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Department of Physics

Meeting of Board of Studies

A meeting of Board of Studies was held by the Physics Depariment through VC at Ranchi
Women's College Ranchi on 09-06-2021.

Members present were: MLV?A '
1. Dr.Asha Prasad - Chairperson, Head of Department-Physics, Ranchi Women's Coliege M

2. Dr. Raj Kumar Singh - University Nominee (Astt. Professor, University Department ofPhysics, Ranchi @/

University, Ranchi, University Nominee 4 5y
3. Dr. Arun Kumar -Subject Expert (PG Head, University Department of Physics,Ranchi University,

Ranchi -—/‘7':{ , 9
4, Dr. Vinita Saran- Subject Expert (Retired Associate Professor & Head, UniversityDepartment of W

Physics, Ranchi University, Ranchi q £ 9—f

O
\
5. Dr. Preeti Dipika Minz -Member Y‘Wﬁ?f

6. Dr. Anita Kumari, - Member /[[“:rg 2\

7. Ms Anisha Kumar - Meritorious Student gt ®% A
e

Agenda: Review of the CBCS syllabus of UG Physics for implementation in Session 2021-2022. Resolution: It was

deliberated during the course of the meeting that the present syllabus is quitesufficient and exhaustive. It is as per the
present need of the students designed for their future keeping in view their future prospects.

The proposed syllabus for B.Sc.(Hons) Physics under Choice Based Credit System
was formulated and approved by the members of the board.
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COURSE STRUCTURE (PHYSICS-HONOURS)

S.No. Course Credits
CORE COURSE 14x4 = 56
(14 Papers. Cl to Ci4)
1.
Core Course Practical 14%2 — 78
(14 Papers, C1 Prac. To C14 Prac.
ELECTIVE COURSE
2. (8 Papers)
Discipline Specific Elective Axd = 16
(4 Papers, DSE 1 to DSE 4)
Discipline Specific Elective Practical (DSE 1 4% - §
Prac. To DSE 4 Prac.) -
GENERIC ELECTIVE
Generic Elective (Theory) 5xd =20
3. (4 Papers. GE1 to GE4)
Generic Elective (Tutorial) 1xd =4
(4Papers. GE | Tut. To GE4 Tut.)
ABILITY ENHANCEMENT COURSES (AEC)
Ability Enhancement Compulsory
(2 Papers) %9 = 4
Envirnomental Science
4, English/MIL Communication
Ability Enhancement Elective (Skill Based) %3 — 4
(2Papers) -
TOTAL 140
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PROPOSED SCHEME FOR CHOICE BASED CREDIT SYSTEM IN

B.Sc. Honours (PHYSICS)

SEM

CORE
COURSE
(14Papers)

AEC
Compulsory
Course
(AECC)
(2 Papers)

AEC
Elective
Course

(SEC)
Skill
Based
(2Papers)

Elective
DSE
(4
Papers)

Elective
Generic
(4
Paper)

Total
Credits

Mathematical
Physics-1
(4 + 2 =6 credits)

Mechanics
{4 + 2 =6 credits)

Eng./MIL
Comm™Env. Sc.
(2 credits)

Gh-1
(6
Credits)

20

1

Electricity &
Magnetism
{4 + 2 = 6 credits)

Wave & Optics
(4 + 2 = 6 credits)

Env.Sc/Eng./MI
L Comm"
(2 Credits)

GE-2
(6 credits)

TTE

Mathematical
Physics-l1
(4+2= 6 credits)

Thermal Physics
(4+2=6 credits)

Digital Systems
and Applications
{4+2=6 credits)

SEC-1

GE-3
(6 credits)

v

Mathematical
Physics-111
(4+2=6 credits)

Elements of
Modern Physics
(4+2=6 credits)

Analog Systems
& Applications
(4+2=6 credits)

SEC-2
(2 credits)

GE-4
(6 credits)

26

Quantum
Mechanics and
Applications
{44+2=6 credits)

Solid State
Physics
{4+2= 6 credits)

DSE-1
(6 credits)

DSE-2
(6 credits)

24

Vi

Electromagnetic
Theory
{(4+2=6 credits)

Statistical
Mechanics
{4+2= 6 credits)

DSE-3
(6 credits)

DSE-4
(6 credits)

Credits

84

04

04

24

24

140

X Ny \é\j ' QL d‘{;{\/y/

-

W




SEM COURSE COURSE NAME CREDITS
Ability Enrhancement Compulsory Course-1 Eng./MIL Commns/ Env. Se. 2
Core Course-1 Mathematical Physics-] 4
Core Course-1 Practical/Tutorial Mathematical Physics-I Lab 2
I Core Course-11 Mechanics 4
Core Course-11 Practical/Tutorial Mechanics Lab 2
Generice Elective-2 GE-1 4
Generic Elective-2 Practical/Tutorial GE-1 Lab 2
Ability Enhancement Compulsory Course-i1 Env. Sc./Eng./MIL Commns 2
Core Course-111 Electricity and Magnetism 4
Core Course-111 Practical/Tutorial Electricity and Magnetism Lab 2
i Core Course-1V Wave and Optics 4
Core Course-1V Practical/Tutorial Wave and Optics Lab 2
Generic Elective-2 GE-2 4
Generic Elective-2 Practical/Tutorial GE-2 Lab 2
Core Course-V Mathematical Physics-I1 4
Core Course-V Practical/ Tutorial Mathematical Physics-11 Lab 2
Caore Course-VI Thermal Physics 4
Core Course-V1 Practical/ Tutorial Thermal Physics Lab 2
1I- Core Course-ViI Digital Systems and Applications 4
Core Course-VII Practical/ Tutorial Digital Systems and Applications -
Lah N
Skill Enhancement Course-1 SEC-1 2
Generic Elective-3 GE-3 4
Generic Elective-3 Practical/Tutorial GE-3 Lab 2
Core Course-VII Mathematical Physics 111 4
Core Course-VIII Practical/ Tutorial Mathematical Physics 111 Lab 2
Core Course-1X Elements of Modern Physics 4
Core Course-I1X Practical/ Tutorial Elements of Modern Physics Lab 2
v Core Course-X Analog System and Applications 4
Core Course-X Practical/ Tutorial Analog System and Applications Lab 2
Skill Enhancement Course-2 SEC-2 2
Generic Elective-4 GE-4 4
Generic Elective-4 Practical/Tutorial GE-4 Lab 2
Core Course-XI Quantum Mechanics & Applications 4
Core Course-XI Practical/ Tutorial Quantum Mechanics Lab 2
Core Course-XH Solid State Physics 4
Core Course-X1I Practical/ Tutorial Solid State Physics Lab 2
v Discipline Specific Elective-1 DSE-1 4
Discipline Specific Elective-1 DSE-1 Lab 2
Practical/Tutorial
Discipline Specific Elective-2 DSE-2 4
Discipline Specific Elective-2 DSE-2 Lab 5
Practical/Tutorial
Core Course-XI11
Core Course-XI11 Practical/ Tutorial
Core Course-XI1V
Core Course-X1V Practical/ Tutorial
Vi Discipline Specific Elective-3
Discipline Specific Elective-3
Practical/Tutorizl
Discipline Specific Elective-4
Discipline Specific Elective-4
Practical/Tutorial
Total 140
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CORE PAPERS

(Credit: 4+2 = 6 each, Lectures: Theory-60, Practical-60)

(1 period/ week for tutorials or 4 periods/week for Practical)

C1. Mathematical Physics-1

C2. Mechanics

C3. Electricity and Magnetism

C4. Wave and Optics

CS5. Mathematical Physics-11

C6. Thermal Physics

C7. Digital System and Applications
C8. Mathemical Physics [

C9. Elements of Modem Physics

C10. Analog Systems and Applications
C11. Quantum Mechanics and Applications
C12. Solid State Physics

C13. Electromagnetic Theory

C14. Statistical Mechanics
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DISCIPLINE SPECIFIC ELECTIVE PAPERS
(Credit: 06 cach. Lectures: Theorv-75. Tutorial-15)
(DSE 1 to DSE 4)
Any four of the following subjects
1. Nuclear and Particle Physics (53} + Tutorials {1)
2. Classical Dynamics (5)+ Tutorials (1)
3. Dissertion (6)
4. Experimental Techniques (4) + Lab (2)
5. Astronomy and Astrophysics (5} + Tutorials (1)
6. Earth Science (5) + Tutonals (1)
7. Medical Physics (4) + Lab (2)
8. Biophysics (5) + Tutorials (1)

Note : Dissertation should be a preferable choice as one of the DSE in Semester VI.

