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1. Preamble

M.Sc. in Physics is a two-year degree program designed to pursue higher studies in Physics at
university. Physics is the most fundamental science that seeks to learn and understand natural
phenomena in both qualitative and quantitative approaches and gives the solutions to questions
raised by human beings. This M.Sc. program focuses on courses that include the core component
of Physics and provides optional papers covering almost all branches of Physics. Recently, the
various branches of Physics have gained more attention, being one of the bases for modern
technology. In view of this, the current programme gives requisite hands-on training to students
to encourage them to work in various applied fields in the future.

2. Duration
The Master of Science in PHYSICS Programme shall be A FULL TIME COURSE OF TWO
YEARS- FOUR SEMESTER DURATION with 22 Credits per Semester (Total Credits = 88)

3. Eligibility for Admission

ANY GRADUATE FROM RECOGNIZED UNIVERSITIES/HEI is eligible for admission to
this course. The criterion for admission is as per the rules and regulations set from time to time
by concerned departments, HEIs, university, government, and other relevant statutory
authorities.

4. Medium of Instruction
The medium of instruction shall be ENGLISH.



5. Programme Structure
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Only for Department of Physics, Shivaji University, Kolhapur (Autonomous) NEP2.0

Structure in Accordance with National Education Policy - 2020
With Multiple Entry and Multiple Exit Options
M.Sc. (PHYSICS) Part — 11 (Level-6.5)

Course Code

Teaching Scheme

Examination Scheme

Theory and Practical University Assessment (UA) Internal Assessment (1A)
Lectures + Hours Credit Maximum Minimum Exam. Hours Maximum Minimum Exam.
Tutorial (Per Marks Marks Marks Marks Hours
(Per week) week)
Semester-I11

MSU0325MM 4 - 4 80 32 3 20 8 1
L91611

MSU0325MM 4 - 4 80 32 3 20 8 1
Major L91612

Mandatory MSU0325MM -- 8 4 80 32 3 20 8 1
P91611

MSU0325MM - 4 2 40 16 2 10 4 1
P91612

Major MSUO0325ME 4 - 4 80 32 3 20 8 1
Elective L91611

Research MSU0325MM -- 4 4 #
Project P91613
Total 12 16 22 |
Semester-1V

MSU0325MM 4 - 4 80 32 3 20 8 1
L916J1

Major MSU0325MM 4 - 4 80 32 3 20 8 1
Mandatory L916J2

MSU0325MM - 8 4 80 32 3 20 8 1
P916J1

Major MSUO0325ME 4 - 4 80 32 3 20 8 1
Elective L916J1

Research MSU0325MM -- 6 6 #i
Project P916J2
Total 12 14 22
Total (Sem | + Sem 11) 24 30 44
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MMT-MajorMandatory Theory
MMPR-MajorMandatoryPractical
MET-MajorElective Theory
MEPR-MajorElective Practical
RP- Research Project

e Total Marks for M.Sc.-1l : 1100

e Total Credits for M.Sc.-Il  (Semester lll & 1V) : 44

e Separate passing is mandatory for University and
Internal Examinations

# Evaluation scheme for research project: 70% weightage to report and 30% to presentation

## Evaluation scheme for research project: 70% weightage to report and 30% to presentation

Requirement for Exit after Level 6.5:

Students can exit after completion of Level 6.5 with Post Graduate in Physics
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6. Programme Outcomes (POs)

R/
L X4

R/
A X4

X/
°e

To create, apply, and disseminate knowledge of Physics in theoretical and experimental
domains under different specializations.

To develop the ability to identify, formulate, analyze, and solve problems in these
domains of Physics at both curricular and research level through critical thinking.

To enable students to apply ICT based skills and making them scientific software literate
to use in academics.

To encourage research culture, provide research ambience and develop related technical
proficiency.

To develop attitude to pursue further research.

To inculcate academic and social ethical values among the students.

7. Course Codes

M.Sc. Semester-I

Sr. No. Major Mandatory
1 Mathematical Physics (4 credit) MSU0325MML936G1
2 Classical Mechanics (4credit) MSU0325MML936G2
3 Practical Lab-I (4credit) MSU0325MMP936G1
4 Practical Lab-Il (2credit) MSU0325MMP936G2
5 Research Methodology (4credit) MSUO0325RML936G
Major Elective
Solid State Physics-1 (4 credit) MSUO0325MEL936G1
Space Physics-1 (4 credit) MSU0325MEL936G2
6 [Theoretical Physics-1 (4 credit) MSUO0325MEL936G3
Modern Optics—1 (4 credit) MSUO0325MEL936G4
Energy Science-1 (4 credit) MSUO0325MEL936G5
Material Science-1 (4 credit) MSUO0325MEL936G6

M.Sc. Semester-I1
Major Mandatory

1 Quantum Mechanics (4 credit) MSU0325MML936H1
2 Condensed Matter Physics (4 credit) MSU0325MML936H2
3 Practical Lab-I11 (4 credit) MSU0325MMP936H1
4 Practical Lab-1V (2 credit) MSU0325MMP936H2
5 Field Project (4 credit) MSU0325FPP936H
Major Elective
Solid State Physics-2 (4 credit) MSUO0325MEL936H1
Space Physics-2 (4 credit) MSU0325MEL936H2
6 [Theoretical Physics-2 (4 credit) MSUO0325MEL936H3
Modern Optics-2 (4 credit) MSUO0325MEL936H4
Energy Science-2 (4 credit) MSUO0325MEL936H5
Material Science-2 (4 credit) MSUO0325MEL936H6
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TABLE FOR STEPWISE CODE ASSIGNMENT TO PAPER

COLUMN

1 2 3 4 5 6 7 8
No.
NATURE | LEVEL SR. NO. OF
Name PROGRAM | INSTITUTE COURSE OF OF C.OUR.SE SEMEST COURSES
CODE CODE CATEGORY COURSE | COURSE CODE ER
CODE CODE
Details of 2 IME/RM/OJ/ P/ JHI
coding MS U0325 MM/ME/RM/OJ/FP L/PIT 9 36 G/H//I 1/2/3/4/...
Maior Mandator Course - Course Number, also referred to as
J (MM) y Lecture Code For Paper Number, is only assigned for
Maior Electiv1e (ME) (L), Refer Physicsis | SEM I: G | Major Mandatory (MM) and Major
. SUK code, J " | Practical 36. For SEM II: H | Elective (ME) courses.
Explanation Research Annexure ) .
Refer. (P), other SEM III: 1 - No Course Numbers will be
Methodology (RM), . 1. _ .
e Tutorial courses SEM 1V:J | assigned for Research Methodology
On Job Training (OJ), T f RM). On Job Training (O d Field
Field Projects (EP) (T) refer ( _), n Job Training (OJ), and Fie
Annexure 2. Projects (FP).
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COLUMN 1. Program Code Assignment

- The program code for Science Master programs is designated as "MS"
COLUMN 2. Institute Code Assignment

- The Institute Code for Shivaji University is identified as "U0325"

- For further reference, please refer to Annexure 1.

COLUMN 3. Course Category Assignment

- As per guidelines of NEP 2020 the Course Category is assigned based on the nature of the

course and is categorized into the following:

- Major Mandatory (MM)

- Major Elective (ME)

- Research Methodology (RM)

- On Job Training (OJ)

- Field Projects (FP)
- Choose any one which is applicable foryour course
COLUMN 4. Course Code Assignment

- Depending on the nature of the course, the following codes are used:

- Lecture (L)

- Practical (P)

- Tutorial (T)
- Choose any one which is applicable for your course
COLUMN 5. Course Code Level

- The level of the course code for all master programs is set to 9.

- For further reference, please see Annexure 2. For further information please refer:
Guidelines for Multiple Entry and Exit in Academic Programmes offered in Higher
Education Institutions
(https://www.education.gov.in/sites/upload_files/mhrd/files/upload document/abc_doc.pdf)
COLUMN 6. Serial Number of Course Code

- The serial number of course code is added based on the Science Faculty's course code list
provided by BOS, Shivaji University, Kolhapur.

- For the complete list of course codes for Science Faculty, please refer to Annexure 2.
- Choose appropriate serial number which is applicable for your course

COLUMN 7. Semester Code Assignment
- The Semester Code is assigned as follows:

-SEMI: G
-SEMII:H
-SEM I |
-SEM IV:]

- Choose appropriate semester code which is applicable for your course
COLUMN 8. Course Number Assignment

- Course Number, also referred to as Paper Number, is only assigned for Major Mandatory
(MM) and Major Elective (ME) courses.

