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Syllabus contents for the B.Sc. Physics (Hon’s), 5" Semester during Monsoon

Semester (2020-21)

CODE: PAS 302

Type: Core Course
Credit: 4

SOLID STATE PHYSICS

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.

(13 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. T3 law. (11
Lectures)

Magnetic Properties of Matter:

Dia-, Para-, Ferri- and Ferromagnetic Materials. Classical Langevin Theory of dia— and
Para- magnetic 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.
(9 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, TO modes.
(9 Lectures)

Elementary band theory:

Kronig Penny model. Band Gap. Conductor, Semiconductor (P and N Type) and insulator.
Conductivity of Semiconductor, mobility, Hall Effect. Measurement of conductivity (04
probe method) Hall coefficient. (11
Lectures)



Superconductivity:

Experimental Results. Critical Temperature. Critical magnetic field. Meissner effect. Type
I and Type II Superconductors, London’s Equation and Penetration Depth. Isotope effect.
Idea of BCS theory (No derivation). (7

Lectures)

CODE: PAS 302 L
Type: Core Course

Credit: 2

SOLID STATE PHYSICS LAB

60 Lectures

1.

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.

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

To study the PE Hysteresis loop of a Ferroelectric Crystal.

To draw the BH curve of Fe using Solenoid & determine energy loss from
Hysteresis.

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

10. To determine the Hall coefficient of a semiconductor sample.

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

Mahal
Elements of Solid State Physics, J.P. Srivastava, 2" Ed., 2006, Prentice-Hall of
India.




CODE: PAS 355

Type: Core Course

Credit: 4

QUANTUM MECHANICS AND APPLICATIONS

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)

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. (10
Lectures)

General discussion of bound states in an arbitrary potential:

continuity of wave function, boundary condition and emergence of discrete energy
levels; appli- cation 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. (12 Lectures)

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
gquantum 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. (10
Lectures)

Atoms in Electric Magnetic Fields:

Electron angular momentum. Space quantization. Electron Spin and Spin Angular
Momen- tum. 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. Paschen Back and Stark Effect (Qualitative
Discussion only).
Lectures)



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.). (10 Lectures)

CODE: PAS 355 L

Type: Core Course

Credit: 2

QUANTUM MECHANICS AND APPLICATIONS LAB

Laboratory Experiments based on the course PAS 355 taught in Semester-5 th

CODE: PAS 356

Type: Elective Specialization

Credit: 4

NANO MATERIALS AND APPLICATIONS

NANOSCALE SYSTEMS:

Length scales in physics, Nanostructures: 1D, 2D and 3D nanostructures (nanodots,
thin films, nanowires, nanorods), Band structure and density of states of materials at
nanoscale, Size Effects in nano systems, Quantum confinement: Applications of
Schrodinger equation- Infinite potential well, potential step, potential box, quantum
confinement of carriers in 3D, 2D, 1D nanostructures and its consequences.
(10 Lectures)

SYNTHESIS OF NANOSTRUCTURE MATERIALS:

Top down and Bottom up approach, Photolithography. Ball milling. Gas phase
condensation. Vacuum deposition. Physical vapor deposition (PVD): Thermal
evaporation, E-beam evapora- tion, Pulsed Laser deposition. Chemical vapor
deposition (CVD). Sol-Gel. Electro deposition. Spray pyrolysis. Hydrothermal
synthesis. Preparation through colloidal methods. MBE growth of quantum dots.
(8 Lectures)

CHARACTERIZATION:

X-Ray Diffraction. Optical Microscopy. Scanning Electron Microscopy. Transmission
Electron Microscopy. Atomic Force Microscopy. Scanning Tunneling Microscopy. (8
Lectures)

OPTICAL PROPERTIES:

Coulomb interaction in nanostructures. Concept of dielectric constant for
nanostructures and charging of nanostructure. Quasi-particles and excitons. Excitons in
direct and indirect band gap semiconductor nanocrystals. Quantitative treatment of
quasi-particles and excitons, charging effects. Radiative processes: General
formalization-absorption, emission and luminescence. Optical properties of
heterostrctures and nanostructures. (14 Lectures)

ELECTRON TRANSPORT:

Carrier transport in nanostrcutures. Coulomb blockade effect, thermionic emission,
tunneling and hoping conductivity. Defects and impurities: Deep level and surface



defects.

