PASS COURSES AT A GLANCE
SUBJECT: PHYSICS

DISCIPLINE SPECIFIC CORE-4 PAPERS

Number Semester | Title of the Course Theorycregzgc TTuto
DSC-P-PHY-1 1°t Mechanics 4 2
DSC-P- PHY -2 2nd Electricity & Magnetism 4 2
DSC-P-PHY -3 3rd Thermal Physics 4 2
DSC-P-PHY -4 4th Elements of Modern Physics 4 2
DISCIPLINE SPECIFIC ELECTIVE-2 PAPERS

Number Semester | Title of the Course Theorycregigc TTuto
DSE-P-PHY -1 5th Quantum Mechanics and Applications 4 2
DSE-P-PHY -2 6t Electromagnetic Theory 4 2
SKIL ENHANCEMENT COURSES-LIST-A (Any 1 paper)

Number Semester Title of the Course TheoryCredit
SEC- -1 3rd/4th/sth | Electrical circuits and Network Skills 2

SEC- -2 3rd/4th/sth | Computational Physics Skills 2




DISCIPLINE SPECIFIC CORE-4 PAPERS( 6 Credit each, 4-Theory + 2 Lab)

DSC-P-PHY-1: MECHANICS
(Credits: Theory-04, Practicals-02) Theory:

50 Lectures

It is concerned with set of physical laws describing the motion of bodies. It is a routine in Physics
course and plays an important role to explore the various phenomena of nature .It requires practice
by the students.

Unit-1

Fundamentals of Dynamics: Reference frames. Inertial frames; Review of Newton’s Laws of
Motion. Galilean transformations; Galilean invariance. Momentum of variable- mass system:
motion of rocket. Motion of a projectile in Uniform gravitational field Dynamics of a system of
particles. Centre of Mass. Principle of conservation of momentum. Impulse. (6 Lectures)

Work and Energy: Work and Kinetic Energy Theorem. Conservative and non- orces. Potential
Energy. Energy diagram. Stable and unstable equilibrium. Elastic potential energy. Force as
gradient of potential energy. Work & Potential energy. Work done by non-conservative forces.
Law of conservation of Energy. (4 Lectures)

Collisions: Elastic and inelastic collisions between particles. Centre of Mass and Laboratory
frames. (3 Lectures)

Unit -11

Rotational Dynamics: Angular momentum of a particle and system of particles. Torque.
Principle of conservation of angular momentum. Rotation about a fixed axis. Moment of Inertia.
Calculation of moment of inertia for rectangular, cylindrical and spherical bodies. Kinetic
energy of rotation. Motion involving both translation and rotation. (11 Lectures)

Elasticity: Relation between Elastic constants. Twisting torque on a Cylinder or Wire.

(3 Lectures)
Fluid Motion: Kinematics of Moving Fluids: Poiseuille’s Equation for Flow of a Liquid through a
Capillary Tube. (2 Lectures)

Unit -111

Gravitation and Central Force Motion: Law of gravitation. Gravitational potential energy.
Inertial and gravitational mass. Potential and field due to spherical shell and solid sphere.
(3 Lectures)

Motion of a particle under a central force field. Two-body problem and its reduction to one-body
problem and its solution. The energy equation and energy diagram. Kepler’s Laws. Satellite in
circular orbit and applications. Geosynchronous orbits..

(5 Lectures)



Unit-1vV
Oscillations: SHM: Simple Harmonic Oscillations. Differential equation of SHM and its solution.
Kinetic energy, potential energy, total energy and their time-average values. Damped oscillation.
Forced oscillations: (5 Lectures)

Non-Inertial Systems: Non-inertial frames and fictitious forces. Uniformly rotating frame.
Laws of Physics in rotating coordinate systems. Centrifugal force. (3Lectures)

Unit-V

Special Theory of Relativity: Michelson-Morley Experiment and its outcome. Postulates of
Special Theory of Relativity. Lorentz Transformations. Simultaneity and order of events.
Lorentz contraction. Time dilation. Relativistic transformation of velocity, frequency and wave
number. Relativistic addition of velocities. Variation of mass with velocity.

(10 Lectures)

Text Books

e Classical Mechanics, third edition, H. Goldstein,Pearson edition
e Classical mechanics, J.C. Upadhyaya, Himalaya Publishing House
e Mechanics by D S Mathur (S. Chand & Company Limited, 2000)

Reference Books:
An introduction to mechanics, D. Kleppner, R.J. Kolenkow, 1973, McGraw-Hill.
Mechanics, Berkeley Physics, vol.1, C.Kittel, W.Knight, et.al. 2007, Tata McGraw-Hill.
Physics, Resnick, Halliday and Walker 8/e. 2008, Wiley.
Analytical Mechanics, G.R. Fowles and G.L. Cassiday. 2005, Cengage Learning.
Feynman Lectures, Vol. I, R.P.Feynman, R.B.Leighton, M.Sands, 2008, Pearson Education
Introduction to Special Relativity, R. Resnick, 2005, John Wiley and Sons.
University Physics, Ronald Lane Reese, 2003, Thomson Brooks/Cole.
University Physics. F.W Sears, M.W Zemansky, H.D Young 13/e, 1986, Addison Wesley
Physics for scientists and Engineers with Modern Phys., J.W. Jewett, R.A. Serway, 2010,
Cengage Learning

e Theoretical Mechanics, M.R. Spiegel, 2006, Tata McGraw Hill.
Scheme of Examination:
Duration: 2 hours
Marks: 50
Four questions with alternatives from each Unit. Each question must carry a short problem of 3/4
marks minimum.




DSC-P-PHY-1: Mechanics-LAB

8.
9.