- No Course Numbers will be assigned for Research Methodology (RM), On Job Training
(QJ), and Field Projects (FP).
For example: first MM/ME course will have course number 1, second MM/ME course will
have course number 2 likewise.
*Note: This SOP is intended to streamline and maintain consistency in the paper
codeassignment process for Science Master programs at Shivaji University.


https://www.education.gov.in/sites/upload_files/mhrd/files/upload_document/abc_doc.pdf
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Examples for reference:

The course code for M.Sc. Physics Semester 1 course is as follows:

MS U0325 MM L 9 36 G
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M.Sc. Semester-I
Sr. No. Major Mandatory
1 Mathematical Physics (4 credit) MSU0325MML936G1
2 Classical Mechanics (4 credit) MSU0325MML936G2
3 Practical Lab-1 (4 credit) MSU0325MMP936G1
4 Practical Lab-I1 (2 credit) MSU0325MMP936G2
5 Research Methodology (4 credit) MSU0325RML936G
Major Elective
Solid State Physics-1 (4 credit) MSUO0325MEL936G1
Space Physics-1 (4 credit) MSU0325MEL936G2
6 [Theoretical Physics-1 (4 credit) MSUO0325MEL936G3
Modern Optics—1 (4 credit) MSUO0325MEL936G4
Energy Science-1 (4 credit) MSUO0325MEL936G5
Material Science-1 (4 credit) MSUO0325MEL936G6
M.Sc. Semester-11
Major Mandatory
1 Quantum Mechanics (4 credit) MSU0325MML936H1
2 Condensed Matter Physics (4 credit) MSU0325MML936H2
3 Practical Lab-I11 (4 credit) MSU0325MMP936H1
4 Practical Lab-1V (2 credit) MSU0325MMP936H2
5 Field Project (4 credit) MSU0325FPP936H
Major Elective
Solid State Physics-2 (4 credit) MSU0325MEL936H1
Space Physics-2 (4 credit) MSU0325MEL936H2
6 [Theoretical Physics-2 (4 credit) MSU0325MEL936H3
Modern Optics-2 (4 credit) MSUO0325MEL936H4
Energy Science-2 (4 credit) MSUO0325MEL936H5
Material Science-2 (4 credit) MSUO0325MEL936H6

10
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Annexure 1
Table-1I
Qualification Type and Credit Requirements

Levels Qualification title Credit requirements

Level 5 | Undergraduate Certificate (in the field of learning/discipline) 36-40
for those who exit after the first year (two semesters) of the
undergraduate programme. (Programme duration: first year
or two semesters of the undergraduate programme)

Level 6 | Undergraduate Diploma (in the field of learning/discipline) 72-80
for those who exit after two years (four semesters) of the
undergraduate programme (Programme duration: First two
years or four semesters of the undergraduate programme)

Level 7 | Bachelor’ Degree (Programme duration: Three years or six 108-120

semesters).

Level 8 | Bachelor’ Degree (Honours/Research) (Programme duration: 144-160

Four years or eight semesters).
Level 8 | Post-Graduate Diploma for those who exit after the successful 36-40
completion of the first year or two semesters of the two-year
Master’s degree programme). (Programme duration: One year
or two semesters)

Level 9 | Masters Degree (Programme duration: Two years or four 72-80

semesters after obtaining a Bachelor’s degree).

Level 9 | Master's Degree (Programme duration: One year or two 36-40

semesters after obtaining a four-year Bachelor’s Degree
(Honours/Research).

Level 10 | Doctoral Degree Minimum prescribed
credits for course
work and a thesis
with published work

12 | University Grants Commission

11
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Annexure 2

M.Sc. Course Code List

Code No. Branch Name Code. Branch Name
1 Agrochemical and Pest Management N28 Geoinformatics
2 Alcohol Technology 21 Geology
3 Analytical Chemistry 22 Industrial Chemistry
4 Applied Chemistry 23 Information Technology
5 Applied Statistics and Informatics 24 Inorganic Chemistry
6 Biochemistry 25 Mathematics
7 Biotechnology 26 Mathematics (Distance)
8 Botany 27 Mathematics (Online Mode)
9 Computer Science 28 Mathematics with Computer Science
10 Computer Science (Online Mode) 29 MCA Science 2 Year Course
11 Data Science 30 Medical Information Management
12 Electronics 31 Microbiology
13 Embedded Technology 32 Nanoscience and Technology
14 Environmental Biotechnology 33 Organic Chemistry
15 Environmental Science 34 Pharmaceutical Microbiology
16 Food Science & Nutrition 35 Physical Chemistry
17 Food Science & Technology 36 Physics
18 General Microbiology 37 Statistics
19 Geography 38 Sugar Technology
39 Zoology

12
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8. Syllabus

13
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M. Sc. — |
(Physics)
(Semester-1)

14



Only for Department of Physics, Shivaji University, Kolhapur (Autonomous) NEP2.0
(To Be Implemented from Academic Year 2024-25)

M. Sc. Physics (Part 1) (Level-6.0) (Semester 1)
(NEP-2020)
(Introduced from Academic Year 2023-24)

M.Sc. (Physics) NEP-Semester-I

Course Code: MSU0325MML936G1

Paper title: Mathematical Physics (MP)

Total Credits: 4-credits

Mathematical Physics

Unit - I: Vector Spaces and matrices (15)
Linear vector space (Rajput 123 — 126), Matrix multiplication — inner product, direct product,
diagonal matrices, trace, matrix inversion, examples of Gauss-Jordon inversion, problems (Rajput
735 — 45). eigen values and eigen vectors, properties of eigen values and eigen vectors, Cayley-
Hamilton theorem and applications, similar matrices, and diagonalizable matrices, eigenvalues of
some Special complex matrices, quadratics forms, problems.

Unit - 11: Differential equations and Special functions (15)
Solution for first order differential equation, Bernoulli equation, exact equation, second order linear
differential equation with constant and variable coefficient, special functions (Hermite, Bessel,
Laguerre, and Legendre functions) generating functions, recurrence relation (Rajput 510 —667)

Unit - 111: Fourier- Series, Integral, and Transform (15)
Definition, evaluation of coefficients of Fourier series (Cosine and Sine Series), graphical
representation of a square wave function, complex form of Fourier series, Fourier integral
exponential form, applications of Fourier series analysis in physics (square wave, full wave rectifier,
expansion of Raman Zeta function) (Rajput 527 — 561). Fourier transform, inversion theorem,
exponential transform Example: full wave train, uncertainty principle (Arfken 931-946). Dirac delta
function, derivative of 8- function and Laplace Transform of 3- function (Rajput1467 — 1475).

Unit — IV: Complex Analysis (15)
Analytical functions, Cauchy-Riemann conditions, Cauchy’s theorem, Cauchy integral formula,
derivatives of analytical functions, Taylor’s theorem, Laurent’s theorem, residues, evaluation of
definite integrals (Rajput 404-499)

Reference book:

1) Rajput B. S., Mathematical Physics, Pragati Prakashan (Meerat) 1999

2) lyengar S. R. K., Jain R. K., Mathematical Methods, Narosa, 2006

3) Arfken and Weber, Mathematical Methods for Physicists 6th Edition, Academic Press, 2005

4) Mathematical Physics, Binoy Bhattacharyya, New Central Book Agency (P) Limited, 2010

5) Complex Variables and Applications — J. W. Brown, R. V. Churchill — (7th Edition) - Mc-Graw
Hill -Ch. 2to 7.

6) Complex Variables —Seymour Lipschutz, John J. Schiller, Dennis Spellman, (2" Edition) Mc-

Graw Hill — 2009.

15
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M.Sc. (Physics) NEP -Semester-1

Course Code: MSU0325MML936G2

Paper title: Classical Mechanics (CM)

Total Credits: 4-credits

Classical Mechanics

Unit - I: Central Force Problem and Small Oscillationsns: (15)
Two body problem, The equation of motion and first integrals, Equation of orbit, Kepler’s
laws, Kepler’s problem, General analysis of orbits, Stability of orbits, Rutherford Scattering:
Differential scattering cross—section, Rutherford Formulae for scattering, Virial theorem—
small oscillations: Potential energy and equilibrium-one dimensional oscillator, general theory
of small oscillations.

Unit - 11: Variational principle and Hamiltonian Dynamics: (15)
Variational principle, Deduction of canonical equations from Variational principle, Principle
of least action with proof, Hamilton’s principle, Hamiltonian, generalized momentum &
Conservation Theorems using cyclic coordinates, Hamilton’s canonical equations of motion,
Applications of Hamilton’s equations of motion-1) Simple Pendulum 2) Compound Pendulum
3) Linear Harmonic Oscillator.

