TEACHING & EXAMINATION SCHEME

M. Sc.  (Final) Examination-2020-21
	
	THEORY
	Max.

Marks
	Pds/

Week
	Exam

Hours

	Phy. 501:


	Physics of Solids & Semiconductor Devices 
	100
	4
	3

	Phy. 502: 
	Nuclear Physics 


	100
	4
	3

	
	 Optional (Special) Papers:

(Any one group to be opted by the student)


	
	
	

	Group A
	Electronics:
	
	
	

	Phy.503A

Phy.504A
	Electronic Circuits and Microprocessors

Communication Electronics 


	100

100
	4

4
	3

3

	Group B
	Condensed Matter & Laser Physics
	
	
	

	Phy.503B

Phy.504B
	Condensed Matter Physics

Physics of Lasers & Laser Applications


	100

100
	4

4
	3

3

	Group C
	Atomic & Molecular Spectroscopy
	
	
	

	Phy.503C

Phy.504C
	Atomic Spectroscopy

Molecular Spectroscopy


	100

100
	4

4
	3

3

	Group D
	Radiation Physics 
	
	
	

	Phy.503D

Phy.504D
	Radiation Physics Part-I: Dosimetry and Shielding 

Radiation Physics Part-II: Safety in Medical and Industrial Applications


	100

100
	4

4
	3

3

	
	Total :
	400
	
	

	
	
	
	
	

	
	PRACTICALS
	
	
	

	
	
	
	
	

	Phy.505
	General Lab 

 (Practicals from Groups other than Special)
	90
	8
	6

	
	
	
	
	

	
	Specialization Lab (one of the groups) 
	
	
	

	Phy.506A
	Electronics Lab.
	80
	8
	6

	Phy.506B
	Condensed Matter & Laser Physics Lab.
	80
	8
	6

	Phy.506C
	Atomic & Molecular Spectroscopy Lab.
	80
	8
	6

	Phy.506D
	Radiation Physics Lab.
	80
	8
	6

	Phy.507
	Seminar (Internal)
	30
	
	

	
	Total :
	200
	
	


Paper-I
Phy.  501 : Physics of Solids & Semiconductor Devices

Note:
The question paper for the examination will be divided in three parts i.e., Section – A, Section – B and Section – C.

Section – A: Will consist of 10 compulsory questions. There will be two questions from each unit and answer of each question shall be limited upto 30 words. Each question will carry 2 marks.

Section – B: Will consist of 10 questions. Two questions from each unit will be set and students will answer one question from each Unit. Answer of each question shall be limited upto 250 words. Each question carry 7 marks.

Section – C: Will consist of total 05 questions. The paper setter will set one question from each Unit and students will answer any 03 questions and answer of each question shall be limited upto 500 words. Each question will carry 15 marks.

Unit 1 : 

Crystal Physics and Defects in Crystals : The reciprocal lattice and its applications to diffraction techniques, The Laue, powder and rotating crystal method, crystal structure factor and intensity of diffraction maxima. 
Phase transition: First and second order transitions, long range order, Bragg William model, short range order. 

Ferro-electric properties: dipole theory, thermodynamics of ferro-electric transition, ferro-electric domains, piezoelectric and pyro-electric material.
Point defects, line defects and planer (stacking) faults. The role of dislocations in plastic deformation and crystal growth, the observation imperfections in crystals, X-ray and electron microscopic techniques. 

Unit 2 : 

Electronic properties of Solids : Superconductivity: Basic phenomenological description :  Meissner effect, type I and II superconductors, superconductive tunneling, dc and ac Josephson effect, high Tc superconductors.

Weiss theory of ferromagnetism, Heisenberg model and molecular field theory, spin waves and magnons, Curie- Weiss law for susceptibility, ferri and antiferro-magnetic order, domains and Bloch wall energy.

Optical properties : Refractive index, electronic polarisation, optical absorption, colour centres , excitons, photoconductivity, photoluminence. Interrelationship between absorption coefficient and band gap recombination.
Unit 3 :

Band theory: Electrons in a periodic lattice: Bloch theorem, band theory, Tight -bonding approximation, Fermi surface, de Hass Von Alfen effect, Cyclotron resonance, Magnetoresistance, Quantum Hall effect. 

Semiconducting Materials : Direct and indirect semiconductors, Degenerate and compensated semiconductors, Elemental ( Si) and compound semiconductors ( GaAs).

Diffusion of impurites- Thermal diffusion, ion implantation.

Carrier drift under low and high fields in Si and GaAs, saturation of drift velocity, high field effects in two valley semiconductors, carrier diffusion, carrier inject, generation Recombination processes, minority carrier life time, drift and diffusion of minority carriers (Haynes- Shockey experiment) Determination of conductivity ( a) four probe and ( b) Van der Paw techniques. Hall coefficient, minority carrier life time 

Unit 4 : 

Semiconductor  Devices : P-N junction energy band diagrams for homo and hetero junctions, current  flow mechanism in P-N junction, effect of indirect and surface recombination currents on the forward biased diffusion current, P-N junction diodes rectifiers (high frequency limit). Switching property and reverse recovery.

Types of solar cells, solar radiation and ideal conversion efficiency, spectral response, P-N junction solar cells, current-voltage characteristics, Heterojunctions, schottky barrier and MIS solar cells, elementary ideas of advanced solar cells e.g. Tandom solar cells, solid liquid junction solar cells, organic solar cells, Electrolyte junctions, Principle of Photo electrochemical solar cells.

Unit 5 :  

Schottky diodes & Transistors : Metal Semiconductor barrier, Schottky effect thermionic & diffusion currents, measurement of barrier height. Basic characteristics of Bipolar junction transistor, current-voltage characteristics, factor controlling current gain, switching of transistor, working of MOS diode, energy band diagram, depletion and inversion layer, high & low frequency capacitance-voltage (C-V) characteristics, concept of JFET, MOSFET & MESFET, working derivation of the equation for I-V characteristic under different conditions, high frequency limit, Basic characteristics of thyristors and UJT
Books Suggested :

K. Seeger : Semiconductor Physics, Springer Verleg

John P. Mckely : Solid State and Semiconductor Physics

S.M. Sze : Physics of Semiconductor Devices 

Kittel : Solid State Physics

Azaroff : Introduction to Solids

Millman and Halkias : Intergated Electronics
Fonash : Solar cells devices-Physics

Fahrebbruch & R.H. Bube : Fundamentals of Solar cells; Photovoltaic solar energy (academic press, New York)

S. Chandra :  Photo-electrochemical solar cells.
Wurfer Peter : Physics of Solar cells : From Principles to new concepts, John Willey

Paper-II
Phy. 502 : Nuclear Physics

Note:
The question paper for the examination will be divided in three parts i.e., Section – A, Section – B and Section – C.

Section – A: Will consist of 10 compulsory questions. There will be two questions from each unit and answer of each question shall be limited upto 30 words. Each question will carry 2 marks.

