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| Semester Credits Hours Marks
PH900 Mathematical Methods in Physics 4 4 100
PHB801 Classical and Statistical Mechanics 4 4 0 10
PH802 Materials Science- | 4 4 100
PHB803 Non-Destructive Testing

and Materials Characterization 3 3 100
Elective- | 3 3 100
Elective- I 3 3 100
CEB831 Strength of Materials Laboratory 1 3 100
E&I860 Instrumentation Laboratory 1 3 100
Total 23 27 800
Il Semester
PH804 Programmingin C 3 3 100
PHB805 Analytical Instrumentation 3 3 100
PHB806 Materials Science- Il 4 4 100
PH807 Quantum Mechanics 4 4 100
Elective- IlI 3 3 100
Elective- IV 3 3 100
PH815 Materials Science Laboratory-I 1 3 100
CS843 Programming Laboratory 1 3 100
Total 22 26 800
11 Semester
PHB808 Nuclear Physics 4 4 100
PH809 Modern Materials 3 3 100
PH810 Electromagnetic Theory 3 3 100
PH811 Laser Spectroscopy 3 3 100
Elective- V 3 3 100
Elective- VI 3 3 100
PHB816 Materials Science Laboratory-II 1 3 100
MEB850 Workshop Practice 1 3 100
PH812 Project Phase | 2 3 100
Total 23 28 900
IV Semester
PH813 Seminar 1 3 100
PH814 Major Project 6 18 400
Total 7 21 500

Grand Total 75 102 3000




List of Electives:

PH 817- Physics of Semiconductor Device Teabgyl
PH 818 - Ceramic Materials

PH 819- Polymers and Composite Materials

PH 820- Thermodynamics

PH 821 - High Pressure Physics

PH 822 - Sensor Technology

PH 823- Metallurgy

PH 824 - Crystal Growth And Characterization

PH 825- Corrosion Science and Engineering

PH 826 - Introduction to nano technology

CE830 - Strength of Materials



PH 800 - MATHEMATICAL METHODS IN PHYSICS
Unit — |

Ordinary Differential Equations :- First order @iféntial equations, Linear differential equations
of second and higher order, Series solutions demintial equations - Legendre and Bessel
equations, Sturm-Liouville problems, Solution of Eusing Laplace transforms.

Unit—1I

Linear algebra : Matrices, Vectors, Determinantsnear systems of equations - Gauss
elimination, Cramer’s rule, Inverse of a matrix auss-Jordan elimination, Matrix eigenvalue
problems.

Unit — 11

Vector Calculus : Vector differential calculus - dfer algebra, Inner product, cross product,
Vector and scalar functions and fields - Derivadiv&radient, Divergence and Curl, Vector
integral calculus - Line integrals, Double integraftriple integrals, Green’s theorem, Gauss
theorem - Applications, Stoke’s theorem.

Unit — IV

Fourier analysis and Partial differential equationSourier series, Fourier integrals, Fourier
transforms; Partial differential equations - Sautof Wave equation by Separation of variables,
diffusion (Heat) equation by Fourier series, ingdgi& transforms.

Unit - V

Complex Analysis : Complex humbers and functiorem@lex integration, Conformal mapping,
Power series, Taylor series, Maclaurin series, ¢m@tuseries, Singularities and zeros, Residue
integration, Complex analysis applied to poterttiabory.

Text books
1. Erwin Kreyszig, Advanced Engineering Mathematidb. €. John Wiley & Sons,
Inc., 1999 (Chapters 1—16).
2. Herbert Kreyszig & Erwin Kreyszig, Students Solatimanual - Advanced
Engineering, Mathematics 8th ed. John Wiley & Sams.,, 2001.

Reference books
1. Merle C. Potter & Jack Goldberg, Mathematical Meha2nd ed. Prentice Hall of
India Pvt Ltd, 1ff98.
2. K. F. Riley, M. P. Hobson & S. J. Bence, MathensdtMethods for Physics and
Engineering. Low Price ed. Cambridge UniversitysBre 999.

3. George B. Thomas & Ross L. Finney, Calculus andyfin Geometry. 9th ed. (low
price) Pearson Education, Inc., 1996.
4, Sadri Hassani, Mathematical Physics - A Moderrokhdiction to Its Foundations.

Springer-Verlag New York, Inc., 1999.
5. Ray C. Wiley & Louis C. Barret, Advanced Enginegriathematics. 6th ed. Tata
McGraw-Hill 2003.
6. R. K. Jain & S. R. K. lyengar, Advanced Engineertgthematics. 2nd ed. Narosa
Publishing House, 2003.
Graham, Concrete Mathematics. 2nd ed. Pearson folucknc.
Greenberg, Advanced Engineering Mathematics. 2né&earson Education, Inc.
Schaum’s outline series; McGraw-Hill Differentiadjuations, Laplace Transforms,
Matrix Operations, Linear Algebra, Fourier Analydtartial Differential Equations,
Complex Variables, Mathematical Handbook
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PH801 - Classical And Statistical Mechanics



UNIT-I: Lagrangian and Hamiltonian formulation

Constraints and their classification, Lagrange’siadgns of motion of first kind,
D’Alembert’s principle, generalized coordinatesigials- momenta and energy, derivation of
Lagrange’s equations of motion of 2nd kind from Ebert’s principle, cyclic coordinates and
integrals of motion, homogeneity of time and comagon of energy, homogeneity of space and
conservation of momentum, Isotropy of space andsewmation of angular momentum,
derivation of Hamilton’s equations of motion usingegendre’s dual transformation,
configuration space, phase space and state spdopeiple of least action and Hamilton’s
principle, derivation of Euler-Lagrange equatiofsnotion from Hamilton’s principle.

UNIT-II: Central force, Scattering theory & Canoald¢ransformation

Inertial forces in the rotating frame, non inerfi@mes-pseudo forces and Coriolis force,
central force: definition and properties, two-bodgntral force problem, center-of-mass and
laboratory coordinate systems, collision and sdatie scattering cross section, scattering by a
central force: Rutherford formula, canonical tramsfations: definition-properties and examples,
Poisson’s bracket: definition and properties, imvace of Poisson bracket under canonical
transformation.

UNIT-III: Rigid body dynamics and Small oscillatisn

Derivation of kinetic energy and angular momentuna ootating rigid body, moment of
inertia tensor, transformation of inertia tensorngpal moment of inertia and ellipsoid of
inertia, calculation of moment of inertia, Eulerigotation and Euler angles, Euler’'s equation of
motion for rigid bodies, small oscillations: Type$ equilibrium, equations of motion of a
coupled system and normal modes.

UNIV-IV: Classical Statistics

Fundamental concepts of phase space, microstatersemble, postulates of classical
statistical mechanics, relation between entropy anobability, microcanonical ensemble
(MCE), derivation of thermodynamics from MCE, thgugoartition theorem (without proof).
derivation of classical ideal gas equation usingB\IGibb’s paradox-Sackur-Tetrode equation,
Canonical ensemble-introduction and energy fluabnat partition function for canonical
ensemble, calculation of thermodynamic quantitiesmf partition function, derivation of
classical ideal gas equation using canonical enkgemb

UNIT-V: Quantum Statistics

Introduction to quantum statistics, Maxwell-Boltzamma(MB) statistics-derivation of
distribution function, Bose-Einstein (BE) statistiderivation of distribution function, Fermi-
Dirac (FD) statistics-derivation of distributionrfction, photon statistics and derivation of
Plank’s distribution law, derivation of Fermi engrgf a degenerate fermi gas, Bose-Einstein
condensation, first and second order phase transitcritical point.