Unit - III: Canonical Transformations and Poisson’s Brackets: (15)
Legendre transformations, Generating Functions, Illustrations of Canonical transformations,
Condition for Canonical Transformation, Examples. Poisson’s Brackets, Poisson’s theorem,
Properties of Poisson’s Brackets, Lagrange Bracket, Relation between Lagrange and Poisson’s
Brackets, Hamilton’s Canonical equations in terms of Poisson’s Brackets, Hamilton—Jacobi
Theory, Solution of harmonic oscillator problem by HJ Method, Problems.

Unit - 1V: Special Theory of Relativity and Relativistic Mechanics: (15)
Special theory of relativity and its postulates, Galilean transformations, Lorentz
transformations relativistic kinematics (Relativity of Mass, Length, Time), Minkowski Space,
4-Vectors, 4-Momentum, Lorentz Tensor, Addition of velocities, Mass-Energy relation, Force
in relativistic mechanics, Lagrangian formulation of relativistic mechanics, Particle
accelerating under constant force, Hamiltonian formulation of relativistic mechanics,
Relativistic Doppler’s Effect.

Reference Books:
1. Classical Mechanics, by H Goldstein (Addison Wesley 1980).
2. Classical Mechanics, by J. C. Upadhyaya (Himalaya Publishing House 2015).
3. Classical Mechanics, by N. C. Rana and P. S. Joag (Tata McGraw Hill 1991).
4. Introduction to Classical Mechanics, by R. G. Takwale and P. S. Puranik (Tata
McGraw Hill 1999).
5. Classical Mechanics, by Gupta, Kumar, and Sharma (Pragati Prakashan 2000).

16
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M.Sc. (Physics) NEP -Semester-1
Course Code: MSU0325RML936G
Paper title: Research Methodology (RM)
Total Credits: 4-credits
Research Methodology
Unit-1 Research Methodology: (15)
a) Meaning of research, objectives of research, motivation in research, types of research, research
approaches, significance of research, research methods versus research and scientific
methodology, importance of knowing how research is done, research progress, criteria of good
research.
b) Research design: meaning of research design, features of good design, important concepts of
relating research design, different basic designs.
c¢) Method of data collection, types of data analysis; statistics in research, measure of central
tendency, measure of dispersion; measure of asymmetry, measure of relationship, simple
regression analysis, multiple correlation and regression, partial correlation.

Unit-11 Literature Searching and Report Writing: (15)

a) Literature Searching: On-line searching, Database, SciFinder, Scopus, Science Direct, CA on CD,

Searching research articles, Citation Index, Impact Factor, H-index etc,

b) Writing scientific report: Structure and components of research report, revision, and refining’
writing project proposal, Paper writing for International Journals, submitting to editors.
conference presentation, preparation of effective slides, pictures, graphs, and citation styles.

c) Thesis writing: the preliminary pages and the introduction, the literature review, methodology,
the data analysis chapters, the conclusion

Unit 111 Vacuum (15)
Production of low pressures: rotary, diffusion, and sputter ion pumps; measurement of low
pressure: McLeod, Pirani, thermocouple & Penning gauges; leak detection: simple methods of
LD, palladium barrier and halogen leak detectors.

Unit IV Low Temperature and Microscopy Techniques (15)
Production of low temperatures: Adiabatic cooling, the Joule-Kelvin expansion, adiabatic
demagnetization, 3 He cryostat, the dilution refrigerator, principle of Pomerunchuk cooling,
principle of nuclear demagnetization; measurement of low temperatures. Optical microscopy,
scanning electron microscopy, electron microprobe analysis, low energy electron diffraction.

Reference Books

1.Fundamentals of computers, Morley & Parkar, Cengage Learning Pvt. Ltd. New Delhi,

2.Research Methodology — Methods and Techniques, C. R. Kothari, Wiley Easter Ltd, New Delhi
1985.

3. Writing your thesis, Paul Oliver, Vistaar Publication, New Delhi

4. High vacuum techniques- J. Yarwood (Chapman & Hall) 1967

5. Vacuum technology- A. Roth (North-Holland Publishing Company, Amsterdam) 1982

6. Experimental techniques in low temperature physics — G. K. White (Oxford) 1968

7. Low temperature physics — L.C. Jackson

17
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M. Sc. I (Physics) NEP- Semester |
Course Code: MSU0325MMP936G1
Paper title: Physics LAB-I

Total Credits: 4-credits

Laboratory/ Practical Course-I
(Two experiments and certified journal- 4-credits)

1. Hall effect (Hall coefficient & carrier concentration of semiconductor).
2. Linear Variable Differential Transducer.

3. Crystal structure identification by Neutron diffraction pattern.

4. Wavelength of given source by using Fabry-Parrot etalon.

5. Crystal structure identification by X- ray diffraction pattern.

6. Structure identification of given samples (F.C.C.& B.C.C.)

7. Monatomic/ diatomic lattice vibrations using lattice dynamics kit.

8. Characteristic of Temperature Transducers (Thermocouple, Thermistor and IC sensor)
9. Specific heat capacity of given metals.

10. Staircase Ramp Generator using UJT

11. Negative feedback amplifier (with and without feedback)

12. Astable multivibrator

13. Monostable multivibrator.

14. Stefan’s constant.

15. Magnetic parameters of given sample using B-H curve kit

16. Thermal & electrical conductivity of copper.

17. Numerical, algebraic, and trigonometric problems using Mathematica.
18. Analysis of statistical data.

19. Numerical differentiation using Python.

20. Numerical integration using Python.

21. Physical density of material by using Archimedes’ Principle.

M. Sc. (Physics) NEP -Semester-I
Course Code: SU0325MMP936G2
Paper title: Physics LAB-II

Total Credits: 2-credits

Laboratory/ Practical Course-I1
(Seminar & certified seminar report 1-credits +Tutorials on practical-1-credits)
Total Credits: 2-credits

18
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Elective Paper

(Choose any one from Specialization)

Sr. No. | Course Code Paper Title Credit
1 SSP-1 Solid State Physics-1 4
2 SP-1 Space Physics-1 4
3 TH-1 Theoretical Physics-1 4
4 MO-1 Modern Optics—1 4
5 ES-1 Energy Science-1 4
6 MS-1 Material Science-1 4

19
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M.Sc. (Physics) NEP Semester-I

Course Code: MSU0325MEL936G1

Paper title: Semiconductor Physics

Total Credits: 4-credits
(Solid State Physics-1)
Semiconductor Physics

Unit I: Energy Bands and Charge Carriers in Semiconductors: (15)
Direct and Indirect semiconductors, variation of energy bands with alloy composition, Charge
carriers in semiconductors: electrons and holes, effective mass, intrinsic and extrinsic materials,
electrons and holes in quantum wells, The Fermi level, carrier concentration at equilibrium,
temperature dependence, space charge neutrality, conductivity and mobility, Drift and resistance,
effects of temperature and doping on mobility, the Hall effect.

Unit I1: Excess Carriers in Semiconductors: (15)
Optical absorption, Luminescence: photoluminescence and electroluminescence, Direct
recombination of electrons and holes, Indirect recombination and trapping, steady state carrier
generation and Quasi Fermi levels, Diffusion processes, Diffusion and Drift of carriers, built-in
fields, The continuity equation, steady state carrier injection, diffusion length,

Unit 111: Junctions-I (15)
Fabrication of p-n junctions; Thermal oxidation, diffusion, CVD, Photolithography, etching,
metallization, The contact potential, Space charge at a junction, qualitative description of current
flow at a junction, reverse-bias breakdown, Capacitance of p-n junctions, Zener and Avalanche
breakdown, rectifiers.

Unit IV: Junctions-11 (15)
The tunnel diode, the Varactor diode, recombination, and generation in the transition region, ohmic
losses, graded junctions, Schottky barriers, rectifying contacts, ohmic contacts, hetero-junctions,
AlGaAs-GaAs hetero-junction.