Section – B: Will consist of 10 questions. Two questions from each unit will be set and students will answer one question from each Unit. Answer of each question shall be limited upto 250 words. Each question carry 7 marks.

Section – C: Will consist of total 05 questions. The paper setter will set one question from each Unit and students will answer any 03 questions and answer of each question shall be limited upto 500 words. Each question will carry 15 marks.

Unit-1 : 

Nuclear Properties: Nuclear size and shapes- estimation of nuclear radii by different methods-nuclear shapes-nuclear moments-magnetic dipole moment-electric quadrupole moment- molecular beam experiments for determination of nuclear moments.

Nuclear Models : 

Independent  particle model: Motion in mean potential, energy level according to harmonic oscillator potential and infinite square well potential–effect of spin orbit interaction. Prediction of ground spin, parity of odd–A nuclei and odd-odd nuclei-magnetic moment of odd-A nuclei and quadrupole moment. 

Collective model : collective vibrations and rotations. Nuclear quadrupole moments. Nilson model-calculation of energy levels –prediction of ground state spin.

Unit-2 : 

Nuclear Decays : Alpha decay: Barrier  Penetration  theory of alpha decay, Geiger Nuttal law. 

Beta decay: Fermi theory of beta decay, Kurie plot, Fermi and Gamow –Teller transitions, allowed  and forbidden transitions , electron capture, Parity  Violation in beta decay, Inverse  beta decay, double beta decay, V-A form of beta interaction,  experimental evidence of parity violation.

Gamma decay: Width of decaying states, selection rules  and transition probability for gamma emission. Internal electron conversion, Angular correlation studies, Isomerism, Mossbauer effect.  

Unit-3 : 

Nuclear Forces and Deuteron problem :  Ground state of  the deuteron  using square well potential, relation between  range and depth of potential.  

Low energy  n-p scattering, scattering length and effective range, scattering by ortho and para hydrogen ,spin dependence of nuclear force, isotopic spin, saturation character of nuclear forces, Tensor  force, Meson  theory of nuclear forces, exchange forces. Nuclear Reactions

Partial wave analysis of reaction cross section, compound nucleus, single level Breit Wigner formula, the optical model and stripping reactions. 

Unit-4 :

Interaction of charged particles with matter: Energy loss of heavy charge particles and stopping power, Range energy relations, Qualitative description of energy loss of electrons passing through matter. 

Interaction of gamma rays with matter: Interaction mechanism, photoelectric absorption, Compton scattering and pair production, Gamma ray attenuation, attenuation coefficients, absorber mass thickness, qualitative description of photoelectric, Compton and pair production cross sections.

Interaction of neutrons: Slowing down of neutrons in matter, Energy distribution of neutrons after collision. 

Nuclear Detectors: Scintillation detectors-different type of scintillators -  photomultiplier  tubes, measurement with scintillation detectors-NaI(Tl), plastic scintillator- Scintillation spectrometer, spectrum analysis.

Semiconductor detectors, semiconductor properties- physics of semiconductor detectors- diffused junctions, surface barrier and ion implanted detectors. Si(Li),Ge(Li)and Hp-Ge detectors-semiconductor detector spectrometer. Pulse height analysis of spectrum.

Unit-5 : 

Elementary Particle Physics: Conservation laws and basic interaction relating to elementary particles. Particles and antiparticles.

Pions– The Yukawa interaction, spin of pions, intrinsic parity- isotopic spin of pions, Pion Nucleon scattering and resonances. 

Strange particles associated production–strange quantum number, Gellmann–Nishijima formula.

Weak interactions: Neutral Kaons The Ko-Ko system. Regeneration of the short lived component of neutral Kaons. CP violation. Parity violation in weak interaction, tau theta puzzle. CPT theorem statement only.

The quark model- quark model of particles, elementary idea of charm quantum number, necessity  of colors . Introductory idea of quantum chromodynamics and gluon jets.   

Books Suggested :

R.D. Evans : The Atomic Nucleus, McGraw Hill Book Company Inc., New York.

Burcham W.E. : Elements of nuclear physics, Longman

Segre E. : Nuclei and particles, Benjamin 

Roy & Nigam : Nuclear Physics, John Wiley

GROUP-A 

 Paper-III

Phy. 503 A : Electronic Circuits and Microprocessors
Note:
The question paper for the examination will be divided in three parts i.e., Section – A, Section – B and Section – C.

Section – A: Will consist of 10 compulsory questions. There will be two questions from each unit and answer of each question shall be limited upto 30 words. Each question will carry 2 marks.

Section – B: Will consist of 10 questions. Two questions from each unit will be set and students will answer one question from each Unit. Answer of each question shall be limited upto 250 words. Each question carry 7 marks.

Section – C: Will consist of total 05 questions. The paper setter will set one question from each Unit and students will answer any 03 questions and answer of each question shall be limited upto 500 words. Each question will carry 15 marks.

Unit 1 : 

Network Theory: Generalized concepts of complex frequency, impedance and admittance functions, exponential excitation and system function, driving point and transfer functions, pole zero configuration, steady state response to DC and periodic functions from pole zero plots, natural frequencies of networks and transient response, direct and logarithmic plots of response functions, magnitude and phase from s-plane vectors, response of linear systems to singularity functions like impulse, step and ramp.

Unit 2 : 

Analog circuits : Operational amplifier parameters, frequency response, pole-zero compensation, general application of operational amplifier in linear and nonlinear circuits, active filters ( low pass, high pass and band pass ), resonant band pass  filters, Delay equalizer, integrated circuits,  tuned amplifier, cascade video amplifier, comparator, sample and hold circuits, log amplifier,  waveform generators, regenerative comparator.

Unit 3 :

Digital circuits : Transistor as a switching device, Logic gates, Various logic families : DTL, TTL, RTL and DCTIL, combinational and sequential logic circuits

 Flip-flop : a one bit memory- The RS flip-flop, JK flip flop, JK master slave flip-flop, T-flip-flop, D-flip-flop, Registers and counters 

Boolean algebra and Karnaugh maps, D/A and A/D converters.

Unit 4: 

Architecture of 8085: register organization, bus organization, ALU and controls, instruction set; addressing modes, fetch and execution of instructions data transfer: memory-mapped I/O interrupted driven data transfer and DMA transfer , 8259 PIC and 8257 DMA controller, assembly language programming 

Peripheral devices and memory: key board, LED display, VDU and their interfacing, 8279 key board- display interface, CRT controller. Types of memories: main memory, auxiliary memory, architecture of floppy disk, hard disk, compact disk, floppy disk controller. 

Interfacing devices: I/O ports, programmable interface - 8255 A programmable interval timer 8253.

Unit 5: 

Designing a microprocessor system: hardware design, software design and program coding, data transfer between two microcomputers in distributed processing, temperature monitoring systems, DAS 8086 and other microprocessors; organization of 8086 and addressing modes, instruction set, assembler directives and pseudo instructions, simple assembly language program, interfacing with I/O and memories, 8086 interrupts & DMA. 

