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OUTLINE OF THE CHOICE BASED CREDIT SYSTEM (CBCS) for PG degree courses:

It consists of a number of courses i.e. Core Course (CC), Elective Course (EC), Discipline Specific
Elective Course (DSE), Ability Enhancement Courses (AEC), and Ability Enhancement
Compulsory Courses (AECC). Each course is equivalent to a paper. The nature of these courses is
defined below.

1.1 Core Course (CC):

A course which should compulsorily be studied by a candidate as a core requirement on the
basis of subject of M.Sc. studies and is termed as a Core course.

1.2.  Elective Course (EC):

Generally a course which can be chosen from a pool of courses (Basket) and which may be
very specific or specialized or advanced or supportive to the subject/ discipline of study or
which provides an extended scope or which enables an exposure to some other sub-

ject/discipline/domain or nurtures the candidaie’s proficiency/skill is called an Elective
Course.

13 Discipline Specific Elective Course (DSE):

Elective courses may be offered by the main discipline/subject of study is referred to as
Discipline Specific Elective. The University/Institute may also offer discipline related
Elective courses of interdisciplinary nature (to be offered by main discipline/subject of study).

1.4 Generic Elective (GE) Course:
An elective course chosen generally from an unrelated discipline/subject, with an intention to
seek exposure is called a Generic Elective.
P.S.: A core course offered in a discipline/subject may be treated as an elective by other disci-
pline/subject and vice versa and such electives may also be referred to as Generic Elective.

1.5 Ability Enhancement Courses (AEC):

The Ability Enhancement Courses (AEC) 7 Skill Enhancement Courses (SEU) “AECT courses
are the courses based upon the content that leads to life skill enhancement.

1.6 Ability Enhancement Compulsory Courses(AECC):

University will run a number of Ability Enhancement Compulsory Courses (AECC) which
is qualifying in nature and student from all faculties have to qualify in all such courses.

1.7 Dissertation/Project/ Internship/ Industrial Training/ Field Work:

Elective courses are designed to acquire advanced knowledge to supplement /support the main
subject through project work/ internship/ industrial training/ field work. A student studies such a
course on his/her own with mentoring support by a teacher / faculty member called the guide/
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supervisor. In case of internship/ industrial training the student will work under the joint guidance
of one teacher-supervisor from the parent department to be termed as Supervisor-1 and one suita-
bly qualified personnel at the research institute/ research laboratory/ industrial organization, to be
termed as Supervisor-2. A student may join any recognized research institute/ research labora-
tory/ the industrial organization with the approval of parent department. The student has to work
for a minimum number of days/ hour as decided by the parent department. On completion of the
project work/ training at the research institute/ research laboratory/ industrial organization, stu-
dent will submit a written project report certified by both supervisors to the parent department.
Supervisor-2 will issue a letter certifying that the candidate has successfully completed the pro-
ject and also award marks/ grade to him/ her. The certificate will be submitted to the parent de-
partment confidentially. The Board of Courses of Studies (BOCS) of the concerned subject/ de-
partment will draft and design the certificate and other documents as per requirement. The parent
department will also assist the students to choose proper organizations for their project work/ in-
dustrial training/ field work etc.

CREDIT
The total minimum credits, required for completing a PG program is 100.
The details of credits for individual components and individual courses are given in Table.1.

Table 1: Structure of the 2 Yrs (Four Semesters) Post Graduate Degree course under CBCS:

Semester No of Credit | Total Minimum No of Noof | Code & Na-
COURSE per credit No of CORE ELECTIVE | ture of Elec-
/ Papers | COURSE/ Learning | COURSE/ | Course/ | tive Course/
paper Hours# PAPER | PAPER paper
I 05 05 25 250 4 | AECC-1 |
|
_ SEMESTER BREAK
11 06 05 | 30 300 5 | AEC-1
SEMESTER BREAK
[11 06 05 30 300 5 | AECC-2
; SEMESTER BREAK
AY 03 05 5 15 150 0 3 EC -1*
EC -2¥%
DSE-1
or
— S G E- l
Total 20 100 1000 14 6
3 P

\%\‘0



#For Tutorial (T)/ Practical (P)/ Field Work (FW)/ Internship etc. extra working hour to be added as per
requirement and will be decided by the BOCS of the respective subject.

* The two Elective Courses (EC) to be studied in semester [V may be

Both theory papers

/ One Theory paper and One Practical paper
/ One Theory paper and One Project work

/ One Theory paper and One Field work

/ Both Project work/ Internship

IMP : It is desirable that all students of all courses be given adequate exposure over and above
the class room teaching to enhance the scope of skill development/ entrepreneurship and
employability.

