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COURSE STRUCTURE FOR M.SC. PHYSICS 
 

Sem Course Course Title 
Ins. 
Hrs 

Credits 
Exam. 

Hrs 
Marks 

Total 
Int. Ext. 

I Core Course I (CC) Classical Mechanics 5 5 3 25 75 100 
Core Course II (CC) Mathematical Physics 5 5 3 25 75 100 
Core Choice Course I 
 (CCC) 

(1) Electronics and Instrumentation 
(2) Electronic Devices and Circuits 

5 5 3 25 75 100 

Core Practical I (CP) Computational Physics Laboratory 5 3 3 40 60 100 
Elective Course I (EC) 
(Any one) 

(1) Computational Methods 
(2) Simulations in Physics with Python 

5 4 3 25 75 100 

Value Added Course I  
(VAC) 

(1) Python Programming 
(2) Green Energy Sources 
(3) Additive Manufacturing 
(4) SWAYAM/NPTEL/MOOC Courses 

- 2* 3 25 75 100* 

Total 30 22 - - - 500 
II Core Course III (CC) Quantum Mechanics  5 5 3 25 75 100 

Core Course IV (CC) Thermodynamics and Statistical 
Mechanics 

5 5 3 25 75 100 

Core Choice Course II 
(CCC) any one 

(1) Advanced Mathematical Methods 
(2) Theoretical Mechanics 

5 5 3 25 75 100 

Core Practical II (CP) Electronics Laboratory 6 3 3 40 60 100 
Elective Course II (EC) 
(Any one) 

(1) Atomic and Molecular Physics  
(2) Spectroscopy Techniques 

5 4 3 25 75 100 

Non-major Elective I 
(any one, for other 
departments) 

(1) CAD Design and Manufacturing  
(2) Simulations with Python  

3 2 3 25 75 100 

Total 30 24 - - - 600 
III Core Course V (CC) Electromagnetic Theory  6 5 3 25 75 100 

Core Course VI (CC) Nuclear and Particle Physics  5 5 3 25 75 100 
Core Choice Course III 
 (CCC) 

(1) Condensed Matter Physics  
(2) Advanced Materials 

5 5 3 25 75 100 

Core Practical III (CP) General Physics & Materials Science 
Laboratory 

6 3 3 40 60 100 

Elective Course III (EC) 
(Any one) 

(1) Physics of Nanomaterials and 
Applications 
(2) Advanced Quantum Mechanics 

5 4 3 25 75 100 

Non-major Elective II 
(any one, for other 
departments) 

(1) Workshop Practices 
(2) Nanotechnology/Crystal Science 

3 2 3 25 75 100 

Total 30 24 - - - 600 
IV Core Course VII (CC) Lasers and Nonlinear Optics  6 5 3 25 75 100 

Core Course VIII (CC) Nonlinear Dynamics 6 5 3 25 75 100 
Entrepreneurship/ 
Industry Based Course  

Crystal Growth Methods and 
Characterization 

6 5 3 25 75 100 

Project  12 5 - 20 80 100 
Value Added Course II 
(VAC) 

(1) Research Methodology  
(2) Publication Ethics   
(3) SWAYAM/NPTEL/MOOC Courses 

- 2* 3 25 75 100* 

Total 30 20 - - - 400 
Grand Total 120 90 - - - 2100 

       

 Value added courses are extra-credit courses and their credits will not be included in the total CGPA. 
S. No. Types of the Course No. of Courses No. of Credits Marks 
1.  Core Course 8 40 800 
2.  Core Choice Courses 3 15 300 
3.  Core Practical 3 9 300 
4.  Elective Courses 3 12 300 
5.  Entrepreneurship/Industry Based Course 1 5 100 
6.  Project 1 5 100 
7.  Non-Major Elective Courses 2 4 200 
 Total 21 90 2100 
 Value Added Courses * 2* 4* 200* 
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REGULATIONS 

ABOUT THE PROGRAMME 

The M.Sc. programme in Physics at Bharathidasan University is aimed at providing students 

with a greater and in-depth knowledge on the universal laws of physics ranging from 

fundamentals to Advanced Physics which form a thorough basis for careers in Physics and 

Research, enable students to develop insights into the techniques used in current fields and 

allow comprehensive experience of a particular specialized research areas such as non-linear 

dynamics, complex systems, low temperature physics, nanoscience, materials physics, crystal 

growth and thin films, non-linear optics, photonics and surface physics.  In addition, the M.Sc. 

programme is meant to develop professional skills for students to play a meaningful role in 

industrial or academic life and give students the experience of independent work and team 

spirit.  