APPLICATIONS:

(6 lectures)

Applications of nanoparticles, quantum dots, nanowires and thin films for photonic
devices (LED, solar cells). Single electron transfer devices (no derivation). CNT based
transistors. Nanoma- terial Devices: Quantum dots heterostructure lasers, optical
switching and optical data storage. Magnetic quantum well; magnetic dots - magnetic
data storage. Micro Electromechanical Sys- tems (MEMS), Nano Electromechanical

Systems (NEMS).

Lectures)

(14

CODE:PAS356L
Type: Elective Specialization

Credit:2

NANO MATERIALS AND APPLICATIONS LAB

60 Lectures
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10.

11.

Reference Books:
C.P. Poole, Jr. Frank J. Owens, Introduction to Nanotechnology (Wiley India Pvt.
Ltd.).

S.K. Kulkarni, Nanotechnology: Principles & Practices (Capital Publishing
Company).

K.K. Chattopadhyay and A.N. Banerjee, Introduction to Nanoscience

& Technology (PHI Learning Private Limited).

Richard Booker, Earl Boysen, Nanotechnology (John Wiley and Sons)

1.

2.

3.

Synthesis of metal nanoparticles by chemical route.

Synthesis of semiconductor nanoparticles.

Surface Plasmon study of metal nanoparticles by UV-Visible spectrophotometer.
XRD pattern of nanomaterials and estimation of particle size.
To study the effect of size on color of nanomaterials.

To prepare composite of CNTs with other materials.

Growth of quantum dots by thermal evaporation.

Prepare a disc of ceramic of a compound using ball

milling, pressing and sintering, and study its XRD.

Fabricate a thin film of nanoparticles by spin coating (or
chemical route) and study transmittance spectra in UV-

Visible region.

Prepare a thin film capacitor and measure capacitance

as a function of temperature or frequency.

Fabricate a PN diode by diffusing Al over the surface of N-type
Si and study its V-1 characteristic.




CODE:PAS 318

Type: Core Course

Creditg:

NUCLEAR AND PARTICLE PHYSICS

General Properties of Nuclei:

Constituents of nucleus and their Intrinsic properties, quantitative facts about mass, radii,
charge density (matter density), binding energy, average binding energy and its variation
with mass num- ber, main features of binding energy versus mass number curve, N/A
plot, angular momentum, parity, magnetic moment, electric moments, nuclear excites
states. (8 Lectures)

Nuclear Models:

Liquid drop model approach, semi empirical mass formula and significance of its various
terms, condition of nuclear stability, two nucleon separation energies, Fermi gas model
(degenerate fermion gas, nuclear symmetry potential in Fermi gas), evidence for nuclear
shell structure, nu- clear magic numbers, basic assumption of shell model, concept of mean
field, residual interaction, concept of nuclear force. (10 Lectures)

Radioactivity decay:

(a) Alpha decay: basics of a-decay processes, theory of a- emission, Gamow factor,
Geiger Nuttall law, -decay spectroscopy. (b) -decay: energykinematics for -decay,
positron emission, electron capture, neutrino hypothesis. (c) Gamma decay: Gamma rays
emission & kinematics, internal conversion. (8 Lectures)

Nuclear Reactions:

Types of Reactions, Conservation Laws, kinematics of reactions, Q-value, reaction rate, reaction cross
section, Concept of compound and direct Reaction, resonance reaction, Coulomb scattering
(Rutherford scattering). (6 Lectures)

Interaction of Nuclear Radiation with matter:

Energy loss due to ionization (Bethe- Block formula), energy loss of electrons, Cerenkov
radi- ation. Gamma ray interaction through matter, photoelectric effect, Compton
scattering, pair production, neutron interaction with matter. (8 Lectures)

Detector for Nuclear Radiations:

Gas detectors: estimation of electric field, mobility of particle, for ionization chamber
and GM Counter. Basic principle of Scintillation Detectors and construction of photo-
multiplier tube (PMT). Semiconductor Detectors (Si and Ge) for charge particle and
photon detection (concept of charge carrier and mobility), neutron detector. (8 Lectures)

Particle physics:

Particle interactions; basic features, Types of particles and its families. Symmetries and
Con- servation Laws: energy and momentum, angular momentum, parity, baryon
number, Lepton number, Isospin, Strangeness and charm, concept of quark model, color
quantum number and gluons. (12 Lectures)



CODE:PAS318L

Type:Core Course

Credit :2

NUCLEAR AND PARTICLE PHYSICS LAB

Laboratory Experiments based on the course PAS 318 taught in Semester-5 th.



