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Program prerequisites

To study this course, a student must have the subject Physics at B.Sc. IIIrd Year of NEP-2020.

Program Structure

The program (course) will be based on Choice Based Credit System (CBCS) developed by the University.
There will be four compulsory or elective (Optional) core courses of Physics in each semester. In addition,

one minor elective course of other faculty is to be selected by a student in the IVth Year of NEP-2020 i.e.,

first year of M.Sc. There will be one 4-credit research project in each semester.
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LIST OF PAPERS IN ALL FOUR SEMESTERS

Course

Code

Course Title

Core

Compulsory/
Elective/Valu

e Added

Theory/
Practical/

Project

Credits Internal

Marks

External

Marks

(Min

Total

Marks

Minimum

Marks

(Int+Ext)

Teaching

Hours

Marks)

Mathematical Physics
0720101

Core

Compulsory
Theory 4 25 75 (25) 100 40 60

0720102 Classical Mechanics
Core

Compulsory
Theory 4 25 75 (25) 100 40 60

0720103 Quantum Mechanics
Core

Compulsory
Theory 4 25 75 (25) 100 40 60

0720104 Electronic Devices
Core

Compulsory
Theory 4 25 75 (25) 100 40 60

0720180
Lab Work (Based on the

contents of Theory Courses)

Core

Compulsory
Practical 4 100 100 40 60

0820101 Statistical Mechanics
Core

Compulsory
Theory 4 25 75 (25) 100 40 60

0820102 Electrodynamics
Core

Compulsorу
Theory 4 25 75 (25) 100 40 60

Atomic and Molecular Physics
0820103

Core

Compulsory
Theory 4 25 75 (25) 100 40 60

0820104 Nuclear Physics
4 25 75 (25) 100 40 60

Core

Compulsory
Theory

0820180 Lab Work Core

Compulsory

Practical 4 100 100 40 60

TH Bu



Ye
ar
-5
 as 

p
e
r
 
N
E
P
-
2
0
2
0
/ Y'e

ar
-I
I Se
me
st
er
-I
X as pe

r
 

NE
P-

20
20

/ Se
me
st
er
-I
II

S
e
m
e
s
t
e
r
- X 

a
s
 
p
e
r 
N
E
P
-
2
0
2
0
/ Se

me
st
er
-I
V

0920101 Numerical Methods with

Programming

Core

Compulsory
Theory 4 25 75 (25) 100 40 60

0920102 Condensed Matter Physics
Core

Compulsory
Theory 4 25 75 (25) 100 40 60

Any one of the Followings:

(1) Electronics Specialization--

0920103
Operational Amplifier & Digital
Circuits

Core

Compulsory
Theory 4 25 75 (25) 100 40 60

0920180
Lab Work (based on the

contents of Theory Courses)

Core

Compulsory
Practical 4 100 100 40 60

0920165 Research Project
Core

Compulsory
Project 4 100 100 40 60

(2) Nuclear Physics Specialization -

0920104 Nuclear Physics Special Paper 1
Corc

Compulsory

25 75 (25) 100 40 60

Theory 4

0920181
Lab Work (based on the

contents ofTheory Courses)

Core

Compulsory
Practical 4 100 100 40 60

0920166 Research Project
Core

Compulsory
Project 4 100 100 40 60

1020101 Advanced Quantum
Mechanics

Core

Compulsory

Theory 4 25 75 (25) 100 40 60

1020102 Physics of Nanomaterials
Core

Compulsory
Theory 4

25 75 (25) 100 40
60

Any one of the Followings:

(1) Electronics Specialization-

1020103 Electronic Communication
Elective Theory 4 25 75 (25) 100 40 60

Systems
OR

1020104 VLSI Technology

1020180
Lab Work (based on the

contents of Theory Courses)

Core

Compulsory
Practical 4 25 100 100 40 60

1020165
Research Project

Core

Compulsory

25
Project 4 100 100 40 60

(2) Nuclear Physics Specialization

Nuclear Physics Special Paper II
1020105

Core

Compulsory
Theory 4 25 75 (25) 100 40 60

Lab Work (based on the
1020181

Core

Compulsoгу
Practical 4 25 100 100 40 60

contents of Theory Courses)

Research Project
1020166

Core

Compulsory

25
Project 4 100 100 40 60



Programme/Class: Bachelor (Research)

Subject: PHYSICS

Course Code: 0720101

Course outcomes:

Year: 4

Course Title: MAТНЕМАTICAL PHYSICS

Semester: 7

Students will be able to solve the research problems based on the complex variables and integral of complex
functions,

Students will learn the solution of various mathematical equations using Laplace transformation.

Students will be able to use of Fourier series and transformation in some spectroscopic analysis.

The content given in 'Special functions and polynomials of this course will impart skills for direct employability.
Students will understand the use of mathematical methods in their various branches of physics and engineering.