References

1. N. C. Rana and P. S. Joag. Classical Mechanica.MeGraw Hill Publishing
Company Limited, New Delhi, 1991.

2. Federick Reif. Fundamentals of Statistical and itaéPhysics (Chapter 9), McGraw
Hill, 1985.

3. Kerson Huang. Statistical Mechanics (Chapters 6Jat)n Wiley & Sons, 2nd
edition, 1987.

PH802 - MATERIALS SCIENCE |

UNIT |
Crystal structures



Space group symmetry — Symmetry operations — Rpoup and Space group symmetry —
Crystal structures — chemical binding in solidslesé packed structures — Radius ratio rules —
Miller indices — Reciprocal lattice — X-ray diffth@n — Atomic scattering factor and structure
factor (with out rigorous derivation) — interpratet of X-ray diffraction data to determine
simple crystal structures —{X-ray diffraction experimental methods to determiaeystal
structure — Laue, rotating single crystal and pawdethods — electron and neutron diffraction}
— X-ray diffraction by Amorphous materials.

Unit 1l
Electrical Properties of Metals

Classical free electron theory of metals — DrawbawkClassical theory — Quantum free
electron theory — Fermi Dirac Statistic and Elestobstribution in solids — Density of energy
states and Fermi energy — The Fermi Distributiomcfion — Heat capacity of electron gas —
Electron scattering and Sources of Resistance talsme Electron-scattering mechanisms and
Variation of Resistivity with Temperature — Thern@nductivity in metals.

Unit 11l
Thermal Properties
Theories of specific heats — Einstein’s and Debyb®ories — Lattice vibration in one
dimensional — mono atomic and diatomic latticesheridns — Thermal Conductivity — umklapp
process — Thermal expansion — Interaction of phsneith electron, photon, and phonon
(qualitative ideas) —( Phonon Scattering by neutfiffnaction) — Thin films — Preparation and
properties.

Unit IV
Band Theory of Solids

Formation of Bonds in Solids — Band theory of S®hdKronig Penney model _ Brillion
Zones — motion of electrons in one dimensionalopkés potential — Effective mass of electrons
— concept of Holes — classification of materialsarding to Band theory — Fermi Surfaces in
metals — Band structure of Semi conductors
Unit V

Semiconductors

Intrinsic Semiconductors — Conductivity and Tempee — Statistics of Electrons and
Holes in Intrinsic Semiconductors — Electrical coctivity — Impurity Semiconductors or
Extrinsic Semiconductors — Statistics of Extrin§emiconductors — Mechanism of current
Conduction in semiconductors — mobility of Currexarriers - Hall effect — Advantages of
Semiconductor Devices — The p-n Junction — Somei8ge-n junction Diodes.

Text Book:
1. Solid State Physics, A.J. Dekkar, Mac Millan Studed. , 1986.
2. Introduction to Solid State Physics, S.O.PillaigyiEastern & Sons — 2005.
3. Introductory Solid State Physics, H.P. Mayers, VB@ok Publishers, New Delhi-
1998.
4. Electronic Engineering Materials and Devices, JisAh, Tata Mc Graw Hill, 1985,
Fifth Edition.

5. Solid State Physics, J.S. Blackmore, Cambridge &fgity Press, 1985.
Reference Books:

Principles of Solid State Physics, H.V. Keer, Wikegstern, 1993.
Materials Science, J.C. Anderson & KDB Lever, ELf8® Edn., 2004.
Modern Materials Science, J. Granct, Printice HEBO.

Electrical Engineering Materials, A. J. Dekker, itree Hall, 1983.
Physical Properties of Materials, M.C. Lovell et&l .BS, 1984.

Physics of Magnetic Semiconductors, E.L. Nagaer,Riblishers, 1983.
Super conductivity, Mical. Cesnot, World UniversiGlassic, 1992.
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PH803 - NON DESTRUCTIVE TESTING AND MATERIALSCHARECTERISATION
Unit |

Non Destructive Evaluation Principle, developmerds methods, standards and
limitations. Possible material defects in CastiRgrging and Welding Metallurgical process,
Visual observation and liquid penetrant techniguedMagnetic Particle and eddy current
methods: Basic principles — limitations and appiczs.

Unit 1l
Ultrasonic methods — Transducers — Ultrasonic beanofile — loss energy in
transmission — probe heads — probe selection —edmghm probes — contact type probes —
immersion probes — Twin element probe — focuseusthacers — testing techniques — pulse echo
- contact, immersion through transmission — reso@anethods — performance evaluation of
NDT transducers — calibration blocks.

UNIT 1l
X ray and gamma ray radiography: X-ray film proeegdilm types-Geometrical factors-
Penetrameters-Weld radiography-pipe radiographsreeice radiography-Image intensifiers.
Gamma ray radiography: Half life —curie-RoentgerfHalue layer thickness-Gamma ray
sources-Permissible exposure-Exposure calculation.

Principles of Neutron Radiography — Sources — Shautron beams — Neutron image
detectors — flaw detection by Neutron radiographyimitation of Neutron radiography —
comparison with X-ray radiography.

Unit IV
Electromagnetic Acoustic transducers — generatiaraious types of waves — Laser generated
Ultrasonics - Thermo elastic generation of Ultrassr- Ultrasonics in ablation regimes — Laser
Ultrasonics at an angle calibration — Acoustic Emis flaw detection.

Unit V
Surface methods using electron low energy eledtiiiraction (LEED)-reflection high energy
electron diffraction (RHEED)-Neutron diffraction ctenique:neutron spectrometer-neutron
diffraction in hydrogeneous matter-detection ofifentoemagentism

Text Book:
1. Ultrasonic Testing of Materials, J. Kraut KramerdaH. Kraut Kramer, Narosa
Publishing House, New Delhi 1993.
2. Non Destructive Testing , Hull .B and John V.BM¢ Millan ELBS, 1998.
3. Transducer for Ultrasonic Flaw Detection, V.N. BahdNarosa Publishing House,
New Delhi 1999.
4, Non Destructive Testing by Ultrasonic Methods, Beidj, Thavasimuthu and
Jayakumar, Narosa Publishing House, New Delhi 1999.
Surface Physics, Prutton M, Clarenden Press, Oxi&d5.
X-ray and Neutron diffraction, Bacon, GE, Pergarfoess, 1966.
Non Destructive Testing of welds, Beldevraj andakaynar, Narosa Publishing
House, New Delhi 2000.

No o

Reference Books:

1. Non Destructive Testing of Examination- Hand Boé&dr. Knud.G.Boving, Jaico
Pub. House, New Delhi, 1995.

2. Principles of Neutron Radiography, N.D. Tyufyakend A.S. Shtan, Amerind Pub.
Co. New Delhi, 1979.

3. Neutron Radiography — a Monograph, IGCAR Kalpakk&ey. 1999.

4, Treatise on Materials Science and Technology, ¥@l.“ Analytical technique for
thin films”, Academic Press, Inc., New York, 1991.



CE 831- STRENGTH OF MATERIALSLABORATORY

1. Statistical analysis of given experimental results

N

Test on wood Specimen for determining the (I) Ststangth (1) Tensile strength (lII)
Flexure strength (iv) Compressive strength (Pdratid perpendicular to grains)
Torsion test on M.S. rod and flats.

Cold bend test on M.S and R.T.S. rods

tension test on (I) M.S./ R.T.S rods (Il) M.S.wig$§)Non ferrous metals (IV) Plastics
Impact test on metals (Charpy and 1zod’s test)@anglastics

R.H.N and B.H.N. of ferrous/ Non ferrous/ Alloy sjiaens

Compression test on Concrete cube/ cylindricalispeas.

© © N o g &~ w

Determination of spring constant.
10. Eriction and cupping test on sheet metal

11. Use of Poldi’'s impact test, Portable hardnesset, Rebound hardness tester (demo
only)
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E&1 860 Instrumentation L aboratory

Instrumentation Amplifier

Frequency meter

LVDT

Thermocouple and RTD

Anderson & Hay’s Bridges

Maxwell's & Schering Bridges

Calibration of wattmeter and energy meter
Clippers and clampers

Simulation of filters

Simulation of amplifiers



PH 804 - PROGRAMMING IN C
Unit |

Introduction and Importance of C language — Basiacture of C programs — Data types
— Constants — Variables — Operators — Arithmetierafprs — Precedence of arithmetic operators
— Type conversions in expressions — Operator pegmaEdand associativity.