60 Hours Lab( 5 Hours/week and 12 weeks)

Measurements of length (or diameter) using vernier caliper, screw gauge and travelling
microscope.

To study the random error in observations.

To determine the height of a building using a Sextant.

To study the Motion of Spring and calculate (a) Spring constant, (b) g and (c)
Modulus of rigidity.

To determine the Moment of Inertia of a Flywheel.

To determine g and velocity for a freely falling body using Digital Timing Technique
To determine Coefficient of Viscosity of water by Capillary Flow Method (Poiseuille’s
method).

To determine the Young's Modulus of a Wire by Optical Lever Method.

To determine the Modulus of Rigidity of a Wire by Maxwell’s needle.

10. To determine the elastic Constants of a wire by Searle’s method.
11. To determine the value of g using Bar Pendulum.
12. To determine the value of g using Kater’s Pendulum.

Reference Books

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

Advanced level Physics Practicals, Michael Nelson and Jon M. Ogborn, 4" Edition,

reprinted 1985, Heinemann Educational Publishers

A Text Book of Practical Physics, |.Prakash & Ramakrishna, 11" Edn, 2011, Kitab Mahal

Engineering Practical Physics, S.Panigrahi & B.Mallick,2015, Cengage Learning India
Pvt. Ltd.
Practical Physics, G.L. Squires, 2015, 4" Edition, Cambridge University Press.



DSC-P-PHY-2: ELECTRICITY AND MAGNETISM
(Credits: Theory-04, Practicals-02)

Theory: 50 Lectures

Electricity and magnetism are two very important topics in Physics. It is difficult to imagine the
present society without the knowledge of it. It is routine in Physics course, and requires practice by

the students.

Unit-1

Electric Field and Electric Potential

Electric field: Electric field lines. Electric flux. Gauss’ Law with applications to charge

distributions with spherical, cylindrical and planar symmetry. (4 Lectures)

Conservative nature of Electrostatic Field. Electrostatic Potential. Laplace’s and Poisson equations.

The Uniqueness Theorem. Potential and Electric Field of a dipole. Force and Torque on a dipole.
(5Lectures)

Electrostatic energy of system of charges. Electrostatic energy of a charged sphere.

Conductors in an electrostatic Field. Surface charge and force on a conductor. Capacitance of a

system of charged conductors. Parallel-plate capacitor. Capacitance of an isolated conductor.

Method of Images and its application. (8 Lectures)

Unit-11

Dielectric Properties of Matter: Electric Field in matter. Polarization, Polarization Charges.
Electrical Susceptibility and Dielectric Constant. Capacitor (parallel plate, spherical, cylindrical)
filled with dielectric. Displacement vector D. Relations between E, P and D. Gauss’ Law in
dielectrics. (7 Lectures)

Unit-111
Magnetic Field: Magnetic force between current elements and definition of Magnetic FieldB.

Biot-Savart’s Law and its simple applications: straight wire and circular loop. Current Loop as a

Magnetic Dipole and its Dipole Moment (Analogy with Electric Dipole). Ampere’s Circuital

Law and its application to Solenoid. Properties of B: curl and divergence. Vector Potential.

Magnetic Force on (1) point charge (2) current carrying wire (3) between current elements.
(7 Lectures)

Ballistic Galvanometer: Torque on a current Loop. Ballistic Galvanometer: Current and
Charge Sensitivity. Electromagnetic damping. (2 Lectures)

Unit-1V

Magnetic Properties of Matter: Magnetization vector (M). Magnetic Intensity(H). Magnetic

Susceptibility and permeability. Relation between B, H, M. Ferromagnetism. B-H curve and

hysteresis. (4 Lectures)

Electromagnetic Induction: Faraday’s Law. Lenz’s Law. Self Inductance and Mutual
5



Inductance. Reciprocity Theorem. Energy stored in a Magnetic Field. Introduction to Maxwell’s
Equations (Statement only). (5Lectures)

Unit -V
Electrical Circuits: AC Circuits: Kirchhoff’s laws for AC circuits. Complex Reactance and

Impedance. Series LCR Circuit: (1) Resonance, (2) Power Dissipation and (3) Quality Factor,
and Parallel LCR Circuit. (4 Lectures)

Network theorems: Ideal Constant-voltage and Constant-current Sources. Network
Theorems: Thevenin theorem, Norton theorem, Superposition theorem, Reciprocity
theorem, Maximum Power Transfer theorem. Applications to dc circuits. (4 Lectures)

Text Books

e Elements of Electromagnetics, M.N.O. Sadiku, 2010, Oxford University Press.

e  Circuit Theory: Analysis and Synthesis, by A. K. Chakraborty, Dhanpat rai publication.

e Introduction to Electrodynamics, D.J. Griffiths, 3rd Edn., 1998, Benjamin Cummings
e Electricity and Magnetism, D.C. Tayal, 3rd Edn, Himalaya Publishing House

Reference Books:

e Electricity, Magnetism & Electromagnetic Theory, S. Mahajan and Choudhury, 2012, Tata
McGraw

e Electricity and Magnetism, Edward M. Purcell, 1986 McGraw-Hill Education

e Feynman Lectures Vol.2, R.P.Feynman, R.B.Leighton, M. Sands, 2008, Pearson Education

e Electricity and Magnetism, J.H.Fewkes & J.Yarwood. Vol. I, 1991, Oxford Univ. Press.

Scheme of Examination:

Duration: 2 hours

Marks: 50

Four questions with alternatives from each Unit. Each question must carry a short problem of 3/ 4
marks minimum.