 

The M.Sc. programme includes a number of core courses, creative laboratory courses, various 

elective courses in the domain of physics, non-major elective courses and skill based value 

added courses relevant to the discipline and forward-looking with respect to recent 

developments, discoveries and state-of-the-art achievements. 

 

The Department offers PhD in physics, materials science and nanotechnology with special focus 

to non-linear dynamics, complex systems, low temperature physics, nanoscience, materials 

physics, crystal growth and thin films, non-linear optics and nano-photonics. 

 

OBJECTIVE OF THE PROGRAMME  

The major objective of the programme is to nurture the students for careers in teaching, 

research, etc. It also aims to develop thorough and in-depth knowledge of various core subjects 

in Physics such as Mathematical Physics, Classical Mechanics, Electronics, Quantum Mechanics, 

Atomic and Molecular Physics, Nuclear and Particle Physics, Condensed Matter Physics, 

Electromagnetic theory, etc. The M.Sc. Physics programme will also inculcate strong student 

competencies in Physics and its applications in a technology-rich, interactive environment 

through elective and value added skill based courses.  

 

PROGRAMME OUTCOME  

 PG Graduands are Professionally Competent with characteristic Knowledge-bank, Skill-

set, Mind-set and Pragmatic Wisdom in their chosen fields. 

 PG Graduands demonstrate the desired sense of being Seasoned and exhibit unequivocal 

Spiritedness with excellent qualities of productive contribution to society and nation in 

the arena Science and Technology. 

 PG Graduands are mentored such that they exert Leadership Latitude in their chosen 

fields with commitment to novelty and distinction. 

 PG Graduands are directed in understanding of ethical principles and responsibilities, 

moral and social values in day-to-day life thereby attaining Cultural and Civilized 

personality. 
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 PG Graduands are able to Collate information from different kinds of sources and gain a 

coherent understanding of the subject. 

 

PROGRAMME SPECIFIC OUTCOME  

The curriculum developed in the department of Physics involves local, national and global 

needs pertaining to creating knowledge on the concepts of physics both in experimental and 

theoretical physics. There are a variety of core-courses that emphasize the fundamentals while 

keeping in mind the evolving nature of subjects. A strong laboratory environment allows the 

students to explore a range of experiments from classic to recent advanced. A platter of 

advanced elective courses offer a glimpse into frontier areas of nonlinear dynamics, 

nanoscience, high pressure research, , green and clean energy, PV and photonics which allow 

students to choose a topic for the semester project. The students also gets skill development in 

designing, glass blowing, electronics design of circuits, computational methods, python 

programming and hands on training on the various high profile equipment such as AFM, 

FESEM, Raman, DLS, XRD, PPMS, XPS, etc. The carrier opportunities after our M. Sc. programme 

include doing research in leading national and international universities, laboratories and 

research institutes. Some of the students engage research in various fields and also take up non- 

academic jobs like officers and national securities.  

 

After completion of course, students would able to acquire knowledge on  

 Fundamentals in core and applied physics  

 Good exposure to the concepts of classical, mathematical, statistical physics, quantum 

mechanics, condensed matter, electromagnetic theory and nuclear & particles physics  

 In-depth of understanding to advanced topics such as nonlinear dynamics, laser physics, 

crystal growth and thin films, nanomaterials  

 Basics of computational physics including numerical methods and programming 

practices.  

 Hands on experiments in advanced electronics  

 Provoking practical skill in advanced physics laboratory  

 Developing Extra-disciplinary and soft skills.  