Introduction to 32 bit microprocessors Intel 80386, architecture, addressing modes and instruction set

Books Suggested: 

F. Valkenburg: Network Analysis (Prentice Hall)

A.P. Malvino and D. Leach: Digital Principle and applications IV Ed TMH

Milman & Halkias: Integrated Electronics, TMH

R.L. Tokheim., Digital Electronics Principles and Applications V Ed TMH 
R.S. Gaonkar., Microprocessor Architecture, Programming and Applications. Wiley Eastern Ltd 

Raffiquzamman.M: Microprocessor: Theory and Application, Prentice Hall Of India

Gosh and Sridhar: Introduction to Microprocessor for Engineers and Scientists, Prentice Hall Of India 

Hall, D.V.: Microprocessor and Interfacing, Tata McGraw Hill.

GROUP-A 

 Paper-IV

Phy. 504 A :Communication Electronics

Note:
The question paper for the examination will be divided in three parts i.e., Section – A, Section – B and Section – C.

Section – A: Will consist of 10 compulsory questions. There will be two questions from each unit and answer of each question shall be limited upto 30 words. Each question will carry 2 marks.

Section – B: Will consist of 10 questions. Two questions from each unit will be set and students will answer one question from each Unit. Answer of each question shall be limited upto 250 words. Each question carry 7 marks.

Section – C: Will consist of total 05 questions. The paper setter will set one question from each Unit and students will answer any 03 questions and answer of each question shall be limited upto 500 words. Each question will carry 15 marks.

Unit 1 :

Analog communication : Amplitude modulation- generation of AM waves, Demodulation of AM waves Frequency Modulation and Demodulation- DSBSC modulation, Generation of DSBSC waves,  Coherent detection of DSBSC waves, SSB modulation, Generation  and detection of SSB waves, Vestigial sideband modulation, Frequency division multiplexing ( FDM).

Digital communications: Pulse modulation systems: sampling theorem- low pass and Band pass signals, PAM, Channel BW for a PAM signal, Natural sampling, Flat -top sampling, Signal recovery through holding, quantization of signals, Differential PCM, Detla Modulation, Adaptive Delta modulation, CVSD.

Digital modulation techniques: BPSK, DPSK, QPSK, PSK, QASK, BFSK, FSK, MSK.

Unit 2:
Transmission lines: voltage and current equations on transmission lines, characteristic impedance, propagation constant, lines at low and high frequencies, resonant and non resonant lines, reflection coefficient, VSWR, impedance transformation, impedance matching by single stub double stub. Smith chart and its use in transmission line calculation.

Wave guides:  Wave propagation  between parallel planes; modes of propagation and other characteristics; rectangular wave guides; wall losses; cavity resonators; impedance concept  in wave guide; impedance measurement by VSWR, microstrip lines: characteristics impedance, quality factor, losses: optical wave guides; optical fibers, total internal reflection, TE and TM modes of symmetric step index wave guides.

Unit 3: 

Microwave Devices  and communication : Velocity modulation, Basic principles of two cavity, Klystrons and reflex Klystrons, Principles of operation of magnetrons, Helix Traveling wave tubes, Wave Modes
Transferred electron devices, Gunn effect, Principles of operation, Modes of operation, Read diode, IMPATT diode, TRAPATT diode. Advantages and disadvantages of microwave transmission, loss in free space, propagation of microwave, antennas used in MW communication systems.   

Optoelectronics :  LED’s, circuits with LED’s semiconductor, Lasers photo transistor as a switch in the opto couplers, steady state performance, dynamic performance, use of opto couplers.
Unit 4: 

Radar Systems  : Radar block diagram and operation, radar frequencies, pulse considerations radar range equations, derivation of radar range equation, minimum detectable signal, receiver noise, signal to noise ratio, integration of radar pulses, radar cross-section, pulse repetition frequency, antenna parameters, system losses, and propagation losses. Elements of television transmission & reception : black & white and colour, TV camera tubes, block diagrams of TV transmitters and receivers.

 Satellite communication : orbital satellites, geo stationery satellite, orbital patterns,  look angles, orbital spacing , satellite systems link modules. 

Unit 5: 

Informatics : network types and architecture,(broad cast, multi cast, LAN, MAN, WAN, topologies , token ring , FDDI, cabling) protocols, interfaces and services , X.25,  ISDN, ATM, VPN, frame relays wireless transmission bridges, TCP/IP and ISO-OSI models, routing, congestion, and flow control, tunneling inter network routing, data link protocols multiple access protocols, TCP UDP, transport layer error recovery, application layer services, and protocols IP Addressing , Network Security, 

Evaluation of internet, internet architecture, goals and key issues related to internetworking technologies; internet connectivity (dialup, dedicated line broad band, DSL, radio, VSAT, etc); domain name scheme, technologies and tools relevant for web access (FTP, Email search tools, Video conferencing, e-communication, on-line services, etc.) Internet security.

Books Suggested:

Taub And Schilling; Principle of communication systems, TMH 1994.

Simon Haykin Communication Systems, Third Edition, John Wiley & sons Inc., 1994

G. Kenndey : Electronic Communications system  (McGraw Hills )

D. Roddy and J. Coolen : electronic Communication  ( Prentice Hall ) 

S.Y. Liao, Microwave Devices and Circuits 

Chodorow and Suskind: Fundamental of Microwave electronics  ( McGraw Hill )

Atwater: Introduction to microwave Theory

Mountgomry : Microwave measurement  

J. Gower: optical communication systems , PHI

GROUP-B 

Paper-III

Phy. 503 B : Condensed Matter Physics

Note:
The question paper for the examination will be divided in three parts i.e., Section – A, Section – B and Section – C.

Section – A: Will consist of 10 compulsory questions. There will be two questions from each unit and answer of each question shall be limited upto 30 words. Each question will carry 2 marks.

Section – B: Will consist of 10 questions. Two questions from each unit will be set and students will answer one question from each Unit. Answer of each question shall be limited upto 250 words. Each question carry 7 marks.

Section – C: Will consist of total 05 questions. The paper setter will set one question from each Unit and students will answer any 03 questions and answer of each question shall be limited upto 500 words. Each question will carry 15 marks.

Unit-1: 

Synthesis and preparation of materials: Gas to solid synthesis and preparation-vapour deposition, chemical vapour deposition, sputtering. 

Liquid to solid synthesis and preparation-liquid growth from the melt, liquid quenching crystallization from solution, sol-gel methods, ion exchange and intercalation.

Solid to solid synthesis and preparation –solid-state reactions, high pressure preparation and synthesis and glass ceramics.

Unit-2: 

Electrons in Solids and Surface States: Interacting electron gas: Hartree and Hartree- Fock approximations, correlation energy, Screening, plasma oscillations. Dielectric function of an electron gas in random phase approximation. Limiting cases and Friedel oscillation, strong- interacting Fermi system. Elementary introduction to Landau’s quasi-particle theory of a Fermi liquid. Strongly correlated electron gas. Elementary ideas regarding surface states, metallic surfaces and surface reconstruction.  

