PHYSICS: SOLID STATE PHYSICS (PCMP-511)

(Credits: Theory-04)
Theory: 64 Lectures

Crystal Structure: Solids: Amorphous and Crystalline Materials. Lattice Translation
Vectors. Lattice with a Basis — Central and Non-Central Elements. Unit Cell. Miller
Indices. Reciprocal Lattice. Types of Lattices. Brillouin Zones. Diffraction of X-rays by
Crystals. Bragg’s Law. Atomic and Geometrical Factor.

(12 Lectures)
Elementary Lattice Dynamics: Lattice Vibrations and Phonons: Linear Monoatomic

and Diatomic Chains. Acoustical and Optical Phonons. Qualitative Description of the
Phonon Spectrum in Solids. Dulong and Petit’s Law, Einstein and Debye theories of
specific heat of solids. T*law

(10 Lectures)
Magnetic Properties of Matter: Dia-, Para-, Ferri- and Ferromagnetic Materials.

Classical Langevin Theory of dia — and Paramagnetic Domains. Quantum Mechanical
Treatment of Paramagnetism. Curie’s law, Weiss’s Theory of Ferromagnetism and
Ferromagnetic Domains. Discussion of B-H Curve. Hysteresis and Energy Loss.

(12 Lectures)
Dielectric Properties of Materials: Polarization. Local Electric Field at an Atom.

Depolarization Field. Electric Susceptibility. Polarizability. Clausius Mosotti Equation.
Classical Theory of Electric Polarizability. Normal and Anomalous Dispersion. Cauchy
and Sellmeir relations. Langevin-Debye equation. Complex Dielectric Constant. Optical
Phenomena. Application: Plasma Oscillations, Plasma Frequency, Plasmons.

(10 Lectures)

Elementary band theory: Kronig Penny model. Band Gaps. Conductors,
Semiconductors and insulators. P and N type Semiconductors. Conductivity of
Semiconductors, mobility, Hall Effect, Hall coefficient. (10 Lectures)

Superconductivity: Experimental Results. Critical Temperature. Critical magnetic field.
Meissner effect. Type | and type Il Superconductors, London’s Equation and Penetration
Depth. Isotope effect.
(6 Lectures)
Reference Books:
e Introduction to Solid State Physics, Charles Kittel, 8" Ed., 2004, Wiley India Pvt.
Ltd.
e Elements of Solid State Physics, J.P. Srivastava, 2" Ed., 2006, Prentice-Hall of
India
e [ntroductionto Solids, Leonid V. Azaroff, 2004, Tata Mc-Graw Hill
e Solid State Physics, Neil W. Ashcroft and N. David Mermin, 1976, Cengage
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Learning

e Solid State Physics, Rita John, 2014, McGraw Hill

e Solid-state Physics, H. Ibachand H Luth, 2009, Springer

e Elementary Solid State Physics, 1/e M. Ali Omar, 1999, Pearson India
e Solid State Physics, M.A. Wahab, 2011, Narosa Publications
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PHYSICS LAB: SOLID STATE PHYSICS (PCMP-512)

16 Lectures (4 hours each)

1. Measurement of susceptibility of paramagnetic solution (Quinck’s Tube Method)

To measure the Magnetic susceptibility of Solids.

To determine the Coupling Coefficient of a Piezoelectric crystal.

To measure the Dielectric Constant of a dielectric Materials with frequency

To determine the complex dielectric constant and plasma frequency of metal using

Surface Plasmon resonance (SPR)

To determine the refractive index of a dielectric layer using SPR

7. To study the PE Hysteresis loop of a Ferroelectric Crystal.

8. To draw the BH curve of iron using a Solenoid and determine the energy loss from
Hysteresis.

9. To measure the resistivity of a semiconductor (Ge) crystal with temperature by four-
probe method (from room temperature to 150 °C) and to determine its band gap.

10. Todetermine the Hall coefficient of a semiconductor sample.

aokrwmd

Sk

Reference Books

e Advanced Practical Physics for students, B.L. Flint and H.T. Worsnop, 1971, Asia
Publishing House.

e Advanced level Physics Practicals, Michael Nelson and Jon M. Ogborn, 4™ Edition,
reprinted 1985, Heinemann Educational Publishers

e A Text Book of Practical Physics, Indu Prakash and Ramakrishna, 11" Ed., 2011,
Kitab Mahal, New Delhi

e Elements of Solid State Physics, J.P. Srivastava, 2™ Ed., 2006, Prentice-Hall of
India
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PHYSICS: QUANTUM MECHANICS (PCMP-513)
(Credits: Theory-03)