GENERIC ELECTIVE

From Other Discipline (Four Papers GE 1 to GE 4, Credits : 6 each)
GE: Mathematics {Theory-5 + Tutorial-1)

Oranv one of the following subjects having four papers GE| to GE 4

1. Chemistry (4) + Lab (2)
2. Economics (5} + Tut (1)
3. Computer Science (4) + Lab (2)

ABILITY ENHANCEMENT ELECTIVE COURSE (AEEC)

(SKILL ENHANCEMENT COURSE-(SEQ))
(Credit :02 each) -- AEEC 1 to AEEC 2
Any two of the followings

1. Electrical Circuit Network Skills

2. Basic Instrumentation Skitiss

3. Renewable Energy and Energy harvesting
4. Radiation Safety

% e
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ABILITY ENHANCEMENT COMPULSORY COURSE (AECC)
(Two Papers, Credit: 02 each)
Semster I: English/ MIL Communication[Hindi/Sanskrit/Urdu/Bengali/TRL]
Semster 11: Environmental Science

(Note : If English/MIL Communication [Hindi/ Sanskrit/Urdu/Bengali/TRL] is taken in Semster 1
then Environmental Science in Semster Il and vice-versa)
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CORE COURSE (HONOURS IN PHYSICS)

SEMSTER 1

PHYSICS-C1:MATHEMATICAL PHYSICS-1

(Credits: Theory-04, Practicals-02) Theory:60 Lectures

The emphasis of course is un applications in solving problems of interest to physicists.
The students are to be exumined entirely on the basis of problems, seen and unseen.
Calculus:
First Order Differential and Integrating Factor. Second Order Difterential equations: Homogeneous
Equations with constant coefficients. Wronskian and genera! solution. Statement of existence and
Uniquenes Theorem for Initial Value Problems. Particular Integralfor typical source terms like
polynomials, exponential, sine. cosine et and their combinations. (12+3=15 Lectures)

Calculus of multivariable functions: Partial derivatives, exact and inexact differentials. Integrator
factor, with simple illustration. Constrained Maximizationusing Lagrange Multipliers. (6 Lectures)

Vector Calculus :

Recapitulation of vectors: Properties of vectors under rotations. Scalar product and it sin variance
under rotations. Vector product, Scalar triple product and their geometrical interpretation. Scalar
and Vector fields. (5 Lectures)

Vector Differention : Directional derivatives and normal derivative, Gradient of a scalar field and
its geometrical interpretation. Divergence and curl of a vector field. Deland Laplacian operators.
Vectors identities. (10 Lectures)

Vector Integration : Line, surface and volume integrals of Vector fields. Flux of a vector field.
Gauss divergence theorem, Green’s and Stokes Theorem and their applications (no rigorous
proofs). Dirac Delta function and its properties. (14+3=17 Lectures)

Orthogonal Curvilinear Coordinates:

Orthogonal Curvilinear Coordinates. Expression for Gradient, Divergence, Curl and Laplacian in
orthogonal curvilinear co-ordinates. Derivation of Gradient, Divergence, Curl and Laplacian in
Cartesian, Spherical and Cylindrical Coordinate Systems. (7 Lectures)




Reference Books:

Mathematical Methods for Physicists. G.B. Arlken, H.J. Weber, F.E. Harris, 2013, 7 Edn.,
Elsevier.

An introduction to ordinary differential equations. E.A. Coddington, 2009, PHI learing
Differential equations. George F. Simmons, 2007, McGraw-Hill.

Mathematical Tools for Physics, James Nearing. 2010. Dover Publications.

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

Advanced Engineering Mathematics. D.G. Zill and W.S. Wright, 5 Ed. 2012, Jonesand
Bartlett Learing.

Advanced Engineering Mathematics, Erwin Kreyszig.2008. Wiley India.

Essential Mathematical Methods. K.F. Riley & M.P. Hobson,2011. Cambridge Univ. Press
Mathematical Physics, B.D. Gupta.

Mathematical Physics. B.S. Rajput.

Mathematical Physics, H.K. Das.

Mathematical methods in Physics. E.Butkov.

Mathematical methods in Physics, Potrer and Goldberg.




PHYSICS LAB-C 1 LAB

60 LECTURES

The aim of this Lab is not just to teach programming and numerical analysis

but to emphasize its role in solving problems in Physics.

o Highlights the use of computational methods to solve physical probiems.

o The course will consists of lectures (both theory and practical) in the Lab.

o Evaluation done not on the programming but on the basis of formulating the problem.

e Aim al teaching students to construct the computational problem io be solved.

o Students can use any one operating system Linux or Microsoft Windows.

Topics

Description with Applications

Introduction and Overview

Computer architecture and organization. memory and
input/output devices

Basics of scientific computing

Binary and decimal arithemetic. Floating point numbers,
algorithms, Sequence. Selection and Repetition. singleand
double precision arithmetic, underflow &
overflowemphasizethe importance of making equations in
termsof dimensionless variables, Iterative methods,

Errors and errors Analysis

Truncation and round off errors, Absolute and relative errors.
Floating point computation.

Review of C & C++
Programming fundamentals

Introduction to Programming, constants, variables and data
types, operators and Expressions, /O statements, scanf and
printf, ¢ in and ¢ out, Manipulators for data formatting.
Control statements (decision making and looping statements)
(If-statementi. If-else statement. Nested if Structure. Else-if
Statement.  Ternary Operator. Goto Statement, Switch
Statement. Unconditional and Conditional Looping. While
Loop, Do-While loop. FORLoop. Break and Continue
Statements. Nested Loops), Arrays (1D & 2D) and strings,
user defined functions, Structures and Unions, Idea of classes
and objects.

Programs:

Sum & average of a list of numbers. largest of a given list of
numbers and its location in the list. sorting of numbers in
ascending descending order, Binary search.

Random number generation

Area of circle, area of square, volume of sphere, volume of .

Solution of Algebraic. and
Transcendental equations by
Bisection, Newton Raphsonand
Secant methods

Solution of linear and quadratic equation, solving o= tan «;
I=lo{(Sin )/ u)” in optics

Interpolation by Newton Gregory

Forward and Backward
difference formula,
Errorstimation.

Evaluation of trigonometric functions ¢.g. sinQ.cos,tan0,etc.

QN o>
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Also attempt some problems on ditferential equations like:

1.

Solve the coupled first order differential equations

_ X
a0 3
b__,

dx

For four initial conditions x(0), y(0) = -t, -2, -3, -4. Plot x vs vy for each of the four initial
conditions on the same screen for 0 <1 <15,
The ordinary differential equation describing the motion of a pendulum is 3"=—sin0

The pendulum is released from rest at an angular displacement a i.e.. 9(0)=a.9'(0)=0.
Use the RK4 method to solve the equation for a = 0.1, 0.5 and 1.0 and plot 9 as a function
of time in the range 0<t<8n. Also, plot the analytic solution valid in the small
8(sin9 =~ 9).