Unit-3 : 

Disordered Systems and Imperfection in Crystals: Disorder in condensed matter, substitutional, positional and topographical disorder, Short and long range order. Atomic correlation  function and structural description of glasses and liquid.

 Anderson model for random system and electron localization, mobility edge, qualitative application of the idea to amorphous semiconductors and hopping conduction

 Imperfections in Crystals: Mechanism of plastic deformations in solids, Stress and strain fields of screw and edge dislocations. Forces between dislocations Stress needed to operate Frank- Read source, dislocations in bcc, fcc, and hcp lattices.

Experimental methods of observing dislocations and stacking faults, Electron microscopy, kinematical theory of diffraction contrast and lattice imaging.

Unit-4 :

Films and Surfaces.  Study of surface topography by multiple –beam interferometery. Condition for accurate determination of step height and film thickness (Fizeau Method). Electrical conductivity of thin films, difference of behaviour of thin films from bulk, Boltzmann  Transport Equation for thin film(for diffuse scattering), Expression for electrical  conductivity of thin film.

Elementary concept of surface crystallography. Scanning, tunneling and  Atomic force microscopy.

Unit-5 : 

Reduced Dimensionally: Basic concepts underlying 0D, 1D and 2D systems and their applications. Zero-dimensional systems- Fullerenes and quantum dots. One dimensional systems-one dimensional metals, Peierls distortion, conjugated polymers, nanotubules, quantum wires. Two dimensional systems-Layered crystals, Heterojunctions, quantum wells, artificial structures, quantum hall effect. Applications-Semiconductor transistors and Opto-electronic devices.

Suggested Books:

Elliott : The Physics & Chemistry of Solids, John Wiley & Sons. 

Thomas : Transmission Electron Microscopy.

Tolansky : Multiple Beam Interferometry


Heavens : Thin Films

Chopra : Physics of Thin Films

Aschroft & Mermin : Solid State Physics

Mott & Davis : Electronic Processes in Non Crystalline Materials, Oxford University Press.

GROUP-B 

Paper-IV

Phy. 504 B : Physics of Lasers & Laser Applications

Note:
The question paper for the examination will be divided in three parts i.e., Section – A, Section – B and Section – C.

Section – A: Will consist of 10 compulsory questions. There will be two questions from each unit and answer of each question shall be limited upto 30 words. Each question will carry 2 marks.

Section – B: Will consist of 10 questions. Two questions from each unit will be set and students will answer one question from each Unit. Answer of each question shall be limited upto 250 words. Each question carry 7 marks.

Section – C: Will consist of total 05 questions. The paper setter will set one question from each Unit and students will answer any 03 questions and answer of each question shall be limited upto 500 words. Each question will carry 15 marks.

Unit-1 :  

Stimulated and spontaneous emissions, Einstein’s A and B coefficients, line broadening mechanisms, gain and absorption coefficients, threshold population inversion, saturation behavior of homogeneously and inhomogeneously broadened transitions, hole burning and Lamb dip, Laser rate equations, three and four level systems, variation of laser power around threshold, optimum power coupling, laser spiking

Lamb’s semi classical laser theory: density matrix for two level atom, interaction of two level atom with single mode field, steady state solution of density matrix equation, mode pulling

Unit-2 : Gaussian beams, Optical resonators and resonant optical cavities: Ray tracing in optical system by matrix method, stable and unstable cavities, Gaussian beams, lowest order TEM00 modes, (Derivation of TEM00 modes from wave equation is not required) physical description of TEM00 modes, amplitude of the field, longitudinal phase factor, radial phase factor, higher order modes, divergence of higher order modes, spatial coherence 

Optical resonators-Gaussian beams in simple stable resonators, applications of the ABCD law to cavities modal volume in stable resonator

Resonant optical cavity: Resonance, sharpness of resonance, Q value, finesse, photon life time, resonance of hermit Gaussian modes, diffraction losses, Transverse and longitudinal mode selection, Q switching, mode locking and pulsed laser

Unit-3 : 

Various kinds of lasers: Coherence, brightness, directionality of laser sources, typical values, comparison  with ordinary light sources and the underlying reasons of the difference. General description, laser structure and excitation mechanism of following laser systems-He-Ne laser, CO2 laser, Free electron laser, Dye laser, Ruby laser, Semiconducting diode lasers, Quantum well lasers

Unit-4: 

Nonlinear Optics-Second harmonic generation and parametric oscillation:  Physical origin of nonlinear polarization, formalism of wave propagation in nonlinear media, Optical second harmonic generation, photon model of second harmonic generation, parametric amplification, parametric oscillation, frequency conversion

Essential ideas underlying holography and its applications

Unit-5 : 

Applications of Lasers: Laser fluorescence and Raman scattering and their use in pollution studies, ultrahigh resolution spectroscopy with lasers and its applications, qualitative treatment of Medical and Engineering applications of lasers, Cooling by lasers- basic physics and possible applications including atom lasers.

Books Suggested:

1.Silfvast : Laser Fundamentals, Cambridge University Press, 1998

2.Yariv: Optical Electronics, Fourth Ed., HRW Saunders, 1991

3. Svelto: Lasers

4. Demtroder: Laser Spectroscopy

5. Lethokov, “Nonlinear Laser Spectroscopy”

6.Thyagarajan and Ghatak: Lasers- Theory and Applications

7.Verdeyen: Laser Electronics, PHI, 1989

GROUP C

PAPER – III

Phy. 503 C : ATOMIC SPECTROSCOPY

Note:
The question paper for the examination will be divided in three parts i.e., Section – A, Section – B and Section – C.

Section – A: Will consist of 10 compulsory questions. There will be two questions from each unit and answer of each question shall be limited upto 30 words. Each question will carry 2 marks.

Section – B: Will consist of 10 questions. Two questions from each unit will be set and students will answer one question from each Unit. Answer of each question shall be limited upto 250 words. Each question carry 7 marks.

Section – C: Will consist of total 05 questions. The paper setter will set one question from each Unit and students will answer any 03 questions and answer of each question shall be limited upto 500 words. Each question will carry 15 marks.

UNIT-1: 

Spectra of Single and Multi-Electron atoms: Brief account of Hydrogen atom theory incorporating the relativity and spin correction terms. 

Multi Electron systems - Central Field Approximation, L-S and j-j coupling approximations.

Determination of spectral terms (i) atoms with two or more non-equivalent optical electrons, (ii)  atoms with two or more equivalent optical electrons, Lande’s Interval Rule, Normal and Inverted Multiplets, Order of terms and fine structure levels, Selection rules for multi electron atoms in L-S coupling and j-j coupling.