Theory: 48 Lectures

Time dependent Schrodinger equation: Time dependent Schrodinger equation and
dynamical evolution of a quantum state; Properties of Wave Function. Interpretation of
Wave Function Probability and probability current densities in three dimensions;
Conditions for Physical Acceptability of Wave Functions. Normalization. Linearity and
Superposition Principles. Eigenvalues and Eigenfunctions. Position, momentum &
Energy operators; commutator of position and momentum operators; Expectation values
of position and momentum. Wave Function of a Free Particle.
(6 Lectures)

Time independent Schrodinger equation-Hamiltonian, stationary states and energy
eigenvalues; expansion of an arbitrary wavefunction as a linear combination of energy
eigenfunctions; General solution of the time dependent Schrodinger equation in terms of
linear combinations of stationary states; Application to the spread of Gaussian
wavepacket for a free particle in one dimension; wave packets, Fourier transforms and
momentum space wavefunction; Position-momentum uncertainty principle.

(10 Lectures)

General discussion of bound states in an arbitrary potential- continuity of wave
function, boundary condition and emergence of discrete energy levels; application to
one-dimensional problem- square well potential; Quantum mechanics of simple
harmonic oscillator-energy levels and energy eigenfunctions using Frobenius method.

(12 Lectures)

Quantum theory of hydrogen-like atoms: time independent Schrodinger equation in
spherical polar coordinates; separation of variables for the second order partial
differential equation; angular momentum operator and quantum numbers; Radial
wavefunctions from Frobenius method; Orbital angular momentum quantum numbers |
and m; s, p, d,.. shells (idea only) (10 Lectures)

Atoms in Electric and Magnetic Fields:- Electron Angular Momentum. Space
Quantization. Electron Spin and Spin Angular Momentum. Larmor’s Theorem. Spin
Magnetic Moment. Stern-Gerlach Experiment. Zeeman Effect: Electron Magnetic
Moment and Magnetic Energy, Gyromagnetic Ratio and Bohr Magneton.

(8 Lectures)

Atoms in External Magnetic Fields:- Normal and Anomalous Zeeman Effect.
(4 Lectures)

Many electron atoms:- Pauli’s Exclusion Principle. Symmetric and Antisymmetric
Wave Functions. Periodic table. Fine structure. Spin orbit coupling. Spectral Notations
for Atomic States. Total Angular Momentum. Vector Model. Spin-orbit coupling in
atoms-L-S and J-J couplings.

(10 Lectures)

Reference Books:
16



A Text book of Quantum Mechanics, P.M. Mathews & K. Venkatesan, 2™ Ed.,
2010, McGraw Hill

Quantum Mechanics, Robert Eisberg and Robert Resnick, 2™Edn., 2002, Wiley.
Quantum Mechanics, Leonard 1. Schiff, 3“Edn. 2010, Tata McGraw Hill.

Quantum Mechanics, G. Aruldhas, 2"™Edn. 2002, PHI Learning of India.

Quantum Mechanics, Bruce Cameron Reed, 2008, Jones and Bartlett Learning.

Quantum Mechanics for Scientists & Engineers, D.A.B. Miller, 2008, Cambridge
University Press

Additional Books for Reference

Quantum Mechanics, Eugen Merzbacher, 2004, John Wiley and Sons, Inc.
Introduction to Quantum Mechanics, David J. Griffith, 2" Ed. 2005, Pearson
Education

Quantum Mechanics, Walter Greiner, 4"Edn., 2001, Springer
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PHYSICS: ELEMENTS OF MODERN PHYSICS (PCMP-514)
(Credits: Theory-03)

Theory: 48 Lectures

Planck’s quantum, Planck’s constant and light as a collection of photons; Photo-electric
effect and Compton scattering. De Broglie wavelength and matter waves; Davisson-
Germer experiment. (8 Lectures)
Problems with Rutherford model- instability of atoms and observation of discrete atomic
spectra; Bohr's quantization rule and atomic stability; calculation of energy levels for
hydrogen like atoms and their spectra. (4 Lectures)

Position measurement- gamma ray microscope thought experiment; Wave-particle
duality, Heisenberg uncertainty principle- impossibility of a particle following a
trajectory; Estimating minimum energy of a confined particle using uncertainty
principle; Energy-time uncertainty principle. (4 Lectures)

Two slit interference experiment with photons, atoms and particles; linear superposition
principle as a consequence; Matter waves and wave amplitude; Schrodinger equation for
non-relativistic particles; Momentum and Energy operators; stationary states; physical
interpretation of wavefunction, probabilities and normalization; Probability and
probability current densities in one dimension. 11 Lectures)

One dimensional infinitely rigid box- energy eigenvalues and eigenfunctions,
normalization; Quantum dot as an example; Quantum mechanical scattering and
tunnelling in one dimension - across a step potential and across a rectangular potential
barrier. (12 Lectures)

Size and structure of atomic nucleus and its relation with atomic weight; Impossibility of
an electron being in the nucleus as a consequence of the uncertainty principle. Nature of
nuclear force, NZ graph, semi-empirical mass formula and binding energy.