References:

1. Solid state electronic devices by B. G. Streetman.

2. Physics of semiconductor devices by S. M. Sze.

3. Solid State and Semiconductor Physics by McKelvey.

4. Principles of Electronic Materials and Devices by S.O. Kasap

20
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M.Sc. (Physics) NEP- Semester-I

Course Code: MSU0325MEL936G2

Paper title: Stellar Evolution: Birth, Evolution and Death of the Stars
Total Credits: 4-credits

(Space Physics - 1)
Stellar Evolution: Birth, Evolution and Death of the Stars

Unit-1: Formation of the Stars (15)
Interstellar Medium-nebulae, extinction and reddening, interstellar absorption lines, radio
observations of the interstellar medium, Birth of Stars-contraction and heating, protostar, star
formation confirmed, T-Tauri stars, Herbig-Haro objects, bipolar flow, Sources of Stellar Energy-
solar energy generation, proton-proton chain, solar neutrino mystery, hydrogen fusion in star, CNO-
cycle, energy transport, hydrostatic equilibrium, the pressure-temperature thermostat.

Unit-11: Stellar Evolution (15)
H-R diagram, Main Sequence Stars-stellar models, end of main sequence, the mass-luminosity
relation, life of main sequence star, post main sequence star evolution expansion into a giant, helium
fusion, fusion of elements heavier than helium, Variable Stars-Cepheid variables, pulsating stars, Star
Cluster-observing star cluster, stellar evolution confirmed, an open cluster and globular cluster.

Unit-111: Death of the Stars (15)
Lower Main Sequence Stars, Red Dwarfs, Sun-like stars, Mass loss from stars, planetary nebulae,
white dwarfs, black dwarf Chandrasekhar Limit, Upper Main evolution of upper main sequence stars-
hydrogen, helium carbon core formation, carbon detonation, the iron core, supernova, observations of
supernova, type-1 and Type-Il supernova, supernova remnant, synchrotron radiation, Evolution of
Binary Stars-Mass transfer, recycled stellar evolution, accretion disks.

Unit-1V: Neutron Stars and Black Holes (15)
Neutron stars, properties of neutron stars, Pulsars, Pulsar model, the evolution of Pulsars, binary
Pulsars, quasi-periodic objects, bursters, black holes-escape velocity, Schwarzschild Black holes,
Schwarzschild radius, Kerr black holes, leaping in, time dilation, gravitational red shift, search for
black holes.

Reference Books:

1. Foundations of Astronomy by Michael a. Seeds

2. An Introduction to Birth, Evolution and Death of the Stars by James Lequeux

3. An Introduction to the Theory of Stellar Structure and Evolution by Dina Prialnik

4. Astronomy The Evolving Universe by Michael Zeilik

5. A Brief History of Time, by Stephen Hawking

6. Our Cosmic Origins - From the Big Bang to the Emergence of Life and Intelligence
by Armand H. Delsemme
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M.Sc. (Physics) NEP -Semester-I

Course Code: MSU0325MEL936G3

Paper title: Fundamentals of Plasma Physics
Total Credits: 4-credits

(Theoretical Physics-1)
Fundamentals of Plasma Physics

Unit I: Introduction (15)
Occurrence of Plasmas in Nature, Definition of Plasma, Concept of Temperature, Debye Shielding,
The Plasma Parameter, Criteria for Plasmas, Applications of Plasma Physics.

Single-Particle Motions: Introduction, Uniform E and B Fields, Non-uniform B Field, Non-uniform E
Field, Time-Varying E Field, Time-Varying B Field, Summary of Guiding Center Drifts, Adiabatic
Invariants.

Unit 11: Plasmas as Fluids (15)
Introduction, Relation of Plasma Physics to Ordinary Electromagnetics, The Fluid Equation of
Motion, Fluid Drifts Parallel and Perpendicular to B, The Plasma Approximation.

Waves in Plasmas: Waves in Plasmas Representation of Waves, Group Velocity, Plasma
Oscillations, Electron Plasma Waves, Sound Waves, lon Waves, Validity of the Plasma
Approximation, Comparison of lon and Electron Waves, Electrostatic Electron Oscillations
Perpendicular to B, Electrostatic lon Waves Perpendicular to B

Unit I11: Diffusion and Resistivity (15)
Diffusion and Mobility in Weakly lonized Gases, Decay of a Plasma by Diffusion, Steady State
Solutions, Recombination, Diffusion Across a Magnetic Field, The Single-Fluid MHD Equations,
Diffusion of Fully lonized Plasmas, Solutions of the Diffusion Equation

Unit IV: Kinetic Theory (15)
The Meaning of f(v), Equations of Kinetic Theory, Derivation of the Fluid Equations, Plasma
Oscillations and Landau Damping, The Meaning of Landau Damping, A Physical Derivation of
Landau Damping, lon Landau Damping, Kinetic Effects in a Magnetic Field.

References

1. Introduction to Plasma Physics and Controlled Fusion by Francis F. Chen (3rd Springer
International Edition, 2016).

2. Fundamentals of Plasma Physics by Paul M. Bellan, Cambridge University Press (1st Paperback
Edition,2008).

3.Fundamentals of Plasma Physics, by J. A. Bittencourt, (3rd Edition) Springer-Verlag. (2004)

4. Plasma Physics: An Introduction by Richard Fitzpatrick, CRC Press, (2014)

5. Elements of Plasma Physics by S N Goswami (2016)
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M.Sc. (Physics) NEP- Semester-I
Course Code: MSU0325MEL936G4
Paper title: Laser Physics

Total Credits: 4-credits

(Modern Optics - )
Laser Physics

Unit I: Laser fundamentals (15)
Laser Fundamentals: Laser idea, Attainment of population inversion, Properties of laser beams,
Optical pumping, Laser pumping, Electrical pumping, pumping rate and pump efficiency,
Resonators: Plane—parallel resonator, concentric resonator, confocal resonator, resonators using a
combination of plane and spherical mirrors, confocal resonator, Line shape function, Laser modes.

Unit Il: Laser Behavior (15)
Continuous wave laser behavior: Rate equations in 3-level and 4-level laser systems, CW behavior,
Optimum output coupling, limit to monochromaticity and frequency pulling.

Transient laser behavior: Step—pump pulse, single-mode oscillation, multimode oscillation, Q-
Switching, methods of Q-switching, Mode locking, methods of Mode locking, modes of resonator
system.

Unit — I11: Solid state, Dye and Semiconductor Lasers (15)
Solid state lasers: The Ruby laser, Nd: YAG laser, Nd: Glass lasers, Fiber lasers.

Dye Lasers: Characteristics of Dye lasers, Rate equations for Dye lasers.

Semiconductor Lasers: Principle of semiconductor laser, Homojunction and Heterostructure lasers,
Laser Diode Characteristics.

Unit — 1V: Gas, chemical, electron Lasers and Applications of lasers: (15)
Gas Lasers: Process of excitation and de-excitation in gas lasers, Neutral-Atom gas laser, lon lasers,
Metal Vapor lasers, Molecular gas lasers: COzlaser system, Vibronic lasers, Excimer laser, Chemical
Lasers, Free electron lasers, X-ray lasers

Applications of lasers: Applications of laser in science, Industrial Applications, Light Wave
Communications, Optical data processing and Holography.

Reference Books:
1. Principles of Lasers- Orazio Svelto, Springer, Fourth edition.

. Lasers: Fundamentals and Applications- K. Thyagarajan, Ajay Ghatak, Springer, Second edition

.J. Wilson and J.F.B. Hawkes. Laser Principles and Applications, Prentice Hall International, NY,
(1987).

4. Laser Fundamentals- W.T. Silvafast, Cambridge University Press, second edition.

. Laser Physics-L.V. Tarasov, Mir publishers, Moscow.

. Siegman, An Introduction to Laser and Masers, McGraww Hill Book Co., (1971).

. Introduction to Laser Physics-B.A. Lengyl,

. Optical Holography- R.J. Collier.

w N

5
6
7
8

23



Only for Department of Physics, Shivaji University, Kolhapur (Autonomous) NEP2.0
(To Be Implemented from Academic Year 2024-25)

M.Sc. (Physics) NEP- Semester-I

Course Code: MSU0325MEL936G5
Paper title: Renewable Energy Resources-I
Total Credits: 4-credits

(Energy Studies- 1)
Renewable Energy Resources-I

Unit I: Energy and Thermodynamics (15)
Dimensions and Conversions for Energy, Concepts of Energy, Heat and Work, 1%and 2" law of
Thermodynamics (Closed and Open Systems), Thermodynamics Power Cycles, Reversible Heat
Engine Cycle, IC Engine Cycles, Carnot Cycle, Rankine Cycle, Otto Cycle, Vapor Refrigeration and
Power Cycle etc.