Spectra of alkali elements; fine structure and intensity ratio for doublets,  spectra of alkaline earth elements; interaction energies in L-S and j-j couplings; comparison of terms, spectra of elements with pn configuration, spectra of elements with unfilled d- and f-shells. 

UNIT 2:

Theory of Radiation : Transition probabilities,  Classical electromagnetic theory, Expansion of the retarded potential, Correspondence principal for emission, Dipole radiation field, Quadrupole radiation field, Spectral lines in natural excitation, Induced emission and absorption and Einstein’s coefficients.

Dispersion Theory- Raman Effect, Natural shape of absorption lines.

UNIT 3: 

Atoms in external magnetic and electric fields: The normal Zeeman Effect, weak fields- Russel Saunders terms and general case, The intensities of lines in weak fields and quadrupole lines.
Paschen Back effect and illustrative example.
Stark effect, Linear Stark effect, illustration for hydrogen atom and its series limit. General theory for non-hydrogenic atoms-Helium and Alkali metals. 

Unit-4:
X-Ray scattering, emission and absorption spectra : Salient features,  K, L and M series spectra and their origin, energy level diagram, selection rules, relative intensities of lines, regular and Irregular doublets and doublet laws,  Sommerfield screening constants, Gamma sum and  permanence rule.

Non-diagram lines- Wentzel, Richtmyer and Coster Kronig theories, Auger effect, origin of low  frequency satellites.

X-Ray Absorption Edge, EXANES, EXAFS and white lines, theories for their origin.

Thomson and Rayleigh scattering, Compton scattering and its wave mechanical theory, Scattering by bound electrons, scattering by crystals, X-ray Raman and Plasmon scattering. 

Unit-5:

X-Ray Diffraction and Spectrographs : Diffraction from a crystal -the structure factor in terms of indices of reflection. Numerical application of Fourier series, Fourier series in two and three dimensions, The Fourier Transform, Convolution, Diffraction by a periodic distribution, The electron density equation. 

X-Ray spectrographs: Construction, working  and focussing action of (i) Oscillating Plane crystal spectrograph (ii) Bent crystal spectrograph of Cauchois, Johann and Johansson type, Resolving and Dispersive Powers for all the spectrographs, Two crystal X-Ray spectrometer, its resolving power.

BOOKS SUGGESTED

I.I. Sobel’man: Introduction to the Theory of Atomic Spectra, Pergamon Press.

E.U.Condon and G.H. Shortley: The Theory of Atomic Spectra,Cambridge University Press.

A.H. Compton and S.K. Allison: X-Rays in Theory and Experiment,D Van Nostrand Company, INC

B.K. Agarwal: X-Ray Spectroscopy, Springer Verlag Berlin, Heiderberg, New York.
M.M.Woolfson: X-Ray Crystallography,Cambridge University Press. 

Raj Kumar: Atomic and Molecular Spectra, Kedarnath Ramnath ,  Meerut.

GROUP-C
Paper-IV

Phy. 504 C : Molecular Spectroscopy

Note:
The question paper for the examination will be divided in three parts i.e., Section – A, Section – B and Section – C.

Section – A: Will consist of 10 compulsory questions. There will be two questions from each unit and answer of each question shall be limited upto 30 words. Each question will carry 2 marks.

Section – B: Will consist of 10 questions. Two questions from each unit will be set and students will answer one question from each Unit. Answer of each question shall be limited upto 250 words. Each question carry 7 marks.

Section – C: Will consist of total 05 questions. The paper setter will set one question from each Unit and students will answer any 03 questions and answer of each question shall be limited upto 500 words. Each question will carry 15 marks.

Unit 1. : 

Group Theory : Symmetry elements, symmetry operations and point groups, symmetry operations on molecular motions, symmetry species and character tables, nature of a group.  Symmetry operations and representation of a group, reducible and irreducible representation, characteristics of irreducible representation, characters of representations, classes, analysis of a reducible representations, the characters for the reducible representation of molecular motion, Number of normal modes of various symmetry types (C2v and C3v), the infrared  Raman active fundamentals and symmetry of group vibration.

Unit-2 : 

Rotation Spectra of Polyatomic Molecules : Energy levels and their symmetry properties, statistical weights, infrared rotation spectra and rotational Raman spectrum of linear, symmetric top, spherical top and Symmetric top molecules, quadrupoles, hyperfine structure in linear molecules, Stark effect and quantum mechanical calculation of Stark energy for static field.  

Unit-3:
Vibrational Spectra of Polyatomic Molecules : Nature of normal vibrations, normal co-ordinates, internal co-ordinates and symmetry co-ordinates, vibrational energy levels and eigen functions, determination of normal modes of vibration, solution by the use of symmetry coordinates, application to linear and non-linear XY2 molecules, anharmonicity and interaction of vibrations, influence of anharmonicity for non-degenerate and non-accidentally degenerate vibrations, Fermi resonance, Isotope effect, Infrared vibration and vibrational Raman spectra of H2O and CO2, the polarizability ellipsoid, quantum mechanical explanation of Raman effect, Selection rules, the rule of mutual exclusion inversion, doubling.

Unit-4 :

Electronic Spectra of Diatomic Molecules : Vibrational structure of electronic bands, Frank Condon principle, Deslandres tables, rotational structure of electronic bands, Fortrat Parabola, Combinations relations, electronic states, Dissociation energy of diatomic molecules, its evaluation by band convergence methods, evaluation of De by extrapolation to convergence limit.

Unit-5 :

Electronic spectra of Polyatomic Molecules : Classification of electronic states, multiplet components, Vibrational structure of electronic states of linear molecules; Renner Teller effect, rotational structure of electronics states in the case of linear and symmetric top molecules; Fluorescence, theoretical life time of the excited state in terms of half life, Phosphorescence.

Books suggested : 

1. Barrow : Introduction to Molecular Spectroscopy, Mc-Graw Hill.

2. Walker and Straw: Spectroscopy, Vol. I & II, Chapman and Hall Wilson, et. al.: Molecular Vibrations, McGraw Hill.

3. Cotton : Chemical Application of Group Theory, Academic Press

4. Herzberg : Spectra of Diatomic Molecules, Vol. I, Van Nostrand.

5. Herzberg : Infrared and Raman Spectra of Polyatomic Molecules, Vol. II, Van Nostrand.

6. Herzberg : Electronic spectra of Polyatomic Molecules, Vol. III, Van Nostrand.

GROUP-D

Paper-III
Phy. 503 D - Radiation Physics Part  I :

Dosimetry and Shielding
Note:
The question paper for the examination will be divided in three parts i.e., Section – A, Section – B and Section – C.

Section – A: Will consist of 10 compulsory questions. There will be two questions from each unit and answer of each question shall be limited upto 30 words. Each question will carry 2 marks.

Section – B: Will consist of 10 questions. Two questions from each unit will be set and students will answer one question from each Unit. Answer of each question shall be limited upto 250 words. Each question carry 7 marks.