Credits: 4

Max. Marks: 75 +25

Core Compulsory / Elective: Core compulsory

Min. Passing Marks: 40

Total No. of Lectures-Tutorials-Practical (in hours per week): L-T-P: 4-0-0

Unit

II

1וו

Special functions and polynomials

Topics

Legendre, Hermite and Laguerre polynomials and their generating functions.

Recurrence relations and special properties of Pn(x) as solution of Legendre differential

equation, Rodrigues formula, orthogonality of Pn(x), associated Legendre polynomials

(Introduction only).

Bessel function of first kind, generating function, recurrence relations, Jn(x) as solution

of Bessel differential equation, Expansion of Jn(x) when n is half and
 odd integer,

Integral representation

Complex Analysis:

Complex Variables, Function of a complex variable, Analytic Function, Cauchy Riemann

conditions, Complex Integration, Cauchy's integral theorem Cauchy's integral formula,

Taylor's and Laurent's Series (without derivation) 
Singularities, zeros and residue of

complex function, Cauchy's Residue theorem, Evaluatio
n of definite integrals of the

type:

SUD

f(Sine, Cose) de, f(x) dx ands f(x)e dx

CUD

Fourier Series and Fourier Integral:

Fourier series, Even and Odd function, Half range
 expansion, Function of arbitrary

period, Physical applications of Fourier Series analysis, Fourier integral, Fourier integral

for even and odd functions and its application.

No. of

Lectures

20

15

10

IV Integral Transforms:

ArL
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Laplace Transform, First and second shifting theorems, Inverse LT by partial fractions,

LT of derivative and integral of a function, Solution of initial value problems by using LT

Fourier Transform, Fourier Cosine Transform, Fourier Sine Transform, two dimensional

and three-dimensional Fourier transform, Fourier Transform of delta and Gaussian

function

Suggested Readings:

1. Kreyszig, E, "Advanced Engineering Mathematics" John Wiley & Sons.

2. Rajput, B.S., "Mathematical Physics" Pragati Prakashan, Meerut.

3. Das, H.K., "Mathematical Physics"

Suggestive digital platforms web links-

1. Uttar Pradesh Higher Education Digital Library, http://heecontent.upsdc.gov.in/SearchContent.aspx

2. Swayam Prabha - DTH Channel, https://www.swayamprabha.gov.in/index.php/program/current he/8

3. National Programme on Technology Enhanced Learning (NPTEL), https://www.youtube.com/user/nptelhrd

Suggested Continuous Evaluation Methods:

Continuous internal evaluation shall be based on allotted assignment and class tests. The marks shall be as

follows:

Quiz/ Assignment

Class Test

(10 marks)

(15 marks)



Programme/Class: Bachelor (Research)

Subject: PHYSICS

Course Code: 0720102

Course outcomes:

Year: 4

Course Title: CLASSICAL MECHANICS

Semester: 7

On the successful completion of classical mechanics, the students will be able to learn and understand the

fundamental concepts of dynamics of the system of particles, related conservation theorems, equations of
motion for mechanical systems using the Lagrangian and Hamiltonian formulation. The main course

outcomes are as follows:

Able to solve the mechanics of dynamical systems using Lagrange's equations of motion for

conservative and non-conservative systems through Lagrangian formulation.
Able to understand the variational principle and its application to solve mechanical problems using

Lagrangian formulation.

Able to deal with the problem of two bodies moving under the influence of a mutual central force

motion.

Able to understand the theory of small oscillations applied in many physical applications.

Able to solve mechanical problems using Hamilton's equations of motion by Hamiltonian formulation.

Credits: 4

Max. Marks: 75 +25

Core Compulsory / Elective: Core compulsory

Min. Passing Marks: 40

Total No. of Lectures-Tutorials-Practical (in hours per week): L-T-P: 4-0-0

Unit Topics

ΙΠ

1ו

Preliminaries:

Newtonian mechanics of a particle, Mechanics of a system of particles,

Constraints; their classification, D'Alembert's principle, Virtual work, generalized

coordinates and derivation of Lagrange's equations, Velocity-dependent potentials

and the Dissipation function, Applications of Lagrangian formulation, Generalized

velocity, momentum and energy, Cyclic coordinates, Symmetries of space and time

with conservation laws.

Variational Principles and Hamilton Formalism:

Hamilton's principle, some techniques of the calculus of variations, Derivation of

Lagrange's equation from Hamilton's principle, advantages of variational principle

formulation, Principle of least action, Legendre transformations and Hamilton

equations of motion, Cyclic coordinates and conservation theorems, Ca
nonical

transformation generating functions, Properties, Poisson bracket, Poisson

theorem, Relation of Poisson brackets, Hamilton Jacobi method.

Two Body Central Force Problem:

Reduction to the equivalent one-body problem, Motion in acentral force field, The

Virial theorem, The inverse square law of force, The motion in central force in the

Kepler problem.