(6 Lectures)
Radioactivity: stability of nucleus; Law of radioactive decay; Mean life & half-life; a
decay; B decay - energy released, spectrum and Pauli's prediction of neutrino; y-ray
emission. (11 Lectures)
Fission and fusion - mass deficit, relativity and generation of energy; Fission - nature of
fragments and emission of neutrons. Nuclear reactor: slow neutrons interacting with
Uranium 235; Fusion and thermonuclear reactions.

(4 Lectures)

Reference Books:

e Concepts of Modern Physics, Arthur Beiser, 2009, McGraw-Hill

o Modern Physics, John R. Taylor, Chris D. Zafiratos, Michael A.Dubson,2009, PHI
Learning

e Six Ideas that Shaped Physics: Particle Behave like Waves, Thomas A. Moore,
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2003, McGraw Hill

o Quantum Physics, Berkeley Physics Course Vol.4. E.H. Wichman, 2008, Tata
McGraw-Hill Co.

¢ Modern Physics, R.A. Serway, C.J. Moses, and C.A.Moyer, 2005, Cengage
Learning

e ModernPhysics, G. Kaurand G.R. Pickrell, 2014, McGraw Hill
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PHYSICS: MATHEMATICAL PHYSICS (PCMP-515)
(Credits: Theory-03)

Theory: 48 Lectures

The emphasis of the course is on applications in solving problems of interest to
physicists. The students are to be examined entirely on the basis of problems, seen and
unseen.

Calculus of functions of more than one variable: Partial derivatives, exact and inexact
differentials. Integrating factor, with simple illustration. Constrained Maximization
using Lagrange Multipliers. (6 Lectures)

Fourier Series: Periodic functions. Orthogonality of sine and cosine functions, Dirichlet
Conditions (Statement only). Expansion of periodic functions in a series of sine and
cosine functions and determination of Fourier coefficients. Complex representation of
Fourier series. Expansion of functions with arbitrary period. Expansion of non-periodic
functions over an interval. Even and odd functions and their Fourier expansions.
Application. Summing of Infinite Series. (10 Lectures)

Frobenius Method and Special Functions: Singular Points of Second Order Linear
Differential Equations and their importance. Frobenius method and its applications to
differential equations. Legendre, Bessel, Hermite and Laguerre Differential Equations.
Properties of Legendre Polynomials: Rodrigues Formula, Orthogonality. Simple
recurrence relations. (16 Lectures)

Some Special Integrals: Beta and Gamma Functions and Relation between them.
Expression of Integrals in terms of Gamma Functions. Error Function (Probability
Integral). (4 Lectures)

Partial Differential Equations: Solutions to partial differential equations, using
separation of variables: Laplace's Equation in problems of rectangular, cylindrical and
spherical symmetry. (10 Lectures)

Complex Analysis: Brief Revision of Complex Numbers and their Graphical
Representation. Euler's formula, De Moivre's theorem, Roots of Complex Numbers.
Functions of Complex Variables. Analyticity and Cauchy-Riemann Conditions.
Examples of analytic functions. Singular functions: poles and branch points, order of
singularity, branch cuts. Integration of a function of a complex variable. Cauchy's
Inequality. Cauchy’s Integral formula.

(14 Lectures)

Reference Books:

o Mathematical Methods for Physicists: Arfken, Weber, 2005, Harris, Elsevier.

Fourier Analysis by M.R. Spiegel, 2004, Tata McGraw-Hill.

Mathematics for Physicists, Susan M. Lea, 2004, Thomson Brooks/Cole.

An Introduction to Ordinary Differential Equations, Earl A Coddington, 1961, PHI
20



Learning.

o Differential Equations, George F. Simmons, 2006, Tata McGraw-Hill.

o Essential Mathematical Methods, K.F. Riley and M.P. Hobson, 2011, Cambridge
University Press

o Partial Differential Equations for Scientists and Engineers, S.J. Farlow, 1993, Dover
Publications.

o Mathematical methods for Scientists and Engineers, D.A. McQuarrie, 2003, Viva
Books.
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