Section – C: Will consist of total 05 questions. The paper setter will set one question from each Unit and students will answer any 03 questions and answer of each question shall be limited upto 500 words. Each question will carry 15 marks.

Unit-1 : 

Ionizing radiation, their properties and source of radiation, Radioactivity, Ionizing radiation, characteristics of radiation, energy of radiation, radioactive decay, decay constant, decay chain, half life, mean life, activity, specific activity, special units used in atomic and nuclear physics. Property of alpha, beta and gamma radiations, radioactivity laws, decay scheme and laws of successive transformations, natural radioactive series, radioactive equilibrium, alpha and beta ray spectra, gamma emission, electron capture, internal conversion, nuclear isomerism, artificial radioactivity, production of isotopes, growth of activity, isotopic sources, neutron sources, fission products, nuclear reactors (brief introduction)
X-Ray production, properties, characteristics and continuous spectra, X-ray units, rating of X-ray tubes, filtration, effective energy, penetration and quality of X-rays, absorption of X-rays, angular distribution of X-rays, basic requirement of medical diagnostic, therapeutic and industrial radiographic tubes, rotating anode tubes for mobile, dental mammography, CT and DSA applications, three phase 6-pulse and 12-pulse circuits, capacitor discharge units, constant potential units with electronic stabilizations, high frequency generator, voltage doubler circuits for therapy, tube current, measurement of kV and mAS and time hand timers, photo timers, control panel, complete X-ray circuit and modern computerized X-ray systems, image intensifier and close circuit TV systems.
Accelerators : resonant transformer, cascade generators, Van de graff generator, LINAC, cyclotron, Klystron, Magnetron and Microtron.

Unit 2 : 

Interaction of radiation with matter, Radiation Shielding;

Interaction of radiation with matter : Classical theory of inelastic collisions with atomic electrons, energy loss per ion pair by primary and secondary ionization. Dependence of collisional energy losses on the physical and chemical state of the absorber. Cherenkov radiation, electron absorption, scattering, excitation and ionization. Value of w in different media, radiative collision, Bremmstrahlung, range straggling, absorption of beta particles and backscattering. 

Interaction of heavy charged particles with matter, Energy loss by collision, maximum energy loss in a single collision, Bethe-Bloch formula for collision, stopping power and radiation stopping power.

Mechanism of interaction of electromagnetic radiations : Thomson scattering, photoelectric  absorption, Compton effect, pair production, energy momentum conservation, photonuclear reactions, attenuation, absorption and scattering coefficients and cross sections.

Neutron sources, properties, energy classification, elastic and inelastic  scattering, nuclear reaction, neutron activation, radioisotope production. 

Radiation shielding : Shielding calculation for gamma radiation , choice of material, Primary and secondary radiations, source geometry, discrete sources, point, Kernel method, introduction to Monte Carlo method, Beta shielding, Bremmstrahlung. Neutron shielding, scattering and absorption , activation of the shielding material, heat effects. Optimization of shielding, gamma, electron, neutron irradiation facilities. Transport and storage of containers for high activity sources. Shielding requirements for medical, and research facilities including accelerator installations. 

Unit 3 : 

Radiation Dosimetry :

Units in Radiation Physics

Radiation quantities and units, particle flux and fluence energy flux and fluence cross-section linear and mass absorption coefficient stopping power and LET exposures and its measurement. Electronic equilibrium Bragg-Gray principle and air wall chamber, Kerma rate constant, relative biological effectiveness, radiation weighting factors, absorbed dose, equivalent dose, tissue weighting factors, effective dose, ambient and directional equivalent dose and their relevance to dosimetry, tissue equivalence, dose commitment and collective dose.
Internal exposure : Effective half life, selectivity of organs, beta particles, dosimetry, committed dose and dose coefficients.

Dosimeters : Primary dosimeters, secondary dosimeters, direct reading dosimeters, chemical and calorimetric devices.
Unit 4 : 

Radiation detection and measurement : 
Principles of measurements of radiation and radioactivity, collimation, geometry and calibration.

Gas filled ionization chambers, proportional counter, GM counter, scintillation detectors, resolving time of detectors, Semiconductor detectors, BF3 counters for neutron detection, gamma ray spectrometers.

Pre amplifier circuits, noise, linear pulse amplifier, pulse shaping, analogue to digital converters, coincidence and anti coincidence circuits, single and multi channel analyzer , Victoreen R meter, dosimeter based on current measurements, secondary standard therapy level dosimeters, parallel plate chambers, radio isotope calibrator, multi purpose dosimeters, water phantom dosimetry system, brachytherapy dosimeters, calibration and maintenance of dosimeters, instruments for personal monitoring, digital pocket dosimeters using solid state device and GM counters detectors, portable survey meters, gamma area (zone) alarm monitors, contamination monitors for alpha, beta and gamma radiation scintillation monitors for X-rays and gamma radiation-neutron monitors-tissue equivalent survey meter-flux meters, dose equivalent monitors, instruments for counting spectroscopy-portable counting system-gamma ray spectrometers, liquid scintillation counting systems, RIA counters, whole-body counters and bioassay.
Thermoluminescent dosimetry : Process and properties, glow curves and dose response, photon energy dependence, fading, physical form of TL materials, residual TL and annaling for reuse, repeated readout of TLDs TL : instrumentation, personal monitoring, beta gamma extremity dosimetry, ultra thin TLDs, graphite/boron carbide mixture TLDs, glow curve analysis.

Unit 5 :

Radiation biophysics, Radiation Protection Standards and Regulations : 

Radiation biophysics : Elements of cell biology, effect of ionizing radiation at molecular, sub-cellular levels, secondary effects free radicals, target theory, bacterial and mammalian cell survival application in cancer therapy food preservation, radiation sterilization etc. Radiosensitivity at different phase of the cell cycle, in vitro and in vivo effects, effect on tissue and organs, LD/50 dose. Genetic effects, mutation and chromosomal aberration, physical, biological and chemical factors influencing of effect of radiation. Late effect, radiation-induced carcinogenesis, stochastic and deterministic effects. Effects on embryonic and foetal development.
Radiation Protection Standards and Regulations : Need for protection, Philosophy of radiation protection, basic radiation protection criteria. External and internal exposures, additive risk model and multiplicative risk model. Risk coefficients. Dose to the foetus. Dose limits for occupational exposure, for public and special exposure situation, ICRP and AERB recommendations. Basic safety standards. Source, Practices, types of exposures, interventions.
Atomic energy act, Radiation Protection Rules, Notifications, Transport Regulations, Waste Disposal Rules, Food Irradiation Rules, Licencing Approval of Devices, Installations, sites and packages containing radioactive material.

GROUP-D

Paper-IV

PHY 504 D - RADIATION PHYSICS PART  II :
SAFETY IN MEDICAL AND INDUSTRIAL APPLICATIONS
Note:
The question paper for the examination will be divided in three parts i.e., Section – A, Section – B and Section – C.