Unit Il

Control statements — if- else, switch —case, ldapements — for loop, while loop, do-
while — Control breaking statements: break, comtirand goto — Functions and program
structures — Types of functions — return statemeAttual and formal arguments — Recursive
functions Local and global variables — Scope ofidtdes — Automatic, register — static —
external. Preprocessors — Macros and standardduasct

Unit 111

Arrays — Introduction — One-dimensional arrays -oldumensional arrays — initializing
two-dimensional arrays — Multidimensional arrays.
Pointers — understanding pointers — Pointer exjmess- Pointers and arrays — Pointers and
Character Strings — Pointers and functions — P@rged structures — Points on pointers.

Unit IV

File management in C — Defining and opening a-il€losing a file — Input/ Output
operations on files — Error handling during I/O @i®ns — Random access to files — Command
line arguments — Dynamic memory allocations.

Unit vV

Numerical analysis — Symbolic manipulation — Mirmation and maximization of a
function — root finding — set of linear algebraguation — Numeric solutions — collection and
analysis of data — Error, accuracy and stabilityledeling of data — least square fitting — non
linear fitting — fitting of data to a straight lirdata with error in both the co-ordinates. Problems
solving using packages ( Matlab & Mathematica).

Introduction to simulation — methods — determigistnd stochastic — construction of a model —
calculation and analysis of physical propertieagshe model - Application

1. Motion of a falling object (force and distance cd#tions)
2. Nuclear decay (mass and energy)
3. Bohr atom model (energy eigen values)
4. Classical and Quantum linear harmonic Oscillatd¥®i- linearity).
Books:
1. Programming in C — D. Ravichandran, New age Intesnal, New Delhi —1999.
2. Programming with C — E.. Balagurusamy, Tata Mc GHilly New Delhi —1999.
3. Programming with C — Byron Gottfried, Schaums’ it Series, TMH-1999.
4. Working with C — Yashavant Kanethkar, BPB, New Dell1994.
5. Programming with ANSI C — Brian Kernigham and DisrRitchie — PHI — 2000.
6. Introduction to numeric methods by M.K. Venkatarama
7. Numerical Receipes in C ( the art of Scientific Qating) by William. H Press etal,
Cambridge University Press, India (1996).
8. Introduction to Computer Simulation methods — aggilon to Physical Systems Part

| and Part Il by Harvey Gould etal, Addison WedRyblish Co.
9. Computational Physics by K.H. Hoffmann and Schniebgringer Verlag.



PH 805 - ANALYTICAL INSTRUMENTATION
UNIT |

Basic concepts of Absorption and emission speabse- representation of spectra —
basic elements of practical spectroscopy — sigoahdise ratio - hardware and software
techniques for signal to noise enhancement — regpjyower — Fourier transform spectroscopy
— evaluation of results — basic principles, instemtation and applications of atomic absorption,
atomic fluorescence and atomic emission spectrgsedP atomic fluorescence spectroscopy
— comparison of ICP Vs AAS.

UNIT Il

Infrared spectroscopy — correlation of IR Spectrathwmolecular structure,
instrumentation, samplings technique and quantganalysis. Raman Spectroscopy — Classical
and Quantum theory instrumentation, Structuralyammgland quantitative analysis.

Nuclear magnetic resonance spectroscopy — basicijples — pulsed Fourier transform
NMR spectrometer — elucidation of NMR spectra ancmgitative analysis : Electron Spin
Resonance Spectroscopy — Basic principle instruatientand application.

UNIT I

Surface study — x-ray emission spectroscopy ( XER)tron spectroscopy for chemical
analysis (ESCA) - UV photo electron spectroscop$)Y X- ray photo electron spectroscopy
(XPS) - Auger emission Spectroscopy (AES) - Trassion Electron microscopy (TEM) -
Scanning Electron microscopy (SEM), Surface tumgelnicroscopy (STEM) - Atomic force
microscopy (AFM).

UNIT IV

Mass spectroscopy — lonization methods in masstrgiseopy — mass analyzer — ion
collection systems, correlation of molecular speattith molecular structure. Instrumentation
design and application of Fourier transform masxgpscopy ( FT-MS)

Inductively coupled plasma mass spectroscopy (IC3;Msecondary lon Mass Spectroscopy
(SIMS) and lon microprobe mass analyzer (IMMA). Radhemical methods — Activation
analysis, neutron activation analysis, isotope titu analysis. Liquid scintillation system.
Application of Radionuclides.

UNIT V

Thermal analysis: principles and instrumentatiointhermogravimetry (TG), Differential
Thermal Analysis (DTA), Differential Scanning Caloetry (DSC), evolved gas detection,
thermo mechanical analysis, dynamic mechanicalyarsalThermometric titrimetry and direct —
injection enthalpimetry.

Text Books:

1. Instrumental methods of Analysis, Willard, Merriitean and Settle, CBS Publishers
and distributors, New Delhi"7edition, 1986.

2. Fundamentals of Molecular Spectroscopy, C.N Banamdl E.M. Mc Cash, Tata Mc
Graw Hill, New Delhi, 1994.

3. Electron Beam Analysis of Materials, M.H. Loret@hapman and Hall, 1984.

4. Introduction to Mass Spectrometry, J.T. Watson,dRaWew York 1985.

5. Thermal Methods of Analysis, W. Wendlandt, JohnagiiNew York, 1986.

Reference Books:
1. Surface Physics, m. Prutton, Clarenden press, rdxi®75.
2. Transmission Electron Microscopy of Materials, Thomas, J.G. Michael, John
Wiley and Sons, 1979.
3. Instrumental methods in Chemical Analysis, Wing GW¢ Graw Hill, 1975.



PH 806 - MATERIALS SCIENCE-II
Unit |

Dielectric polarization- Mechanism of polarization electronic, ionic and orientational
polarization — Lorentz Internal field - Clausildessatti relation — Temperature dependence of
static permitivity — Complex permitivity — dielectdoss — frequency dependence of polarization
— Experimental determination of dielectric constand dielectric loss by Scherring Bridge
method Piezo and Pyro electricity- materials angliegtions— Ferroelectricity — dipole theory of
ferroelectrics — ferro electric materials and agadions.

Unit Il
Optical properties

Optical constants — absorption of radiation in nsetaemiconductors and insulators — edge
absorption and excitons (elementary ideas) — Lusaiece — Phosphorescence and fluorescence
— photoluminescence in semiconductors and insglatgghotoconductive devices — solar cells —
electroluminescence — LED - Thermoluminescence,hdgaiuminescence- Luminescent
materials — ZnS phosphors, Thallium activated akkaides, lamp phosphors

Unit Il
Magnetic properties

Classification of magnetic materials- Dia, Paraerré, antiferro and ferrimagnetic materials —
domain theory and hysteresis — Weiss moleculad fieéory and Curie —Weiss law — Quantum
mechanical theory for ferromagnetism- Outline ofiddaberg’s exchange theory — magnetic
anisotropy — Domain walls and Domain theory — Aertib magnetism- Two sub lattice model-
Ferri magnetism — soft and hard magnetic materialsd their applications- metals, alloys and
ceramic materials — application of magnetic matsrin data storage — magnetic bubble
domains.

Unit IV
Super conductivity-I

Superconductivity — Transition temperature Tc —ti€al field Hc- Isotope, pressure, magnetic
field effects on Tc — Meissner effect — type | dpde Il super conductors — London equation —
thermodynamics of superconductors — free energntrogy — specific heat — BCS theory —

Superconducting energy gap — DC and AC Josephsecief Quantisation of flux — Quantum

interference.