2.1. There shall be six elective courses - two EC, one DSE or one GE, two AECC, one AEC. Students
may opt for any elective course out of a list of elective papers (Basket) offered by the parent de-
partment or any other department/s as per his/her choice with the prior permission of the parent
department. The list of elective papers, syllabus and prerequisite of the elective course will be as
decided by the Board of Courses of Studies (BOCS) of the concerned subject/ department. All
elective course listed may not be available in all semesters. Based on the availability of resource
persons and infrastructure the parent department will assist the students to select elective courses
of their choice.

2.2. The final CGPA/ class will be decided on the performance of the student in the 16 courses / papers
including the 14 Core Courses (CC) / papers and two EC / papers.

2.3 The one DSE or one GE, two AECC, one AEC papers will be qualifying in nature and a student has
to score at least 45% marks in these papers. Grade will be awarded separately for these courses,

however, performance in these elective courses/ papers will not be considered for awarding the
final CGPA/ class.

2.4 Ability Enhancement Compulsory Courses (AECC):

University will run two Ability Enhancement Compulsory Courses (AECC) which are qualify-
ing in nature and a student has to qualify in both these courses. The courses are:

AECC-1 : Environmental Sustainability (3 Credit)
& Swachchha Bharat Abhiyan Activities (2 Credit)

| AECC- 2 : Human Values & Professional Ethics (3 Credit)
& Gender Sensitization (2 Credit)

Students will do assignments/project work related to institutional social responsibilities
including Swachchha Bharat Abhiyan Activities during SEMESTER BREAK.



2.5 University will run a number of Ability Enhancement Courses (AEC) and Skill Enhancement
Courses; a student can choose one from these. For example:

Basket Ability Enhancement Courses (AEC)

« Computers and [T Skill
+«  Web Designing
« Financial Risk Management/
» Solid waste Management/
«  Mushroom Culture /
» Bio-fertilizer production/
= Environmental Law/
«  Tourism and Hospitality Management/
s Life-skill and skill development / !
» Yoga Studies
etc.

2.6 Discipline Specific Elective (DSE):

In each subject the CC / paper -5 being taught in the second semester will be open to be selected
as a DSE paper. In the first phase a student will be allowed to choose a paper from any subject
other than his/ her Core Course (CC) from the same faculty in the same university.

2.7 Generic Elective (GE) Course:

University will run a number of Generic Elective Courses (GE); a student can choose one from
these. For example:

' Basket of GE courses

¢ Music \
« Dramatics
»  Fine Arts l

» Graphic Design

» Inclusive Policies %
» Human Rights |
» Any course run by any department \



M.Sc. PHYSICS
(Four Semester Course)

PROGRAM OBJECTIVES:

1. To develop strong student competencies in Physics and its applications in a technology-rich,

interactive environment.

2. To develop strong student skills in the research, analysis and interpretation of complex information

3. To prepare the students to successfully compete for employment in Electronics, Manufacturing and

Teaching industry.

4. To develop human resource with a solid foundation in theoretical and experimental aspects of

respective specializations as a preparation for career in academia and industry.

Code
MPHYCC-1
MPHYCC-2
MPHYCC-3

'MPHYCC-4
'MPHYAECC-|

Code
MPHYCC-5
MPHYCC-6

 MPHYCC-7
MPHYCC-8

Course Structure

Semester | (...I.uly to December)

Subject Credits ES.E. C.LA.
‘Classical Mechanics | | 5 | 70 | 30
'Mathematical Physics s 70 | 30
Quantum Mechaﬁics 5 70 30
Lab-I s 0 30
Environmental Sustainability (3 Credits) 5 70 30
SwachchhaaEr;(Iiaral Abhiyan Activities
(2 Credits)
Semester I (January to June)
Subject | Credits = ESE. | CIA.
-Modeling and Simﬁlation | 5 | 70 30
IEIectrodynamics and Plasma Physics 5 70 | 30
Electronics | - : K 70 | 30
‘Statistical Mechanics s 70 30
Lab-11 ” 5 70

30

Total
100
100
100
100
100

Total B
100
100

100
100
100



MPHYAEC-1 Any one of the followings: T ! 70 | 30 | 100 |
! = Computers and IT Skill *.
.+ Web Designing i |
» Financial Risk Management/ ;
s Solid waste Management/ 1 :
s  Mushroom Culture / | '
« Bio-fertilizer production/ i |
s Environmental Law / | i
e Tourism & Hospitality ‘ | ‘
i Management/ ; .
| |« Lifeskill & skill development / | |
" g » Yoga Studies '
A el ke i Semes;tcr III (July to December) . l‘
} Code @ Subject \ Credlts | ESE. i C.LA. | Total |
- MPHYCC-10 Atomic and Molecular Physu:s 5 | 10 \L 30 100 |
MPHYCC 11 | Condensed Matter Physics 5 70 + 30 100
MPHYCC-12  Electronics II s 70 | 30 T
:' MPHYCC 13 Nuclear and Particle Physics : 5 70 30 | 100
MPHYCC-14  Lab-III 5 70 30 100
gMPHYAECC -2 Human Values and Professional Ethics : 5 70 30 100
} (3 Credit) and ,
Gender Sensmzatlon (2 Credit) i I
Semester IV (January to J une)
Code ' Sub_]ect Bl Credits ESE. | CLA. | Total
| MPHYEC-1  Elective Paper | s | 7 [ 30 | 100 1!
' 'MPHYEC-2 |Elective Paper I 5 | 70 30 100
w Part 1: Practical — 50 marks | ' ‘
. Part 2: Dlssertatlon 50 marks | : }
' MPHYDSE 1 |For MPHYDSE 1,in each subJect the CC / T 3 70 30 100
Or 'paper -5 being taught in the second
- MPHYGE-1 semester will be open to be selected as a

