B. Sc. - Semester V Annosie V|
PHYSICS
ELECTRONICS
(4. CREDITS) PAPER -1 (48 LECTURES)
Unit-1

Diodes: Junctions between metal and semiconductors; Semiconductor properties: P. N. junction,
depletion layer, Diode equation, junction potential width of depletion layer (qualitative only), field and
capacitance of depletion layer, Effect of temperature on Junction diode, AC and DC resistances, reverse
breakdown of PN junction; Zener and Avalanche diodes; Tunnel diode; Point contact diode; Light
emitting diodes (LEDs); Photodiodes, Thermistors.

Unit - I1

Transistors: Transistor parameters, base width modulation, Emitter resistance, Collector conductance,
Current and Voltage gain, Biasing formulae for transistors, Base bias, emitter bias and mixed type bias,
Input and Output Characteristics of CB, CE and CC Configurations. Transistor circuit application at law
frequencies, their AC and DC equivalent for three different modes of operation, large signal operation of
transistors. Transistor Power amplifiers: Class A and B operation, maximum power output, effect of
temperature, Distortion in amplifiers, cascading of stages, Frequency response, Negative and positive
feedback in transistor amplifiers.
Unit- 111

Field Effect Transistors: JFET, Construction, Idea of Channel Formation, Pinch-Off and Saturation
Voltage, Current-Voltage Output Characteristics. MOSFET, types of MOSFETs, Circuit symbols,
Working and Characteristic curves of Depletion type MOSFET (both N channel and P Channel) and
Enhancement type MOSFET (both N channel and P channel). Complimentary MOS (CMOS)

Power Devices: Unijunction transistors (UJT), basic construction and working, Silicon controlled rectifier
(SCR) construction, working and characteristics, Triac, Diac, IGBT, MESFET, operation and
applications.

Unit- IV

Number System and Codes: Decimal, Binary, Hexadecimal and Octal number systems, base
conversions, Binary, octal and hexadecimal arithmetic (addition, subtraction and multiplication),
representation of signed and unsigned numbers, Binary Coded Decimal codes. \\’)

Logic Gates and Boolean algebra: Introduction to Boolean Algebra and Boolean operators, Truth Tables
of OR, AND, NOT, Basic postulates and fundamental theorems of Boolean algebra, Truth tables,
construction and symbolic representation of XOR, XNOR. Universal (NOR and NAND) gates. Digital
Logic families: Fan-in, Fan out, Noise Margin, Power Dissipation, Figure of merit, Speed power product,
TTL and CMOS families and their comparison.

N
Reference books: N CEJ’JA ol

Semiconductor Devices: Kanaan Kano
Basic Electronic Devices and Circuits: R. Y. Borse

Electronic Devices and Circuits: S. Rama Reddy W \R Q{p/
Electronic Principles: A P Malvino (B\

Digital Principles and Application: Leach & Malvino
Electronics: Fundamentals and Applications: D. Chattopadhyay & P.C. Rakshit /? g
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B.Sc. - Semester V

PHYSICS
NUCLEAR PHYSICS
(4 CREDITS) PAPER — II (48 LECTURES)

Unit - I

General Properties of Nucleus: Brief survey of general properties of the nucleus; Mass,
Mass defect, Binding energy, Main features of binding energy versus mass number curve,
N/Z plot, Nuclear charge and mass distribution, Size, Spin and Parity. Nuclear Magnetic
dipole moment, Electric quadrupole moment and Nuclear shape.

Nuclear forces and two-nucleon system: Deuteron ground state and excited states.
Nucleon-Nucleons scattering: Basic idea of scattering cross section, n-p and p-p scattering
(qualitative only), Basic characteristics of Nuclear force, Elementary discussion on Yukawa’s
theory of nuclear force.