Solve the differential equation:

2

x 1}: —4x(1+x)%+2(1+.\')y =’

: . , dy 3) .
With the boundary condition at x =1. y = (%Jc . Cji = —(—Je‘ —0.5.inthe range 1< x<3.
oax

Plot y and —Z:X against x in the given range. Both should appear on the same graph.
X

Referred Books ;

Introduction to Numerical Analysis. S.S. Sastry. 5 Edn. 2012, PHI Learing Pvt. Lid.
Schaum’s Outline of Programming with C++ J. Hubb ard, 2000, McGrawHill Pub.
Numerical Recipes in C: The Art of Scientific Computing W.11. Pressctal. 3™ Edn.. 2007.
Cambridge University Press.

A first course in Numerical Methods, U.M. Ascher & C. Greif, 2012. PHI Learing.
Elementary Numerical Analysis, K.E. Atkinson, 3™ Edn. 2007, Wiley India Edition.
Numerical methods for Scientists & Engineers, R.W. Hamming, 1973, Courier Dover Pub.
An Introduction to computational Physics. T.Pang, 2" Edn., 2006. Cambridge Univ. Press.

T o



3 N B N N N B N BE BN BE BE BE B B BE B BE BE BE B BE R BE B BE BE B B B Bk BN B BN

i KN

PHYSICS - C 1I: MECHANICS

(Credits : Theory-04, Practical-02)
Theory : 60 Lectures

Rotational Dynamics : Angular momentum of a particle and system of particles. Torque. Principle
of conservation of angular momentum. Moment of Inertia. Calculation of moment of inertia for
rectangular, cylindrical and spherical bodies. Kinetic energy of rotation. Motion involving both
translation and rotation. (12-Lectures)

Elasticity : Elastic constants and interrelation between them. Searle’s Method, Twisting torque on
a Cylinder or Wire and twisting couple. (5 +2="7 Lectures)

Flexure of beam : Bending of beam. Cantilever. (5-Lectures)

Surface Tension : Ripples and Gravity waves, Determination of Surtace Tension by Jaeger's and
Quinke’s methods. Temperature dependence of Surface Tension. (6-Lectures)

Fluid Motion: Kinematics of Moving Fluids, velocity proftle: Poiscuille’s Equation for Flow of a
Liquid through a Capillary Tube and the corrections. (4-Lectures)

Central Force Motion : Motion of a particle under a central force ficld. Two-body problem and its
reduction toone-body problem and its solution. Kepler's Laws. Satellite in circular orbit and
applications. Geosynchronous orbits. Weightlessness. Basic idea of global positioning system
(GPS). Physiological effects on astronauts, (6-Lectures)

Oscillations: 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: Transient and steady states; Resonance. sharpness of resonance: power dissipation and
Quality Factor. (8-Lectures)

Special Theory of Relativity : Galilean transformation; Galilean invariance. Michelson-Morley
Experiment and its outcomes. Postulates of Special Theory of Relativity. Lorentz Transformations.
Lorentz contraction. Time dilation. Relativistic transformation of velocity. frequency and wave
number. Relativistic addition of velocities. Variation of mass with velocity. Massless Particle.
Mass-energy equivalence. Relativistic Doppler effect. Relativistic Kinematics. Transformation of
Energy and momentum. Energy-Momentum Minkowski space and Four Vector. (12-Lectures)

Reference Books :
* Anintroduction to mechanics, D. Kleppner, R.J. Kolenkow.1973. McGraw-Hill.
¢ Mechanics, Berkeley Physics, vol.L,C.Kiltel, W. Knight. et.al. 2007. Tata McGraw-Hill.
e Physics, Resnick. Halliday and Walker 8/e, 2008. Willey.
e Analytical Mechanics, G.R. Fowles and G.L. Cassiday. 2005. Cengage Learing.
e Feynman Lectures., Vol.-I, R.P. Feynman. R.B. Leighton. M. Sands. 2008, Pearson
Education.

e Introduction to i%:\ial Relatively, R. Resnick, 2005. John Wiley and

2
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Jniversity Physcies. Ronald lane Reese. 2003, Thomson Brooks/Cole.

Additional Books for Reference

S

6.

Mechanics, D.S. Mathur, §. Chand & Company Limited 2000.

University Physics. F.W Sears. M.W. Zemansky, H.D. Young 13/e. 1986. Addison Wesley.
Physics for scientists and Engineers with Modern Physics. J.W. Jewett. R.A. Serway 2010,
Cengage Learing.

Theoretical Mechanics. M.R. Spiegel, 2006. Tata McGraw Hill.

A textbook of General Physics. Edscr.

Fluid mechanics, Kaufmann.

A treatise of hydromechanics. Basant & Ramsay.

Oscillations and waves, Satya Prakash.

A textbook of oscillation. waves and Acoustics. M. Ghosh and D. Bhattacharya.

PHYSICS LAB-C Il LAB
00-Lectures

. Measurements of length (or diameter) using verniercaliper, screw gauge and Travelling

Microscope.

To determine Coefficient of Viscosity of water by Capillary Flow Method (Poiseuille’s
method)

To determine the Modulus of Rigidity of a bar by method of bending.

To determinc the elastic Constants of a wire by Searle’s method.

To determine the value of g using Bar Pendulum.

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 Netson and Jon M. Ogborn, 4™ Edition. Reprint
1985, Heinemann Educational Publishers.

A Text Book of Practical Physics, [.Prakash & Ramakrishna, 1 1" Edn. 201 1, Kitab Mabhal.
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SEMSTER I
PHYSICS-C III: ELECTRICITY AND MAGNETISM

(Credits: Theory-04, Practicals-02)
Theory : 60 Lectures

Electricity Field and Electrical Potential
Electric Field: Electric Field Lines. Electric Flux. Gauss Law with applications to charge
distributions with spherical. cylindrical and planar symmetry. (6-Lectures)

Conservative nature of Electrostatic Field. Electrostatic Potential. Laplace’s and Poisson Equations
and their solutions. The Uniqueness Theorem. Potential and Electric Field due to a dipole. Force
and Torque on a dipole. (6-Lectures)

Electrostatic energy of system of charges. Conductors in an electrostatic field.Surface charge and
force on a conductor. Parallel-plate capacitor. Capacitance ol an isolated conductor. (10-Lectures)

Dielectric Properties of Matter : Electric Field in matter. Polarization, Polarization Charges.
Electrical Susceptibility and Diclectric Constant. Capacitor (Parallel plate. Spherical. Cylindrical)
filled with dielectric. Displacement vector D. Relations between E.P and D. Gauss's law in
dielectrics. (8-Lectures)

Magentic Field: Magentic force between current elements and definition of Magnetic Field B.
Biot-Savart 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 1its application to (1) Solenoid and (2) Toroid. Properties of B: Curl and divergence. Vector
Potential. Magnetic Force on (1) on point charge (2) onecurrent carrying wire (3) between current
clements. Torque on a current loop in a uniform Magnetic Field. (11-Lectures)

Magnetic Properties of Matter : Magnetization vector (M). Magnetic Intensity (H).Magentic
Suscepltibility and permeability. Relation between B,H,M. Ferromagnetism. B-H curve and
Hysteresis. (4-Lectures)

Electromagentic Induction: Recapitulation of Faraday’s Law. Lenz’s Law. Self Inductance and
Mutual Inductance. Superposition Theorem. Reciprocity Therem. Energy stored in a magnetic field.
Introduction to Maxwell’s Equations. Charge Conservation and Displacement current.