'DSE paper. In the first phase a student will
be allowed to choose a paper from any i
subject other than his/ her Core Course !
(CC) from the same faculty in the same w
|university. ‘




.For MPHYGE-1, a student can choose any

‘one from the followmg 5
*  Music

3 #  Dramatics

I = Fine Arts

#  Graphic Design

‘ ¢ Inclusive Policies

. * Human Rights

-« Any course run by any department
g

L.

Elective-l  Code: PHYEC.|

Eleetive Theory Papers for Semester 4 (One to be se[ected from the followmg set of 10 optaons)

Code { Subject Credlts |

MPHYEC | Advanced Quantum Meehamcs o 5
‘ ‘Advanced Condensed Matter Physws o

‘Atmospherlc Physws ]
wBlophysues
Lasers and Photomcs -
IMeasurement and Instrumentatlon
|C0mputat10nal Methods I
Nano Scnence -
Plasma Physn:s -

\CWStal Physlcs and
X Ray Crysta]lography

| Energy Science

Envlronmental Phy51cs

Electlve Il Code MPHYEC 2
Part I: Practical on any one of the topics from the set of following
optlons
Part 2: Dlssertatlon on any toplc on Physms

Code | Subject
A |
| Part] ‘Advanced Quantum Mechamcs
! ‘Advaneed Condensed Matter Physxes
! Atmospherlc Physms
| 'Btophysws

'Lasers and Photonics

ES

E

70

i TSSO |

 Credits ESE. CI |

!

f

|

|

{

|

c 1. A Total
30 100 |
|

|

[

|

!

|

!

|

|

|

|

T;;ar"‘;

| | A
35 |15 | 50 |



MPHYEC-2

Part 2

| &
Measurement and Instrumentation

'Computational Methods

Nano Science

'Plasma F.’hysicsﬂ

Crystal Physics and X — Ray

Crystallography

Energy Science

Environmental Physics

Dissertation

'[On any Topic on Physics]

25 | 35

Marks and Workload Distribution

15 50

Each paper will be of 100 marks. End Semester Examination (ESE) will carry 70 marks.

Continuous Internal Assessment (CIA) will carry 30 marks
Pass marks in every semester paper is 45%.

Aggregate mark in a semester must be at least 45% for clearing the subject papers of each

semester.

Total credit 100
Semester I- 25 credit
Semester 11-30 credit

Semester [11- 30 credit
Semester [V-15 credit

| credit is equivalent to 10 theory hours or 20 laboratory hours.

Theory Paper

Type of Examination
End Semester B
‘Examination [Written]
(70 Marks)

‘Continuous Internal
Assessment [CIA]
(30 marks)

Duration

3 Hours

71 Hour

(Credit - 05

‘Question Papers and
Details of Evaluation
Group A:

Multiple Choice type
Group B:

Short Answer type

(5 questions, one from

_eachunit)

\Group C:

Long Answer Type

(5 questions one from
_each unit)

_ Total Marks — 100
No. of Questions to Distribution of

beset ~ Marks
10 2X 10 =20
05 4X5=20

%Mid—semester Test - 02 (written) (each 0{'7.5'_!nark)

|Group A:

Multiple Choice Type
‘Group B:

[Short Answer Type
‘Group C:

Long Answer Type

9

03 0.5 X 3
02 15X2
01 BX1

Total
20

20

30

75X2=
e

LY



|Assignment s ]
Seminar/Quiz ] 05
éAttencfénée, Punctuality - [ 05 '
, _ , (& Conduct I S—— L]
Practical Paper ~ Credit-05 ~ Total Marks: 100 — \
End Semester 6 Hours ‘lE_xperlmentto be I - 70 4‘
Examination (ESE) performed
‘Continuous Internal ' : 30 ;
Assessment (CIA) | - . o | | N I
Elective Practical and |6 Hours |1 Experiment to be 135+35 170 |
presentation of performed plus
Dissertation Dissertation presentation L _ !
| CIA of Practical and ‘ - 15+15 130 1
 Dissertation ‘ ; ‘ \

Program Outcomes:

The recent developments in Physics, has been included in the enriched M.Sc.(Physics) Syllabus
to meet the present day needs of Academic and Research Institutions and Industries. An
important objective of the course is to develop an  understanding of “core physics™ at deeper
levels , each stage revealing new phenomena and greater insight into the behavior of matter and
radiation. The various courses in the first two semesters, are designed to bridge the gap between
college and university level physics and to bring all students to a common point. These courses also
aim to consolidate the college level knowledge of physics by providing much more logical and
analytical framework which will be essential for the specialization courses in the third and fourth
semesters. After the completion of their M.Sc. Students will have:

Strong analytical abilities.