Unit - I

Nuclear Models: Need for nuclear models, Fermi gas model, Liquid drop model, Bethe-
Weizsicker mass formula, Single particle Shell model (only the level scheme in the context
of reproduction of magic numbers). Collective model, Nuclear Vibrational and Rotational
states. (qualitative)

Natural Radioactivity: Alpha decay and its energy spectrum, Q-value for alpha decay,
Theory of alpha decay - Quantum tunnelling. Beta decay and its energy spectrum, Q-value
for beta decay, Need for the neutrino, Fermi’s theory of beta decay (qualitative), Non-
conservation of Parity in beta decay (qualitative), Gamma decay, Selection rules for gamma
transitions (no derivation).

Unit - IIT

Nuclear Reactions: Nuclear reactions and their conservation laws, Q value for nuclear
reaction, Cross section of nuclear reactions, Theory of Fission, Nuclear fusion (qualitative),
and nuciear reactors.

Accelerators and detectors: Van de Graft, Cyclotron and Synchrotron, Basic idea of Large

Hadron Collider (LHC) and future Colliders, Interaction of charged particles and gamma rays \g
with matter: Mechanism, lonization formula, Stopping power and range, Radiation detectors:

GM counter, Scintillation counter and Neutron detectors.

Unit - IV s

Elementary Particles: Basic interactions and their mediating quanta, Types of particles and
their families, Basic concept of Feynman diagrams. Symmetries and Conservation Laws
{Nocther’s theorem): Energy and Momentum, Angular momentum, Parity, Baryon number,
Lepton number, Isospin, Strangeness, Hypercharge. Basic concept of Quark model, Origin of
mass of elementary particles (B.E.H Field mechanism). (qualitatiy




Suggested books:

{ e Introductory nuclear Physics: Kenneth S. Krane (Wiley India Pvt. Ltd., 2008).
2 - Introduction to the physics of nuclei & particles: R.A. Dunlap. (Thomson Asia,
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2004).
Nuclear Physics: S.N. Ghoshal, S. Chand & Company Ltd.
Nuclear Physics an Introduction: S.B. Patel, New Age International (P) Limited.
Introduction to Elementary Particles: D. Griffith, John Wiley & Sons.
Quarks and Leptons: F. Halzen and A.D. Martin, Wiley India, New Delhi.

Basic ideas and concepts in Nuclear Physics - An Introductory Approach:K. Heyde
(IOP- Institute of Physics Publishing, 2004).

Radiation detection and measurement: G.F. Knoll (John Wiley & Sons, 2000).
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B.Sc.- Semester V

PHYSICS PRACTICALS

(4 CREDITS) PAPER IlI (48 LECTURES)

1.

To study the characteristics of Field Effect Transistor

2. Study of FET as a Voltage Variable Resistor (VVR) and application of FET asa VVR

© 0o N o g bk~ w

in VVoltage Controlled Attenuator (VCA)

To study the frequency response of RC coupled transistor amplifier
Study of IC amplifier

Study of Logic Gates

To determine the velocity of sound by CRO

To determine Stefan’s constant

To study series and parallel LCR circuit

To study clipper and clamper circuits.

Suggested Books:

1.

2.
3.

4.

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

A Text Book of Practical Physics: I. Prakash and Ramakrishna 11™" edition, Kitab Mahal.
A Laboratory Manual of Physics for UG classes: D.P. Khandelwal, 1985, Vikas
Publications.

Practical Physics: G.L. Squires, 2015, 4" edition, Cambridge University Press.



Anneppre Vil

B.Sc. - Semester VI A pneooa VA

PHYSICS
MATHEMATICAL METHODS AND NUMERICAL TECHNIQUES

(4 CREDITS) PAPER -1 (48 LECTURES)

Unit-1

Complex numbers and their polar form, Properties of moduli and arguments, Regions in the
complex plane, Continuity and differentiability of complex functions, Analytic (Regular)
functions, The Cauchy - Reimann equations and its polar form, Laplace equation, Harmonic
functions.