(6-Lectures)

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
(4) Band Width. Parallel I.CR Circuit. (7-Lectures)

Ballistic Galvanometer: Torque on a current Loop. Ballistic Galvanometer: Current and Charge
Sensitivity. Electromagentic damping. Logarithmic damping. CDR. (4-Lectures)




Reference Books :

ANl

7

Electricity, D.C. Tayal.

Electricity, Magentism & Llectromagnetic Theory. S. Mahajan and Choudhury, 2012 Tata
McGraw.

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

Introduction to Electrodynamics. D.J. Griffiths, 3™ Edn. 1998, Benjamin Cummings.
Feynman Lectures Vol.2. R.P. Feynman, R.B. Leighton, M. Sands, 2008, Pearson
Education.

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

Electricity and Magnetism. J.H. Fewkes & J. Yarwood. Vol. [. 1991, Oxford Univ. Press.
Electricity and Magnetism. Chattopadhyaya and Rakshit.

Electricity and Magnetism. Mahajan and Rangwala.

Electricity and Magnetism. K.K. Tiwary.

PHYSICS LAB-C 11l LAB
60 Lectures

Use a Multimeter for measuring (a) Resistances. (b) AC and DC Voltages. (¢) DC Current,
(d) Capacitances. and (¢) Checking electrical fuses.

To study the characteristics of a series RC Circuit.

To compare capacitances using De’Sauty’s bridge.

To determine self inductance of a coil by Anderson’s bridge.

To study response curve of a Series LCR circuit and dermine its (a) Resonant frequency, (b)
Impedance at resonance. (¢) Quality factor Q, and (d) Band width.

To study the response curve of a parallel LCR circuit and determine its (a) Anti-resonant
frequency and (b) Quality factor Q.

Measurement of charge and circuit sensitivity and CDR of Ballistic Galvanometer.

Reference Books

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

A Text Book of Practical Physics, I.Prakash & Ramakrishna, 11" Ed., 2011, Kitab Mahal.
Advanced level Physics Practicals, Michael Nelson and Jon M. Ogborn, 4" Edition,
reprinted 1985, Heinemann Educational Publishers.

A laboratory Manual of Physics for undergraduate classes, D.P. Khandewal. 1985, Vani
Pub.
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PHYSICS-C IV: WAVES AND OPTICS

(Credits: Theory-04, Practicals-02)
Theory : 60 Lectures

Wave Motion: Plane and Spherical Waves. Longitudinal and Transverse Waves. Plane Prograssive
(Travelling) Waves. Waves Equation. Particle and Wave Velocities. Differential Equation. Pressure
of a Longitudinal Wave. Energy Transfort. Intensity of Wave. Water Waves: Ripple and Gravity
Waves. (6-Lectures)

Velocity of Waves: Velocity of ‘lransverse Vibrations of Stretched Strings. Velocity of
Longitudinal Waves in a Fluid in a Pipe. Newton's Formula for Velocity of Sound. Laplace’s
Correction. (6-Lectures)

Waves Optics: Electromagnetic nature of light. Definition and properties of wave front. Huygens
Principle. Temporal and Spatial Coherence. (5-Lectures)

Interference: Division of amplitude and wavefront. Young's double slit experiment. Lioyd’s
Mirror and Fresnel’s Biprism. Phase change on reilection. Stokes' treatement. Interference in Thin
Films: Paralle] and wedge-shaped films. Fringes of equal inclination (Haidinger Fringes): Fringes
of equal thickness (Fizeau Fringes). Newton's Rings: Measurement of wavelength and refractive
index. (12-Lectures)

Interferometer: Michelson Interferometer-(1) Idea of form of fringes (No theory required). (2)
Determination of Wavelength, (3) Wavelength Ditference. (4) Refractive Index, and (5) Visibility
of Fringes. Fabry-Perot interferometer-theory and applications. (6-Lectures)

Fraunhofer diffraction: Single shit. Circular aperture. Resolving Power of a telescope. Single slit.
Double slit. Multiple slits. Diffraction grating. Resolving power of grating. (10-Lectures)

Fresnel Diffraction: Fresnel's Assumptions. Fresnel’s Half-Period Zones for Plane Wave.
Explanation of Rectilinear Propagation of Light. Theory of Light. Theory of a Zone Plate: Multiple
foci of a Zone plate. Fresnel’s Integral, Fresnel diffraction pattern of a straight edge, a slit and a
wire. {9-Lectures)

Reference Books
e Waves and Acoustics. P.K. Chakraborty and Satyabrata Chowdhury.
¢ Introduction to Geometrical and Physical Optics. B.K. Mathur.
e Optics, Singh and Agarwal.
¢ Geometrical and Phyical Optics, P.K. Chakraborty.
s  Waves: Berkeley Physics Course. vol.3. Francis Crawford. 2007, Tat McGraw-Hill.
e Fundamentals of Optics, F.A. jenkins and H.E. White. 1981, McGraw-Hill,
o Principles of Optics, Max Born and Emil Wolf, 7" Edn, 1999, Pergamon Press.
¢ Optics. Ajoy Ghatak, 2008, Tata McGraw-Hill.
¢ The Physics of Vibrations and Waves. H.I. Pain, 2013, John Wiley and Sons.
e The Physics of Wa@%and Oscillations, N.K. Bajaj. 1998, Tata F3GrawsHill.

o PN B
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PHYSICS LAB-C 1V LAB
00 Lectures

1. Familiarization with: Schuster’s focusing: determination of angle of prism.

2. To determine refractive index of the Material of a prism using sodium source.

3. To determine the dispersive power and Cauchy constants of the material of a prism using
merc,

4. To determine wavelength of sodium light using Newton's Rings.

5. To determine wavelength of (1) Na source and (2) spectral lines of Hg source using plane
diffraction grating.
6. To determine dispersive power and resolving power ot a plane diffraction grating.

Reference Books
e Advanced Practical Physics for students. B.L. Flint and H.T. Worsnop. 1971. Asia
Publishing House.
* A Text Book of Practical Physics, 1. Prakash & Ramakrishna, 11th Edn., 2011. Kitab
Mabhal.
o 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.

0~
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SEMSTER 111
PHYSICS-CV : MATHEMATICAL PHYSICS-11

(Credits: Theory-04, Practicals-02)
Theory: 60 Lectures

The examples of the course is on upplications in solving problems of interest to Physicists. Students
are to be exumined on the hasis of problems, seen and unseen.

Fourier Series: Periodic functions. Orthogonality of sine and cosine functions. Expansion of
periodic functions in a series of sine and cosine functions and determination of Fouricr coefficients.
Complex representation of Fourier series. Expansion of functions with arbitrary period. Lxpansion
of non-periodic functions over an interval. Even and odd functions and their Fourier expansions.
Application. Analysis of saw-tooth and square wave. (14-Lectures)

Frobenius Method and Special Functions: Singular Points of Second Order [.incar Differential
equations and their importance. Forbenius method and its applications to differential equations.
Legendre, Bessel, Hermite and lLaguerre Differential Equations. Propertics of Legendre
Polynomials: Rodrigues Formula. Generating Function. Orthogonality. Simple recurrence relations.
Expansion of function in a series of Legendre Polynomials. Bessel Functions of the First Kind:
Generating functions, simple recurrence relations. Zeros of Bessel Functions and Orthogonality.
(28-Lectures)

Some Special Integrals: Beta and Gamma Functions and Relations between them. Expression of
Integrals in terms of Gamma Functions. (4-Lectures)

Partial Differential Equation: Solutions to partial differential equations, using separation of
variables: Laplace’s Equation in problems of rectangular, cylindrical and spherical symmetry.
Wave equation and its solution for vibrational modes of a stretched strings. (14-Lectures)

Refernce Books:
. Matiiematical Methods for Physicists: Arfken, Weber, 2005, Harris, Elseveier.
o Fourier Analysis by M.R. Spiegel, 2004, Tata McGraw-Hill.
¢ Mathematics for Physicists. George F. Simmons, 2006, Tata McGraw-Hill.
e Partial Differential Equations for Scientists & Engineers. S.J. Farlow, 1993, Dover Pub.
¢ Mathematical methods for Scientists & Engineers. D.A. McQuarrie, 2003. Viv.Books.
e Mathematical Physics, B.D. Gupta.
¢ Mathematical Physics. B.S. Rajput.
e Mathematical Physics, H K. Das.
e Mathematical methods in Physics. E. Butkov.
e Mathematical methods in Physics, Potter and Goldberg.