 Research oriented practice in both theory and experimental physics  
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DISTRIBUTION OF MARKS  
A. THEORY  

Continuous Internal Assessment       : 25 Marks 

Average of three (3) Internal Test       : 20 Marks 

Assignment, Seminar, Quiz, e-assessment etc.     : 05 Marks 

Minimum Marks Required for CIA       : 10 Marks 

Minimum Total Marks Required for Earning the Credits    : 50 Marks 

B. LABORATORY  

Continuous Internal Assessment  

Average of Marks Awarded in the Record Note Book for 

the Experiments done during Regular Laboratory Hours   : 40 Marks  

Final Comprehensive Examination 

For the Experiment carried out during the Final Examination   : 40 Marks 

Viva-voce Examination        : 20 Marks 

Total           : 100 Marks 

Minimum Total Marks Required for Earning the Credits    : 50 Marks 

C. PROJECT  

Marks Awarded for 2 Reviews (20+20) (CIA)     : 40 Marks 

Evaluation of the Dissertation       : 40 Marks 

Viva-voce Examination        : 20 Marks 

Total           : 100 Marks  

Minimum Total Marks Required for Earning the Credits    : 50 Marks 
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SEMESTER I 
 

Year: I CORE COURSE (CC) - I Credits: 5 

22PH101 MATHEMATICAL PHYSICS 
 

OBJECTIVES  

 Understand methods for solving first and second-order ODEs, boundary value problems, and 

solutions using Taylor and Frobenius methods. 

 Explore the properties, generation, and orthogonality of Legendre, Bessel, Hermite, and 

Laguerre polynomials and their associated Rodrigues formulas. 

 Analyze matrices, eigenvalues, eigenvectors, decompositions, and their applications in solving 

linear systems and quadratic forms. 

 Apply vector calculus concepts, including Green's, Stokes', and divergence theorems in 

cylindrical and spherical coordinate systems. 

 Examine linear vector spaces, independence, orthonormality, Gram-Schmidt process, linear 

transformations, and advanced matrix operations like Kronecker and Hadamard products. 

UNIT 1: ORDINARY DIFFERENTIAL EQUATIONS 

First and second order ordinary differential equations with constant coefficients - Initialand 

boundary value problems - Methods of finding solutions - Superposition principle - Wronskian - 

Second order differential equations with variable coefficients - Definition of ordinary and 

singular points - Power series solution - Examples - Solutions about in ordinary point and a 

singular point - Taylor series method and Frobenius method - Examples. 

UNIT 2: ORTHOGONAL POLYNOMIALS 

General theory of orthogonal polynomials - Legendre, Bessel, Hermite, Laguerre and Associated 

Laguerre differential equations - Power series solution - Polynomials - Generating functions - 

Rodrigue’s formula - Recursion relations - Orthogonality relations. 

UNIT 3: MATRICES 

Introduction - Definition and Properties of (i) symmetric, (ii) anti-symmetric, (iii) orthogonal, 

(iv) Hermitian, (v) skew-Hermitian and (vi) unitary matrix - Eigenvalues and eigenvectors of a 

square matrix - Diagonalization - Solution of a linear system of algebraic equations - Matrix 

Analysis of single and system of second order linear differential equations and their solutions - 

Linear transformation - Tridiagonalization of a matrix - Determinant and inverse of a 

tridiagonal matrix - Eigen decomposition and Singular value decomposition of symmetric 

matrix - Schur decomposition - Quadratic forms and their matrix representation - Dividing 

matrix into Blocks - Definite matrices - positive definite matrices. 

UNIT 4: VECTOR CALCULUS 

Vector integration - Line integral - Path independence - Exact differential - Surface integral - 

Flux - Volume integral - Green’s theorem - Stokes’ theorem - Divergence theorem - Orthogonal 

curvilinear coordinates - Unit vectors in curvilinear coordinate system - Arc length and volume 

L T P C 

4 1 0 5 
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element - The gradient, divergence, curl and Laplacian in cylindrical and spherical polar 

coordinates - Examples. 