Unit V
Superconductivity Il

High temperature superconductors — copper freeeosigberconductors — preparation of
Cuprates — Modern theories of HTSc — Qualitativeasgl of RVB  theory — application of
superconductors — High field magnets, motors, g#oes — Magnetic Levitation and
transportation — Nuclear magnetic resonance imagiremergy storage — superconducting
power transmission - devises based on Josephsfiats — SQUID — memory elements — Signal
Processing.

Text Book:

1. Introduction to Solid State Physics, S.O.Pillsiew Age International (2005)

Reference Books:

Solid State Physics, A.J. Dekkar, Mac Millan Studed. , 1986.
Introduction to Solid State Physicd! Edn., C. Kittel, Wiley & Sons, (1999).
Principles of Solid State Physics, H.V. Keer, Wikegstern, 1993.

Materials Science, J.C. Anderson & KDB Lever, ELIS® Edn., 2004.
Modern Materials Science, J. Granct, Printice HE9B0.
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Electrical Engineering Materials, A. J. Dekker, mree Hall, 1983.

Physical Properties of Materials, M.C. Lovell et&l .BS, 1984.

Physics of Magnetic Semiconductors, E.L. Nagaer,Riblishers, 1983.

Super conductivity, Mical. Cesnot, World UniversiGlassic, 1992.

0 Introductory Solid State Physics, H.P. Mayers,a/Book Publishers, New Delhi-

1998.

11.Electronic Engineering Materials and Devices, JisAh, Tata Mc Graw Hill, 1985,
Fifth Edition.

12.Solid State Physics, J.S. Blackmore, Cambridge &isity Press, 1985.

13.Elementary Solid State Physics, M. Ali Omar, Addistesley, (2000)

14.Solid State Physics, Ashcroft & Mermin, Thomsonastingapore, (2003)

15.Fundamentals of Solid State Physics, J. Richards@man, John Wiley& Sons,
(1988)

16.Science of Engineering MaterialS®ZEdn., C.M. Srivastava and C. Srinivasan, New

Age International, (1997)
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PH 807 - QUANTUM MECHANICS
Unit-I

Postulates of quantum mechanics-operator formatiemmutation relations-expectation values.
Solution of Schroedinger's wave equation-three etigional linear harmonic oscillator, one
dimensional square well potential, Tunneling thitoagone dimensional potential barrier.

Unit-11

Matrix representation of quantum mechanics- apptinato one dimensional Simple harmonic
Oscillator. Angular momentum- commutation relatidtigen values and eigen functions of
angular momentum - Ladder operator method — Matpresentation of angular momentum
operators-combination of two angular momenta, Glelisordon Coefficients. Hydrogen atom —
solution of Schroedinger’s wave equation for eigalues and eigen functions.

Unit-111

Time independent perturbation theory for non-degeieeand degenerate levels- application to
one dimensional anharmonic oscillator, First Or8éark effect in hydrogen, Zeeman effect.
Variation method- ground state energy of Heliummatdieitler-London theory for Hydrogen
molecule.

Unit-1VV

First order time dependent perturbation theory ansition probabilities — Fermi’s Golden rule-
Harmonic perturbation-interaction of electromagnetiadiation with matter, Einstein’s
coefficients- selection rules for harmonic oscdlatand hydrogen atom (without rigorous
derivations), Scattering Theory: Scattering crasgisn —Born’s approximation, scattering by an
attractive square well potential

Unit-V

Partial wave analysis-phase shifts-low energy sgati — scattering by an attractive square well
potential. Identical particles and spin. Relaticigfuantum mechanics —Klein Gordan equation-
Pauli’s Spin matrices and Dirac matrices.

Text Book
1. Quantum Mechanics , G. Aruldhas, Prentice Halldn¢2002)
Reference Books

1. A Text Book of Quantum Mechanics , P.M. Mathews En®enkatesan,

Tata McGraw Hill Publishing Co., New Delho@5)

Quantum Mechanics "™Edn, Ajoy Ghatak and S. Lokanathan, MacMillan@99
Elements of Quantum Mechanics, Michael D. Faydi (2

Quantum Mechanics L.l. Schiff, McGraw Hill, (1972)

Quantum Mechanics, L.M. Pauling and H. Wilson , Ma Hill, (1935)
Introduction to quantum Mechanics, Dicke and Wittkddison Wesley (1963)
Introduction to Quantum Mechanics, Ajoy Ghatak, Mdan India, (1996)
Quantum Mechanics"Edn., S.L.Gupta, V. Kumar,H.V. Sharma and R.CarBta, Jai
Prakash Natt & Co, Meerut, (1987)

9. Quantum Mechanics, L. Powell and Crasemann, Nd&abéshing House, (1988)

ONOOAWN
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PH 815- MATERIALS SCIENCE LABORATORY |

Band gap determination

Ultrasonic diffraction

Hall effect

Magnetic Susceptibility of liquids

Thermister Characteristics

Laser Experiments

Corrosion of Metals

Electrical Conductivity of Electrolytes / Crystals

Dielectric Constant of a Crystal, liquid — variatiwith frequency (LCR Circuit)

Guoy Balance — Paramagnetic Susceptibility.



CS 843 - PROGRAMING LABORATORY

FORTRAN
1. Sine series
2. Binomial coefficients
3. Transpose of a given matrix
4. Inverse of a given matrix
5. Diagonalisation of a matrix
6. Newton-Raphson method and other iteration methods
C — Language
7. Reading of data from Binary Ascii to data file -eBlentary graphics and plotting
8. Curve fitting — least square, non least square
9. Numerical integration, Trapizoidal rule and Simgsanle
10.  Bisector
11.  Solution of Ordinary differential equation Rang&utta method
12.  Advanced graphics: Ellipse, circle and colourtiidji



PH 808 - NUCLEAR PHYSICS

UNIT |
Basic Nuclear Properties:

Nuclear mass. Charge, radius, size, magnetic mgrparity, statistics — Binding energy
and stability of nuclei — variation of BE — Weizatksemiemperical formula, Nuclear
instruments (G.M. Counter, Bubble Chamber and Clchaimber). Rutherford scattering theory
— interaction of charged particles with electrometgnradiation.

UNIT Il
Nuclear forces and Nuclear disintegration:

a - decay, Gamow'’s theoryB-decay, Fermi theory, selection ruleg-decay, multipole
emission — internal conversions. Nuclear isomerisntwo body problem — ground state of
deutron. Nucleon scattering, n-p scattering. Pastiiave analysis. p-p scattering — charge
independence of nuclear forces. Non central fodessor) forces. Exchange Forces (Different

Types).

UNIT Il
Nuclear reaction and Nuclear models:

Types of nuclear reaction — Breit — Wigner one lef@mula — Neutron Physics
Diffusion theory — Neutron leakage — interactiorthvmatter — diffusion and slowing down
length. Slowing down of neutrons, Fermiage theorynieroscopic and macroscopic Cross
section. Nuclear Models — liquid drop — shell modiefficiencies — collective model.

UNIT IV
Nuclear Fission and Reactor Theory:

Fission, chain reaction, neutron multiplicationtéas- deformation of nucleus — energy
of fission — four factor formula for neutron muligation. Classification of nuclear reactors —
PWR, BWR, BHWR, Breeder reactor ( fast, thermal addanced reactors ) — Nuclear reactors
in India and abroad. Reactor materials — ( Fuelddfator, Coolant and Control Materials )
choice and processing. Fusion — thermonucleariosect

UNIT V

Elementary Patrticles:

Strong interaction — electromagnetic— weak intévact— Elementary particle physics —
classifications - Hadrons-Leptons — quantum numsiberquark theory — quantum chromo
dynamics (QCD). Electron weak theory, Gellman Nista formula — NCP-CPT invariance.
Symmetry — unitary symmetry — SU(2) — SU(3).

Books:
1. Introductory Nuclear Physics, Samuel S. M. Wongtie Hall Advanced
Reference Series Physical and life Sciences.
2. Introduction to Nuclear Physics - Elton, 1970.