Unit-2

Initial and boundary value problems, Partial differential equation and variable separable
method, Legendre's relation, Bessel function, Recurrence relations, Taylor and Laurent's series,
Cauchy Integral formula.

Unit-3

Mean value theorem, physical application, Partial derivatives, Maxima and minima, Diffusion
equation of heat flow- 1D, 2D, 3D, Fourier series, Convolution- Physical application, Fourier
transform.

Unit-4

Numerical methods for solution of differential, partial differential and integral equations,
Euler's method, Runge - Kutta method, Numerical Integration, Differentiation, Simpson's rule
-1/3, 1/8, Newton Raphson method, Gauss quadratic formula.

Suggested books:

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

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

Mathematics for Physicists: Susan M. Lea, 2004, Thomson Brooks/Cole. \ %
An Introduction to Ordinary Differential Equations: E.A Coddington, 1961, PHI

Learning

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

¢ ¢ Essential Mathematical Methods: K.F. Riley and M.P. Hobson, 2011, Cambridge \}
University Press vy
7 e Introduction to Numerical Analysis: S.S. Sastry, 5th Edn., 2012, PHI Learning Pvt.
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Numerical Recipes in C++: The Art of Scientific Computing, W.H. Press et.al., 21
Edn., 2013, Cambridge University Press.

A first course in Numerical Methods: U.M. Ascher & C. Greif, 2012, PHI Learning.
An Introduction to computational Physics:T.Pang,2nd Edn., 2006,CambridgeUniv.

Press
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B. Sc. - Semester VI

PHYSICS
ELEMENTS OF RELATIVISTIC AND CLASSICAL MECHANICS

(4 CREDITS) PAPER-I] (48 LECTURES)

Unit - 1

Michelson-Morley experiment and its consequences.  Notion of  relativity of electric and
magnetic effects and rejection of absolute motion, Einstein’s postulates of special theory of
relativity. Lorentz transformations; their orthogonality and homogeneity. Relativity of
simultaneity, Lorentz contraction, Time dilation. Resolution of Twin Paradox, Relativistic
Doppler effect, Relativistic addition of velocities and rapidities. Motion under a constant force.
Variation of mass with velocity, zero rest mass particle.

Unit - I1
- Spacetime diagrams for frames in relative motion. Light cones. Four-interval, Time-like,
space-like and light-like intervals. Invariance under Lorentz transformations, Difference
between invariant and conserved quantities, Mass energy equivalence, Relation between
energy and momentum, Four-momentum and its conservation. Basics of general theory of
relativity.  Equivalence principle. Basic concept of Schwarzschild metric, gravitational
redshift, bending of light, gravitational waves.

Unit - III
Holonomic and non-holonomic constraints. Principle of virtual work, Lagrange’s equations
from D’Alembert’s principle, Degrees of freedom, Generalized coordinates. Hamilton’s
principle and its role in Lagrangian formulation, Lagrangian of a relativistic free particle.
Generalized momentum.  Cyclic coordinates. Conservation laws and spacetime symmetries,
Calculus of variation and its applications, brachistochrone problem. Hamiltonian formulation
and Hamilton’s equations of motion.

Unit - [V

Two-body central force problem. Reduced mass from Lagrangian, Derivation of orbits from
first integrals of equations of motion, and from Hamilton-Jacobi equation, Classification of
- orbits—closed. open, bounded, unbounded motion. Importance of inverse square law force.
Planetary orbits as circular hodographs, Isochronous potentials, Kepler’s problem in velocity
space, Inadequacy of Classical Mechanics, Virial theorem and its applications. Action-angle
variables for one-dimensional periodic motion.

Reference books:

1. Introduction to Special Relativity : R. Resnick (Wiley-Eastern).

2. Spacetime Physics : E. Taylor and J. Wheeler (Freeman 1992).

3. Special Relativity: A.P. French (W W Norton).

4. Introducing Einstein's Relativity: Ray D'Inverno (Oxford 15992).

5. An introduction to Relativity: J.V.Narlikar (Cambridge Univ press)
6. Spacetime and Geometry: S. Carroll (Pearson 2018).