(e
-
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The aim of this Lab is to use the computational methods to solve physical problems. Course will
consists of lectures (both theory and practical) in the Lab. Evaluation donenot on the programming

PHYSICS LAB-CV LAB
- 60 Lectures

but on the hasis of formulating the problem.

Topics Description with Applications
Introduction to Numerical | Introducthion to Scilab. Advantages and disadvantages. Scilab
computation software | environment. Command window, Figure Window, Edit

Scilab

Window, Variables and arrays. Initial Single Variables in
Scilab. Multidimensional arrays. Subarray Special Values.
Displaying output data, data file. Scalarand array operations.
Hierarchy of operations, Built in Sctlab functions. Introduction
to plotting 2D and 3D plotting, Branching Statements and
program design. Relational & logical operators. the while
loop. for loop, details of loop operations. break &
vectorization. Userdefined functions. Introduction to Scilab
functions, variable passing in Scilab, optional arguments.
preserving data between calls to a function, Complex and
character data, string function. Multidimensional arrays. an
Introduction to Scilab file processing fileopening and closing.
Binary /o functions. compairing binary and formatted
functions. Numerical methods and developing the skills of
writing a program.

Curve fitting, Least square
fit, Goodness of Mfit,
standard deviation

Ohms law to calculate R.Hooke’s law to calculate spring
constant.

Solution of Linear system
of equation by Gauss
elimination method and
Gauss  Seidal  method.
Diagonalization of matrices,
Inverse of a matrix,
Eigenvectors, eigen values
problems.

Solution of mesh cquations of electrical circuits (3 meshes)
Solution of coupled spring mass system (3 masses)

Solution of ODE First order
Differential equation Euler,
modified Euler and Runge-
Kutta second order methods
Second order differential
equation Fixed difference
method.

First order differential equation, Radioactive decay, Current in
RC, LC circuits with DC source. Newton’s law of cooling.
Classical equations of motion. Second order Differential
Equation. Harmonic oscillator (no friction), Damped harmonic
oscillator, Over damped. Critical damped, Oscillatory, Forced
Harmonic oscillator, Transient and Steady state solution.
Apply above to LCR circuits also.
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Reference Books:

Mathematical methods for Physics and Engineers. K.} Riley. M.P. Hobson and S.J. Bence,
3rd ed., 2006 Cambridge University Press.

Complex Variables, A.S. Fokas & M.I. ablowitz, 8" Ed.. 201 1, Cambridge Univ. Press.
First Course in complex analysis with applications, D.G. Zill and P.D. Shanaban, 1940
Jones & Bartlett.

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

Scilab by example: M. Affouf 2012, ISBN: 978-1479203444.

Scilab (A free softaware to Matlab): H.Ramchandran, A.S. Nair 2011 S.Chand & Company.
Scilab Image Processing: Lambert M. Surhone. 2010 Betascript Publishing.
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PHYSICS-C VI : THERMAL PHYSICS

{Credits: Theory-04, Practicals-02)
Theory : 60 Lectures
(Include reluated problems for each topic)

INTRODUCTION TO THERMODYNAMICS

Zeroth and First Law of Thermodynamics:

Thermodynamic Equilibrium. Zeroth Law of thermodynamics & Concept of Temperature. Concept
of Work & Heat, First Law of Thermodynamics and its differential form. Internal Energy. First
Law & various processes. Applications of First [.aw: General Relation between C, and C,, Work
done during Isothermal and Adiabatic Processes. (8-Lectures)

Second Law of Thermodynamics: Reversible and Irreversible process with examples. Heat
Engines. Carnot’s Cycle, Carnot engine & ciliciency. Refrigerator & coefficient of performance.
2nd Law of Thermodynamics: Kelvin-Planck and Clausius Statements and their Equivalence.
Carnot’s Theprem. Applications of Second Law of Thermodynamics: Thermodynamic Scale of
Temperature and its Equivalence to Perfect Gas Scale. (10-Lectures)

Entropy: Concept of Entropy. Clausius Incquality. 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. Principle of Increase of Entropy. Temperature-Entropy
diagrams for Carnot’s Cyvcle. Third Law of Thermodynamics (Nearst’s Heat Theorem).
Unattainability of Absolute Zero. (7-Lectures)

Thermodynamic Potentials: Thermodynamic Potential: Internal Energy, Enthalpy. Helmholtz
Free Energy, Gibb’s Free Energy. Their Definitions. Properties and Applications. Surface Films.
Cooling due to adiabatic demagnetization. First and second order Phase Transitions with examples.
(7-Lectures)
Maxwell’s Thermodynamic Relations: Derivations and applications of Maxwell’s Relations.(1)
Clausius Clapeyron equation, (2) value of C-C, (3) TdS Equations, (4) Joule-Kelvin coefficient for
Ideal and Van der Waal Gases. (7-Lectures)

KINETIC THEORY OF GASES

Distribution of Velocities: Maxwell-Boltzmann Law of Distribution of Velocities in an Ideal Gas.
Stern’s Experiment. Mean, RMS and Most Probable Speeds. Degrees of Freedom. Law of
Equipartion of Energy (No proof required). Specific heats of Gases. (7-Lectures)

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

Real Gases: Behaviour of Real Gases: Deviation from the Ideal Gas Equation. The Virial equation.

Critical Constants. 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 Exapansion of a Perfect Gas. y'l"homson Porous
v Qe (L MY
¥ ") % \(}’* g //

7~




Plug Exaperiment. Joule-Thomson ffect for Real and Van der Waal Gases. Temperature of
Inversion. Joule-Thomson Cooling. (10-Lectures)

Reference Books:

¢ Heat and Thermodynamics. M.W. Zemansky, Richard Dittman, 1981. McGraw-Hill.

e A Treatise on Heat, Meghnad Saha, and B.N. Srivastva. 1958, Indian Press.

e Thermal Physics, S. Garg. R. Bansal and Ghosh, 2" edition. 1993. Tata McGraw-Hill.

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

¢ Thermodynamics, Kinetic Theory & Statistical Thermodynamics, Sears & Salinger. 1988,
Narosa.

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

¢ Heat and Thermodynamics. A.B. Gupta and H.P. Rov.

e Heat and Thermodynamics. P.K. Chakraborty.

PHYSICS LAB-C VI LAB
60 Lectures

I. To determine the Coeffictent of Thermal Conductivity of Cu Searle’s Apparatus.

2. To determine the Coefhcient of Thermal Conductivity of a bad conductor by Lee’s disc
method.

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

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

5. To calibrate a thermocouple to measure temperature in a specified Range using (1) Nuli
Method and to determine Neutral temperature.