3. Nuclear Physics, Irwing Kaplan - 1992.
4. Nuclear Physics, Enge, 1988.



PH 809 - Modern Materials

Unit-l Introduction to materials 10 hours

Classes of materials — Smart/intelligent material&unctional materials — Diverse areas of
intelligent materials — primitive functions of itligent materials — Examples of intelligent
materials — Materials responsive to thermal, elealtr magnetic, optic, stress fields, Bio-
compatible materials and bio-Mimitics

Unit— Il Novel Materials 10 hours

Amorphous and glassy materials — Structure — Pagiparmethods and novel properties — Shape
memory alloys — working mechanism — pseudo elagtiei applications — Nickel-Titanium
(Nitinol) alloys — Material characteristics of Nibl — Introduction to Micro Electro Mechanical
Systems (MEMS) — Silicon, porus Silicon and silieoiide based MEMS —Fabrication of piezo-
electric and piezo-resistive MEMS materials — Apglion to micro-actuators and micro-
accelerometers.

Unit — I Nano-structured materials 10 hours

Definition — Types — preparation and characteraatiechniques — Size effects on various
properties — Carbon nanotubes — silicon and silicoide nano wires —Mechanical (hardness,
ductility, elasticity), optical and electrical preyies of nano tubes and nano wires - quantum
wires and quantum dots.

Unit — IV PZT, CMR & Ferro-fluid 10 hours

Structure of ABQ@ and ABO, materials — Synthesis and properties of piezouatecferro-
electric perovskites and spinel structured materiaPZT thin films —preparation (different
techniques-Sol-gel, PLD,MOVCD) and applicationgdduction to magnetoresistance (MR) —
GMR and CMR materials — Applications-Preparationl amoperties of ferro-fluids — Electro-
Rheological fluids — Applications.

Unit -V Modern Semi conducting materials s
Introduction to Il — V and Ill - N Compounds - i8hesis techniques —CVD -VPE -
Applications (White LED) — Technological importanoé Il — VI and | — Ill — VL binary,

ternary and quaternary semiconductors — Introdoct®m non linear optics (NLO) and NLO
materials - Novel applications of ZnO and FitQin films.

Text Books

1. Mukesh V.Gandhi and Brian S.Thomps&mart materials and structureShapman &
Hall,London,1992.

2. T.W.Duerig, K.N.Melton, D.Stockel and C.M.Waymdmgineering aspects of shape
memory Alloy8utterworth-Heinemann,1990

3. Sorab K. Gandhi-abrication Principles of VLS[John Wiley,1996

4. Charles P.Poole and Frank J Owdngpduction to nano technologyViley
Interscience,2003.

5. Tapan ChatterjiColossal magnetoresistive manganiteiwer Academic Publishers,
2004

6. Malcolm E.Lines and Alastair M.Glas8rinciples and applications of Ferroelectrics and
Related material®Dxford University Press, 2001

7. A. Inoue and K.Hashimot&morphous and Nanocrystalline
Materials:Preparation,Properties and Applicatigrispringer Verlag

8. Review articles for recently developed materials



PH 810 - Electromagnetic Theory

UNIT-I: Electric field

Introduction to charge distribution-Coulomb’s lawmdaGauss law, electric potential-
Laplace and Poisson equations, electrostatic boyrmaditions, derivation of the energy of a
point charge and continuous charge distributioasdactors-properties and induced charges and
surface charges, electric fields in matter-polaidra derivation of the field of a polarized object
Gauss law in presence of dielectrics, boundary itiong in presence of dielectrics, energy and
forces in dielectric systems.

UNIT-II: Boundary value problems & Special techmés

Cartesian, cylindrical and spherical coordinateesys, Laplace and Poisson equation in
different coordinate systems, boundary conditiond aniqueness theorems (without proof),
conductors and second uniqueness theorem (withmatf)p solution of Laplace and Poisson
equations in 3D in cartesian, cylindrical and sp@tpolar coordinate systems, boundary value
problems with linear dielectrics, multipole expamsi origin of coordinates in multipole
expansions, derivation of electric field of a dipah cylindrical polar coordinate system.

UNIT-III: Magnetostatics and Electrodynamics

Lorentz force law and Biot-Savart law, scalar aedtor potentials, multipole expansion
of vector potential, calculation of field of a magized object, Amperes law in magnetized
materials and auxiliary field H, magnetostatic bdany conditions, Faraday's law and Lenz’s
law, calculation of energy density in magnetic d&l Electrodynamics before Maxwell,
Maxwell's correction of Amp ere’s law, derivatiorf Maxwell’'s equations in vacuum and in
matter.

UNIT-IV: Electromagnetic waves

Electromagnetic waves in vacuum, wave equationEf@nd B, reflection-refraction of
electromagnetic waves, Snell’'s law and Fresnels, IRoynting theorem and its derivation,
Electromagnetic waves in matter, propagation of Evieles in linear media, reflection and
transmission at normal and oblique incidence, agtsmr and dispersion of E.M waves,
electromagnetic waves in conductors, reflectioa ebnducting surface, interference- diffraction
and polarization.

UNIT-V: Potentials and Radiation

Potential formulation, Gauge transformations, Cowloand Lorentz gauge, retarded
potentials of continuous charge distribution, dation of Jefimenko’'s equations, retarded
potentials of point charges, Li"enard-Wiechert ptitd, fields of a moving point charge, electric
dipole radiation, energy radiated by an oscillawhertric dipole, radiation from moving charges-
radiation fields, derivation of Larmor formula.

References
Griffiths D J (1999). Introduction to electrodynamsi Prentice Hall of India Private Limited,
New Delhi, 3rd edition.



PH 811 - Laser Spectroscopy

Unit |

Laser as spectroscopic light source, fundamentdlslaser- laser resonators, spectral
characteristics of laser emission, realizationiofle-Mode lasers, wavelength tuning of single-
Mode lasers- line width — tunable lasers — nonlirgdical mixing techniques.

Unit I

Nonlinear spectroscopy — linear- nonlinear absomptsaturation of inhomogeneous line profile,
saturation spectroscopy, polarization spectroscopyltiphoton spectroscopy - special
techniques.

Unit 11l

Laser Raman spectroscopy — basic experimental itpeds) non linear Raman spectroscopy,
special techniques, CARS — applications.

Unit IV

New developments in laser spectroscopy — opticalirg — trapping of atom — spectroscopy of
single ion, optical Ramsey fingers, atom interfeetnyy one atom Maser, squeezing, spectral
resolution of natural line width, optical frequenogasurement

Unit V
Application of Laser Spectroscopy - Application adhemistry — environmental — biological —
medical — technological applications.

Textbooks

1. Laser Spectroscopy- Basic Concepts and Instrumeniatv. Demtroder, Springer,

Third Edition, 2004. Chapters 5,7,8,11,14 and 15.
Reference Books:

1. 1. Laser Technology and Applications, S.L. Marsh&lc. Graw Hill Book Co.,
1980.
Laser in Industry, S.S. Charachan, Van Nostrandtrdd Co., 1975.
Laser Electronics, by Joseph T. Verdeyen, PHI 1993.
Laser theory and applications, K. Thiagarajan anG®Ratak, Me Millan, 1991.



PH 816 - MATERIALS SCIENCE LABORATORY Il

Band gap determination (four probe method)

Ultrasonic diffraction (pulse echo method)

Thermolunimescence study of Alkali Halides

Determination of Specific Charge of an Electroom/@homson’s method)

Determination of Absorption coefficient of air aalliminiun using GM counter.

Determination of Rydberg constant using constawtadien spectrometer.

Error Analysis

Differential Thermal Analysis

© © N o g s~ w D PE

Dielectric Constant of a Crystal— variation witimigerature
10. Electrical conductivity study of ionic / semiconding/ metallic compounds using two

probe .



