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        (Hours)
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Ph.D.  Course Work (Stream –I)
Paper – I
Methods of Theoretical Physics











Max. Marks: 100





Time: 3 Hrs 

Note:
Eight questions will be set and students will attempt five questions selecting atleast one question from each unit. There will be four units in the question paper. Each unit will consist of two questions belonging to the respective unit of the syllabus.

Unit I

Second Quantization
The Schrödinger equation in second quantized form for bosons and fermions, Many-particle Hilbert space & creation and destruction operators, Field operators, Hamiltonian in terms of field operators, Number density operator; Application to Degenerate electron gas (Jellium model): Construction of the Hamiltonian in second quantization.

Unit II

Zero Temperature Green’s Functions (Fermions)
Three pictures of time development (Schrödinger, Interaction and Heisenberg pictures), S-matrix and Time-ordering operator; Green’s functions: Single-particle Green’s function and its relation to the ground state properties, Example of free fermions, Wick’s theorem. 

Unit III

Tensor analysis
Definition of a tensor in higher dimensions (three & four), Rank of a tensor, Rules of tensor analysis, Christoffel’s symbols; Differential equations: second order linear and nonlinear differential equations and their applications, initial value problems, higher order systems. 
Unit IV

Hamiltonian formulation of mechanics
Poisson bracket in higher dimensions, construction of invariants, Lagrangian and Hamiltonian formulations for continuous systems, Noether’s theorems for continuous systems. 
References:

For Units 1 & 2


1. Quantum Theory of Many-Particle Systems by Alexander L. Fetter and John Dirk Walecka 

2. Many Particle Physics  by G. D. Mahan

3. Many-Electron Theory by Stanley Raimes

For Units 3 & 4
4. Classical Mechanics by Goldstein, Poole and Safko
5. Nonlinear Differential Equations by R. A. Struble
6. Differential Equations and Their Applications by Z. Ahsan 
Mathematical Methods for Physics and Engineering by K. F. Riley, M. P. Hobson and S. J. Bence

Ph.D.  Course Work (Stream –I)
Paper – II  option (i)  

Nonlinear Dynamics 





Max. Marks: 100





Time: 3 Hrs 

Note:
Eight questions will be set and students will attempt five questions selecting atleast one question from each unit. There will be four units in the question paper. Each unit will consist of two questions belonging to the respective unit of the syllabus.

Unit-I

Integrable, nonintegrable and Superintegrable systems, Invariants and their different forms, Methods for the construction of invariants for both autonomous and non autonomous classical systems in one and higher dimensions.

Unit-II

Role and scope of invariants in Physics problems: interpretation and applications, Quantum integrability, Methods for construction of invariants for quantum systems, Moyals’s bracket and Lie dynamical algebraic approach.

Unit-III

Introduction to PT- symmetric quantum systems: definition and applications, eigen spectra of PT-symmetric quantum systems in one and higher dimensions, different methods.

Unit-IV
Introduction to Partial Differential Equations (pdes), applications of pdes in different branches of natural sciences, different methods for finding travelling and solotic solutions of pdes. 
References:

1. Classical and Quantum Mechanics of Non-central Potentials by R.S.Kaushal (1998, Narosa Pubs. New Delhi)

2. Non-linear Dynamics: Integrability, Chaos and Pattern Formations by M. Lakshamanan and S. Rajasekar (2003, Springer-Verlag NY)

Ph.D.  Course Work (Stream –I)
Paper – II  option (ii)

Advanced Nuclear Theory





Max. Marks: 100





Time: 3 Hrs 

Note:
Eight questions will be set and students will attempt five questions selecting atleast one question from each unit. There will be four units in the question paper. Each unit will consist of two questions belonging to the respective unit of the syllabus.

Unit -1
High Energy Collision Theory
Elastic scattering (Formulation), Identities Satisfied by the Scattering Amplitude, Partial Wave Expansion, The Born and W. K. B. Approximations, The High Energy approximation in one and three dimensions, Relation of the High Energy approximations to other methods. 

Unit -1I

Coulomb Excitation

Theory of Electromagnetic Excitation, Classical Theory, Electric Excitations,  Magnetic Excitations, Discussion of Cross sections, Angular distribution of De- Excitation γ Rays, Symmetrization of Classical Cross sections,  Excitation of Projectile. 