Qualities needed for teaching of Science and doing research.
Knowledge of theoretical as well as experimental areas of Physics.
Capabilities to generate self-employment.

Computational Skill and ICT development.

P 3 N
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SEMESTER I

MPHYCC-1: Classical Mechanics (5 Credits)

Course objectives:

1. To give students a solid foundation in classical mechanics.

2. To introduce general methods of studying the dynamics of particle systems.

3. To give experience in using mathematical techniques for solving practical problems

4. To apprise the students of Lagrangian and Hamiltonian formulations and their applications.
5. To apprise the students regarding the concepts of electrodynamics and its use in various

situations.

The End Semester Examination will be of 3 hour duration and will carry 70 marks. The Question paper
will be divided into three parts A, B and C. Part A will have ten compulsory questions (multiple choice
type) covering the whole syllabus with 2 from each unit (10 X 2 = 20). Part B will have five short answer
questions, with one question from each unit. The student is required to answer any four out of them (4 X 5
= 20). Part C will have five long answer questions with one question from each unit. The student is
required to answer any three out of them (3 X 10 = 30).

Unit 1: Lagrangian Dynamics and Hamiltonian formulation: Constraints, Principal of Virtual Work,
[ Alembert’s principle and its applications. Lagrange™s equation and its applications. Jacobi integral
and energy conservation, Concept of symmetry, velocity dependent potential. Variational calculus and
Least Action principle, Hamilton™s principle. Lagrange's equation from Hamilton's principle, Legendre
transformations, Hamilton's function and Hamilton's equation of motion. configuration space and

phase space Hamilton's equations from Variational principl

Unit 2: Canonical transformations and Hamilton Jacobi theory: Generating function, canonical
transformation and its examples, group property, Lagrange and Poisson brackets and other canonical
invariants, equation of motions, Infinitesimal canonical theorem in Poisson bracket formalism, Jacobi
identity, Angular momentum- Poisson bracket relations. The Hamilton-Jacobi cquation tor Hamilion's
principal and characteristic functions with example: the harmonic oscillator, Separation of variable in
Hamilton-Jacobi equation: Action-angle variables and its examples — the Kepler problem in action-
angle variables.

Unit 3: Central Force Motion and Rigid Body: Reduction to one-body problem, General Properties
of central force, Effective potential, Motion in a central force field — general solution, Inverse Square
Law force. Kepler's Laws — laws of gravitation form Kepler's laws, Virial theorem. Scattering in a
central force field and in Laboratory Co-ordinates. The rigid bodies, Kinematics of rigid body motion,
Orthogonal transformations. Fuler’s theorem and its applications. Finite and infinitesimal rotations,rate
of change of a vector, the rigid body equation of motion, Coriolis effect, angular momentum and
kinetic energy of motion about a point, the inertia tensor and the moment of inertia, theprincipal axis
transformation, the Euler equations of motion,

Unit 4: Small Oscillation: Formulation of the problem, the eigenvalue equation and the principal axis

transformation, frequencies of free vibrations and normal coordinates, forced vibrations and the effect
of dissipative forces. Resonance and beats.
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Unit 5: Relativity: Review of special theory of relativity - Lorentz transformations; 4-vectors, 4-
dimensional velocity and acceleration; 4-momentum and 4-force; Covariant equations of motion;
Relativistic kinematics (decay and elastic scattering); Lagrangian and Hamiltonian of a relativistic
particle. General theory of relativity: Curved space-time; Eotvos experiment and the equivalence
principle.

Course Outcomes:
I. Know the difference between Newtonian mechanics and Analytic mechanics
2. Solve the mechanics problems using Lagrangian formalism, a different method from
Newtonian mechanics

3. Understand the connection between classical mechanics and quantum mechanics from
Hamiltonian formalism

4. Understanding of basic concepts of special and general theory of relativity

References:
I. N C Rana & P S Joag, Classical Mechanics, McGraw Hill, First Edition 2011
2. Herbert Goldstein, Charles P. Poole, and John L. Safko, Classical Mechanics, Pearson, Third
Edition 2011.
3. John R. Taylor, Classical Mechanics, University Science Books, First Edition 2005.
4. David Morin, Introduction to Classical Mechanics, Cambridge University Press, First Edition
2008.
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MPHYCC-2 Mathematical Physics (5 Credits)

Course Objectives:

1. To develop knowledge in mathematical physics and its applications.

2. To develop expertise in mathematical techniques that are required in physics.
3

To enhance problem solving skills

i

To give the ability to formulate, interpret and draw inferences from mathematical solutions.