DSC-P-PHY-2: ELECTRICITY AND MAGNETISM LAB

60 Hours Lab( 5 Hours/week and 12 weeks)
1. Use a Multimeter for measuring (a) Resistances, (b) AC and DC Voltages, (¢) DC Current,
(d) Capacitances, and (e) Checking electrical fuses.
To study the characteristics of a series RC Circuit.
To determine an unknown Low Resistance using Potentiometer.
To determine an unknown Low Resistance using Carey Foster’s Bridge.
To compare capacitances using De’Sauty’s bridge.
Measurement of field strength B and its variation in a solenoid (determine dB/dx)
To verify the Thevenin and Norton theorems.
To verify the Superposition, and Maximum power transfer theorems.
To determine self inductance of a coil by Anderson’s bridge.
. To study response curve of a Series LCR circuit and determine its (a) Resonant frequency, (b)
Impedance at resonance, (c¢) Quality factor Q, and (d) Band width.
11. To study the response curve of a parallel LCR circuit and determine its (a) Anti- resonant
frequency and (b) Quality factor Q.
12. Measurement of charge and current sensitivity and CDR of Ballistic Galvanometer
13. Determine a high resistance by leakage method using Ballistic Galvanometer.
14. To determine self-inductance of a coil by Rayleigh’s method.
15. To determine the mutual inductance of two coils by Absolute method.
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Reference Books

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

o A Text Book of Practical Physics, I.Prakash & Ramakrishna, 11" Ed., 2011, Kitab Mahal

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

e Engineering Practical Physics, S.Panigrahi and B.Mallick, 2015, Cengage Learning.

e A Laboratory Manual of Physics for undergraduate classes, D.P.Khandelwal, 1985, Vani Pub.



DSC-P-PHY-3: THERMAL PHYSICS
(Credits: Theory-04, Practicals-02)
Theory: 50 Lectures

Thermal physics, the combined study of thermodynamics, statistical mechanics, and kinetic theory, has
played an important role in the development of our current technology and hence is a routine in Physics
course and requires practice by the students.

Unit-I
Introduction to Thermodynamics
Zeroth and First Law of Thermodynamics: Extensive and intensive Thermodynamic
Variables, Thermodynamic Equilibrium, Zeroth Law of Thermodynamics & Concept of
Temperature, Concept of Work & Heat, State Functions, First Law of Thermodynamics and its
differential form, Internal Energy, First Law & various processes, Applications of First Law:
General Relation between Cp and Cy, Work Done during Isothermal and Adiabatic
Processes, Compressibility and Expansion Co-efficient. (8 Lectures)

Unit -11
Second Law of Thermodynamics: Reversible and Irreversible process with examples.
Conversion of Work into Heat and Heat into Work. Heat Engines. Carnot’s Cycle, Carnot
engine & efficiency. Refrigerator & coefficient of performance, 2% Law of
Thermodynamics: Kelvin-Planck and Clausius Statements and their Equivalence.
Carnot’s Theorem. Applications of Second Law of Thermodynamics: (7 Lectures)

Entropy: Concept of Entropy, Clausius Theorem. Clausius Inequality, Second Law of
Thermodynamics in terms of Entropy. Entropy of a perfect gas. Principle of Increase of
Entropy. Entropy Changes in Reversible and Irreversible processes with examples. Entropy of
the Universe. Entropy Changes in Reversible and Irreversible Processes. Principle of Increase
of Entropy. Temperature—Entropy diagrams for Carnot’s Cycle. Third Law of
Thermodynamics. Unattainability of Absolute Zero. (7 Lectures)
Unit -111

Thermodynamic Potentials: Thermodynamic Potentials: Internal Energy, Enthalpy,
Helmholtz Free Energy, Gibb’s Free Energy. Their Definitions, Properties and Applications.
Magnetic Work, Cooling due to adiabatic demagnetization, First and second order Phase
Transitions with examples, Clausius Clapeyron Equation and Ehrenfest equations

(6 Lectures)

Maxwell’s Thermodynamic Relations: Derivations and applications of Maxwell’s Relations,
Maxwell’s Relations:(1) Clausius Clapeyron equation, (2) Values of Cp-CV,

(2) TdS Equations, (4) Joule-Kelvin coefficient for Ideal and VVan der Waal Gases, (5) Energy
equations, (6) Change of Temperature during Adiabatic Process. (5 Lectures)

Unit -1V
Kinetic Theory of Gases
Distribution of Velocities: Maxwell-Boltzmann Law of Distribution of Velocities in an Ideal
Gas and its Experimental Verification. Doppler Broadening of Spectral Lines and Stern’s
Experiment. Mean, RMS and Most Probable Speeds. Degrees of Freedom. Law of
Equipartition of Energy (No proof required). Specific heats of Gases. (6 Lectures)



Molecular Collisions: Mean Free Path. Collision Probability. Estimates of Mean Free Path.
Transport Phenomenon in Ideal Gases: (1) Viscosity, (2) Thermal Conductivity
(3 Lectures)

Unit -V

Real Gases: Behavior of Real Gases: Deviations from the Ideal Gas Equation. The Virial
Equation. Andrew’s Experiments on CO» Gas. Critical Constants. Continuity of Liquid and

Gaseous State. Vapour and Gas. Boyle Temperature. Van der Waal’s Equation of State for
Real Gases. Values of Critical Constants. Law of Corresponding States. Comparison with
Experimental Curves. P-V Diagrams. Joule’s Experiment. Free Adiabatic Expansion of a
Perfect Gas. Joule-Thomson Porous Plug Experiment. Joule- Thomson Effect for Real and
Van der Waal Gases. Temperature of Inversion. Joule- Thomson Cooling. (8 Lectures)

Text Books
e Heat and Thermodynamics, M.W. Zemansky, Richard Dittman, 1981, McGraw-Hill.
e Thermal Physics, S. Garg, R. Bansal and Ghosh, 2" Edition, 1993, Tata McGraw-Hill
e Thermodynamics, Kinetic Theory & Statistical Thermodynamics, Sears & Salinger.
1988, Narosa.

