW) methods, Orthogonalized Plane Wave (OPW) oteth

UNIT. lll. Dielectrics:

Polarization of Dielectrics, Dielectric Relaxatiddebye’s theory of dielectric relaxation,
Cole-Cole plot, Onsager-Kirkwood theory, Ferrogiety, polarization catastrophe in
ferroelectric crystal, Theory of ferroelectricityerroelectric crystal types, Barium
Titanate.

UNIT. IV. Magnetism:

Classifications of Magnetic materials, Diamagnetanad Paramagnetism, Classical and
Quantum Theory of Diamagnetism, Origin of permanenagnetic moment in
Paramagnetism, Langevin Theory and Quantum ThdoRammagnetism, Paramagnetic
Cooling.

UNIT.V. Magnetic Relaxation and Magnetic resonance:

Basic theory, Spin-Spin and Spin-Lattice relaxatjmocesses, Bloch equations and
Susceptibilities, Line width, Motional Narrowing,udlear Magnetic Resonance (NMR):
Basic principle and experimental method, ElectrgninSResonance (ESR): Basic
principle and experimental method, Ferromagnett@yclotron resonance.

Text Books:

1. Basic Notions of condensed Matter Physics, AsmierNarosa Publishing House.
2. The theory of super conductivity, Schriefferrdka Publishing House.



3. Vacumm Technology Thin Film & Sputtering an aduction, Stuart, Kluwer
Academic press, 1989.

Reference Books:

1.Solid State Physics, N.W. Ashcroft & N.D. Mermifarcourt Asia, 2001.
2.Quantum theory of solids, C. Kittel, Academic.

3.Introduction to Solid State Physics, Charlesekitt" ed. Wiley.

4.Solid Sate Physics, M. S. Rogalski and StuaRd&mer, Gordon and Breach, 2001.
5.Solid State Physics, M. A. Wahab, Narosa, 2006.

6.Solid State Physics, H.lbachs & H. Luths, Sprnin@896.

7.Elementary electronic structure, W.A.Harrison,rld&cientific, 2004.

PHY 404 (C): ADVANCED QUANTUM FIELD THEORY Il
Marks : 75 Credit: 5

(All units carry Equal Marks. Two questions of egomarks are to be set from each unit.
Students require to answer at least one queston éach unit.)

UNIT.I. The photon propagator, local gauge invac@nCoulomb scattering of electrons,
Mott cross section.

The electromagnetic vertex and form factors, plajsioterpretation of form factors,
electron — proton scattering.

UNIT.Il. Compton scattering — Klein-Nishina formula™ " pair annihilation intoy-rays,

e” e' scattering, ultraviolet divergences, vacuum podditn, self-energy of the electron
Lamb shift.

UNIT.IIl. Yang-Mills theory of non-abelian gaugeefds, equations of motion and
conserved currents, quantization of non-abeliaggdields, QCD.

UNIT.IV. Deep inelastic scattering, Bjorken scaliagd parton model, scaling violation,
QCD improved parton model, DGLAP equations, solutid DGLAP equation for non-
singlet case. Idea of colour confinement.

UNIT.V. Divergences, dimensional regularization,ucter terms, renormalization,
renormalization group.

Divergences and dimensional regularization in QHDnning coupling constant,
asymptotic behavior, renormalisability of QED.

Text Books:



1.Quantum Mechanics, L | Schiff, McGraw Hill

2.Advanced Quantum Mechanics, J J Sakurai, Pe&docation, 2001

3.Quantum Field Theory, L H Ryder, Academic Puldish

4.A First Book on Quantum Field Theory, A LahiridaR B Pal, Narosa, 2007

5.Field Quantisation, W Greiner and Reinhardt, \gyet

6.Relativistic Quantum Mechanics, J D Bjorken arid Brell, McGraw Hill

7.Relativistic Quantum Fields, J D Bjorken and ®ll, McGraw Hill

8.Quarks and Leptons, F Halzen and A D Martin, Mfiley and Sons

9.Introduction to Quantum Electrodynamics and BrtPhysics, D C Joshi, | K
International Publishing House Pvt Ltd, 2007

10.Introduction to High Energy Physics, D H Perkidddison-Wesley

11.Gauge Theory of Elementary Particle Physics, Theng and L F Li, Oxford
University Press, 1988

12.The Quantum Theory of Fields, Vol I, Il, Stewdeinberg, Cambridge University
Press, 1995

PHY 404 (D): NON-LINEAR OPTICS AND LASER SPECTROSCORPY I
Marks: 75 Credit: 5

(All units carry Equal Marks. Two questions of egoarks are to be set from each unit.
Students require to answer at least one queston éach unit.)

UNIT.I. Stimulated scattering processes: Spontagseand stimulated scattering,
Stimulated Brillouin Scattering, General theory sifimulated Brillouin and Rayleigh
scattering, Stimulated Raman scattering, Quantworih coupled wave description of
SRS. Stokes-anti stokes coupling, Inverse Ramartteffour wave mixing and Coherent
Anti-stokes Raman scattering (CARS). Basic principgf non-linear Raman
Spectroscopy. SRS and CARS as techniques of nearliRaman Spectroscopy.

UNIT.II. High resolution non-linear optical spectampy (theory and applications): non-
linear absorption, saturation of inhomogeneous pn&files, saturation spectroscopy -
lamb dip, hole burning, quantum beats. Two photad aulti photon absorption —
theory; multiphoton ionization, optical damage. Twhoton Doppler free absorption
spectroscopy.

UNIT.IIl. Rate equations and lasing criteria, lagain, line width, threshold for lasing,
calculation of threshold gain.

Rate equation analysis for 3- and 4- level systaya#), saturation, pump power and
efficiency.



UNIT.IV. Resonating cavity, gain and loss in cayityongitudinal modes,
Characterisation of resonator, properties of Gamsdieam, single and multimode
oscillation, resonator stability, common cavityhfiguration. Spatial energy distribution:
transverse modes.

Concepts of Q-switching, techniques and mode ta;kjeneration of pulsed laser.

UNIT.V. Ultrashort pulse propagation equationseiptetations, intense field non-linear
optics-generation of%and high harmonics.

Laser radiation force, applications — optical latidn, scattering of atomic beams, optical
cooling and ion trapping.

Text Books:

1. Principles of Non-linear optics, Y.R. Shen

. Non-linear optics, N. Bloembergen, World sai@publishing co.

. Non-linear optical spectroscopy, S. Mukamel,FOU

. Non-linear optics, R. W. Boyd, Elsevier.

. Laser Spectroscopy, W. Demtrider, Springer.

. Essentials of laser and Non-linear Optics, Bdbuah, Pragati Prakashan.
. Non-Linear Optics and Laser, B B Laud

~No o WN

PHY 405 (A) : PROJECT — 100 MARKS (15 CONTACT HOURS PER WEEK)

PHY 405 (B) : PROJECT — 100 MARKS (15 CONTACT HOURSPER WEEK)