 

UNIT 5: LINEAR VECTOR SPACE 

Definition of linear vector space - Examples - Linear independence and dependence - Basis and 

dimensions - Norm and Inner products - Lengths and distances - Orthonormalvectors - Gram-

Schmidt orthonormalization process - Linear transformation - Linear operator - Examples - 

Partitioned matrices - Inverse - Determinant - Generalized inverse - Eigenvalues - Kronecker 

product - Direct sum - The Vec Operator - TheHadamard product - Nonnegative matrices - 

Hadamard and Vandermonde matrices. 

 

UNIT 6: CURRENT CONTOURS (FOR DISCUSSION ONLY AND NOT FOR FINAL EXAMINATION) 

Books for Study:  

[1] D. G. Zill and M. R. Cullen, Advanced Engineering Mathematics (Narosa, New Delhi, 2020). 
[2] E. Kreysig, Advanced Engineering Mathematics (John Wiley, New Delhi, 2011). 
[3] T.  L.  Chow, Mathematical Methods for Physicists: A Concise Introduction (Cambridge University 

Press, Cambridge, 2014). 
[4] K. F. Reily, M. P. Hobson and S. J. Bence, Mathematical Methods for Physics and Engineering 

(Cambridge University Press, Cambridge, 2006). 
[5] V. Balakrishnan, Mathematical Physics with Applications, Problems and Solutions (Ane Books, 

New Delhi, 2019). 
[6] B. S. Rajput, Mathematical Physics (Pragati Prakashan, Meerut, 2019). 

BOOKS FOR REFERENCE  

[1] G. B. Arfken, H. J. Weber and R. E. Harris, Mathematical Method for Physicists (Academic Press, 
Cambridge, 2011). 

[2] M. P. Boas, Mathematical Methods in the Physical Sciences (Wiley, New York, 2018). 
[3] L. Kantorovica, Mathematics for National Scientists Vols. I and II (Springer, New York, 2016). 
[4] James R. Schott, Matrix Analysis for Statistics (Wiley, New Jersey, 2017). 
[5] F. Ayres, Theory and Problems of Matrices (Schaum, New York, 1962). 

ONLINE/WEB RESOURCES 

[1]  https://nptel.ac.in/courses/115103036 
[2] http://www.issp.ac.ru/ebooks/books/open/Mathematical%20Methods.pdf 

OUTCOME 

[CO1]  Demonstrated proficiency in solving first and second-order ODEs, applying boundary conditions, 
and using power series methods like Taylor and Frobenius (K3, K4). 

[CO2]  Explained the properties, generation, and orthogonality of special functions like Legendre, Bessel, 
and Hermite polynomials, along with their recurrence relations (K2, K3). 

[CO3]  Solved problems involving matrix diagonalization, eigenvalues, eigenvectors, and advanced 
decomposition methods, and analyze quadratic forms and matrix representations (K3, K4). 

[CO4]  Applied integral theorems like Green's, Stokes', and divergence theorems, and computed gradients, 
divergence, curl, and Laplacians in curvilinear coordinates (K3, K4). 

[CO5] Formulated and manipulated concepts of vector spaces, linear independence, orthonormality, 
transformations, and advanced matrix operations like Kronecker and Hadamard products (K5, K6). 
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K1 – Remember; K2 – Understand; K3 – Apply; K4 – Analyze; K5- Evaluate; K6 – Create 

 

Mapping with Programme Outcomes 

 

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 
CO1 S L S L M S M L M S 
CO2 S M S L S S S M M S 
CO3 S M S L S S S M M S 
CO4 S M S L M S S L M S 
CO5 M L S L M S M L L S 

S - Strong; M - Medium; L - Low 
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Year: I CORE COURSE (CC) - II Credits: 5 

22PH102 CLASSICAL MECHANICS 

OBJECTIVES  

 Develop a strong foundation in classical mechanics, including Newton's laws, dynamical systems, 

central force motion, and rigid body dynamics. 