Unit 11 :Conventional energy resources (15)
Fossil fuels, time scale of fossil fuels, Different forms of fossil fuels: Coal, oil and Natural Gas, their
Reserves, Global and Indian Scenario, Energy production using coal, oil, and natural gas;

Nuclear Power plants: nuclear fission and chain reaction, Power generation in nuclear power plants:
Reactor types. Hydropower plants: Classification of Hydropower Plants, Small Hydropower
Systems: mini, micro and pico systems, Pumped storage plants, Hydraulic Turbines: classification
and operational aspects, elements of turbine, selection, and design criteria.

Unit-111: Environmental Impacts of Energy systems (15)
Energy flow diagram to the earth, Carbon cycle, Environmental degradation due to energy production
and utilization (with context to conventional energy sources), Primary and Secondary pollution due
to Green House Gases Emission such as SOx, NOx, SPM in air, thermal and water pollution,
depletion of ozone layer, global warming, Positive and Negative Impacts, biological damage due to
environmental degradation. Environmental issues related to hydro projects Case studies: pollution
due to thermal power plants and nuclear power plants. Energy Consumption in India, Energy crises,
Need of renewable energy sources

Unit-1V: Solar Energy for Clean Environment (15)
Sun as the source of energy and its energy transport to the earth, Nature of Solar Radiation, Global,
direct and Diffuse Radiation, Hourly, Daily and Seasonal variation of solar Radiation, Estimation of
Solar Radiation, Measurement of direct and diffuse Solar Radiations.

Reference Book

1) Sorensen B., “Renewable Energy”, Second Edition, Academic Press, 2000.

2) Solar Energy and Rural development- S.H. Pawar, C.D. Lokhande and R.N. Patil.
3) Solid State Energy Conversion-S.H. Pawar, C.H. Bhosale, and R.N. Patil

4) Solar Energy Conversion-A.E. Dixon and J.D. Leslie.

5) Advances in Energy systems and technology- Peter Auer
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M.Sc. (Physics) NEP Semester-I
Course Code: MSU0325MEL936G6
Paper title: Imperfection in Crystals
Total Credits: 4-credits

(Material Science -1)
Imperfection in Crystals

Unit I Point defects (15)
Crystalline materials, Types of Defects in crystalline materials (Point Defects, Stacking Faults,
Grain Boundaries, Twin Boundaries, Volume Defects) Point defects in metallic and non-metallic
crystals, lattice distortion, migration energy, point defects in thermal equilibrium, point defects in
ionic crystals, equilibrium concentration of Frenkel and Schottky defects, ionic conductivity, point
defects in non-thermal equilibrium.

Unit 11: Dislocations (15)
Concept and types of dislocation, Dislocations and non-uniform slip, Edge dislocation, Screw
dislocation, Curved dislocation line on plane slip surface, Effect of atomic structure on the form of a
dislocation ( Central force approximation, Bubble model, Directional bonds, Cottrell atmosphere,
imperfect or partial dislocations, stacking faults) Thomson tetrahedron, partial dislocations in other
crystal structures, multiplication of dislocations, Jogs and their formation, motion of a vacancy jog,
measurement of stacking fault energy.

Unit I11: Diffusion and Solidification (15)
Diffusion: Fick’s laws of diffusion, solutions to the diffusion equation, calculation of jump
frequency, mechanisms of diffusion, self-diffusion, diffusion - along grain boundaries.
Solidification: Homogeneous nucleation, heterogeneous nucleation, atomic Kkinetics, solute
manipulation (normal freezing, zone melting & zone refining).

Unit IV: Principles and applications of phase diagrams (15)
Freezing of a pure metal, Plane-front and dendritic solidification at a cooled surface, Gas porosity
and segregation, Directional solidification, Production of metallic single crystals for research, The
concept of a phase, The Phase Rule, Stability of phases, Two-phase equilibria, Three-phase equilibria
and reactions, Intermediate phases, Limitations of phase diagrams.

Reference Books:

1) Physical metallurgy - R.W. Cahn, I1 Edition, North Holland, Amsterdam (1970)

2) Introduction to dislocations - D. Hull, ELBS (1971)

3) Imperfections in crystals - Van Burren, North Holland (1960)

4) Theory of crystal dislocations - F.R.N. Nabarro, Clarendon Press (1968)

5) Dislocations in crystals - W.T. Read, McGraw Hill (1953)

6) Modern physical metallurgy - R.E. Smallman, Butterworths (1970)

7) Techniques of metal research - R.F. Bunshaw, Interscience (1968)

8) Modern techniques in metallography - D.G. Brandon, Butterworths (1966)

9) Introduction to properties of engineering materials- K.J. Pascoe, Blackie and Sons, London (1968).
10) William F Smith, Javad Hashemi, Ravi Prakash, Mater. Sci. and Eng., Tata-McGraw Hill, 4th

Edition
11) R. E. Smallman and A. H.W. Ngan, Physical Metallurgy and Advanced Materials (Seventh

Edition), Published by Elsevier Ltd, 2007.
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M.Sc. (Physics) NEP-Semester-11
Course Code: MSU0325MML936H1
Paper title: Quantum Mechanics
Total Credits: 4-credits

Quantum Mechanics
Unit-1: Mathematical Tools of Quantum Mechanics (15)
Hilbert space and wave function, Dirac notations, Operators (General definitions, Hermitian adjoint
operator, projection operators, uncertainty relation between two operators, functions of operators,
inverse and unitary operators, eigenvalues and eigenvectors of an operator, parity Representation in
continuous bases (Position representation, Momentum representation and connection between them),
Matrix representation of orbital and spin angular momentum.

Unit-11: Variational Method and WKB Approximation (15)
The variational principle, Rayleigh-Ritz method, variational method for excited states, the Hellmann-
Feynman theorem, ground state of harmonic oscillator, infinite square well, hydrogen atom, the
WKB method, the connection formulas, validity of WKB method, barrier penetration, Alpha
emission.

Unit-111: Perturbation Theory (15)

Time independent perturbation: basic concept, non-degenerate energy levels, Eigen value of energy
and Eigen function in the first order approximation, Anharmonic oscillator: first order correction,
first order correction to ground state of helium. The pictures of quantum mechanics (Schrodinger
picture, Heisenberg picture and Interaction picture), Time dependent perturbation: Basic concept,
Dyson series, First-order perturbation, transition probability, constant perturbation, harmonic
perturbation, transition to continuum states (Fermi-Golden rule), semi-classical theory of radiation:
absorption and emission of radiation, electric dipole approximation, Einstein’s A and B coefficients.

Unit — IV: Scattering Theory (15)
Scattering cross-section, scattering amplitude, partial wave, scattering by central potential: partial
wave analysis, optical theorem, scattering by hard sphere, scattering by square well, Breit-Wigner
formula, scattering length, expression for phase shifts, integral equation, the Born approximation,
scattering by screened Coulomb potential, scattering by Yukawa potential, validity of Born
approximation.

Reference Books:

1) Quantum Mechanics: Concepts and Applications, Zettili Nouredine, John Wiley & Sons Ltd.,
Second Edition (2009).

2)Quantum Mechanics, Aruldhas G, Prentice Hall India Learning Private Lt., 2nd Edition (2009).

3) Introduction to Quantum Mechanics, David J. Griffiths, Pearson Education, 2nd Edition (2015).

4) Quantum Mechanics: Theory and Applications, Ajoy Ghatak and S. Lokanathan, Macmillan
Publishers India, Fifth Edition (2004).

5) Modern Quantum Mechanics, J. J. Sakurai and Jim J. Napolitano, Pearson Education India, 2nd
Edition, (2013).
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M.Sc. (Physics) NEP-Semester-I1
Course Code: MSU0325MML936H2
Paper title: Condensed Matter Physics

Total Credits: 4-credits
Condensed Matter Physics

Unit — I: Crystal Physics (15)
Crystalline state of solid, unit cell and Bravais lattice (2D and 3D), bonding of common crystal
structure, direction, position, and orientation of planes in crystal, concept of reciprocal lattice,
concept of Brillouin zones, closed packed structure, Fourier analysis of the basis (structure
factor), Bragg’s law, comparison of X-ray, electron and neutron diffraction method.

Unit - 11: Crystal Defects (15)
Types of defects, Point Defects-Vacancies, Interstitials, impurities, electronic, Line defects-Edge
and screw dislocation, Schottky and Frenkel defect Expression for Schottky and Frenkel defects,
the equilibrium concentration of vacancies, color center, line defect, screw and edge dislocation,
Berger’s vector and circuit, role of dislocation in plastic deformation and crystal growth,
observation of imperfection in the crystals. Frank-Read mechanism. Planer defects, Surface
defects- Grain boundaries, Tilt boundaries, Twin boundaries, Effect of Imperfections.