Reference Books
s Advanced Practical Physics for Students, B.L. Flint and H.T. Worsnop,1971, Asia
Publishing House.
e A Text Book of Practical Physics, 1. Prakash & Ramakrishna, 1 1" Edn. 201 1, Kitab Mahal.
o Advanced level Physics Practicals, Michael Nelson and Jon M. Ogborn, 4™ Edition,
reprinted 1985, Heinemann Educational Publishers.
e A Laboratory Mannual of Physics for undergraduate classes. D.P. Khandelwal, 1985. Vani

Pub. w Q{W
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PHYSICS-C VII: DIGITAL SYSTEMS AND APPLICATIONS

(Credits: Theory-04, Practicals-02)
Theory:60 Lectures

Digital Circuits:Ditference between Analog and Digital Circuits. Binary Numbers. Decimal to
Binary and Binary to Decimal Conversion. BCD, Ocatal and Hexademcimal Numbers. AND, OR
and NOT Gates. NAND and NOR Gates as Universal Gates. XOR and XNOR Gates.(10-Lectures)

Data Processing Circuits: Basic idea of Multiplexers, De-multiplexers. Decorders, Encoders.
(6-Lectures)

Arhimetic Circuits: Binary Addition. Binary Subtraction using 2°s Complement. Half and Full-
Adders. 4-bit binary Adder. (6-Lectures)

Sequential Ciruits: SR. D. and JK Flip-Flops. Clocked (L.evel and Edge Triggered) Flip-Flops.
Preset and Clear operations. Race-around conditions in JK Flip-Flop. M/S IK Flip-Flop.
(10-Lectures)

Timers: IC  555:  block  diagram  and  applications:  Astablemultivibrator  and
Monostablemultivibrator. (6-Lectures)

Shift Registers: Serial-in-Serial-out., Senal-in-Parallel-out and Parallel-in-Parallel-out  Shift
Registers (only up to 4 bits). {6-Lectures)

Counters (4-bits): Ring Counter. Asynchronous counters. Decade Counter. Synchronous Counter.
(6-Lectures)
Reference Books:

e Digital Principles and Applications, A.P. Malvino, D.P. Leach and Saha, 7" Edn., 2011,
Tata McGraw.

¢ Fundamentals of Digital Circuits, Anand Kumar, nd Edn., 2009, PHI Learing Pvt. Ltd.

o Digital Circuits and Systems, Venugopal, 2011, Tata McGraw-Hill.

o Digital Systems: Principles & Applications, R.J. Tocci, N.S. Widmer, 2001, PHI Learing.

o Logic circuits design. Shimon P. Vingron, 2012, Springer.

o Digital Electronics, Subrata Ghoshal, 2012, Cengage Learning.

e Microprocessor Architecture Programming &applications with 8085, 2002, R.S. Goankar,
Prentice Hall.

¢ Digital Electronics, Floyd.

¢ Digital Computer Electronics. Malvino.

¢ Digital Logic and Computer Design, M. Morris Mano. W
Wy g e J’/
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PHYSICS PRACTICAL-C VIHI LAB

00 Lectures

To measure (a) Voltage, and (b) Time Period of a periodic waveform using CRO.
To test a Dhode and Transistor using a Multimeter.

To design a switch (NOT gate) using a transistor.

To verify and design AND. OR, NOT and XOR gates using NAND gates.

To design a combinational logic system for a specified Truth Table.

To convert a Boolean expression into logic circuit and design it using logic gate ICs.
To minimize a given logic circuit.

Half Adder, Full Adder and 4-bit binary Adder.

Half Adder and Full Adder Truth Table verification using 1.C.

lO To bluid Flip-Flop (RS. Clocked RS, D-Type and JK) circuits using NAND gates.

11. To design an astablemultivibrator of given specifications using 555 Timer.

12. To design a monostablemultivibrator of given specitfications using 555 Times.
Reference Books:

»

Modern Digital Electronics. R.P. Jain. 4th Edition. 2010, Tata McGraw-Hill.

Basic Electronics: A text lab manual, P.B. Zbar, A.P. Malvino, M.A. Miller, 1994,
MecGraw-Hill.

Microprocessor Architecture Programming and applications with 8085, R.S. Goankar. 2002.
Prentice Hall.

Microprocessor 8085: Architecture, Programming and interfacing. A. Wadhwa, 2010, PHI
Learing.

o
RN 2
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SEMSTER 1V
PHYSICS-VIII: MATHEMATICAL PHYSICS-III

(Credits: Theory-04, Practicals-02)
Theory:60 Lectures

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

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. Cauchy’s
Inequality. Caucchy’s Integral formuia. Simply and muitiply connected region. Laurentand
Taylor’s expansion. Residues and Residue Theorem. (30-Lectures)

Integral Transformations:

Fourier Transformations: Fourier Integral theorem. Fourier Transform. Examples. Fourier
transform of trigonometric. (Gaussian, finite wave train & other functions. Representations of Dirac
Delta function as a Fourier Integral. Fourier transform of derivatives. Inverse Fourier Transtorm.
Properties of Fourier Transforms with examples. Application of Fourier Transform to differential
equations: One dimensional Wave and Diffusion/ Heat Flow Equations. (15-Lectures)

Laplace Transformations: Laplace Transform (LT) of Elementary functions. Properties of LTs:
Change of Scale Theorem, Shifting Theorem. LTs of Derivatives and Integrals of Functions.
Derivatives and Integrals of LTs. LT of Unit Step function, Convolution Theorem. Inverse LT.
Application of Laplace Transforms to Differential Equations: Damped Harmonic Oscillator, Simple
Electrical Circuits. (15-Lectures)

Reference Books:

¢ Mathematical Methods for Physics and Engineers. K.F. Riley. M.P. Hobson and S.J, Bence,
3" Edn., 2006, Cambridge University Press.

» Mathematics for Physicists, P. Dennery and A. Krzywicki, 1967, Dover Publications.

e Complex variables, A.S. Fokas & M.J. Ablowitz, 8™ Edn., 2011, Cambridge Univ. Press.

» Complex Variables and Applications, I.W. Brown & R.V. Churchill, 7" Edn., 2003, Tata
McGraw-Hill.

o First Course in complex analysis with applications, D.G. Zill and P.D. Shanahaa, 1940.
Jones & Bartlett.

* Mathematics Physics, B.D. Gupta.

¢ Mathematical Physics. B.S. Rajput.

e Mathematical Physics, H.K. Das.

e Mathematical methods in Physics, E. Butkov. '
e Mathematical methods in Physics, Potter and Goldberg.
¥ gL
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PHYSICS PRACTICAL-C VIII LAB
60 Lectures

Scilab based simulations experiments based on Mathematical Physics problems like

. Solve differential equations:

Y o withy =0 forx = 0
dy _x 2

-4+ y=x"

e y

dx” dx

Q+e"ﬂ=

dt dt

Dirac Delta Function:
a2y

¢ (x+3)dx. for 6=1.0.1,0.01 and show ittends to 5.

Evaluate ] =
\2noo

: . © (0.2)

Fourier Series: Program to sum Z""( )

Evaluate the Fourier coefficients of a given periodic function (square wave).
Frobenius methods and Spectal functions:

[P ()P, (n)du=5,,

Plot P,(x), j. (x)}

Show recursion relation.

Calculation of error for each data point of observations reorded in experiments done in
previous semesters (choose any two).

Calculation of least square fitting manually without giving weightage to error. Confirmation
of least square fitting data through computer program.

Evaluation of trigonometric functions e.g., sinf, given Bessel’s function at Npoints find its

1 .
value at an intermediate point. Complex analysis: Integral —(—-:-27 numerically and check
X+

with computer integration.