7. Classical Mechanics : H.Goldstein et al, (Prentice Hall/Narosa).

8. Introduction to Classical Mechanics (with problems and solutions): D.J. Morrin (Cambridge
Univ Press, 2008).

9. Mechanics: L. D. Landau and E.M. Lifshitz (Elsevier)

_ 10.Classical Mechanics : N. C. Rana and P.S. Joag (McGraw Hill, 2017).




B.Sc. Semester VI
PHYSICS
SOLID STATE PHYSICS
(4 CREDITS) PAPER-I111 (48 LECTURES)
Unit -1

Crystal Structure: Lattice Translation Vectors and Lattice, Basis and Crystal Structure, Primitive and Unit
Cells, Two and Three dimensional lattice types, Symmetry operations, Points groups and space groups,
Miller indices, Simple crystal structures, NaCl, CsCl, Diamond, Cubic, ZnS and Hexagonal, Glasses.

Crystal Diffraction and Reciprocal Lattice: Incident Beam, Bragg’s Law, Experimental Diffraction Method,
Laue Method, Rotating-Crystal Method, Powder Method, Derivation of Scattered Wave Amplitude, Fourier
Analysis, Reciprocal Lattice Vectors, Diffraction Conditions, Ewald Method, Brillouin Zones, Reciprocal
Lattice to SC, BCC and FCC lattices, Fourier Analysis of the Basis and Atomic Form Factor.

Unit— 11

Crystal Bindings: Crystal of Inert Gases, Van der Walls-London Interaction Repulsive Interaction,
Equilibrium Lattice Constants, Cohesive Energy, Compressibility and Bulk Modulus of lonic Crystal,
Madelung Energy and Evaluation of Madelung Constant, Covalent Crystals, Metallic Bond, Hydrogen-
Bonded Crystals, Atomic Radii.

Elementary Lattice Dynamics: Lattice Vibrations and Phonons, Linear Mono-and Diatomic Chains, Acoustic
and Optical Phonons (Qualitative treatment only), Qualitative Description of Phonon in Solids, Dulong and

Petit’s Law, Einstein Theory of Specific Heat of solids.
Unit 111

Electrical Properties of Materials: Free Electron Theory, Fermi Energy, Density of States, Heat Capacity of
Electron Gas, Paramagnetic Susceptibility of Conduction Electrons, Hall Effect in Metals. Origin of Band
Theory, Qualitative Idea of Bloch Theorem, Kronig-Penney Model, Number of Orbitals in a Band, Effective
Mass of Electron, Concept of Holes, Band Gap, Energy Band Diagram and Classification of Solids.

Band Structure in Semiconductors, Direct and Indirect Band Gap, Intrinsic and Extrinsic Semiconductors, p
and n-type Semiconductors, Conductivity and Hall Effect in Semi-Conductors (Qualitative Discussion Only).

Unit IV

Magnetic Properties of Matter: Origin of Magnetism, Dia-Para-Ferri-and Ferromagnetic materials, Classical
Langvein theory of Dia-and paramagnetism, Curies’s Law, Weiss theory of paramagnetism, Qualitative
discussion of B-H Curve; Hysteresis and Energy Loss, Soft and Hard magnetic materials (06 Lectures).
Dielectric Properties of Materials: Classification of dielectrics, Electric Polarization, Local electric field at an
atom, Depolarization field, Dielectric Constant, Electric Susceptibility, Polarizability, Langvin theory of
polarization, Polar Solids, Ferroelectricity (Qualitative discussion only)



Referece Books:

1.

2
3.
4

Introduction to Solid State Physics: Charles Kittel
Solid State Physics: Adrianus J. Dekker

Solid State Physics: Ashcroft and Mermin
Introduction to Solids: Lenoid V. Azaroff



