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Abstract

Traditional mechanics serves as basis for mechanical, civil and elec-
tronic engineering. However, it fails to suffice for areas such as, to name
one, nanoelectronics. With the emergence of quantum engineering and
nanotechnology, it is not only desirable but also useful for engineers to
become familiar with the basic notions of quantum mechanics. At the
level of a B. Tech. / B. E. degree it is possible to do this with an open
elective course in quantum mechanics.

1 Course Objectives

1. To develop in the student awareness of situations in engineering, which need
ideas of quantum mechanics.

2. To make the student understand the basic language, apparatus and methods
of quantum mechanics.

3. To enable the student with those aspects of quantum mechanics, which are
necessary to begin to work in small structures such as those common in
nanotechnology.

2 Outline of Syllabus

Introduction and Review: Physical laws at small scale, real-world appli-
cations of QM – transistors, energy harvesters, ultra-precise clocks and ther-
mometers, lasers, cryptography, randomness generator, quantum computers; de
Broglie’s Wave-particle duality; Heisenberg uncertainty relations; Wave function
and its interpretation, Schrödinger’s equation, time dependent and independent
equation, stationary states

Wave Function and Physical Properties: Probability density and probabil-
ity current, equation of continuity; Wave function as a vector, physical variables
as operators; Eigenvalues, eigenfunctions, expectation values and uncertainties

Particle in One-dimension: Infinite square well, finite potential well, GaAs
quantum well between AlGaAs layers in a semiconductor heterostructure, tri-
angular well, application to electron in a MOSFET

Quantum Tunneling: Potential barrier, tunneling, tunneling probability;
Double rectangular barrier, resonant tunneling, Esaki tunnel diode; Barrier of
arbitrary shape, WKB approximation

Simple Quantum Systems: Harmonic oscillator, energy levels and wave func-
tions, quantum picture of the LC-circuit; Centrally symmetric potentials angular
momentum and spin, hydrogen electron, energies and orbitals

Introduction to Advanced Ideas: Basic ideas of perturbation theory, time
independent and time dependent perturbations; Basic ideas of many particle
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systems, symmetric and antisymmetric wave functions, statistics of electrons
and photons; Solids, electronic and elastic properties

3 Text Books

1. Quantum Mechanics: An Introduction for Device Physicists and Electrical
Engineers, Second Edition, David K Ferry, Institute of Physics Publishing
2001.

2. Fundamental Quantum Mechanics for Engineers, Leon van Dommelen, 15
Jun 2012 Version 5.55 alpha, (Ebook: http://www.eng.fsu.edu/ domme-
len/quantum/).

4 Reference Books / Articles

1. http://dsc.discovery.com/tv-shows/curiosity/topics/10-ways-quantum-physics-
will-change-world.htm

2. http://dsc.discovery.com/tv-shows/curiosity/topics/10-real-world-applications-
of-quantum-mechanics.htm

3. Introduction to Quantum Mechanics, David J.Griffiths

4. Quantum Mechanics, Leonard I. Schiff

5 Course Outcomes

1. The student will develop an informed appreciation of the paradigm shift
already in evidence in technologies behind modern services and products

2. The student will be prepared to pursue PG courses, research programs and
industrial R & D programs in nanotechnologies

3. The student will possess basic physics knowledge to pursue simulation and
modelling of systems encountered in nanotechnologies
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