The End Semester Examination will be of 3 hour duration and will carry 70 marks. The Question
paper will be divided into three parts A, B and C. Part A will have ten compulsory questions
(multiple choice type) covering the whole syllabus with 2 from each unit (10 X 2 = 20). Part B
will have five short answer questions, with one question from each unit. The student is required
to answer any four out of them (4 X 5 = 20). Part C will have five long answer questions with one
question from each unit. The student is required to answer any three out of them (3 X 10 = 30).

Unit 1: Linear Differential equations and special functions:

Linear Differential Equations, Power series solutions; Special Functions: Hermite, Legendre, Bessel,
Lauguerre Polynomials; Fourier and Laplace Transforms.

Unit 2: Elements of Complex analysis:

Analytic functions, Taylor and Laurent series, calculus of residues, nature of singularities, Evaluation
of definite integrals, Jordan’s lemma
Unit 3: Green's Function

Green's Function, Dirac Delta Function, Properties and applications
Unit 4: Group Theory:

Groups, subgroups, cosets, invariant subgroups. factor groups, homomorphism and isomorphism,
orthogonality theorems, Continuous groups with special reference to O(3), SU(2),SU(3).

Unit 5: Elementary Tensor Analysis

Coordinate transformations, Contravariant and covariant vectors, Contravariant, covariant and mixed
tensors, tensor fields, symmetric and skew symmetric tensors, fundamental operations with tensors,
metric tensor, conjugate tensors, and associated tensors

Course Outcome:
I.  Master the basic elements of complex mathematical analysis
2. Solve differential equations that are common in physical sciences
3. Apply group theory and integral transforms to solve mathematical problems of interest in
Physics

4. Understanding how to use special functions in various physics problems

13
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References:

1.
.

Arfken& Weber, Mathematical Methods for Physicists, Elsevier, Sixth Edition 2012.
Murray R. Spiegel, Schaum’s Outline of Advanced Mathematics for Engineers and
Scientists, McGraw Hill, First Edition 2009.

Mary L. Boas, Mathematical Methods in the Physical Sciences, John Wiley, Third Edition
2005.

Murray R. Spiegel, Seymour Lipschutz, John J. Schiller, and Dennis Spellman, Schaum’s
Outline of Complex Variables, McGraw Hill, Second Edition 2009.



MPHYCC—J3 Quantum Mechanics (5 Credits)

Course Objectives:
I. To illustrate the inadequacy of classical theories and the need for a quantum theory
2. To explain the basic principles of quantum mechanics
3. To develop solid and systematic problem solving skills.
4. To apply quantum mechanics to simple systems occurring in atomic and solid state physics

The End Semester Examination will be of 3 hour duration and will carry 70 marks. The Question
paper will be divided into three parts A, B and C. Part A will have ten compulsory questions
(multiple choice type) covering the whole syllabus with atleast one from each unit (10 X 2 = 20).
Part B will have six short answer questions, with one question from each unit. The student is
required to answer any four out of them (4 X 5 = 20). Part C will have six long answer questions
with one question from each unit. The student is required to answer any three out of them (3 X 10
= 30).

Unit 1: Basics of Quantum mechanics: Origin of quantum mechanics, particle aspects of radiation,
wave aspect of radiation, particle versus waves, intermediate nature of microphysical world,
quantization rules and wave packets.

Unit 2: Mathematical Foundations:

Linear vector spaces, dimensionality, basis, eigenvalue equations, orthogonality and completeness
conditions; Observables, Dirac's Bra and Ket notation, Properties of Hermitian operators, unitary and
similarity transformation; Operators, Fourier Transform, Wave function as a vector in Hilbert space,
Superposition principle; Representations, Relation between ket and wave function, Eigenvalue
spectrum of linear momentum and its wave functions; Transformation between coordinate and
momentum representations, Ehrenfest Theorem.

Unit 3: Quantum Dynamics:

Schrodinger, Heisenberg and Interaction pictures; Linear Harmonic Oscillator solution using
Schrodinger picture and Heisenberg picture (Matrix Mechanics),Angular Momentum, spin and parity
operators: symmetry and conservation principle, definition of angular momentum, ladder operators,
allowed values, construction of angular momentum matrices; Spin and Pauli spin matrices: Coupling of
angular momentum, C.G. Coefficients.

Unit 4: Perturbation theory:

Time independent perturbation theory for discrete levels - non-degenerate and degenerate cases,
removal of degeneracy. Spin-Orbit coupling, Fine Structure of Hydrogen, Variation method, Time-
dependent perturbation theory, - constant and periodic perturbations, Fermi Golden rule, WKB
approximation, sudden and adiabatic approximations.

Unit 5: Scattering theory: Quantum Scattering theory — Differential and total cross sections,
scattering amplitude, Formal expression for scattering amplitude - Green's functions, Born
approximation — Application to spherically symmetric potentials.