Section – A: Will consist of 10 compulsory questions. There will be two questions from each unit and answer of each question shall be limited upto 30 words. Each question will carry 2 marks.

Section – B: Will consist of 10 questions. Two questions from each unit will be set and students will answer one question from each Unit. Answer of each question shall be limited upto 250 words. Each question carry 7 marks.

Section – C: Will consist of total 05 questions. The paper setter will set one question from each Unit and students will answer any 03 questions and answer of each question shall be limited upto 500 words. Each question will carry 15 marks.

Unit 1 :  

Basic Anatomy and Physiology : Anatomy and Physiology Radiology
Basic Anatomy and Physiology :  Anatomy and Physiology as applied to radio diagnosis and radiotherapy, structure of tissues, skeleton, anatomical systems, cardiovascular, respiratory, alimentary, urinal system, nervous, lymphatic, reticule endothelical and reproductive systems, eye and ear, mammary gland and endocrine glands. Physical and biological factors affecting cell survival, tumor regrowth, normal tissue response, repair redistribution in cell cycle. Time dose fraction (TDF), basis for dose fractionation in beam therapy, concepts of nominal standard dose (NSD) and Linear Quadratic models.

Physics of Diagnostic Radiology : Physical principles of X-ray diagnosis, density, contrast detail and definition of radiograph, choice of kV, mA, filtration, FSD, screens, films, grids, contrast media concept of modular transfer function and its applications, radiography technique, special procedures. Myelography. Tomography, fluoroscopy, Pelvimetry, Film processing, image intensitiers and television monitoring reduction of patient dose, quality assurance in diagnostic radiology, performance standards, acceptance and QA tests, test tools for KV timer, focal spot size, collimator, beam alignment, high contrast, film screen contact and grid alignment. 
Unit 2 : 

Modern trends in imaging techniques, Brachy therapy, Computers in Treatment planning, Transport of radioactive material
Modern trends in imaging techniques : CT scanners and their applications, digital subtraction radiography (DSR), Magnetic Resonance Imaging (MRI), ultrasound, Mammography, Xeroradiography, Thermography.
Brachy Therapy : Intracavitary, interstitial techniques and advantages, criteria for source selection, radium and radium substitutes,  Cesium 137,  Cobalt 60,  Iridium 192, Iodine 125 sources, Paterson Parker and Manchester Dosage systems, After loading techniques, manual and remote, advantages radiographic localization of implanted sources, Beta ray applicators, Use of computers in brachy therapy dosimetry, QA in brachy therapy equipment and sources. Calibration of sources, checking of source integrity and uniformity.
Computers in Treatment Planning : Review of algorithms used for treatment planning computation, photon beam, electron beam, interstitial and intracavitary therapy, factors to be incorporated in computational algorithms, hardware and software requirement, cost effectiveness of TPS.

Transport of radioactive materials : Examples of radioactive shipments for medical and industrial, research applications of radioactive sources and in connection with nuclear fuel cycle. Special form radioactive materials and non-special form radioactive materials. A1 and A2 values and basis of derivation of these values, low specific activity materials and surface contaminated objects. Design and test requirement for special form radioactive material, industrial package type IP-1, IP-2 and IP-3, Type A packaging and type B(U)/(M) packaging transport under exclusive use and special arrangements, expected packages and fissile exception, exempt radioactive materials, packaging and shipments, requirements for preparation, forwarding, storage and transport of packages and marking and labeling requirements, limits on Non-fixed contamination and radiation level and temperature outside packages, transport documents, emergency response requirements.
Unit 3: 

Beam therapy including modern trends, Disposal of radioactive waste
Beam therapy including modern trends : Benign and malignant tumors, Tissue tolerance dose and tumor lethal does, fractionation, Palliative and Curative therapy, Spectral distribution of X-ray dose measurements, check phantom, output calibration procedures, Backscatter and central axis depth dose, Isodose curves, Wedge filters, Shielding blocks and compensators, treatment planning in teletherapy, Corrections for body inhomogenity, Contour shapes and beam obliquity, Rotation therapy and tissue air ratio, Tissue maximum ratio, Integral dose, Telegamma therapy, Megavoltage X-ray therapy, electron contamination, particulate beam therapy, modern trends, heavy ion therapy, Adjuncts such as hyperbaric oxygen hyperthermia, radiosensitizers and chemotherapy.
Disposal of radioactive waste: Source of radioactive waste and classification of waste, treatment techniques for solids, liquid and gaseous effluents, permissible limits for disposal of waste, sampling techniques for air, water and solids, ecological considerations, general methods of disposal, management of radioactive waste in medical and research institutions.
Unit 4 : 

Standardization of electron, x-ray and gamma ray beams; Nuclear medicine, counting statistics and standardization of sources

Standardization of electrons, x-ray and gamma ray beams, determination of exposure and air kerma, conditions for the realization of exposure, ionization chamber for low medium and high energy x-ray and gamma rays, determination of absorbed, dose-bragg Gray theory and its validity, Burlin’s theory for measurement of for radiation quantities, standardization of x-ray and high energy beams, design of free air chambers and graphite chambers intercomparison of standard chambers for ensuring tractability, standardization of electron beams used in radiotherapy-calibration on secondary standards, details for IAEA and other protocols for dosimetry of photon and electron beams, standardization of brachytherapy sources and sealed source in terms of their radiation output, calibration of protection level dosimeters in terms of dose equivalent units.
 Nuclear Medicine, counting statistics and standardization sources : Clinical radioisotope laboratory organization, Radio-iodine in thyroid function tests, iodine cycle, Tri-iodothyroxine test, Indices of thyroid function, use of Technetium –99m. Iron clearance and utilization, Red cell survival, Bleeding from GI tract, Platelet survival, Absorption studies with vitamin B-12, iron, calcium and fat-use of whole body counters. Physical principles of isotope dilution analysis, multiple compartment systems, Measurement of circulation time, Renal, liver, lung, cerebral function studies, Placental localization and nuclear cardiology. Radioisotope Scanners and cameras, Single hole and Multihole collimators for scanning. Examples of organ scans. Cyclotron- produced radio nuclides, SPECT  and PET , In-vitro procedures, RIA kit, treatment of thyrotoxicosis, thyroid cancer with Iodine, use of Phosphorus 32 for therapy, patient dose QA in preparation of radiopharmaceuticals, QA in imaging flood phantom counting statistics, application of Poisson’s Statistics, goodness fit tests, Lexie’s divergence coefficients, Pearson’s Chi-square test and students test.
Methods of measurement of radioactivity, defined solid angle and 4p counting-4p b-g coincidence counting, standardization for beta emitters and electron capture nucleids with proportional, GM and Scintillation counters, standardization of gamma emitters with scintillation spectrometers, routine sample measurements, re-entrant ionization chamber methods, methods using (n,g) and (n,p) reactions.
Unit-5: 

Industrial Application of Radiations, Radiation hazard evaluation and control and emergency preparedness

Industrial Application of Radiations : Principles of industrial radiography with X-ray and gamma ray, radiographic exposure devices photographic film technique, radiographic contrast, definition and sensitivity, intensifying screens and penterameters.
Principles and measurement of thickness and level in different application, density and moisture, hydrogen in hydrocarbons, well logging, composition analysis.