Reference Books:

o A Treatise on Heat, Meghnad Saha, and B.N.Srivastava, 1958, Indian Press

e Modern Thermodynamics with Statistical Mechanics, Carl S. Helrich, 2009, Springer.

e Concepts in Thermal Physics, S.J. Blundell and K.M. Blundell, 2" Ed., 2012, Oxford
University Press

e Thermal Physics, A. Kumar and S.P. Taneja, 2014, R. Chand Publications.

Scheme of Examination:

Duration: 2 hours

Marks: 50

Four questions with alternatives from each Unit. Each question must carry a problem of 3/4 marks
minimum

DSC-P-PHY-3: THERMAL PHYSICS - LAB

60 Hours Lab( 5 Hours/week and 12 weeks)

1. To determine Mechanical Equivalent of Heat, J, by Callender and Barne’s
constant flow method.

2. Todetermine the Coefficient of Thermal Conductivity of Cu by Searle’s Apparatus.

3. Todetermine the Coefficient of Thermal Conductivity of Cu by Angstrom’s Method.

4. Todetermine the Coefficient of Thermal Conductivity of a bad conductor by Lee and
Charlton’s disc method.

5. To determine the Temperature Coefficient of Resistance by Platinum Resistance
Thermometer (PRT).

6. To study the variation of Thermo-Emf of a Thermocouple with Difference of
Temperature of its Two Junctions.

7. To calibrate a thermocouple to measure temperature in a specified Range using
(1) Null Method, (2) Direct measurement using Op-Amp difference amplifier and to
determine Neutral Temperature.



Reference Books

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

e A TextBook of Practical Physics, I.Prakash & Ramakrishna, 11" Ed., 2011, Kitab Mahal

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

e A Laboratory Manual of Physics for undergraduate classes,D.P.Khandelwal,1985, Vani Pub.
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DSC-P-PHY-4: ELEMENTS OF MODERN PHYSICS
(Credits: Theory-04, Practicals-02)Theory: 50

Lectures

Modern physics, the post-Newtonian conception of physics, implies that classical descriptions of phenomena
are not able to describe various physical phenomena and “modern", description of nature requires to
understand these theories. In a literal sense, the term modern physics, means up-to-date physics, is
routine in Physics course, and requires practice by the students.

Unit-1
Planck’s quantum, Planck’s constant and light as a collection of photons; BlackbodyRadiation:
Quantum theory of Light; Photo-electric effect and Compton scattering. De Broglie wavelength
and matter waves; Davisson-Germer experiment. Wave description of particles by wave packets.
Group and Phase velocities and relation between them. Two-Slit experiment with electrons.
Probability. Wave amplitude and wave functions.

(14 Lectures)
Unit-11
Wave-particle duality, Heisenberg uncertainty principle (Uncertainty relations involving Canonical
pair of variables): Derivation from Wave Packets impossibility of a particle following a
trajectory; Estimating minimum energy of a confined particle using uncertainty principle;
Energy-time uncertainty principle- application to virtual particles and range of an interaction.
(4Lectures)

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 a wave
function, probabilities and normalization; Probability and probability current densities in one
dimension. (8 Lectures)
Unit-111

One dimensional infinitely rigid box- energy eigenvalues and eigenfunctions, normalization;
Quantum dot as example; Quantum mechanical scattering and tunnelling in one dimension-across
a step potential & rectangular potential barrier. (6Lectures)

UNIT-IV

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, Liquid Drop model: semi-empirical mass formula and binding energy. (6
Lectures)

Radioactivity: stability of the nucleus; Law of radioactive decay; Mean life and half-life; Alpha
decay; Beta decay- energy released, spectrum and Pauli's prediction of neutrino; Gamma ray
emission. (6 Lectures)

11



UNIT-V

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.
(3 Lectures)

Lasers: Einstein’s A and B coefficients. Metastable states. Spontaneous and Stimulated emissions.
Optical Pumping and Population Inversion. (3Lectures)

Text Books

e Quantum Mechanics, Nouredine Zettli, 2" edition, (Wiley)

e Introduction to Quantum Mechanics, David J. Griffith, 2005, (Pearson Education)
e Nuclear Physics, S. N. Ghosal (S.Chand)

e Nuclear Physics, D.C. Tayal (Himalaya Publishing House)

Reference Books:

e Concepts of Modern Physics, Arthur Beiser, 2002, McGraw-Hill.

¢ Introduction to Modern Physics, Rich Meyer, Kennard, Coop, 2002, Tata McGraw Hill

o Physics for scientists and Engineers with Modern Physics, Jewett and Serway, 2010,
Cengage Learning.

Modern Physics, G.Kaur and G.R. Pickrell, 2014, McGraw Hill

Quantum Mechanics: Theory & Applications, A.K.Ghatak & S.Lokanathan, 2004, Macmillan
Modern Physics, J.R. Taylor, C.D. Zafiratos, M.A. Dubson, 2004, PHI Learning.

Theory and Problems of Modern Physics, Schaum’s outline, R. Gautreau and W.

Savin, 2" Edn, Tata McGraw-Hill Publishing Co. Ltd.

e Quantum Physics, Berkeley Physics, Vol.4. E.H.Wichman, 1971, Tata McGraw-Hill Co.

e Basic ideas and concepts in Nuclear Physics, K.Heyde, 3" Edn., Institute of Physics Pub.