Unit 6: Relativistic quantum mechanics: The Klein-Gordon (KG) equation — Charged particle in an
electromagnetic field, Interpretation of the KG equation, Dirac equation, free particle solution,
equation of continuity, Plane wave solutions of the Dirac equation, Non-relativistic limit of the
Dirac equation, Fine structure of Hydrogen.

15
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Course Outcome:

I. To have a working knowledge of the foundations, techniques and key results of quantum
mechanics

2. To comprehend basic quantum mechanical applications at the research level
3. Gain an ability to competently explain/teach quantum physics to others
References:

I. B.H. Bransden and C.J. Joachain, Quantum Mechanics, Pearson, Second Edition 2007.

2. David J. Griffiths, Introduction to Quantum Mechanics, Pearson, Second Edition 2009.
Yoav Peleg, Reuven Pnini, ElyahuZaarur, and Eugene Hecht, Schaum's Outline of Quantum
Mechanics, McGraw Hill, Second Edition 2010.

4. P.M. Mathews and K. Venkatesan, Quantum Mechanics, McGraw Hill, Second Edition 2010.



MPHYCC—4 Lab-I (5 Credits)

Course Objectives:

I. To make the student familiarize with the basics of experimental physics.

2. To enable the student to explore the concepts involved in the thermodynamics and heat
3. To make the student understand the basic concepts in modern optics
4. To allow the student to understand the fundamentals of instruments involved

List of experiments (minimum12):

I. Measurement of Hall Coefficient of given semiconductor: identification of type of
semiconductor and estimation of charge carrier concentration
2. Young s modulus — Elliptical fringe method
3. Young's modulus — Hyperbolic fringe method
4. Four Probe Method — Determination of resistivity of semiconductor at different temperatures
5. Determination of Ultrasonic velocity in given liquid for a fixed frequency
6. Determination of optical absorption coefficient and determination of refractive index of
the liquids using He-Ne / Laser
7. Measurement of laser parameters using He — Ne laser / diode laser
8. Refractive index of liquids / Using — He-Ne laser / Diode laser
9. Determination of wavelength of a laser by Michelson Interferometer method
10. Determination of semiconductor band gap
11. Thermistor — Determination of energy gap
12. Determination of numerical aperture of an optical fiber
13. Determination of wavelength of a laser source using diffraction grating.
14. Determination of operating voltage of a GM tube and determine the linear absorption
coefficient and verify inverse square lane.
15. Determination of operating voltage of a GM tube and verify inverse — square law
16. Direct reading of Zeeman effect (e/m of an electron) with a laser source
17. Compact microwave training system Experiment
18. Stefan’s constant.
19. Susceptibility — (iuoy and Quincke’s methods
20. Hydrogen spectrum and solar spectrum — Rydber: « constant

Course Outcome:
At the end of the course,
1. The student should have knowledge of the different experimental techniques.

2. The student should have understood the basics of physics involved in experiments

3. The student should be able to apply the concepts of physics and do the interpretation and
acquire the result.



SEMESTER 11

MPHYCC-5 Modeling and simulation (5 Credits)

Inter disciplinary in nature. Recommended
to be selected by students of other programme as DSE 1/ GE

Course Objectives:
I. To encourage students to "discover" physics in a way how physicists learn by doing research.
2. To address analytically intractable problems in physics using computational tools.

3. To enhance the various computational technique with programming basic in C++/Python/ Java to
face the world of problems using high performance iteration techniques.

4. To show how physics can be applied in a much broader context than discussed in traditional
curriculum.

The End Semester Examination will be of 3 hour duration and will carry 70 marks. The Question
paper will be divided into three parts A, B and C. Part A will have ten compulsory questions
(multiple choice type) covering the whole syllabus (10 X 2 = 20). Part B will have five short
answer questions, with one question from each unit. The student is required to answer any four
out of them (4 X 5 = 20). Part C will have five long answer questions with one question from each
unit. The student is required to answer any three out of them (3 X 10 = 30).

Unit 1: Object oriented Programming language

Object oriented paradigm with reference to C++: Objects and classes, Encapsulation and data
abstraction, Delegation; Inheritance, Polymorphism: function and operator overloading, dynamic
binding: message communication; Elementary idea about Fortran, Java and Python (Basic features
only).

Unit 2: Programming with Python:

Program development, Variables, Expressions and statements, Functions, Conditionals and Recursion,
[teration, Strings, Lists, Dictionaries, Tuples, Files, Types of errors and Debugging, Function Libraries,
Numpy, Scipy, Matplotlib, Use of Scilab and R for scientific programming.

Unit 3: ODE and PDE:

ODE: RK method, Leap Frog method; Application to electron motion in electric and magnetic fields:
Non-linear equations; PDE: Elliptic equations: Poisson equation; Hyperbolic equations: wave equation;
Parabolic equation: Diffusion equation for Lagrangian fluids.