Unit -1II
Relativistic Coulomb Excitation

 Weizsacker-Williams Method of Virtual Quanta, Excitation Amplitude in the Semiclassical Approach, Cross sections, Transition amplitude in Eikonal approximation, Differential Cross section in the Eikonal approximation, Equivalent Photon Numbers, Effects of Rutherford Bending 

Unit -1V

Fusion Reactions with Tightly Bound Nuclei

Single Channel Description, W. K. B. Approximation, Hill-Wheeler Formula, Wong Formula, Barrier Distribution, Threshold Anomaly, Coupled Channels Formalism, Polarization Potentials. 

References:

1. R. J. Glauber, Lectures in Theoretical Physics, Vol. 1 (1959) 315.

2. K. Alder et al., Reviews of Modern Physics, Vol. 28, No. 4 (1956) 432.

3. C. A. Bertulani and G. Baur, Physics Reports 163, Nos. 5 & 6 (1988) 299.
4. L. F. Canto et al., Physics Reports 424 (2006) 1. 
Ph.D.  Course Work (Stream –I)
Paper – II  option (iii)
Advanced Condensed Matter Physics





Max. Marks: 100





Time: 3 Hrs 

Note:
Eight questions will be set and students will attempt five questions selecting atleast one question from each unit. There will be four units in the question paper. Each unit will consist of two questions belonging to the respective unit of the syllabus.

Unit I

 Electrons in Metallic solids
 Resume of Independent Electron approximation; Beyond the Independent-Electron Approximation: The Hartree Equations and their inadequacy, The Hartree-Fock equations; Application of the Hartree and the Hartree-Fock methods to a Free-electron gas, Calculation of the exchange energy and the ground-state energy. 

Unit II

Screening

Screening in a free-electron gas: Basic concept of screening, Dielectric and density response functions; Model dielectric response functions: Thomas-Fermi model; Lindhard (Random Phase Approximation) model; Concept of the exchange and Coulomb correlations (Introduction only).
Unit III

Density Functional Theory

Many-Body Hamiltonian; Density Functional Formalism: The Density as basic variable,   The Hohenberg-Kohn theorem, The Kohn-Sham equations; The Local density approximation for the Exchange-Correlation energy.

Unit IV

Quantum Confined Electron Systems
Two-Dimensional electron gas, Laboratory realization (the Si MOSFET and the GaAs-AlGaAs heterojunction), Theoretical description of electron states: Infinite potential well model, Energy sub-bands, Density of states; One-Dimensional electron gas, Laboratory realization, Infinitely deep rectangular quantum wires, Density of states; Quantum Dots.
References:

1. Solid State Physics by Neil W. Ashcroft and N. David Mermin

2. The Wave Mechanics of Electrons in Metals by Stanley Raimes

3. Many Particle Physics  by G. D. Mahan

4. Many-Electron Theory by Stanley Raimes

5. Quantum Wells, Wires and Dots (Theoretical and Computational Physics) by Paul Harrison

6. Low-Dimensional Semiconductors by M. J. Kelly

Ph.D.  Course Work (Stream –II)
Paper – I
       Techniques of Experimental Physics 




Max. Marks: 100





Time: 3 Hrs 

Note:
Eight questions will be set and students will attempt five questions selecting atleast one question from each unit. There will be four units in the question paper. Each unit will consist of two questions belonging to the respective unit of the syllabus.

Unit - I 

Ion beam based materials modification techniques:

Basic ion bombardment processes in solids: General phenomenon, ion penetration and stopping, ion range parameters, Channelling, Components of an ion implanter. 

Energy deposition during radiation damage, Sputtering process and Ion beam mixing, 

Surface modification in metals and polymeric materials due to ion irradiation with examples.