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

Scheme of Examination:

Duration: 2 hours

Marks: 50

Four questions with alternatives from each Unit. Each question must carry a problem of 3/4 marks
minimum

DSC-P-PHY-4: ELEMENTS OF MODERN PHYSICS - LAB

60 Hours Lab( 5 Hours/week and 12 weeks)
1. Measurement of Planck’s constant using black body radiation and photo-detector
2. Photo-electric effect: photo current versus intensity and wavelength of light;
maximum energy of photo-electrons versus frequency of light
3. To determine work function of material of filament of directly heated vacuum
diode.
To determine the Planck’s constant using LEDs of at least 4 different colours.
To determine the wavelength of H-alpha emission line of Hydrogen atom.
To determine the ionization potential of mercury.
To determine the absorption lines in the rotational spectrum of lodine vapour.

No gk
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8. To determine the value of e/m by (a) Magnetic focusing or (b) Bar magnet.
9. To setup the Millikan oil drop apparatus and determine the charge of an electron.
10. To show the tunneling effect in tunnel diode using I-V characteristics.
11. To determine the wavelength of laser source using diffraction of single slit.
12. To determine the wavelength of laser source using diffraction of double slits.
13. To determine (1) wavelength and (2) angular spread of He-Ne laser using plane
diffraction grating

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, I.Prakash & Ramakrishna, 11" Edn, 2011,Kitab Mahal

13



DISCIPLINE SPECIFIC ELECTIVE-2 PAPERS( 6 Credit each, 4-Theory + 2 Lab)

DSE-P- PHY- 1: QUANTUM MECHANICS AND APPLICATIONS

(Credits: Theory-04, Practicals-02)Theory: 50

Lectures
Quantum mechanics and its applications are required to understand the various physical phenomena.
These are very important part of modern physics and hence, are routine in Physics course and requires
practice by the students.

Unit -1

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 and Energy operators; commutator of
position and momentum operators; Expectation values of position and momentum. Wave Function
of a Free Particle. (6 Lectures)

Unit-11

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 spread of Gaussian wave-packet for a free
particle in one dimension; wave packets, Fourier transforms and momentum space wavefunction;
Position-momentum uncertainty principle. (8 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; Hermite polynomials; ground state, zero
point energy & uncertainty principle. (8 Lectures)

Unit-111

Quantum theory of hydrogen-like atoms: time independent Schrodinger equation in spherical
polar coordinates; separation of variables for second order partial differential equation; angular
momentum operator & quantum numbers; Radial wavefunctions from Frobenius method; shapes
of the probability densities for ground & first excited states; Orbital angular momentum quantum
numbers | and m; s, p, d,.. shells. (8 Lectures)

Unit-1vV

Atoms in Electric & 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)
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Atoms in External Magnetic Fields:- Normal and Anomalous Zeeman Effect. Paschen Back and
Stark Effect (Qualitative Discussion only). (4 Lectures)
Unit -V

Many electron atoms: Pauli’s Exclusion Principle. Symmetric & 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. Hund’s Rule. Term symbols. Spectra of Hydrogen and Alkali Atoms (Na etc.).
(8 Lectures)

Text Books
e Quantum Mechanics, Nouredine Zettili, 2" edition, 2016,Wiley

e A Text book of Quantum Mechanics, P.M.Mathews and K.Venkatesan, ond Ed., 2010,
McGraw Hill

e Introduction to Quantum Mechanics, D.J. Griffith, 2" Eqd. 2005, Pearson Education

Reference Books:

e A Text book of Quantum Mechanics, P.M.Mathews and K.Venkatesan, 2" Ed., 2010,
McGraw Hill

Quantum Mechanics, Robert Eisberg and Robert Resnick, 2" Edn., 2002, Wiley.

Quantum Mechanics, Leonard I. Schiff, 3" Edn. 2010, Tata McGraw Hill.

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

[ )

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

e Quantum Mechanics: Foundations & Applications, Arno Bohm, 3" Edn., 1993, Springer
e Quantum Mechanics for Scientists & Engineers, D.A.B. Miller, 2008, Cambridge

University Press
e Quantum Mechanics, Eugen Merzbacher, 2004, John Wiley and Sons, Inc.
e Quantum Mechanics, Walter Greiner, 4" Edn., 2001, Springer
Scheme of Examination:
Duration: 2 hours
Marks: 50

Four questions with alternatives from each Unit. Each question must carry a problem of 3/4 marks
minimum

DSE-P- PHY- 1: QUANTUM MECHANICS AND APPLICATIONS - LAB

60 Hours Lab(5 Hours/week and 12 weeks)
Use C/C**/Scilab for solving the following problems based on Quantum Mechanics like
1. Solve the s-wave Schrodinger equation for the ground state and the first excited state of

the hydrozgen atom:
d“y

2m e?

_rzzA(r]u(r), A(r)= ;[V[r) - E] where V(r) = —7

Here, mis tﬁe reduced mass of the electron. Obtain the energy eigenvalues and plot
the corresponding wavefunctions. Remember that the ground state energy of the
hydrogen atom is ~ -13.6 eV. Take e = 3.795 (eVA)¥? hc = 1973 (eVA) and m =

0.511x10° eV/c?.