8. Integral Transform: FET of ¢ .
Reference Books:

S A\ 2B 2

Mathematical Methods for Physics and Engineers, K.F. Riley, M.P. Hobson and S.J. Bence.
3" Edn. 2006, Cambridge University Press.

Mathematics for Physicists, P. Dennery and A. Krzywicki, 1967, Dover Publications.
Simulation of ODE/PDE Models with MATLAB ®, OCTAVE and SCILAB: Scientific and

Engineering Applications: A. Vande Wouwer, P. Saucez. C.V. Fernandez. 2014 Springer
ISBN: 978-3319067896.

Scilab by example: M. Affouf, 2012. ISBN:978-1479203444

Scilab (A free software to Matlab): H. Ramchandran, A.S. Nair, 2011 S. Chand &
Company.

Scilab Image Processing: Lambert M. Surhone. 2010 Betascript Publishing.

-
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PHYSICS-C IX: ELEMENTS OF MODERN PHYSICS

(Credits: Theory-04, Practicals-02)
Theory:60 Lectures

Quantum Theory of Light : Wave-particle duality, Photo-clectric 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. (15-Lectures)

Quantum Uncertainty: Heisenberg uncertainty principle (Uncertainty relations involving
Canonical pair of variables): Derivation from Wave Packets impossibility of a particle following a
trajectory: Estimation minimum energy of a confined particle using uncertainty principle: Energy-
time uncertainty principle. (6-Lectures)

Matter waves and wave amplitude: Schrodinger equation for non-relativistic particles: Physical
quantities as operators, Position, Momentum and Energy operators; stationary states: physical
interpretation of a wave function, probabilities and normalization; Probability and probability
current densities in one dimension, (10-Lectures)

One dimensional infinitely rigid box: Energy cigenvalues and eigen functions, normalization:
Quantum mechanical scattering and tunnelling in onc dimension-across a step potential &
rectangular potential barrier. (10-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, energy-momentum conservation: electron-positron pair creation by gamma photons in the
vicinity of a nucleus. (10-Lectures)

Fission and Fusion:Mass deficit, Fission-nature of fragments and emission of neutrons. Nuclear
reactor: slow neutrons interacting with Uranium 235; Fusion and thermonuclear reactions driving
stellar energy (brief qualitative discussions). ) (3-Lectures)
Lasers: Einstein’s A and B coefficients. Metastable states. Spontaneous and Stimulated emissions.
Optical Pumping and Population Inversion. Three-Level and Four- Level Lasers. Ruby Laser and
He-Ne Laser. (6-Lectures)
Reference Books:
o Concepts of Modern Physics, Arthur Beiser, 2002, McGraw-Hill.
¢ Introduction to Quantum mechanics, Nikhil Ranjan Roy. 2016, Vikash Publishing House
Pvt. Ltd.
» Introduction to Modern Physics, Rich Meyer. Kennard. Coop, 2002. Tata McGraw-Hill.
¢ Introduction to Quantum Mechanics. David J. Griffith. 2005, Pearson Education.
e Physics for scientists and Engineers with Modern Physics, Jewett an Serway, 2010.
Cengage Learing.
e Quantum Mechanics: Theory & Applications. A.K. Ghatak & S.I. Lokanathan. 2004,

Pt J]wﬁ/\o%}’ﬁ// e
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Additional Books for Reference

N

o s W

Modern Physics. J.R. Taylor, C.DD. Zafiratos. M.A. Dubson. 2004. PHI Learing.

Theory and Problems of Modern Physics, Schaum’s outline, R. Gautreau and W. Savin, 2
Edn., Tata McGraw-Hill Publishing Co. Ltd.

Quantum Physics, Berkeley Physics, Vol.4. E.H. Wichman. 1971, Tata McGraw-Hill Co.
Basic ideas and concepts in Nuclear Physics. K. Heyvde. 3" Edn.. Institute of Physics Pub.
Six Ideas that Shaped Physics: Particle Behave like Waves. T.A. Moore, 2003, McGraw-
Hill,

nd

PHYSICS PRACTICAL-CIX LAB
60 Lectures

Measurement of Planck’s constant using black body radiation and photo-detector.
Photo-electric effect: photo current versus intensity and wavelength of light; maximum
energy of photo-electrons versus frequency of light.

To show the tunnelling effect in tunnel diode using [-V characteristics.

To determine the wavelength of laser source using diffraction of single slit.

To determine the wavelength of laser source using diffraction of double slits.

To determine (1) wavelength and (2) angular spread ot He-Ne laser using planed diffraction
grating.

Reference Books

¥ WL B

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

Advanced level Physics Practical, Michael Nelson and Jon M. Ogborm, 4" edition, reprinted
1985, Heinemann Educational Publishers.

A Text Book of Practlcal Physics, I. Prakash & Raragkrishna, 11" Edn. 2011, Kitab Mahal.




DI DIIDIPIIDIIDIDIGDDDDIISODIPEININNEEDNYNNTYYODYXVIY DY N

22

PHYSICS-C X: ANALOG SYSTEMS AND APPLICATIONS

(Credits: Theory-04, Practicals-02)
Theory: 60 Lectures

Semiconductor Diodes: P and N type semiconductors. Energy Level Diagram. Conductivity and
Mobility, Barrier Formation in PN Jjunction Diode. Static and Dynamic Resistance. Current flow
mechanism in Forward and Reverse Biased Diode. Drift velocity. Derivation for Barrier Potential.
Barrier Width and Current for Step Junction. (10-Lectures)

Two-Terminal Devices and their Applications: (1) Rectitier Diode: Half-wave Rectifiers.
Centre-taped and Bridge Full-Wave Rectifiers. Calculation of Ripple Factor and Rectification
Efficiency, (2) Zener Diode and Voltage Regulation. Principle and structure of (1) LED’s. (2)
Photodiode, (3) Solar cell. (6-Lectures)

Bipelar Junction Transistors: n-p-n and p-n-p Transistors. Characteristics of CB. CIZ and CC
Configurations. Current gains a and (3. Load Line Analysis of Transistors. DC T.oad line and Q-
point. Physical Mechanism of Current Flow. Active, Cutoff and Saturation Regions.(6-Lectures)

Amplifiers: Transistor Biasing and Stabilization Circuits, Fixed Bias and Voltage Divider Bias.
Transistor as 2-port Network.h-parameter Equivatent Circuit. Analysis of a single-stage CE
amplifier using Hybrid Model. Input and Output Impedance. Current, Voltage and Power Gains.
Classification of Class A, B and ¢ Amplifiers. (10-Lectures)

Coupled Amplifier: RC-Copupled amplifier and its frequency response. (4-Lectures)

Feedback in Amplifiers:Eftects of Positive and Negative Feedback on Input Impedance. Qutput
Impedance, Gain, Stability, Distortion and Noise. (5-Lectures)

Sinusoidal Oscillators:Barkhausen’s Criterion for self-sustained oscillations. RC Phase shift
oscillator, determination of Frequency. Hartley & Colpitts oscillators. (6-Lectures)

Operational Amplifiers (Black Box approach): Characteristics of an Ideal and Practical Op-
Amp. (IC 741) Open-loop and Closed-loop Gain. Frequency. Response CMRR, Slew Rate and
concept of Virtual ground. (4-Lectures)

Applications of Op-Amps.:(1; Inverting and non-inverting amplifiers, {(2) Adder, (3) Subtractor.
(4) Differentiator, (5) Integrator. (6) Log Amplifier. (9-Lectures)

Reference Books:
» Integrated Electronics. J. Millman and C.C. Halkias, 1991, Tata McGraw-Hill.
» Electronics: Fundamentals and Applications, 1.D. Ryder. 2004, Prentice Hall.
e Solid State Electronics Devices. B.G. Streetman & S.K. Banerjee. 6" Edn.. 2009. PHI
Learing.
e Electronic Devices & circuits. S.Salivahanan & N.S. Kumar, 3" Edn., 2012, Tata McGraw-
Hill.
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Op-Amps and Linear Integrated Circuits. R.A. Gavakwad. 4" edition. 2000. Prentice Hall.
Electronic circuits; Handbook of design & applications, U. Tietze. C.Schenk, 2008,
Springer.