ME 950 - WORKSHOP PRACTICE

FITTING SHOP:

Study of hand tools like files, chisels, hammerg,sguare, calipers, hacksaw, marking
gauge, punches, tapes, dies etc. use of vernigeraland micrometers. Use of tools — cutting
and filing of M.S. Strips to correct profiles —lting and tapping

Welding Shop:

Study of welding, soldering and brazing makingadd,|butt, of M.S. flats by gas and arc

welding. Elementary practice of soldering and brg{demonstration)

Metal Cutting:

Sand moulding exercises — two box types — demdiwira molten metal pouring and

casting. Metal cutting — exercises on lathes —imgrrjoining, drilling and taper turning.



PH 817 - PHYSICS OF SEMICONDUCTOR DEVICE TECHNOLOGY
UNIT |

PN junction - Depletion Capacitance - Diffusion aapance - Tunneling and Tunnel
diodes - Junction break down — Schottky barrier®hkmic contacts — UJT: Principle and
operation- bipolar junction transistors (BJT): Ripte of operation, doping profile — BJT as a
switch — BJT in IC.

UNIT Il

FET: Basic principle — Surface charge in metal exsémi conductor capacitor - MOSFET:
Principle and operation — Charge coupled devicalvaiced MOS devices.

UNIT I

Photonic devices: Crystalline solar cells — Coneersefficiency — PN-Junction solar
cells — Spectral response — Equivalent circuit —oAghous silicon solar cells — Photo detectors —
PIN Diode detectors — Electro luminescence of sbatagnetic waves in two level systems —
LEDs — Semiconductor lasers — Optical gain — Iratgt Opto electronics — LCD — Seven
segment displays.

UNIT IV

Transistor structures: Electron transport in shi@tices and compound semiconductor
technology — Permeable Base Transistors — Plan@eddbarrier devices — Real space transfer —
Super lattice devices — Resonant tunneling devices.

UNIT V

Wafer Preparation, Lapping, Etching, Polishing measients on semi conductor
material; Crystal orientation, Dislocation densiBgsistivity. Transistor and Integrated circuits
design theory, Fabrication techniques: MIS Devied@hin film technology.

TEXT BOOKS:
1. Physics of Semiconductor Devices — Michael Shuenfee Hall India 1995.
2. Physics of Semiconductor Devices — S.M.Sze, WHagtern Ltd., 1991.
3. Semiconductor Devices; An Introduction — Jaspmig®i Mc.Graw Hill, 1994.

REFERENCE BOOKS:
1. Semiconductor Physics: An Introduction — K.Seeg8pringer — Verlag,
Germany, 1985.
2. Physics of Technology of Semiconductor Devices dr&w S.Grower.



PH 818 - CERAMIC MATERIALS

Unit |

Nature of Ceramic materials — crystalline ceramatarials — Silicates and clay minerals
and spinal structures — Polymorphic transformatienglass and non-crystalline phases —
structure and Composition of glass — Surface atetface — wetting and phase distribution.

Unit Il

Ceramic raw materials — clay materials — Silicatd &ilicate minerals - Synthetic raw
materials — Oxide (like ADs, ZrO,, TiO,, MgO ) and non-oxide (like $l4, AIN, BN, SiC ) raw
materials. Synthetic techniques — Sol — gel prangs$iquid — phase reaction and hydrothermal
synthesis.

Unit Il

Processing of Ceramics — powder pressing, extrusstip casting, firing- thermal
treatment procedure — drying, sintering, annealingscosity based transition points in glass —
glass forming methods, glass- ceramics.

Unit IV

An outline of ceramic equilibrium diagrams — Onangmnent (SiQ), two component
(Al20s3, CrO3;, MgO-CaO, MgO-AdO;, Al,Os-SiO,, Al,Os-BeO) and qualitative ideas of
methods of representation of three component diagraNucleation — grain growth.

Unit V

Mechanical properties of Ceramic materials — Etagtoperties and strength — Griffith’s
theory — plastic and Viscous deformations — stieegjng of glass.
Thermal properties — thermal expansion, heat cpamd thermal conductivity — thermal
stresses.

Text Books:

1. L.H. Van Vlack — Physical Ceramics for Engineesddison Wesley, 1964.
2. F.H. Norton — Elements of Ceramics - Addison Wesl&y4.

Reference Books:

1. W.D. Kingery, H.K. Bowen, D.R. Uhlmann — Introduani to Ceramics —"3 edition,
John Wiley & Sons, 1991.

2. D. Ganguli and M. Chatterjee — Ceramic powder papzn|: A hand book — Kluwer
Academic Publishers, 1997.

3. David Segal — Chemical Synthesis of advanced Cerdvaterials — Cambridge
University Press — 1989.

4, W.D. Kingery — Ceramic Fabrication Process — Johiey\1960.



PH 919 - POLYMERSAND COMPOSITE MATERIALS

Unit |
Fundamental concepts of Polymers and Composites:

Introduction — classification of Polymers and cosipgs — Types of Polymerization and
Mechanisms — Molecular weight of Polymers — Numdbasrage and Weight average concepts —
Degree of Crystallinity and Glass transition tenajpgre of Polymers.

Unit Il
Fabrication:

Compounding of plastics — injection, compressiorulding — Preg moulding — Blow
Moulding — calendaring and lamination techniques ptdstics — Fabrication methods of
composites — Molten metal infiltration, powder niletay, hot pressing, hot rolling, co-
extrusions, fiber reinforced metals.

Unit 1l
Testing of Polymers and Composites:

Testing of Polymers — Chemical identification methe- tensile and bending strength —
impart resistance — fatigue — dielectric strengffesting of Composites — streee distribution and
load transfer — prediction of strength of impustieanisotrophy — failure criteria.

Unit IV
Properties of Polymers and Composites:

Properties of polymers — strength — plastic deftiona— mechanical, optical and
electrical properties with reference to importangiaeering plastics — LDPE, HDPE, PVC,
Polyester, Phenol formaldehyde, alkyds, cellulas#g elastomers — Properties of Composites —
micro mechanics, inter phase band.

Unit V
Application of Polymers and Composites:
Application of Ploymers and plastic fibers — elasévs — coating adhesives — bio medical
application - fiber reinforced plastic — condagtipolymers.

Applications of Composites: Aircraft engineeringspace hardware — wind turbine —
marine craft — space structure — applications rgexy, sports equipments, vehicles .

Text / Reference Books:

1. Text Book of Polymer Science, Fred. W. BillMeyar, Wiley Interscience, 1984.

2. Introduction to Polymer Science, A.R. GowarikaaleTata McGraw Hill Book co.,
India.

3. The Science and Engineering of Materials, DonaldABkeland, PWS —KENT
Publishing Company, Boston, 1980.

4, An Introduction to Composite Materials, Derek Hllambridge University Press,
1988.

5. Composite Materials: Engineering and Science, Maghd-.L., Chapman & Hall,
1994.

6. Composite Materials Hand Book, M.M. Schwartz, Mo #dill Book Co., 1984.



PH 820 - Thermodynamics
Unit |

System control volume, process cycles, homogeneob®&terogeneous system, quasi static
process — continuum concept, Z&taw of thermodynamics — concept of temperaturesgure-
volume diagram- pv = ¢, P ¢, pV =c, ideal gas, temperature work and heat trangéh and
point function, work done in free expansion — 2e&ayk transfer, work transfer-heat transfer as a
path function.

Unit Il

First law of thermodynamics — system undergoingngeaof state, energy a property- specific
heat at constant volume and constant pressure —PBé&tiond law of thermodynamics- cycle,
difference between heat and work, efficiency oftlegggine, Kelvin Planck, Clausius statement -
refrigerator- heat pump- COP, equality of Kelviraft and Clausius statement, reversibility,
irreversibility -causes, Carnot’s cycle- Carnot®drem, equality of thermodynamic scale and
Kelvin scale of temperature.