2. Solve the s-wave radial Schrodinger equation for anatom:
d’y 2m
15



;:A(r)u[r], A(r)= ;[V(r) -E]

where m is the reduced mass of the system (which can be chosen to be the mass of
an electron), for the screened coulomb potential

ver) = -
r)y=——— _
- er/a

Find the energy (in eV) of the ground state of the atom to an accuracy of three
significant digits. Also, plot the corresponding wavefunction. Take e = 3.795
(eVA)Y? m = 0.511x10%eV/c?, and a = 3 A, 5 A, 7 A. In these units hc = 1973
(eVA). The ground state energy is expected to be above -12 eV in all three cases.

3. Solve the s-wave radial Schrodinger equation for a particle of mass m:
d?y 2m
= Au(r), A(r) = 72 VI ~E]

For the anharmonic oscirllatorpotential
1 1
V(r)= — kr¥+ — br’
(=3 3

for the ground state energy (in MeV) of particle to an accuracy of three significant digits.
Also, plot the corresponding wave function. Choose m = 940 MeV/c?, k = 100

MeV fm?, b =0, 10, 30 MeV fm~In these units, ch = 197.3 MeV fm. The ground
state energy | expected to lie between 90 and 110 MeV for all three cases.

4. Solve the s-wave radial Schrodinger equation for the vibrations of hydrogen
molecule:
dZy
—=A(Mu(r), A(r) =  e[V0)-E
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Where p is the reduced mass of the two-atom system for the Morse po’gen;ﬂial
V(r) =D(e?29" - ea"), r = °

r
Find the lowest vibrational energy (in MeV) of the molecule to an accuracy of
three significant digits. Also plot the corresponding wave function.
Take: m = 940x10%V/C?, D = 0.755501 eV, a.= 1.44, r,=0.131349 A

Laboratory based experiments:
1. Study of Electron spin resonance- determine magnetic field as a function of
the resonance frequency
2. Study of Zeeman effect: with external magnetic field; Hyperfine splitting
3. To show the tunneling effect in tunnel diode using I-V characteristics.
4. Quantum efficiency of CCDs

Reference Books:

e Schaum's outline of Programming with C++. J.Hubbard, 2000, McGraw-Hill Publication

e Numerical Recipes in C: The Art of Scientific Computing, W.H. Pressetal., 3"
Edn., 2007, Cambridge University Press.

e Anintroduction to computational Physics, T.Pang, 2"4 Edn.,20086, Cambridge Univ.
Press

e Simulation of ODE/PDE Models with MATLAB®, OCTAVE and SCILAB: Scientific
& Engineering Applications: A. Vande Wouwer, P. Saucez, C. V. Fernandez.2014
Springer.

e Scilab (A Free Software to Matlab): H. Ramchandran, A.S. Nair. 2011 S. Chand & Co.

e AGuideto MATLAB, B.R. Hunt, R.L. Lipsman, J.M. Rosenberg, 2014, 31
Edn., Cambridge University Press

e Scilab Image Processing: L.M.Surhone.2010 Betascript Publishing ISBN:978-
6133459274
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DSE-P- PHY- 2: ELECTROMAGNETIC THEORY
(Credits: Theory-04, Practicals-02)
Theory: 50 Lectures

Electromagnetic theory is one of the important part of physics which has direct influence on
modern society . It is a routine in Physics course and requires practice by the students.

Unit-1
Maxwell Equations: Review of Maxwell’s equations. Displacement Current. Vector
and Scalar Potentials. Gauge Transformations: Lorentz and Coulomb Gauge. Boundary
Conditions at Interface between Different Media. Wave Equations. Plane Waves in
Dielectric Media. Poynting Theorem and Poynting Vector. Electromagnetic (EM)
Energy Density. Physical Concept of Electromagnetic Field Energy Density.
(10 Lectures)
Unit -11
EM Wave Propagation in Unbounded Media: Plane EM waves through vacuum and
isotropic dielectric medium, transverse nature of plane EM waves, refractive index and
dielectric constant, wave impedance. Propagation through conducting media, relaxation
time, skin depth. Wave propagation through dilute plasma, electrical conductivity of
ionized gases, plasma frequency, refractive index, skin depth, application to propagation
through ionosphere. (10 Lectures)

Unit -111
EM Wave in Bounded Media: Boundary conditions at a plane interface between two
media. Reflection & Refraction of plane waves at plane interface between two dielectric
media-Laws of Reflection & Refraction. Fresnel's Formulae for perpendicular & parallel
polarization cases, Brewster's law. Reflection & Transmission coefficients. Total internal
reflection.
(8Lectures)
Unit -1V
Polarization of Electromagnetic Waves: Description of Linear, Circular and Elliptical
Polarization. Propagation of E.M. Waves in Anisotropic Media. Symmetric Nature of
Dielectric Tensor. Fresnel’s Formula. Uniaxial and Biaxial Crystals. Light Propagation in
Uniaxial Crystal. Double Refraction. Polarization by Double Refraction. Nicol Prism.
Ordinary & extraordinary refractive indices. Production & detection of Plane, Circularly
and Elliptically Polarized Light. Phase Retardation Plates: Quarter-Wave and Half-Wave
Plates. Babinet Compensator and its Uses. Analysis of Polarized Light (10 Lectures)

Rotatory Polarization: Optical Rotation. Biot’s Laws for Rotatory Polarization. Fresnel’s

Theory of optical rotation. Calculation of angle of rotation. Experimental verification of

Fresnel’s theory. Specificrotation. Laurent’s half-shade polarimeter. (5 Lectures)
Unit -V

Wave Guides: Planar optical wave guides. Planar dielectric wave guide. Condition of

continuity at interface. Phase shift on total reflection. Eigenvalue equations. Phase and

group velocity of guided waves. Field energy and Power transmission. (6 Lectures)