No. of

Lectures

15

15

15



IV Rigid Body Dynamics and Small oscillations:

Rotational motion, Moment of Inertia, Euler's theorem, Euler's Angles, Symmetric

top, Concept of small oscillations, Expression of kinetic energy and potential

energy for the problem of small oscillations, Frequencies of free vibration, and
Normal coordinates.

Suggested Readings:

1. Goldstein, H., "Classical Mechanics"

2. Rana, N.C. & Joag P.S., "Classical Mechanics"

3. Sommerfield A., "Physics"

4. Perceival & Richards D., "Introduction to Dynamics"

Suggestive digital platforms web links-

1.

2.

Uttar Pradesh Higher Education Digital Library, http://heecontent.upsdc.gov.in/SearchContent.aspx

15

Swayam Prabha - DTH Channel, https://www.swayamprabha.gov.in/index.php/program/current he/8

3. National Programme on Technology Enhanced Learning (NPTEL), https://www.youtube.com/user/nptelhrd

Suggested Continuous Evaluation Methods:

Continuous internal evaluation shall be based on allotted assignment and class tests. The marks shall be as

follows:

Quiz/ Assignment

Class Test

(10 marks)

(15 marks)



Programme/Class: Bachelor (Research)

Subject: PHYSICS

Course Code: 0720103

Course Outcomes:

Year: 4

Course Title: QUANTUM MECHANICS - I

Semester: 7

Students will be able to understand the physical and mathematical basis of quantum mechanics for

non-relativistic systems.

Students will be able to learn mathematical tools needed to develop the formal theory of quantum

mechanics.

Students will be able to understand the measurement process in quantum mechanics.

Students will be able to understand the connection between measurement of results and the

uncertainty relation.

Students will be able to understand the application of wave function theory in quantum mechanics.

Students will be able to appreciate the amazing power and surprises of quantum mechanics in

problems like free particles and particles inapotential.

Students will be able to recognize the applicability of angular momenta in several branches of physics.

Students will be able to appreciate the profound strength of approximate methods in problems like

Stark effect, Zeeman effect, etc.

Credits: 4

Max. Marks: 75 +25

Core Compulsory / Elective: Core compulsory

Min. Passing Marks: 40

Total No. of Lectures-Tutorials-Practical (in hours per week): L-T-P: 4-0-0

Unit

11

וו

Topics
No. of

Lectures

20

Fundamental Concepts:

Schrodinger equations: Time dependent and time indepen
dent, Operators,

Probability density, Expectation values, Principle of Superposition, Motion of

wave packets, Eigen values and eigen vectors
, Bound and continuum states,

Postulates of Quantum mechanics, Coordinate and moment
um representation,

Hermitian operators, Degeneracy, Orthonormality and
 Completeness, Unitary

Operators, Change of basis, Infinitesimal and finite unita
ry transformations,

Commutator Algebra, Uncertainty relation between two operators, Free particle

radial wave function, Spherical well, Cylindrical 
well, Charge particle in a

magnetic field and Hydrogen atom.

Representation and Transformations:

Hilbert Spaces, Vector and Bases, Dirac notat
ion, Matrix representations of

Kets, Bras and Operators, Matrix representation of Eigen value problem, Linear

harmonic oscillator in matrix formulation, Space and time displac
ements,

Rotation generators, Symmetry and cons
ervation laws. Symmetric and anti-

symmetric wave-functions and Pauli Exclusion Principle.

Approximate Methods:

Time independent first and second order perturbation theory for non-degen
erate

and degenerate levels, Variational method, and its application for Helium atom,

th er h

12

14



IV

WKB Approximation. Application of electric field (Stark effect), normal and
anomalous Zeeman Effect.

Theory of Angular momentum:

Commutation relations involving angular momentum operators, the eigenvalue
spectrum, Infinitesimal and finite rotations, Matrix representation of J, Addition
of angular momentum, Clebsch- Gordon coefficients, Spin angular momentum,
Spin wave functions, Pauli matrices, Precession of an electron in magnetic field,
Addition of spin and orbital angular momentum.

Suggested Readings:
1. Liboff, R.L., "Introductory Quantum Mechanics".
2. Tyagi, I.S., "Principle of Quantum Mechanics".

3. Khare, S.P., "Quantum Mechanics and Atomic Physics".

4. Schiff, L.I., "Quantum Mechanics".

5. Zettili, N., "Quantum Mechanics: Concepts and Applications".
6. Griffiths, D.J., "Introduction to Quantum Mechanics".

Suggestive digital platforms web links-

14

1. Uttar Pradesh Higher Education Digital Library, http://heecontent.upsdc.gov.in/SearchContent.aspx

2. Swayam Prabha - DTH Channel, https://www.swayamprabha.gov.in/index.php/program/current he/8

3. National Programme on Technology Enhanced Learning (NPTEL), https://www.youtube.com/user/nptelhrd

Suggested Continuous Evaluation Methods:

Continuous internal evaluation shall be based on allotted assignment and class tests. The marks shall be as

follows:

Quiz/ Assignment

Class Test

(10 marks)

(15 marks)
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