Unit — I11: Semiconducting and superconducting properties (15)
Semiconductor: Determination of Band gap energy, direct and indirect band gap, effective
mass, intrinsic and extrinsic semiconductors, carrier concentration, Fermi level and conductivity
for intrinsic and extrinsic semiconductor, impurity level in doped semiconductor, Hall Effect.
Quantum Confinement.

Superconductor: Critical temperature, effect of magnetic field, Meissner effect, type-I and
type-11 superconductor, London equation, coherence length, Josephson effect (flux quantization),
BCS theory, introduction of high Tc superconductor, SQUID, Cooper pairing in superconducting
dots.

Unit — IV: Dielectrics and Magnetism (15)
Dielectrics: Polarization mechanism, dielectric constant, Lorenz cavity field, Clausius-Mossotti
equation, ferroelectricity and piezoelectricity, type of ferroelectric and piezoelectric.

Magnetism: Classification of magnetic materials, Langevin theory of diamagnetism,
paramagnetism and ferromagnetism, theory of diamagnetism- Heisenberg exchange interaction
theory (ferro-antiferro and ferrimagnetism), Weiss theory of ferromagnetism. Comparison
between dia, para and ferromagnetism, Super-paramagnetism.

Reference Books:
1. Introduction to Solid State Physics Kittel, 8"edn. JohnWiley & Sons. Inc., New
York (2019).
Solid State Physics by A. J. Dekker, MacMillan India Ltd. (1986).
Solid State Physics-N. W. Ashcroft and N. D. Mermin, HRW International edn. (1976).
Solid State Physics-S. O. Pillai. New Age International Publication. -2002
Solid State Physics-H. C. Gupta-Vikas Publishing House, New Delhi-2002
Electronic Properties of Materials - R.E.Humel, 2"%dn.Springer International (1994)
Solid State Physics—J. S.Blakemore, 2"%dn. Cambridge University Press (1985)
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M.Sc. (Physics) NEP -Semester-11
Course Code: MSU0325MMP936H1
Paper title: Physics LAB-III

Total Credits: 4-credits

Laboratory/ Practical Course- 111

1. Fourier analysis.

2. Transmission characteristics of passive filters.

3. I-V characteristics of solar cell.

4. A.C. bridges (Maxwell, Anderson and De-Sauty bridge)

5. Thermal diffusivity of brass.

6. Mutual inductance of given coil.

7. Series & parallel resonant LCR circuits.

8. Young’s modulus of a beam by flexural vibration created by frequency generator.

9. 2D and 3D plots using Mathematica.

10. Band gap energy of semiconductor.

11. Resistivity of given semiconductor sample using four probe method.

12. Thermoelectric Power

13. Magnetic field variation as a function of resonance frequency using ESR.

14. Crystal structure of thin film by using given XRD data.

15. Rydberg constant.

16. Dissociation energy of iodine molecule.

17. Magnetic susceptibility of ferric chloride solution.

18. Plank’s constant using photocell.

19. Numerical solutions of simple first order differential equation using Python (Euler and Runge
Kutta 4™ order method)

20. Plotting simple functions using Python.

21. Plotting of simple graphs using origin software.

22. Crystallite size by Debye- Scherrer Formula (D=0.9A/f cos0).
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M.Sc. (Physics)NEP- Semester-11
Course Code: MSU0325MMP936H2
Paper title: Physics LAB-IV

Total Credits: 2-credits

Laboratory/ Practical Course- IV
(Seminar & certified seminar report 1-credits +Tutorials on practical-1-credits)

Total Credits: 2-credits

M.Sc. (Physics) NEP-Semester-11
Course Code: MSU0325FPP936H
Paper title: Field Project

Total Credits: 4-credits

On Job Training/ Field Project

On job training/Field project at CFC/PIFC/Research Institutes/Industries etc. for students of M. Sc.
Physics at university department and affiliated colleges.

Total Credits: 4-credits
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Elective Paper

(Choose any one from Specialization)

Sr. No. | Course Code Paper Title Credit
1 SSP-2 Solid State Physics-2 4
2 SP-2 Space Physics-2 4
3 TH-2 Theoretical Physics-2 4
4 MO-2 Modern Optics—2 4
5 ES-2 Energy Science—-2 4
6 MS-2 Material Science-2 4
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M.Sc. (Physics) NEP Semester-II
Course Code: MSU0325MEL936H1
Paper Title: Semiconductor Devices
Total Credits: 4-credits

(Solid State Physics-2)
Semiconductor Devices

Unit I: Transistors and Microwave Devices: (15)
Bipolar junction transistor (BJT), Frequency response and switching, of BJT, Base Narrowing,
Ebers-Moll Model, Gummel-Poon Model, Kirk Effect, Field effect transistor (FET), JFET,
MOSFET, MESFET, Tunnel diode, transferred electron devices and Gunn diode, Avalanche
transit time diode and, IMPATT diode.

Unit 11: Photonic Devices: (15)

Optical absorption, radiative and non-radiative transitions, Light emitting diodes, Organic LED,
Infrared LED, Photodetector, Photoconductor, Photodiode, Solar cells, Semiconductor Lasers.

Unit 111: Memory Devices: (15)
Number system and its conversion to binary number, Semiconducting memories, Memory
organization, Read and Write operation, expanding memory size, Classification and characteristics
of memories, Static and dynamic RAM, Charge couple memory (CCD) devices, Magnetic, optical,
ferroelectric, Spintronic and other memory-based devices.

Unit 1'V: Other electronic Devices: (15)

Magneto-optic and acousto-optic effects, Material’s properties related to get these effects,
Piezoelectric, Electrostrictive and Magnetostrictive effects, Sensors, and actuator devices.

Reference Books:
1) Semiconductor devices: Physics and Technology 2nd Edition, S. M. Sze
2) Modern Digital Electronics, R. P. Jain

3) Introduction to Semiconductor devices by M. S. Tyagi
4) Optical electronics by Ajoy Ghatak and K. Thyagrajan, Cambridge University Press.
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M.Sc. (Physics) NEP Semester-II
Course Code: MSU0325MEL936H2
Paper title: Astrophysics of the Sun
Total Credits: 4-credits
(Space Physics-2)
Astrophysics of the Sun

Unit-1: The Sun (15)
Characteristics of the Sun, internal structure, solar observations, solar atmosphere, oscillations,
Convection, rotation, magnetism, chromosphere, corona, solar wind, quiet, Sun, Active Sun,
Helioseismology.

Unit-11: The Sun and its Emissions (15)
Solar electromagnetic radiations-radio, far IR, IR-Visible, UV, extreme UV, X-ray (soft and hard),
solar cycle and solar variability, magnetic field energy-solar flares and coronal mass ejections

Unit-111: The Sun and its Magnetohydrodynamics (15)
Introduction, the sun, role of solar magnetic field, MHD equilibria, waves and instabilities, solar
activities, prominences, coronal heating, solar flares, coronal mass ejections.

Unit-1V: The Solar wind and its interactions with magnetized planets (15)

solar energetic particles- solar wind, Properties of solar wind, origin of solar wind, magnetic structure
of the corona and solar wind, major time dependent disturbances of solar wind, planetary magnetic
fields, Size of magnetic cavity, shape of magnetic cavity, self-consistent models, flow around the
magnetosphere.

Reference Books:

1. Foundations of Astronomy by Michael a. Seeds

2. The Sun — An Introduction by Michael Stix, Second Edition, A & A Library, Springer

3. High Energy Astrophysics, MALCOLM S. LONGAIR, Third Edition, Cambridge university press,
2011, ISBN 978-0-521-75618-1

4. Introduction to Space Physics by Margaret G. Kivelson (Editor), Christopher T. Russell (Editor)

5. Magnetohydrodynamics of the Sun, By Eric Priest, Cambridge University Press, June 2014

6. Advanced Magnetohydrodynamics: With Applications to Laboratory and Astrophysical Plasmas
by J. P. Goedbloed, Rony Keppens, Stefaan Poedts.