Unit 4: Matrix Problems
Jacobi method for matrix inversion; Techniques for solving eigenvalue problems
Unit 5: Monte Carlo method and simulation

Random number generators, Monte Carlo integration, Metropolis algorithm,Ising model, Molecular
dynamic.



Course Outcome:

At the end of this course, students will be able to

Il

Learn how to interpret and analyze data visually, both during and after computation.

2. Gain an ability to apply physical principles to real-world problems.

3. Acquire a working knowledge of basic research methodologies, data analysis and interpretation.

4. Understand various simulation techniques which can be used in future by students to analyse
the data.

References:
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MPHYCC-6 Electrodynamics and Plasma Physics (5 Credits)

Course Objectives:

1. To apprise the students regarding the concepts of electrodynamics and its use in various
situations.

The End Semester Examination will be of 3 hour duration and will carry 70 marks. The Question
paper will be divided into three parts A, B and C. Part A will have ten compulsory questions
(multiple choice type) covering the whole syllabus with 2 from each unit (10 X 2 = 20). Part B
will have five short answer questions, with one question from each unit. The student is required
to answer any four out of them (4 X 5= 20). Part C will have five long answer questions with one
question from each unit. The student is required to answer any three out of them (3 X 10 = 30).

Unit 1: Electromagnetic wave equation and field vectors: Maxv.cll's cquations i free space. Plane
wave in free space. Dispersion of electromagnetic waves, Poynting vector in free space. Polarization of
electromagnetic waves, electric field vector in terms of scalar and vector potential, Wave equation in
terms of scalar and vector potential.

Unit 2: Electromagnetic waves and its Interaction with matter on macroscopic scale:
Electromagnetic waves(EMW) in free space, propagation of EMW-in isotropic, anisotropic dielectrics,
in conducting media; Boundary conditions, reflection and refraction of EMW, Fresnel formulae,
Brewster’s law and degree of polarization, total internal reflection and critical angle, reflection from a
metallic surface, Propagation of EMW between conducting planes, Wave guides: TE and TM mode,
Transmission lines, Rectangular and cylindrical wave guides, cavity resonator

Unit 3: Fields of moving charges and Radiating System: Retarded Potentials, Lienard Wiechert
potentials, field of a point charge in uniform rectilinear motion, in arbitrary motion, Radiation from an
accelerated charged particle at low and high velocity. Radiating System: Oscillating electric dipole,
radiation from an oscillating dipole, from a small current element, from a linear antenna, Antenna
arrays

Unit 4. Relativistic Electrodynamics: Transformation equation for current density and charge density,
vector potential and scalar potentials, the electromagnetic field tensor, transformation equation for
electric and magnetic field, Covariance of Maxwell equation in four tensor form, covariance of
Maxwell and transformation law of Lorentz force.

Unit 5. Plasma Physics: Elementary concepts of plasma, derivation of moment equations from
Boltzmann equation. Plasma oscillation, Debye shielding, plasma confinement, magneto plasma.
Fundamental equations, hydromagnetic waves: magnetosonic waves, Alfven waves, wave propagation
parallel and perpendicular to magnetic field.

Course Outcomes:

Students will have understanding of:

I. Time-varying fields and Maxwell equations.
2. Various concepts of electromagnetic waves.

3. Radiation from localized time varying sources, and the charged particle dynamics.
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MPHYCC-7 Electronics I (5 Credits)

Course Objectives:
. To make the student familiarize with the basics of electronics.
2. To enable the student to explore the concepts involved in the oscillators
3. To make the student understand the basic concepts in IC and digital devices
4. To allow the student to understand the fundamentals of multivibrators

5. To provide in-depth theoretical base of Digital Electronics

The End Semester Examination will be of 3 hour duration and will carry 70 marks. The Question
paper will be divided into three parts A, B and C. Part A will have ten compulsory questions
(multiple choice type) covering the whole syllabus with 2 from each unit (10 X 2 = 20). Part B
will have five short answer questions, with one question from each unit. The student is required
to answer any four out of them (4 X 5 = 20). Part C will have five long answer questions with one
question from each unit. The student is required to answer any three out of them (3 X 10 = 30).

Unit 1: Semiconductor devices: BJT, JFET, MOSFET (Enhancement and depletion types), UJT, SCR,
TUNNEL Diode, Zener Diode: Structure, working and characteristics.

Unit 2: Amplifiers and feedback: BJT biasing, design of a CE transistor amplifier, small signal
model, emitter follower, Negative feedback and its properties (effect of feedback on different
parameters), types of feedback; Oscillators: Principles, Barkhausen criterion, frequency stability, phase
shift oscillator, Wien bridge oscillator.

Unit 3: Operational Amplifiers: Operational amplifier block diagram, ideal and practical op-amp
characteristics; Op amp circuits: inverting and non-inverting amplifier, adder, subtractor: differentiator,
integrator, current to voltage converter, first order active filters.