 Learn the Lagrangian formalism, its applications, and its connection to variational principles, 

enabling them to analyze complex mechanical systems efficiently. 

 Explore the Hamiltonian formalism, its connection to the Lagrangian formalism, and its applications 

in classical mechanics, including canonical transformations and the Hamilton-Jacobi equation. 

 Study the theory of small oscillations and its applications to various physical systems, as well as the 

foundations of classical field theory. 

 Gain an understanding of the principles of special relativity, including Lorentz transformations, 

relativistic kinematics, and the concept of mass-energy equivalence. 

UNIT 1:  DYNAMICAL SYSTEMS, CENTRAL FORCE MOTION AND RIGID BODY DYNAMICS 

Newton’s Laws. Dynamical systems - Phase-space dynamics - stability analysis; Central force 

motion: The Kepler problem - Two body Collisions - Scattering in laboratory and Centre of 

mass frames; Rigid body dynamics: moment of inertia tensor - non-inertial frames and 

pseudoforces - Euler angles - Euler’s equations of motion - Heavy symmetric top. 

UNIT 2.  LAGRANGIAN FORMALISM 

Mechanics of a system of particles - Constraints - Generalized coordinates, D’Alembert’s 

principle and Lagrange’s equations of motion - Velocity dependent potentials and dissipation 

function - Applications of Lagrangian formulation; Hamilton’s (variational) principle and 

derivation of Lagrange’s equations - shortest distanceand Brachistrochrone - Generalized 

momenta and energy - conservation laws and cycliccoordinates. 

UNIT 3: HAMILTONIAN FORMALISM 

Legendre transformation - Hamiltonian and Hamilton’s equation of motion - Hamilton’s 
equations from variational principle - Liouville's theorem - Canonical transformation and 
Poisson brackets. Hamilton-Jacobi equation for Hamilton’s principle function - Hamilton’s 
characteristic function - Application (Harmonic oscillator) - Separation of variables - Action 
angle variables. 

UNIT 4:  SMALL OSCILLATIONS AND CLASSICAL FIELD THEORY 

Small Oscillations - Eigenvalue problem, Frequencies of free vibrations, Normal coordinates - 
Applications (Linear triatomic molecule) - forced vibrations and dissipation; Classical Field 
Theory - Lagrangian and Hamiltonian formalisms for continuous system. 

UNIT 5: RELATIVISTIC MECHANICS                                                                                                                                                                  

Special theory of relativity - Lorentz transformations, relativistic kinematics and mass– energy 
equivalence. Addition of velocities - Galilean and Lorentz transformations - Invariance of 
Maxwell’s equations under Lorentz transformation. 
 

UNIT 6: CURRENT CONTOURS (FOR DISCUSSION ONLY AND NOT FOR FINAL EXAMINATION) 

L T P C 

4 1 0 5 
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BOOKS FOR STUDY 

[1] H. Goldstein, C. P. Poole and J. Safko, Classical Mechanics (Pearson, New Delhi, 2011). 

[2] N. Rana and P. Joag, Classical Mechanics (McGraw Hill, New Delhi, 2017).  
[3] T. L. Chow, Classical Mechanics (John Wiley, New York, 1995).  

[4] N. C. Rana and P. S. Joag, Classical Mechanics, (Tata Mc-Graw Hill, New Delhi, 2001).  

[5] Gupta Kumar Sharma, Classical Mechanics, (Pragati Prakashan, New Delhi, 2012). 
[6] M. Lakshmanan and S. Rajasekar, Nonlinear Dynamics: Integrability, Chaos, and Patterns 

(Springer, Chennai, 2003).  

[7] S. T. Thornton and J. B. Marion. Classical Dynamics of Particles and Systems. (Cengage Learning, 
2003).  