7. Elements of space physics by R. P. Singhal, PHI learning Private limited, Delhi

8. Fundamentals of Solar Astronomy by Arvind Bhatnagar and William Livingston, World Scientific
(2005)

33



Only for Department of Physics, Shivaji University, Kolhapur (Autonomous) NEP2.0
(To Be Implemented from Academic Year 2024-25)

M.Sc. (Physics) NEP Semester-II
Paper Code: MSU0325MEL936H3
Paper title: Concepts of Astrophysics
Total Credits: 4-credits

(Theoretical Physics-2)
M.Sc.-I (Physics) (Semester-I1)
Course Code: CCS-402, Total Credits: 4-credits
Paper: Concepts of Astrophysics
Unit |
Channels for Astronomical Information, The X-Ray Astronomy, Development of a New Field,
The Appropriate Set of Physical Laws, The Formation of Stars, The Hertzsprung—Russell and
Colour-Magnitude Diagrams, The Birth of Low-Mass Stars, Massive Stars, The Late Stages of
Stellar Evolution, Abundance of the Chemical Elements in Stars and the Solar System, Origin
of the Solar System, The Galaxy, and the Local Group, The Formation of Large-Scale
Structures, Black Holes Magneto-hydrodynamics (MHD) and Turbulence, Problems of Life,
Unobserved Astronomical Objects (15)
Unit I
Size of the Solar System, Trigonometric Parallax, Spectroscopic Parallax, Superposition of
Main Sequences, RR-Lyrae Variables, Cepheid Variables, Novae and HIl Regions,
Supernovae, The Tully—Fisher and Faber—Jackson Relations, Distance—Red-Shift Relation,
Distances and Velocities, Seeliger’s Theorem and Number Counts in Cosmology Problems
Dealing with the Size of Astronomical Objects (15)
Unit I
Universal Gravitational Attraction, Ellipses, and Conic Sections, Central Force 3:4 Two-Body
Problem with Attractive Force, Kepler’s Laws, Determination of the Gravitational Constant
The Concept of Mass, Inertial Frames of Reference, The Equivalence Principle, Gravitational
Red Shift and Time Dilation, Measures of Time, Uses of Pulsar Time, Galactic Rotation,
Scattering in an Inverse Square Law Field, Stellar Drag, Virial Theorem, Stability Against
Tidal Disruption, Lagrangian Equations (15)
Unit IV
Random Events, Random Walk, Distribution Functions, Probabilities, and Mean Values,
Projected Length of Randomly Oriented Rods, The Motion of Molecules, Ideal Gas Law,
Radiation Kinetics, Isothermal Distributions, Atmospheric Density, Particle Energy
Distribution in an Atmosphere, Phase Space, Angular Diameters of Stars, The Spectrum of
Light Inside and Outside a Hot Body, Boltzmann Equation and Liouville’s Theorem, Fermi—
Dirac Statistics, The Saha Equation, Mean Values, Fluctuations, The First Law of
Thermodynamics, Isothermal and Adiabatic Processes, Entropy and the Second Law of
Thermodynamics, Formation of Condensations and the Stability of the Interstellar Medium,
lonized Gases and Clusters of Stars and Galaxies (15)
Main Reference
Astrophysical Concepts, 4 th Edition by Martin Harwit, Springer
Additional Reading
Astrophysics for Physicists, Publication 2012, by Arnab Choudhuri, 11Sc. CUP
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M.Sc. (Physics) NEP Semester-II
Course Code: MSU0325MEL936H4
Paper Title: Molecular spectroscopy
Total Credits: 4-credits
(Modern Optics-2)
Molecular spectroscopy

Unit I: Basics of molecular spectroscopy (15)
Molecular Structure and Molecular Spectra: Covalent, ionic and Vander Waal bonding, Valence
bond and Molecular orbital approach for molecular bonding, Crystal Field Theory, electronic
structure of homo nuclear diatomic molecules, pairing and valency, hetero nuclear diatomic
molecules,, Electronic spectra of diatomic molecules — Born-Oppenheimer approximation, Electronic
structure of polyatomic molecules: hybridization-hybrid orbital's, bonding in hydrocarbons.

Unit I1: Absorption and Luminescence Spectroscopy (15)
UV/Visible Molecular Absorption Spectroscopy: Optical absorption: Free carrier absorption-
optical transition between bands-direct, and indirect-excitons, Beer’s law, and its limitations.
Instrumentation: sources; single and double beam spectrometers; Solvent-effects; Bathochromic

and Hypochromic shifts; Assignment of ¢ and = transitions.

Molecular Luminescence Spectroscopy: Luminescence in crystal - excitation and emission — decay
mechanism, Fluorescence and Phosphorescence (with energy level diagram); Transition types;
quantum efficiency (yield). Instruments: Fluoro meters and Spectro fluoro meters; lifetime
measurements, Radiative and Natural lifetime, Decay curves, Applications.

Unit I11: Vibrational Spectroscopy (15)
The vibrations of polyatomic molecules: Infrared Absorption process, Modes of stretching and
bending, bond properties and absorption trends, vibrational coarse structure — progressions. Intensity
of vibrational transitions — the Franck-Condon principle, Molecular vibrations and Group
frequencies,

Infrared Spectrometry: IR sources; transducers, Instruments: Dispersive and FT-based
spectrometers; sample handling. Interpretation of spectra-structure correlations.

Raman Spectroscopy: Origin of Raman scattering (qualitative); activity and intensity of Raman
bands; depolarization ratio. Pure rotational Raman spectra, Vibrational Raman spectra, Polarization
of light and the Raman effect. Instrumentation; sources; dispersive and FT-based Raman
spectrometers; sample handling. Applications. Comparison of vibrational Raman and infrared
spectra.

Unit 1V: Nuclear Spectroscopy (15)
Nuclear Magnetic Resonance (NMR) Spectroscopy: Nuclear Magnetic Resonance: Principles,
Classical treatment of NMR (Bloch equations), Interaction between nuclear spin and magnetic
moment; resonance condition; population of energy levels. Relaxation processes: spin-lattice and
spin-spin relaxations (qualitative). The chemical shift and its correlation with molecular structure.
Typical NMR spectrometers (cw/FT); sample handling, applications of NMR.

Photoelectron spectroscopy Types - UPS and XPS. Experimental method for UPS and XPS.
Ionization processes and Koopmans’ theorem. Interpretation of UP and XP spectra with
Applications.
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Auger electron and X-ray fluorescence spectroscopy: experimental methods and processes.
Reference Books

1) Fundamentals of Molecular Spectroscopy, 4"Edition. — C.N. Banwell, Tata Mac Graw Hill
(2008).

2) Molecular structure and spectroscopy-2"? Edition -G. Aruldhas, Prentice Hall of India, (2002)

3) Introduction to Spectroscopy, 5™ Edition- Pavia, Lampman, Kriz, and Vyvyan, Cengage
Learning, USA,

4) Modern Spectroscopy (4th Ed): J.M. Hollas, John Wiley & Sons Ltd, UK (2004)

5) Principles of Instrumental Analysis (5th ed): D. A. Skogg, F. J. Holler & T. A. Nieman,

Harcourt Asia Pte. Ltd. (1998)

5) Introduction to Molecular Spectroscopy — G.M. Barrow, MacGraw Hill (1962).

6) Molecular Spectra and molecular structure I, 11, 111, G. Herzberg, D. Van Nostrand Company
Inc., 1963

7) Physics of Atoms and Molecules - B. H. Bransden and C. J. Joachain, Pearson; 2008.

8) A. H. Kitai; Solid State Luminescence; Chapman and Hall, London; 1993.

9) Luminescence of Solids edited by D. R. Vij, Plenum Press, New York, 1998.
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M.Sc. (Physics) NEP Semester-II

Course Code: MSU0325MEL936H5
Paper title: Renewable Energy Resources-11
Total Credits: 4-credits

(Energy Studies-2)
Renewable Energy Resources-11

Unit I: Wind Energy (15)
Global circulation, Forces influencing wind, Local Wind systems, Aerodynamics of windmill:
Maximum power, and Forces on the Blades and thrust on turbines; Betz limit, coefficient of power.
Wind measurements: anemometer and wind vane, Wind data collection and field estimation of wind
energy, Site selection, Basic components of wind mill, Wind turbines types: Vertical Axis Type,
Horizontal Axis, Constant Speed Constant Frequency, Variable speed Variable Frequency, Up Wind,
Down Wind, Stall Control, Pitch Control, Gear Coupled Generator type, Direct Generator Drive
/IPMG/Rotor Excited Sync Generator, Wind energy farm, Hybrid wind energy systems: wind + PV,
wind energy and environment. The present Indian Scenario.

Unit Il Biomass Energy and conversion processes (15)
Nature of Biomass as a fuel, CO> fixation potential, Biomass energy conversion processes, Direct
combustion: heat of combustion, combustion with improved Chulha and cyclone furnace;
incineration. Dry chemical conversion processes: pyrolysis, gasification, types of gasification:
updraft, downdraft, fluidized bed, Biochemical conversion process: anaerobic digestion, biogas
production mechanism and technology, types of digesters, design of biogas plants, Factors affecting
the process. Ethanol production.