Unit 1

Entropy- Clausius theorem, entropy as a proper$, diagram, Clausius inequality, change in
entropy in irreversible process, entropy principlapplication, maximum work obtainable,

change in entropy with heat flow, change in entropglosed system-open system, directional
law of nature, entropy and disorder, available gpnerquality of energy, maximum work done in

reversible process with heat exchange, dead state.

Unit IV

Pure substance- gases and mixtures, P-V diagramvaigf and other substances, P-T diagram,
PVT diagram, TS diagram, HS diagram (Mollier chamyness fraction, steam tables, saturation
state-liquid vapour mixture, super heated liquidj@ressed liquid, thermodynamic properties

chart, equation of state, ideal gas — specific heéa&bnstant pressure, internal energy, enthalpy
and entropy change of ideal gas, reversible ad@lsmithermal process, change in entropy in

poly tropic process, virial expansion, law of cepending states.

Unit V

Mixture of gases-Daltons law of partial pressurdgginal energy, enthalpy, specific heats at
constant pressure and volume change in entropy igfuras, Gibb’s function, Maxwell's
equations, TdS equation,,G G, GJ/C,, energy equation, Joule Kelvin effect, Clausius
Clapeyron equation, mixture of variable compositiequilibrium conditions of heterogeneous
system, Gibbs phase rule-types equilibria, stgtlndition.

Text Book.
1. P.K. Nag, Engg. Thermodynamics Tata .Mc. Graw 5.

Reference books

Zemansky M.W., Heat and Thermodynamics, Mc. Gralv19i57.
Evelin Guha, Heat and Thermodonamics T.Mc. Graw H898.
Arora C.P. Heat and Thermodynamics, Tata Mc. Graly 1998.
Huang F.F. Engg. Thermodynamics, Mac Millan, 1989.
Adrian Bejan, Advance Engg. Thermodynamics, JohleyViL988.

arwnE



PH 821 - HIGH PRESSURE PHYSICS

Unit |
Introduction

Pressure: definition, types and Units - Generatib8tatic Pressure — Pistion Cylinder —
Bridgman Anvil — Multi anvil devices — Diamond aheell — Measurement of High Pressure —
Primary and Secondary Gauge — Thermocouple Pressamge — Resistance Gauge — Fixed
point pressure scale — Ruby Fluorescence — Equatistate.

Unit Il
Devices and Techniques

X-ray and Neutron Diffraction — Electrical and Thal Measurements — Spectroscopy
studies — IR, Raman, NMR, Optical absorption — EXAF Generation of Ultra high pressure
and Temperature.

Unit 1l
Physical Properties Under High Pressure

Compressibilities of solids and fluids — PVT retas in fluids — Properties of gases
under Pressure — Viscosity — Thermo emf — ThermdlEectrical conductivity - Electronic and
Structural Phase Transitions in Metals — Phonosiperconductivity — Electronic structure of
Metals and Semiconductors — magnetic propertieguidl crystals.

Unit IV
Mechanical Properties under Higher Pressure

Measurement of Elastic Constants — Tension and mesejpn — Fatigue — Creep —
Material Synthesis - Super-hard materials — Oxzigg Other Compounds.

Unit V
Dynamic Pressures

Shock Waves — Generation — Measurements — Efféshotk on metals — Application of
Shock Waves.

Text Books:

1. The Physics of High Pressure, P.W. Bridgemann, [Gade Sons Ltd, London 1931.

2. High Pressure Science and Technology, Vol. 1&ll, \Bodar and Ph. Marteam,
Pergamom Press, Oxford, 1980.

3. Mechanical Behaviour of Materials under PressitieL.D. Pugh, Elsevier Pub. Co.
Ltd., New York 1970.

4, Solid State Physics, Vol. 13, 17 and 19, Fredeaol Turnbull, Academic Press,
New York, 1962.



PH 822 - SENSOR TECHNOLOGY
Unit |

Load cell — pressure transducers — Bourdow tubémphram elements — Bell gauge —
Electrical types, Mechanical types — Low pressueasarements — mechanical, electrical and
thermal types — ionization gauges — differentiglgsure transducers.

Unit Il

Sensors for displacement — velocity — acceleradimh torque — electrical transducers for
displacement — strain gauges — capacitance gaudeéDF — Piezo electric transducers —
measurement of quantities.

Unit 1l

Temperature Measurement: Solid and fluid expangipe — resistance thermometers —
thermo emf — thermisters — radiation pyrometergermhography — measurement of very high or
Stellar temperature.

Unit IV

Flow and level measurements: Head types — Ingtallgirocedure — pitet tubes — area
and mass flow meters — Positive displacement floetens — electrical turbo magnetic and
electromagnetic flow meters. Hot wire anemometergpen channel flow. Float type level

measurement — displacement type — hydrostatic typgbesrmal effect type — electrical methods
and magnetic methods.

Unit vV

Materials for Transducers: Barium Titanate KDP, ADFDVE films, TaS, thermal
sensors of AB@ type, Wurtzite etc.

Text / Reference Books:

1. Principles Industrial Instrumentation, D. Patragafiata McGraw Hill, New Delhi,
1991.

2. Measurement Instrumentation and Experiment desidgthisics and Engineering, M.
Sayer and Abhai Mansingh, Printice Hall Pvt. LtA0Q.

3. Instrumentation and Devices, C.S. Rangan, G. Shandavani , Tata McGraw Hill,

New Delhi, 1985.
4. Physical Properties of Materials, Lovell, et al, B3, 1984.



PH 823 - Metallurgy
UNIT |

Defects in solids: Imperfections in solids — Pailefects — vacancies — Frenkel and Schottky
defects — dislocations — geometry of edge and sdislwcations — Burger vector — energy of a
dislocation — stress to move a dislocation — @itiesolution shear stress — slip systems in
crystalline solids — dislocation multiplication +slbcation interactions with other defects — grain
boundaries — stacking faults and twins.

UNIT I

Classification of alloys — Hume-Rothery rules — digtes — constitutional super cooling —
segregation and zone refining — formation of sebtlitions — intermediate phases.

UNIT Il

Phase diagrams : Free energy composition curvesverLrule — Eutectic, peritectic and
peritectoid systems — Solid state reactions — lmglly important equilibrium diagrams — Fe-C
system — Copper alloys — Magnesium alloys — Titanialloys — Experimental methods of
determining equilibrium diagrams — Non-equilibristnucture — TTT diagram — Hyper eutectoid
steels — effect of alloying.

UNIT IV

Critical temperature in steel — Banite and martensiansformations in steel. Hardness and
hardenability. Hardenability test, Annealing, Naiming, Hardening, Spheroidising,
Martempering and Austempering. Casehardening psese — Carburising, cyaniding and
carbonitriding, nitriding, Flame hardening and intlon hardening.

UNIT V

Categories of phase — Transformations — Transfoomain the solid state — Spinodal
decomposition — Recovery, recrystallization andrggrowth — Powder metallurgy and sintering
metallic glasses.

TEXT BOOKS
1. Van vlack, Elements of Materials Science, Addisolv&sley, 1964.
2. Raghavan, Physical Metallurgy — Principles and ftacPrentice Hall India, 1993.
3. Raghavan, Materials Science and Engineering, Peshiall of India Private Limited,
New Delhi, 2003.

REFERENCES

1. A.C. Guy and Hren, Elements of Physical Metallur@yford University Press, 1974
2. S.Clark and R.Varnery, Physical Metallurgy, Afftéal East Press, 1962

3. R.E.Reedhill, Physical Metallurgy Principles, Affited East West Press, New
Delhi, 1973

John Wulff et al., The structure & properties oftetaals, Vol.ll, John Wiley, 1964.
Irving Granet, Modern Materials Science, RestonliBhing Co., 1980

S.H.Avner, Physical Metallurgy, McGraw Hill, 1974.

o0k



PH 824 - CRYSTAL GROWTH AND CHARACTERISATION

Unit I Materials Purification:

Distillation, Sublimation, Precipitation — liquidliguid extraction, ion exchange, gas and
liquid chromatography and Zone melting.