Semiconductor Devices, 7/¢ Thomas [..Flovd. 2008. Pearson India.

A first course in Electronics. Khan and Dey. PHI.

Basic Electronics, Arun Kumar.

Microelectronics, Millman and Grabel.

PHYSICS PRACTICAL-C X LAB
60 Lectures

To study V-1 characteristics of PN junction diode. and Light emitting diode.

To study the V-I characteristics of a Zener diode and its use as voltage regulator.

Study of V-1 & power curves of solar cells. and find maximum power point & efficiency.
To study the characteristics of a Bipolar Junction Transistor in CE Configuration.

To design a CE transistor amplifier of a given gain (mid-gain) using voltage divider bias.
To study the frequency response of voltage gain of a RC-coupled transistor amplifier.

To design a phase shift oscillator of given specifications using BIT.

To study the Colpitt’s oscillator.

To study the analog to digital convertor (ADC) IC.

. To design an inverting amplifier using Op-amp (741.351) for de voltage of given gain.

. To design inverting amplifier using Op-amp(741.351) and study its frequency response.

. To design non-inverting amplifier using Op-amp (741,351) & study its frequency response.
. To add two dc voltages using Op-amp in inverting and non-inverting mode.

. To investigate the use of an op-amp as an integrator.

To investigate the use of an Op-amp as a Differntiator.

Reference Books:

Basic Electronics: A Text lab manual. P.B. Zbar, A.P. Malvino. M.A> Miller, 1994,
McGraw-Hill.

OP-Amps and Linear Integrated Circuit, R.A. Gayakwad, 4™ Edn. 2000, Prentice Hall.
Electronic Principle, Albert Malvino, 2008, Tata McGraw-Hill.
Electronics Devices & Circuit Theory, R.L. Boylestad & L.D. Nashelsky, 2009, Pearson.
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SEMSTER V
PHSYICS-C XI: QUANTUM MECHANICS AND APPLICATIONS

(Credits: Theory-04, Practicals-02)
Theory:60 Lectures

Time dependent Schrodinger equation: Postulates of Qauntum Mechanics. Time dependent
Schrodinger equation and dynamical evolution of a quantum state: Properties of Wave Function.
Interpretation of Waves Function Probability and probability current densities in three dimensions,
Conditions for Physical Acceptability of Wave Functions. Normalization. Linearity and
Superposition Principles. Eigen values and FEigen functions. Commutator of position and
momentum operators. Expectation values of position and momentum. Wave Function of a Free
particle. (8-Lectures)

Time Independent Schrodinger equation: Hamiltonian. stationary states and energy eigen values;
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. Position-momentum uncertainty principle. (12-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. (14-Lectures)

Atoms in Electric & Magentic Fields: Electron angular momentum. Space quantization. Electron
Spin and Spin Angular Momentum. Larmor’s Theorem. Spin Moment. Stern-Gerlach experiment.
Electron Magnetic Moment and Magnetic Energy. Gyromagentic Ratio and Bohr Magneton.
Normal and Anomalous Zeeman Effect. (14-Lectures)

Hydrogen and many electron atoms: Pauli’s exclusion Principle, Symmetric & Antisymmetric
Wave Functions (Qualitative idea only). 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. (12-Lectures)

Reference Books:

e Introduction to Quantum mechanics, Nikhil Ranjan Roy, 2016, Vikash Publishing House
Pvt. Ltd.

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

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

e Quantum Mechanics. Leonard 1. Schiff, 3™ Edn.. 2010, Tata McGraw-Hill,

e Quantum Mechanics, G.Aruldhans, nd Edn., 2002, PHI Learing of India.

e Quantum Mechanics. Bruce Cameron Reed, 2008, Jones and Barlett Learing.

. ~Ti

*  Quantum Mechanics: Foundations & Applications, Armo n, 3 ., 1993, Springer.
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s  Quantum Mechanics for Scientists & Engineers. D.AB. Miller. 2008, Cambridge
University Press.
¢ Quantum Mechanics, Satya Prakash.
Additional Books For Reference
e Quantum Mechanics, Eugen Merzbacher. 2004, John Wiley and Sons. Inc.
e Introduction to Quantum Mechanics. D.J. Griffith, 2™ Edn., 2005, Pearson Education.
¢ Quantum Mechanics, Walter Greiner, 4" Ldn., 2001, Springer.

PHYSICS PRACTICAL-C XI LAB
60 Lectures

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
hydrogen atom:

d’y d’y e
—=A(r)u(r —=A(r)ulr Fr)=-—
oA G0 ()=
Here, m 1s the 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¢el . Take e:3.795(eVA)' *he= 1973(¢VA) and m=0.51x10%V /.

2. Solve the s-wave radial Schrodinger equation for an atom:
2
flrij =A(r)u(r), A(r)= i—?*[l/(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 ¥ (r)=—¢*/ rx(e"”“’ ))

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) .
m=0.511x10°eV /¢*, and a=3A,5A,7A . In these units hc=1973(eV'A). The ground

state energy is expected to be above —12¢V in all three cases.

3. Solve the s-wave radial Schrodinger equation for a particle of mass m:
d’y 2mp
= A(r)u(r). A(r)=5 [V (")-E]

. \ ) | .
For the an harmonic oscillator potential ¥ (r)= ;)—kr' +%br3 for the ground state energy (in

MeV) of particle to an accuracy of three significant digits. Also, plot the corresponding
wave function. Chose m=940MeV /c* . k=100MeV fin>, b = 0. 10, 30 MeV fm-3. In

these units, ci=197.3MeV fm. The ground state energy I expected to lic between 90 and
110 MeV for all three cases.
4. Solve the s-wave radial Schrodinger equation for the vibrations of hydrogen molecule:

G A) A)= V()]

Where p is the reduced mass of the two —atom system for t orse /mial_

v A V\@M/}i}y |
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(r)=D{e*" =) (r=n)
F
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 = 941x10%¥V / C*. D=0.755501 eV, a = 1.44, 1, = 0.131349A

Laboratory based experiments:

1.

W

4

Study of Electron Spin resonance-determine magnetic field as a function as the resonance
frequency.

Study of Zeeman effect: with external magnetic field;: Hyperfine splitting.

To show the Tunneling effect in tunnel diode using [-V characteristics.

(Quantum efficiency of CCDs.

Reference Books:

Schaum’s outline of Programming with C++. J. Hubbard. 2000, McGraw-Hill Publication.
Numerical Recipes in C: The Art of Scientific Computing. W.H. Pressetal, 3 Edn.. 2007.
Cambridge University Press.

An introduction to computational Physics, T. Pang, 2" Edn., 2006, Cambridge Univ. Press.
Simulation of ODE/PDE Models with MATLAB®. OCTAVE and SCILAB: Scientific &
Engineering Applications: A VandeWouwer, P. Saucez. C.V. Fernandez.2014 Springer.
Scilab (A Free Software to Matlab): H. Ramchandran, A.S. Nair, 2011 S.Chand & Co.

Scilab Image Processing: L.M. Surhone 2010 Betascript Publishing ISBN: 978-
6133459274,
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