BOOKS FOR REFERENCE  

[1] A. J. Lichtenberg and M. A. Lieberman, Regular and Stochastic Motion (Springer-Verlag New York, 
1983) 

[2] M. Spiegel, Theory & Problems of Theoretical Mechanics (McGraw Hill Education, 2017). 
[3] S. N. Maithi and D. P. Raychaudhuri, Classical Mechanics and General Properties of Matter (New 

Age International, 2006) 

ONLINE/WEB RESOURCES 

[1] https://archive.nptel.ac.in/courses/115/105/115105098/ 
[2] https://nptel.ac.in/courses/115103115 

OUTCOME 

[CO1] Developed a strong foundation in classical mechanics, including Newton's laws, dynamical systems, 
central force motion, and rigid body dynamics (K2) 

[CO2] Mastered the Lagrangian formalism, its applications, and its connection to variational principles, 
enabling them to analyze complex mechanical systems efficiently (K3, K4) 

[CO3] Explored the Hamiltonian formalism, its connection to the Lagrangian formalism, and its 
applications in classical mechanics, including canonical transformations and the Hamilton- Jacobi 
equation (K3, K4) 

[CO4] Studied the theory of small oscillations and its applications to various physical systems, as well as the 
foundations of classical field theory (K2, K3) 

[CO5] Gained an understanding of the principles of special relativity, including Lorentz transformations, 
relativistic kinematics, and the concept of mass-energy equivalence (K2, K3) 

 
K1 – Remember; K2 – Understand; K3 – Apply; K4 – Analyze; K5- Evaluate; K6 – Create 
 

MAPPING WITH PROGRAMME OUTCOMES 
 

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 
CO1 S L S L M M S L M S 
CO2 S L S L M M M L S S 
CO3 S L S M M S S M M S 
CO4 S L S L M M S L S S 
CO5 S L S M M M S M S S 

S - Strong; M - Medium; L - Low 
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Year: I CORE CHOICE COURSE (CCC) - IA Credits: 5 

22PH103A ELECTRONICS AND INSTRUMENTATION 

OBJECTIVES  

 Understand  semiconductor junctions,  heterojunctions,  field-effect transistors, and 
optoelectronic devices, including LEDs, laser diodes, and photovoltaic devices. 

 Explore operational amplifiers, feedback principles, oscillators, voltage regulators, and 
advanced circuits like PLLs, log, and antilog amplifiers. 

 Study instrumentation systems, bridge circuits, transducers, signal conditioning, data 
acquisition, and digital signal processing techniques for practical applications. 

 Examine logic circuits, memory, microprocessors, microcontrollers, A/D and D/A conversions, and 
digital modulation in communication systems. 

 Analyze nonlinear circuits, piecewise linear elements, memristive devices, oscillators, and chaotic 
systems like Chua's oscillator and Wien-bridge oscillators. 

UNIT 1: SEMICONDUCTOR DEVICES 
Semiconductor junctions: Metal interconnects – metal semiconductor junction – Schottky 

barrier – Ohmic contacts – insulator-semiconductor junctions – semiconductor 

heterojunctions. Field effect transistors: Characteristics of FET and MOSFET, operation - 

biasing. Optoelectronicsdevices: Light emitting diode (LED)- Laser diode – Photodiode – 

Phototransistors and Photovoltaic device. 

UNIT 2. ANALOG ELECTRONICS 
Operational Amplifiers: Introduction - differential amplifiers – Op-Amp Parameters – negative 

feedback - comparators - mathematical operations– active filters. Oscillators: Feedback 

oscillator principles – oscillators with RC and LC feedback circuits – relaxation oscillators – 555 

timers as an oscillator and Schmitt trigger. Log and antilog amplifier - Phase-locked Loop 

(PLL). Voltage regulators: principle and operations. 

UNIT 3: ELECTRONIC INSTRUMENTATION 
Basics of instrumentation system – bridge circuits: Wheatstone, AC, Wien, capacitance and 

inductance comparison. Transducers: resistive, strain gauge, resistive thermometer, 

thermistor,LVDT, load cell, piezoelectric transducers. Signal conditioning – instrumentation 

amplifier-analog switches - sample & hold circuits - data acquisition and conversion- Voltage-

to-frequencyand frequency – to – voltage converters - data transmission – digital signal 

processing. 