Unit Il Growth of Single Crystals:

Classification of growth processes, equilibria irystal growth — mono component solid
state equlibria. The distribution coefficient phaiagrams, conservative and non conservative
processes. Constitutional supercooling.

Unit Il Growth Kinetics:

Driving force, crystal morphology, possible typdsrmgerfaces. Nucleation — critical size
of homogeneous and heterogeneous nuclei, rate mbgeneous nucleation, growth of solid —
atomic mechanism, growth rate on diffuse interfaiceé faceted interface.

Unit IV: Growth Technique:

Solid state equilibria: Strain and annealing, Sinteand polymorphic transition — Solid
State Equilibria : Bridgmann- Stockbarger technjg@zochralski and Kyropolous — Zone
melting and other crucible less techniques. Deadgtowth. — Vapour Solid Equilibria:
Sublimation — condensation, sputtering, growthrigversible reactions — Growth from solution:
agueous-solution growth, Hydro-thermal growth araltem salt growth — Gel growth.

Unit V: Crystal Characterization:
Review of crystal systems — orientations and pla@egentation of crystals by optical

and x-ray methods. Crystal cutting and polishindgps@vation of defects in crystals (optical
microscopy ). Thermal , optical and mechanical proes of crystals ( qualitative study).

Text Books:

1. Physical and Chemical Methods of Separation, Eug&icBerg, Mc Graw Hill Co.,
1963.

2. Methods of Experimental Physics, Marton L., (ed).\6éd, Academic Press 1959.
3. The Growth of Single Crystals, Laudise, R.A., Pi@nHall, 1970.
4. Phase Transformations in Meterials, Jain, A.K. @hdturvedi, Prentice Hall, 1972.
5. The Growth of Single Crystals from Liquids, J.Cid8; North Holland, 1973.
6. Crystal Technology, W.L. Bond, John Wiley & SongviNYork, 1976.

Reference Books:

1. Instrumental Methods in Chemical Analysis, G.W. WiMcGraw Hill Co., 1975.
2. Crystal Growth and Characteristation, R. Veda aBdNlullin (ed), North Hill, 1975.



PH 825 - CORROSION SCIENCE AND ENGINEERING
UNIT |

Importance of corrosion prevention in various irtdes: The direct and indirect effects
of corrosion — The free energy and oxidation paatititerion of uniform corrosion — the pilling
Bed work ratio and it consequences — the unitsos@n rate — mdd and mpy — The importance
of pitting factor — Pourbaix digrams of Mg, Al. aRké — Their and limitations

UNIT Il

Localized corrosion: The electro chemical mechanisn The chemical mechanism —
Galvanic corrosion — Area effect in anodic and gdib metal coatings, Organic coatings of
bimetallic systems — prediction using emf Seried &alvanic series — Crevice corrosion —
Mechanism of differential oxygenation corrosiouto catalytic mechanism of pitting due to
crevice or differential oxygenation corrosion —

Principles and procedures of cathodic protect@acrificial anodes and external cathodic
current impression — stray current corrosion

UNIT I

Intergranular corrosion: Stainless steels — cangengechanism (Cr- Depletion theory) —
Weld decay and knife line attack — Stress corrosiod fatigue corrosion — Theory of critical
corrosion rate in corrosion fatigue.

Cavitation damage — Fretting damage — Atmosphaarcosion — Bacterial corrosion —
Marine corrosion — Control methods. High tempemtGxidation of metals — lonic diffusion
through protective oxides — Classification on thsib of kinetics or rates of oxidation.

UNIT IV

Kinetic aspects of corrosion: Over potential adts/aand concentration over potentials —
Exchange current density — Mixed potential theogo#rosion rates of Fe. And Zn. In air — free
acid — effect of oxidizing agents — Phenomenonasfspvation — Theories — effect of oxidizing
agents and velocity of flow on passivating metalsffect of galvanic coupling of Fe. and Ti
respectively with Platinum — Noble metal alloyingrodic protection.

UNIT V

Corrosion in inhibition: Inhibiters of corrosion passivators, adsorbing inhibiters, V.P.
inhibiters. Prevention of galvanic crevice, inteamular, Stress and fatigue corrosion at the
design stage and in service conditions — contrabtdstrophic oxidation and Hydrogen disease -
control of Bacterial corrosion — Langelier satwatindex and its uses.

Corrosion prevention by Coatings — Surface preattnent — Hot dip, diffusion and
cladded coatings — Phosphating and its uses.

TEXT BOOKS:

Fontanna, “Corrosion Engineering”, McGraw Hill, 798

2. Uhlig H.H, “Corrosion and its control”, Willey, 198

3. Fontanna, “Corrosion Engineering”, (Materials Sceeand Metallurgy series), third
edition, McGraw Hill inter national Ed., 1987

4, Kenneth R. Trethewey and John Chamber lain, “Carofr Students of Science
and Engineering”, Long Mann Scientific and Techhexition, 1988.

REFERENCE BOOKS:

1. Pludek, “Design and corrosion preveritiddicMillan, 1978.
2. Raj Narain, “Introduction to metalrrosion”, Oxford IBH, 1983.



PH 826 - Introduction to Nanotechnology
Unit-1: Introduction to Physics of Solid State

Intermolecular forces: thermodynamic aspects - @QumanMechanical Treatment of the
Many-Particle Problem - Potential Energy SurfacePair Potential Approximation -
Advantages and Limitations of the Pair Potentialpiximation - Phenomenological
Potentials - Pseudo-Potentials - Many-Body Potentia

Unit - 2: Fundamentals of nanoscience

Size dependence of properties - Particle size md@tation - Bulk to nano transition -
Semiconducting nanoparticles - Carbon nanostrusturlechanical properties (hardness,
ductility, elasticity) - Optical properties of nanbes - Electrical properties of nanotubes.

Unit - 3: Preparation of nanosystems.

Introduction to nanolithography - Carbon nanotulpgeparation - Synthesis and preparation
of nanomaterials (crystalline and thinfilm) - Ploadiand chemical methods - Control and
stability (size, shape, composition).

Unit - 4. Characterization of nanosystems.

Thermal Stability - Basic Material Properties - Médalues and Correlation Functions - X-
ray diffraction - Scanning Electron Microscopy -a8ning Tunneling Microscopy - Electron
Microscopy - X-ray absorption spectroscopy - Phigttteon emission spectroscopy.

Unit - 5 : Nano-Engineering: Applications

Nanotubes, nanowires, and nanodevices-introductiorFunctional Nanostructures -
Introduction to molecular electronics - Field ernossand Shielding - Applications in
Computers - Applications in fuel cells - Applicat®in chemical sensors - Applications in
mechanical  reinforcement -  Microelectromechanical ystams  (MEMs) -
Nanoelectromechanical systems (NEMSs) - Molecular Smpramolecular Switches.

Text Books:
1. Charles P. Poole and Frank J Owenstroduction to nanotechnologywiley
Interscience, 2003. (US $ 80.00).
2. Crandall, B. C. and Lewis, James (EdsNanotechnology: Research and

Perspectives”MIT Press, 1992.
3. P E J Flewitt, R K Wild Physical Methods for Materials Characterization. 2™
Edition, Institute of Physics Publishing, UK. 2004.
4, Gottstein, Gunter. (2004) Physical Foundations of Material Science.
Springer Verlag.
5. Cleland, Andrew N. (2003). Foundations of Nanomechanics: From Solid-State
Theory to Device Applications. Springer Verlag.

References for further study:

1. J M Vail, Winnipeg.Topics in the Theory of Solid Materialastitute of Physics
Publishing, UK. 2004.

2. M W BarsoumFundamentals of Ceramickstitute of Physics Publishing, UK. 2004.
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