Unit 4: Digital Electronics: Number systems and codes, binary arithmetic, logic gates: AND, OR,
NAND, NOR, NOT. XOR. Boolean algebra theorems, De-morgan’s theorems, Minterm and Maxterm
representation, simplification using Boolean algebra theorems and K- maps, half and full adders, flip-
flops - RS and JK. Elementary ideas of Registers, counters, comparators

Unit 5: Microprocessor and microcontroller: Microcomputer Block Diagram, System Buses, 8085
Microprocessors, architecture and operation, Assembly language Instructions (classification only).
8051 Microcontroller Architecture, Ports and elementary idea of interfacing.

Course Outcomes:
Students will have understanding of:
1. Fundamental designing concepts of different types of Logic Gates, Minimization techniques
ete.
2. Designing of different types of the Digital circuits, and to give the computational details for
Digital Circuits.
3. Characteristics of devices like PNP, and NPN junction diode and truth tables of different logic
gates.
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4. Basic elements and to measure their values with multimeter and their characteristic study.

5. How to construct electronic circuit
References:
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MPHYCC-8 Statistical Mechanics (5 Credits)

Course Objectives:
I. The course is to understand the basics of Thermodynamics and Statistical systems.
2. Understand the various laws of thermodynamics
3. Acquire the knowledge of various statistical distributions.
4. To comprehend the concepts of Enthalpy, phase transitions and thermodynamic functions.

The End Semester Examination will be of 3 hour duration and will carry 70 marks. The Question
paper will be divided into three parts A, B and C. Part A will have ten compulsory questions
(multiple choice type) covering the whole syllabus (10 X 2 = 20). Part B will have five short
answer questions, with one question from each unit. The student is required to answer any four
out of them (4 X 5 = 20). Part C will have five long answer questions with one question from each
unit. The student is required to answer any three out of them (3 X 10 = 30).

Unit 1: The statistical basis of thermodynamics: Postulates of classical statistical mechanics,
macroscopic and microscopic states, Phase space, Ensemble- microcanonical, canonical and grand
canonical, Statistical equilibrium, density distribution of phase point, [ iouville’s theorem.

Unit 2: Ideal classical gas: Partition function of a classical ideal gas, thermodynamical potentials in
terms of partition function for an ideal monoatomic gas in microcanonical and grand canonical
ensembles, entropy of mixing and Gibbs paradox, Maxwell-Boltzmann distribution law, entropy of
monoatomic gas.

Unit 3: Quantum statistics and Applications I: Density matrix, quantum ensembles, ideal Bose gas,
Bose condensation, liquid He 11, superfluidity and Landau’s theory.

Unit 4: Quantum statistics and Applications II: Ideal Fermi gas, specific heat and Pauli
paramagnetism, Principle of detailed balance, Landau diamagnetism, white dwarfs and Chandrasekhar
limit. Ising model, Random walk and Brownian motion;

Unit 5: Noneqlibrium processes: Features of Equilibrium and Non Equilibrium Thermodynamics,
Linear theory of Non Equilibrium Thermodynamics, Current and Affinity, Onsager relation,
Fluctuations, Microsystems

Course Qutcome:

At the end of this course, students will be able to
1. Basic knowledge of thermodynamic systems
2. Understand the basic idea about statistical distributions
3. Impart the knowledge about the phase transitions and potentials
4. Understand the applications of statistical laws
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MPHYCC-9 Lab-II (5 Credits)

Course Objectives:
1. To encourage students to "discover" physics in a way how physicists learn by doing research.
2. To address analytically intractable problems in physics using computational tools.
3. To enhance the various computational technique with programming basic in C to face the world of
problems using high performance iteration techniques.
4. To show how physics can be applied in a much broader context than discussed in traditional

curriculum.

PROGRAMMING NUMERICAL METHODS USING C LANGUAGE (any 8):

1.

e Rt ol

To find mean, standard deviation and frequency distribution of an actual data set from any
physics experiment.

Successive approximation (Method of Iteration), Newton Raphson method

The Bisection method

Gauss Elimination method

Matrix Inversion, Lagrange’s Interpolation formula

Trapezoidal Rule, Simpson’s |/ 3-rule

[Luler’s method. Runge-Kutta method(Fourth Order)

Predictor corrector methods

To find mean, standard deviation and frequency distribution of an actual data set from any

physics experiment.

10. To find the area of a unit circle by Monte Carlo integration.

11.

To simulate the random walk.

Course Outcome:

At the end of this course, students will be able to

L S O R

Understand the basic idea about finding solutions using computational methods basics.

Learn how to interpret and analyze data visually, both during and after computation.

Gain an ability to apply physical principles to real-world problems.

Acquire a working knowledge of basic research methodologies, data analysis and interpretation.
Realize the impact of physics in the global/societal context.
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