Principle of operation of consumer products using radiations sources fire detectors, baggage inspection system, static eliminators luminous paints and gas mantles.

Industrial Radiation Processing : gamma chambers, radiation sterilization, irradiation of food and medical products.
Radiation hazard evolution and control and emergency preparedness : Hazard evolution by calculation, methods of calculations, time distance shielding area monitoring, personal monitoring. Detection and measurement of contamination on work surface, person and samples, Methods of decontamination, evaluation of radiation hazards in medical diagnostic and therapy installations, protective measure to reduce radiation exposure to staff and patients, radiation hazard in brachytherapy, department and teletherapy departments, radioisotope laboratories and particles accelerator facilities, protective equipments, handling of patients, radiation safety during source transfer operation, special safety consideration for accelerator installations.

Planning of radiation installation of various types for different application (X-ray diagnostic, deep therapy, telegamma and accelerator installations, brachitherapy facilities, nuclear medicine facilities, etc.) effect of scattering, albedo, skyshine noxious gas production, designing a shielded container for storage/transport of radioactive materials (eg. Gamma chamber, radiographic exposure device, nucleonic gauge, neutron source container etc.)
Emergency preparedness, emergency handling, graded approach, site emergency.
Books suggested:  

Attix F H et al, Radiation  Dosimetry  Vol. I, II and III (Academic Press, NY, 1968)

Faiz M. Khan, The Physics of Radiation Therapy

Gilbert H Fletcher, Text book of Radiotherapy.

Glasstone S. Source book on Atomic Energy’ (East West Press, New Delhi, 1975.)

James E Turner, Atoms, Radiation & Radiation Protection, (Pergamon Press, 1986)

Meredith W. J. and Massay J.B., Fundamental Physuics of Radiology.

Merril Eisenbud, Environmental Radioactivity, (Academic Press, Orlando, 1978)

Walter and Miller. A short book of Radiotherapy

Wilks R, Principles of Radiological Physics.  

EXPERIMENTS FOR PRACTICAL WORK
Physics  505 : General Laboratory

Experiments for students other than those offering Group A
1. Study of various flip flop circuits.

2.  Pulse amplitude modulation and demodulation

3. Characteristics of Reflex klystron.

4. Measurement of Dielectric constant 

         Experiments for students other than those offering Group B
1. Study of Hall effect.

2. Study of Electron Spin Resonance in crystals

3. To study & Compare spatial and temporal coherence of given Laser.

4. To study magneto-optic modulation.
Experiments for students other than those offering Group C
1. Spectrum of N2 and Calculation of vibrational constants.

2. Absorption spectrum of I2 and calculation of dissociation energy. 

3. K- emission spectrum of Copper using a plane oscillating crystal spectrograph.

4. K- absorption edge of Bromine by a 20 cm curved crystal spectrograph.

         Experiments for students other than those offering Group D
1. (i) Random nature of radioactive decay (ii) Dead time of GCS (iii) Absorption of beta rays.

2. End point energy of beta particles – Feather analysis.

3. Energy calibration and resolution of GRS using MCA.

4. Attenuation of gamma ray.

5. Experiments with SSNTD 

Phy. 506 :  Specialization Lab

Group A

Electronics Lab (506 A)
1. Design and Study of various flip flop circuits 

2. Design and Study of registers

3. Pulse amplitude modulation and demodulation

4. Pulse position /pulse width modulation /demodulation

5. FSK modulation . demodulation using Timer

6. Characteristics of Reflex klystron.

7. Measurement of VSWR and impedance at microwave frequency
8. Measurement of Dielectric constant at microwave frequency
9. Characteristics of Horn antenna

10. Study of various characteristics of Fiber Optics communications 
11. Design of active filters

12. Design and Study of A/D and D/A conversion 
13. Programming on addition, subtraction, multiplication and division using 8085/8086
14. Experiments based on Computer aided Design.
15. Experiments using various types of memory elements
16. Characteristics of Gunn oscillator and PIN modulator

17. Characteristics of microstrip components

18. Study of frequency modulation and demodulation

Group-B

Condensed Matter & Laser Physics Lab. (506 B)
1. To determine grating pitch using the phenomenon of self imaging.

2. To study magneto-optic modulation.

3. To study electro-optic modulation.

4. To  study slope contours of a diffuse object using speckle shear interferometry. 

5. To obtain and study velocity profile of fluid flow using Laser Doppler Anemometry.

6. To study & Compare spatial and temporal coherence of given Lasers

7. Study of Hall effect.

8. Study of Electron Spin Resonance in crystals

9. Study of glow curve of a crystal using thermo luminescence analyzer

10. Electrical resistivity of semiconductor by four probe method

11. Lattice dynamics kit for the study of dispersion relations of mono and di-atomic basis

12. Study of Mossbauer spectrum of standard absorbers and calculations of various Mossbauer parameters
Group-C

Atomic & Molecular Spectroscopy Lab. (506 C)
1. K- emission spectrum of Copper using a plane oscillating crystal spectrograph.

2. K- absorption edge of Bromine by a 20 cm. curved crystal spectrograph.

3. L- emission spectrum of Tungsten using a 40 cm. Curved crystal spectrograph.

4. K- absorption edge of Nickel by a 20 cm. Curved crystal spectrograph.

5. Laue photograph of a simple cubic crystal.

6. Powder photograph of Copper.

7. Intensity ratio of Kα1 and Kα2 lines by densitometer.

8. Spectrum of N2 and Calculation of vibrational constants.

9. Absorption spectrum of I2 and calculation of dissociation energy.

10. Spectrum of C-N and determination of vibrational constants.

11. Swan bands (C-C).

12. Absorption spectrum of Chromate Ion and calculation of oscillator strength.

13. Fine Structure constant Using Yellow and Green doublets of Sodium.

14. Fluorescence spectrum of a given sample (solid or solution form).

Group-D

Radiation Physics Lab. (506 D)
1. Study of Voltage-current characteristics of an ion chamber.

2. Characteristics of GM counter.

3. Absorption of Beta rays and end point energy of beta particles-feather analysis.

4. Inverse square law and attenuation of gamma rays.

5. Pulse shaping circuits

6. Coincidence circuits and anti coincidence circuits

7. Statistics of counting an activity measurements.

8. Calibration of gamma ray spectrometer and identification of unknown source.

9. Gamma ray spectroscopy using NaI (TI) and Ge detector
10. Computer aided treatment planning (if available)

11. Experiments with solid state nuclear tract detectors. 
PHYSICS  507 : SEMINAR ( Internal )
 Each student will prepare a seminar report on a topic allotted to him/her by Head, Physics Department and will present the seminar before the board of examiners. 
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