Optical Fibres:- Numerical Aperture. Step and Graded Indices (Definitions Only).
Single and Multiple Mode Fibres (Concept and Definition Only). (3 Lectures)
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Text Books

e Introduction to Electrodynamics, D.J. Griffiths, 3 Ed., 1998, Benjamin Cummings.

e Elements of Electromagnetics, M.N.O. Sadiku, 2001, Oxford University Press.

e Introduction to Electromagnetic Theory, T.L. Chow, 2006, Jones & Bartlett Learning

Reference Books:

e Fundamentals of Electromagnetics, M.A.W. Miah, 1982, Tata McGraw Hill

e Electromagnetic field Theory, R.S. Kshetrimayun, 2012, Cengage Learning

e Engineering Electromagnetic, Willian H. Hayt, gth Edition, 2012, McGraw Hill.

e Electromagnetic Field Theory for Engineers & Physicists, G. Lehner, 2010, Springer

e Electromagnetic Fields & Waves, P.Lorrain & D.Corson, 1970, W.H.Freeman & Co.

e Electromagnetics, J.A. Edminster, Schaum Series, 2006, Tata McGraw Hill.

e Electromagnetic field theory fundamentals, B. Guru and H. Hiziroglu, 2004,
Cambridge University Press

Scheme of Examination:
Duration: 2 hours

Marks: 50

Four questions with alternatives from each Unit. Each question must carry a problem of 3/4
marks minimum

DSE-P- PHY- 2: ELECTROMAGNETIC THEORY- LAB
60 Hours Lab(5 Hours/week and 12 weeks)

s wbdhE

N o

10.

11.
12.

To verify the law of Malus for plane polarized light.

To determine the specific rotation of sugar solution using Polarimeter.

To analyze elliptically polarized Light by using a Babinet’s compensator.

To study dependence of radiation on angle for a simple Dipole antenna.

To determine the wavelength and velocity of ultrasonic waves in a liquid (Kerosene
Oil, Xylene, etc.) by studying the diffraction through ultrasonic grating.

To study the reflection, refraction of microwaves

To study Polarization and double slit interference in microwaves.

To determine the refractive index of liquid by total internal reflection using
Wollaston’s air-film.

To determine the refractive Index of (1) glass and (2) a liquid by total internal
reflection using a Gaussian eyepiece.

To study the polarization of light by reflection and determine the polarizing angle
for air-glass interface.

To verify the Stefan’s law of radiation and to determine Stefan’s constant.

To determine the Boltzmann constant using V-I characteristics of PN junction
diode.

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,
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reprinted 1985, Heinemann Educational Publishers
e A Text Book of Practical Physics, I.Prakash & Ramakrishna, 11" Ed., 2011, Kitab Mahal
e Electromagnetic Field Theory for Engineers & Physicists, G. Lehner, 2010, Springer
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SKIL ENHANCEMENT COURSES-LIST-A (Any 1 paper)
Skill Enhancement Course (any one) (Credit: 02 each)

3rd j4th/5th/Semester

SEC-P- PHY -1: ELECTRICAL CIRCUITS AND NETWORK SKILLS
(Credits: 02)
Theory: 25 Lectures

The aim of this course is to enable the students to design and trouble shoots the
electrical circuits, networks and appliances through hands-on mode

Unit -1
Basic Electricity Principles: Voltage, Current, Resistance, and Power. Ohm's law.
Series, parallel, and series-parallel combinations. AC Electricity and DC Electricity.
Familiarization with multimeter, voltmeter and ammeter. (3 Lectures)

Understanding Electrical Circuits: Main electric circuit elements and their
combination. Rules to analyze DC sourced electrical circuits. Current and voltage drop
across the DC circuit elements. Single-phase and three-phase alternating current sources.
Rules to analyze AC sourced electrical circuits. Real, imaginary and complex power
components of AC source. Power factor. Saving energy and money. (3Lectures)
Unit -1
Electrical Drawing and Symbols: Drawing symbols. Blueprints. Reading Schematics.
Ladder diagrams. Electrical Schematics. Power circuits. Control circuits. Reading of
circuit schematics. Tracking the connections of elements and identify current flow and
voltagedrop. (3 Lectures)

Generators and Transformers: DC Power sources. AC/DC generators. Inductance,
capacitance, and impedance. Operation of transformers. (3 Lectures)
Unit -111

Electric Motors: Single-phase, three-phase & DC motors. Basic design. Interfacing DC or
AC sources to control heaters & motors. Speed & power of ac motor. (3 Lectures)

Solid-State Devices: Resistors, inductors and capacitors. Diode and rectifiers.
Components in Series or in shunt. Response of inductors and capacitors with DC or AC
sources (3 Lectures)
Unit -1V
Electrical Protection: Relays. Fuses and disconnect switches. Circuit breakers.
Overload devices. Ground-fault protection. Grounding and isolating. Phase reversal.
Surge protection. Interfacing DC or AC sources to control elements (relay protection
device) (3Lectures)

Unit -V
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Electrical Wiring: Different types of conductors and cables. Basics of wiring-Star and
delta connection. Voltage drop and losses across cables and conductors. Instruments to
measure current, voltage, power in DC and AC circuits. Insulation. Solid and stranded
cable. Conduit. Cable trays. Splices: wirenuts, crimps, terminal blocks, split bolts, and
solder. Preparation of extension board. (4 Lectures)

Text Books:
o Atextbook in Electrical Technology - B L Theraja - S Chand & Co.
e A text book of Electrical Technology - A KTheraja
e Performance and design of AC machines - M G Say ELBS Edn.
Scheme of Examination:
Duration: 2 hours
Marks: 50

Four questions with alternatives covering whole course. Each question must carry a problem of
3 marks minimum
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31 /4th/5th/Semester

SEC-P- PHY -1: COMPUTATIONAL PHYSICS

(Credits: 02)
Theory: 25 Lectures

The aim of this course is not just to teach computer programming and numerical analysis but to emphasize its
role in solving problems in Physics.