Unit-II

Ion beam based techniques for materials analysis: 

Rutherford backscattering spectrometry (RBS): Principle, Kinematics, instrumentation, backscattering spectrum, Depth Profiles and applications 

Elastic recoil detection analysis (ERDA): Principle, Kinematics, instrumentation and applications

Secondary ion mass spectroscopy (SIMS): Principle, instrumentation working and applications

Nuclear reaction analysis (NRA): Principle, instrumentation, working and applications

Unit - III

Photon and Electron beam based techniques for surface analysis: 

Auger Electron spectroscopy (AES): Basic Principle, methodology and Instrumentation,. Applications of AES in Composition analysis and depth profiling. 

X-ray photoelectron spectroscopy (XPS) or ESCA: Principle, Instrumentation, Methodology, Quantitative analysis and Applications. 

Glancing angle X-ray diffraction, Basic concept, Instrumentation methodology and structural analysis applications

Unit – IV

Techniques for surface structure and composition analysis: 

Scanning electron Microscopy (SEM): Principle, Instrumentation, Methodology and Applications. 

Transmission Electron Microscopy (TEM): Principle, Instrumentation, Methodology for plain view and cross-sectional analysis, Applications in structural analysis. 

Atomic Force Microscopy (AFM): Basic principle, Methodology, typical applications in structural analysis.
Energy Dispersive X-ray Flourescence: Principle, Instrumentation, Methodology and Applications. 

References
1. Ion Implantation by G. Dearnally

2. Ion implantation technology by J. W. Mayers

3. Materials Modification with Ion Beams by J. S. Williams (Reports on Progress in Physics 49(1986)491-587

4. Fundamentals of surface and thin film analysis – L. C. Feldman and J. W. Mayer, North Holland. 

5. Principles of Instrumental Analysis, Douglas A Skoog et al Saunders Golden Sunbrust series. 

6. Electron spectroscopy : Theory, techniques and applications - C.R. Brundee and A.D. Baker Eds. Academic Press

Ph.D.  Course Work (Stream –II)
Paper – II  option (i)

Material Science and Nanotechnology





Max. Marks: 100





Time: 3 Hrs 

Note:
Eight questions will be set and students will attempt five questions selecting atleast one question from each unit. There will be four units in the question paper. Each unit will consist of two questions belonging to the respective unit of the syllabus.

Unit I

Classification of materials, Engineering requirement of materials, Important properties of engineering materials, Material structure, Methods of surface analysis, Structural Imaging, Defect and Reaction sites at Surfaces, electronic structure at surfaces

Grain Structures, Phase Distributions and Inclusions, Fracture Faces and Intergranular Regions.
Unit II

Thermal phenomenon in materials: The hard sphere model of a crystal, The nature of thermal energy, Kinetic theory of monoatomic gasses, Energy distribution, thermal equilibrium, Kinetic theory of solids-interatomic forces, The specific heat of solids, Allotropic phase changes, Multi phase solids.

Diffusion in Solids: Introduction, Application and Classification of diffusion, Diffusion mechanisms, Vacancy mechanism, The interstitial mechanism, Direct interchange mechanisms, Diffusion coefficient: Fick’s law, Fick’s Second law-Time dependence, Factors affecting the diffusion coefficient.

Unit III

Introduction to Nano science, Classification of Nano materials, Size dependence of properties, Energy Bands, Chemical Mechanical, Magnetic, Structural, Optical (linear & non-linear) properties of nanoparticles. Emergence of nanotechnology: Bottom-up & Top-down approach.

Unit IV

Synthesis of nanomaterials: Sol-Gel method. Chemical Vapor Deposition method, Electrodeposition method, Ball milling technique and synthesis using vacuum deposition. 
Characterization techniques of nano materials: Atomic Force Microscopy, Transmission electron microscopy, X-ray photoelectron and UV-Visible spectroscopy, X-ray Diffraction.
References

1. Materials Principle and Practice edited by Charles Newey and Graham Weaver

2. Material Science by G.K.Narula, K.S. Narula, V.K.Gupta

3. Material Science, J.C. Anderson et. Al
4. Nanostructures & Nanomaterials-Synthesis, Properties & Applications-Guozhong Cao

5. Nanotechnology-Basic Science and Emerging Technologies by M. Wilson, Kamali Kannangara Geoff Smith, Michelle Simmons, B, Raguse

6. Nanotechnology- An Introduction to Nanostructuring Techniques-Wolfgang Fritzsche

7. Nanomaterials- synthesis, Properties & application A.S.Edelstein & R C Cammarata

8. Introduction to Nanotechnology-Charles P. Pool;e. Jr. & Frank J. Qwens

Ph.D.  Course Work (Stream –II)
Paper – II  option (ii)
Vacuum Techniques and Thin Films Deposition





Max. Marks: 100





Time: 3 Hrs 

Note:
Eight questions will be set and students will attempt five questions selecting atleast one question from each unit. There will be four units in the question paper. Each unit will consist of two questions belonging to the respective unit of the syllabus.