Unit-111 Geothermal energy (15)

Geothermal Energy: Availability of Geothermal Energy-size and Distribution, Recovery of
Geothermal Energy, Various Types of Systems to use Geothermal Energy, Direct heat applications,
Power Generation using Geothermal Heat, Sustainability of Geothermal Source, Status of
Geothermal Technology, Economics of Geothermal Energy.

Unit-1V Tide and Wave Energy (15)
Tidal Energy: Introduction, Origin and Nature of Tidal Energy, Advantages of Tidal Energy,
Limitations of Tidal Energy, Tidal Energy Plant, Energy Potential Estimation, Ocean Tidal Energy
Conversion Schemes (Single Basin: Single Effect, Single Basin: Double Effect, Two Basin: Linked
Basin, Two Basin: Paired Basin and Tidal Flow or Tidal Current), Global Scenario of Tidal Energy,
Tidal Power Development in India ,Wave Energy: Introduction, Advantages and Disadvantages of
Wave Energy, Power in Waves, Wave Energy Technology (Heaving Float Type Devices, Pitching
Type Devices, Heaving and Pitching Float Type Devices, Oscillating Water Column Type Devices
and Surge Devices), Global Scenario of Wave Energy, Tidal Power Development in India, Ocean
Thermal Energy: Introduction, Origin of Ocean Thermal Energy Conversion and Efficiency, Ocean
Thermal Energy Conversion Technology (Open Cycle/Claude Cycle Plant, Closed Cycle/Anderson
Cycle Plant, Advantages and Disadvantages of Ocean Thermal Energy Conversion, Global and
Indian Status of Ocean Thermal Energy Conversion.
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Reference Books

1) Sorensen B., “Renewable Energy,” Second Edition, Academic Press, 2000.

2) Erich Hau, “Wind Turbines- Fundamentals: Technologies, Application, and Economics.” Springer

— Verlag Berlin -Heidelbeg, 2000.

3) Wind energy Conversion Systems — Freris L.L. (Prentice Hall1990)

4) Wind Turbine Technology: Fundamental concepts of wind turbine technology Spera D.A. (ASME
Press, NY, 1994)

5) Wind Energy Systems — G. L. Johnson (Prentice Hall, 1985)

6) Wind Energy Explained — J. F. Manwell, J.G. McGowan, and A.L. Rogers (John Wiley & Sons
Ltd.)

7) Biomass, Energy and Environment- N.H. Ravindranath and D.O Hall, Oxford University Press.

8) Biomass Energy- S.H. Pawar, L.J. Bhosale, A.B. Sabale and S.K. Goel.

9) Advances in Energy systems and technology- Peter Auer.
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M.Sc. (Physics) NEP Semester-II
Course Code: MSU0325MEL936H6
Paper title: Properties of Materials
Total Credits: 4-credits
(Material Science -2)
Properties of Materials

Unit I: Physical and mechanical properties of the materials (15)
Stress Versus Strain (metals, ceramics and glasses, polymers), Elastic Deformation, Plastic
Deformation, Hardness, Creep and Stress Relaxation, Viscoelastic Deformation.

Unit 11: Thermal Properties (15)
Thermal expansion, Thermal conductivity, Thermal shock, Specific heat capacity, The specific heat
curve and transformations, Free energy of transformation.

Unit 111: Electric and magnetic properties (15)
Electric properties: Electric conductivity, Semiconductors, Hall Effect, Superconductivity, Oxide
superconductors. Magnetic properties: Magnetic susceptibility, Diamagnetism and paramagnetism,
Ferromagnetism, Magnetic alloys, Anti-ferromagnetism and ferrimagnetism, Dielectric materials,
Polarization, Capacitors and insulators, Piezoelectric materials, Pyroelectric and ferroelectric
materials.

Unit 1V: Optical Properties (15)
Optically active materials, Reflection, absorption and transmission effects, optical fibers, ceramic
windows, electro-optic ceramics.

References:

1) Physical metallurgy. — R. W. Cahn, Il Edition, North Holland, Amsterdam (1970)

2) Physical metallurgy. — R. W. Cahn and P. Haasen, Il Edition, North Holland, Amsterdam, (1983)

3) Physical metallurgy principles — R.E. Read-Hill, Affiliated East West Press Ltd.,New Delhi,

(1970) 4) 4) Modern physical metallurgy — R.E. Smallman, Butterworths, London (1970)

5) Physical properties of glass - D. G. Holloway Wykeham publications, London (1973)

6) An introduction to metallurgy — A.H. Cottrell, Edward Arnold, London (1967)

7) M.A. Wahab; Solid State Physics: Structure and Properties of Materials, Alpha Science
International (2005)

8) K. H. J. Buschow& F. R. de Boer: Physics of Magnetism and Magnetic Materials.

9) S.O. Pillai; Solid State Physics, 6th Ed., New Age International (p) Ltd publishers, (2005)

10) Charles Kittle; Introduction to Solid State Physics, 7th Edition, John Wiley & Sons
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9. Scheme of Teaching

M. Sc. Programme Structure for Semester | and |1

Semester |
Teaching Scheme Examination Scheme
Sr. Theory (TH) Practical Semester-end Internal Assessment
No. (PR) Examination (SEE) (1A)
Course | No.of | Hours | Credits Paper | Max | Min | Internal | Max | Min
Type | Lectures Hours
per
Week
1 MM1 4 4 4 3 80 | 32 -- 20 | 08
2 MM2 4 4 4 3 80 | 32 -- 20 | 08
3 ME1 4 4 4 3 80 | 32 -- 20 | 08
4 RM 4 4 4 3 80 | 32 -- 20 | 08
5 | Practical 4 8 4 6 100 | 40 -- - --
Lab- |
6 | Practical 2 4 2 3 50 20 -- - --
Lab- 1l
Total 22 28 22 470 80
Total (SEE +IE) =470 + 80 = 550
Semester |1
Teaching Scheme Examination Scheme
Sr. Theory (TH) Practical Semester-end Internal Assessment
No. (PR) Examination (SEE) (1A)
Course | No.of | Hours | Credits Paper | Max | Min | Internal | Max | Min
Type | Lectures Hours
per
Week
1 MM3 4 4 4 3 80 32 -- 20 08
2 MM4 4 4 4 3 80 32 -- 20 08
3 ME?2 4 4 4 3 80 32 -- 20 08
4 | OJT/FP 4 4 4 3 80 32 -- 20 08
5 | Practical 4 8 4 6 100 | 40 -- -- --
Lab- 111
6 | Practical 2 4 2 3 50 20 -- -- --
Lab- IV
Total 22 28 22 470 80
Total (SEE +IE) = 470 + 80 = 550
Semester sal G Total = 550 + 550 =1100
l and Il
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MM: Major Mandatory — There will be TWO mandatory courses for each semester.

ME: Major Elective (Student should opt for ANY ONE course from the group of elective
course/basket).

RM: Research Methodology — It is a mandatory course

OJT/FP: On Job Training- Internship/Apprenticeship or Field Project:

This course is mandatory. It should be completed from the end of the first semester to the end of the
second semester.

NOTE: Separate passing is mandatory for both, the semester-end Examination and the
Internal/ TERMWORK examinations.
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Evaluation/Assessment.
10. Examination Pattern
Provide the examination pattern separately for each of the following
Theory:
Practical:
On Job Training:
Field Project:

Research Methodology:

11. Nature of Question Paper and Scheme of Marking

Theory:
Theory: Time -3 hours, Marks-80
Instructions: 1) Question No.1 is compulsory.
2) Attempt any four questions from Q.2 to Q.7

Question 1: Answer in Short (8 short questions — each having -2 Marks) - 16 marks

Question 2: a) Long Answer question for - 12 marks
b) Short answer questions for - 4 marks

Question 3: a) Long Answer question for - 12 marks
b) Short answer questions for - 4 marks

Question 4: a) Long Answer question for - 12 marks
b) Short answer questions for - 4 marks

Question 5: a) Long Answer question for - 12 marks
b) Short answer questions for - 4 marks

Question 6: a) Long Answer question for - 12 marks
b) Short answer questions for - 4 marks

Question 7: a) Long Answer question for - 12 marks
b) Short answer questions for - 4 marks

Note: Equal weightage should be given to each unit.
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Practical:

12. Equivalence of courses

M. Sc. Part | (Semester I and I1)

Old Course Equivalent Course
Sem | Course Title of Old Credit Course Code Title of New Credit
No. Code Course Course
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