Highlights the use of computational methods to solve physical problems
Use of computer language as a tool in solving physics problems (applications)
Course will consist of hands on training on the Problem solving on Computers.

Introduction: Importance of computers in Physics, paradigm for solving physics problems for solution.
Usage of linux as an Editor. Algorithms and Flowcharts: Algorithm: Definition, properties and
development. Flowchart: Concept of flowchart, symbols, guidelines, types. Examples: Cartesian to
Spherical Polar Coordinates, Roots of Quadratic Equation, Sum of two matrices, Sum and Product of a
finite series, calculation of sin (x) as a series, algorithm for plotting (1) lissajous figures and (2)
trajectory of a projectile thrown at an angle with the horizontal. (4 Lectures)

Scientific Programming: Some fundamental Linux Commands (Internal and External commands).
Development of FORTRAN, Basic elements of FORTRAN: Character Set, Constants and their types,
Variables and their types, Keywords, Variable Declaration and concept of instruction and program.
Operators: Arithmetic, Relational, Logical and Assignment Operators. Expressions: Arithmetic,
Relational, Logical, Character and Assignment Expressions. Fortran Statements: 1/O Statements
(unformatted/formatted), Executable and Non-Executable Statements, Layout of Fortran Program,
Format of writing Program and concept of coding, Initialization and Replacement Logic. Examples from
physics problems. (5 Lectures)

Control Statements: Types of Logic (Sequential, Selection, Repetition), Branching Statements (Logical
IF, Arithmetic IF, Block IF, Nested Block IF, SELECT CASE and ELSE IF Ladder statements),
Looping Statements (DO-CONTINUE, DO-ENDDO, DO- WHILE, Implied and Nested DO Loops),
Jumping Statements (Unconditional GOTO, Computed GOTO, Assigned GOTO) Subscripted
Variables (Arrays: Types of Arrays, DIMENSION Statement, Reading and Writing Arrays), Functions
and Subroutines (Arithmetic Statement Function, Function Subprogram and Subroutine), RETURN,
CALL, COMMON and EQUIVALENCE Statements), Structure, Disk I/O Statements, open a file,
writing in a file, reading from a file. Examples from physics problems.

Programming:

1.

Exercises on syntax on usage of FORTRAN

2. Usage of GUI Windows, Linux Commands, familiarity with DOS commands and working in an editor to
write sources codes in FORTRAN.

To print out all natural even/ odd numbers between given limits.

To find maximum, minimum and range of a given set of numbers.

Calculating Euler number using exp(x) series evaluated at x=1 (6 Lectures)

Scientific word processing: Introduction to LaTeX: TeX/LaTeX word processor, preparing a basic
LaTeX file, Document classes, Preparing an input file for LaTeX, Compiling LaTeX File, LaTeX
tags for creating different environments, Defining

LaTeX commands and environments, Changing the type style, Symbols from other languages.
Equation representation: Formulae and equations, Figures and other floating bodies, Lining in
columns- Tabbing and tabular environment, Generating table of contents, bibliography and
citation, Making an index and glossary, List making environments, Fonts, Picture environment and
colors, errors. (4 Lectures)

Visualization: Introduction to graphical analysis and its limitations. Introduction to Gnuplot.
importance of visualization of computational and computational data, basic Gnuplot
commands: simple plots, plotting data from a file, saving and exporting, multiple data sets per



file, physics with Gnuplot (equations, building functions, user defined variables and functions),
Understanding data with Gnuplot

Hands on exercises:

« To compile a frequency distribution and evaluate mean, standard deviation etc.

» To evaluate sum of finite series and the area under a curve.

 To find the product of two matrices

» To find a set of prime numbers and Fibonacci series.

« To write program to open a file and generate data for plotting using Gnuplot.

* Plotting trajectory of a projectile projected horizontally.

+ Plotting trajectory of a projectile projected making an angle with the horizontally.

 Creating an input Gnuplot file for plotting a data and saving the output for seeing on the
screen. Saving it as an eps file and as a pdf file.

e To find the roots of a quadratic equation.

e Motion of a projectile using simulation and plot the output for visualization.

e Numerical solution of equation of motion of simple harmonic oscillator and plot the outputs
for visualization.

12. Motion of particle in a central force field and plot the output for visualization.

(6 Lectures)

Reference Books:

« Introduction to Numerical Analysis, S.S. Sastry, 5" Edn., 2012, PHI Learning Pvt. Ltd.

e Computer Programming in Fortran 77”. V. Rajaraman (Publisher:PHI).

e LaTeX-A Document Preparation System”, Leslie Lamport (Second Edition, Addison-Wesley,
1994).

e Gnuplot in action: understanding data with graphs, Philip K Janert, (Manning 2010)

e Schaum’s Outline of Theory and Problems of Programming with Fortran, S Lipsdutz and A
Poe, 1986Mc-Graw Hill Book Co.

e Computational Physics: An Introduction, R. C. Verma, et al. New Age International Publishers,
New Delhi(1999)

e Afirst course in Numerical Methods, U.M. Ascher and C. Greif, 2012, PHI Learning

« Elementary Numerical Analysis, K.E. Atkinson, 3@ Edn., 2007, Wiley India Edition.

Scheme of Examination:

Duration: 2 hours

Marks: 50

Four questions with alternatives covering whole course. Each question must carry a problem of 3 marks
minimum
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