Unit-I

Introduction: Artificial and natural vacuum, various vacuum ranges, applications of vacuum technology, pressure and mean free path, gas flow at low pressures- flow regimes, conductance, throughput and pumping speed, sorption and desorption phenomenon, interaction of electron and ions with surfaces- electron scattering, ion scattering, low energy electron diffraction

Unit-II
Vacuum pumps: principles of pumping, parameters and classification, rotating-vane pumps, molecular pumps, diffusion pumps, ion pumping- evapor ion pumps, sputter ion pumps, sorption pumps, cryopumping mechanism and cryopumps, liquid nitrogen traps

Gettering: gettering principles, flash getters, bulk and coating getters, gettering capacity, and sublimation pumps

Unit-III

Measurement of low pressures: classification and selection of vacuum gauges, mechanical gauge, gauges using liquids, viscosity gauges, radiometer gauge, thermal conductivity gauge, ionization gauges, calibration of vacuum gauges, partial pressure measurement

High vacuum technology- criterion for selection of materials, cleaning techniques, sealing techniques, leak detection

Unit-IV

Thin film deposition processes: Resistive heating, R.F. heating, electron bombardment heating, Ion beam sputtering, Electrodeposition, Chemical vapor deposition, cluster interaction deposition, choice of thin film substrates, 

Measurement of thickness of thin films: basic principle involved in optical, electrical, mechanical and radiation based thickness measurement techniques,  

References:

1. Vacuum Technology by A. Roth

2. Hand book of thin film technology, by L. I. Maissel and R. Glang 

3. Thin film phenomena, By K. L. Chopra
 Ph.D.  Course Work (Stream –II)
Paper – II  option (iii)

IC Fabrication and VLSI Design





Max. Marks: 80





Time: 3 Hrs 

Note:
Eight questions will be set and students will attempt five questions selecting atleast one question from each unit. There will be four units in the question paper. Each unit will consist of two questions belonging to the respective unit of the syllabus.

Unit - I 

Clean room and safety requirements, wafer cleaning processes and wet chemical etching techniques. Oxidation: kinetics of Silicon dioxide growth both for thick and ultra thin films.

Lithography: Photolithography, E-beam lithography

Unit - II 

Metal film deposition: 

Evaporation and R F magnetron sputtering techniques. Failure mechanism in metal inter connects. Multilevel metallization in metal interconnects. Multilevel metallization scheme. MEMS materials, micromachining, Mold micromachining, Microsensors, microactuators, micromachines and microelectronic integeration. MEMS packaging

Unit - III 

Low Power VLSI Design:

 Need for low power VLSI chips, Sources of power dissipation on digital ICs, Dynamic dissipation in CMOS, power consumption in circuits, latches design, high capacitance nodes, signal gating, logic encoding, VHDL and its capabilities, data objects, data types operators.

Unit - IV 

Digital VLSI Design:

Introduction to MOSFETS: Fabrication and modeling (designer’s view point).

MOS Inverter: Static and switching characteristics, MOS capacitor, resistivity of various layers.

Combinational MOS Logic Circuits: Pass Transistors, Transmission gates, primitive logic gates, complex logic circuits.

Sequential MOS Logic Circuits: Latches and Flip Flops

References:

1. Practical low power digital VLSI  design by Gray K. Yeap Kap 2002

2. Low power design methodologies by Kluwar, Academic 1997

3. VHDL Primer by J. Bhaskar, third edition 

4. VLSI Technology by S. M. Sze

5. Microchip Fabrication

6. CMOS digital integrated circuits: Analysis and Desgin by S. M. Kang and Leble bici, third edition, MH 2002
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