UNIT 4: DIGITAL ELECTRONICS AND COMMUNICATION 
Introduction – overview of logic functions and logic gates – combinational logic – flip-flops and 

related circuits – sequential logic – registers, counters, shift-registers and memory – 

microprocessor architecture (8085, 8086, 8088) – microcontroller (8051) – A/D and D/A 

conversion – DSP fundamentals. Digital modulation and communication schemes. 

UNIT 5: NONLINEAR ELECTRONICS 
Introduction - Piecewise linear (PWL) circuit elements – Negative Impedance Converter (NIC) - 

Chua’s diode - Memristive elements - autonomous and nonautomous nonlinear circuits: Chua’s 

oscillator - Lorenz oscillator - Duffing’s oscillator - MLC oscillator - Memristive oscillators – 

chaotic Wien-bridge and phase-shift oscillators. 

L T P C 

4 1 0 5 
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UNIT 6: CURRENT CONTOURS (FOR DISCUSSION ONLY AND NOT FOR FINAL EXAMINATION) 
Physics of conductance, ballistic conductance, new Ohm’s law, resonant-tunneling diodes, 

nanotransistor, fractional-order electronics, power electronic systems and importance of 

nonlinearity, memristor computing systems, chaos computing modules and logical stochastic 

resonance systems. 

BOOKS FOR STUDY 
[1] Umesh K. Mishra and Jasprit Singh, Semiconductor Device Physics and Design ( Springer, 

Netherlands, 2008). 
[2] Thomas L. Floyd and David M. Buchla, Analog Fundamentals: A systems approach (Pearson, 

Boston, 2013). 
[3] H. S. Kalsi, Electronic Instrumentation (McGraw-Hill, New Delhi, 2010). 
[4] Anil K. Maini, Digital Electronics: Principles, Devices and Applications (John Wiley & Sons Ltd., 

2007). 
[5] M. Lakshmanan, K. Murali, Chaos in Nonlinear Oscillators: Controlling and Synchronization, 

(World Scientific, 1996). 

BOOKS FOR REFERENCE 
[1] Horowitz and Hill, The Art of Electronics, 3rd Edition, (Cambridge University Press, 2015). 
[2] Thomas F. Schubert,Jr. and Ernest M. Kim, Fundamentals of Electronics: Book 1,2,3,4 (Morgan & 

Claypool Publishers, 2016). 
[3] M. Morris Mano and Michael Ciletti, Digital Design (Pearson, Harlow, 2019). 
[4]  Albert Paul Malvino, David J. Bates, Patrick E. Hoppe, Electronic Principles (McGraw-Hill, New 

Delhi, 2020) 
[5] Robert L. Boylestad and Louis Nashelsky, Electronic Devices and Circuit Theory (Pearson 

Education, New Delhi, 2013) 
[6] Julien Clinton Sprott and Wesley Joo-Chen Thio, Elegant Circuits: Simple Chaotic Oscillators 

(World Scientific, Singapore, 2021) 

OUTCOME 

[CO1]  Demonstrated knowledge of semiconductor junctions, heterojunctions, field-effect transistors, 
and optoelectronic devices such as LEDs, laser diodes, and photovoltaic devices (K1, K2, K3). 

[CO2]  Gained an understanding of operational amplifiers, feedback principles, oscillators, 
voltage regulators, and advanced circuits like PLLs, log, and antilog amplifiers (K2, K3). 

[CO3]  Acquired expertise in instrumentation systems, bridge circuits, transducers, signal 
conditioning, data acquisition, and digital signal processing techniques (K2, K3, K4). 

[CO4]  Explored logic circuits, memory, microprocessors, microcontrollers, A/D and D/A conversions, 
and digital modulation techniques used in communication systems (K2, K3, K4). 

[CO5]  Analyzed nonlinear circuits, piecewise linear elements, memristive devices, oscillators, and 
chaotic systems like Chua's oscillator and Wien-bridge oscillators (K4, K5, K6). 

 
K1 – Remember;  K2 – Understand;  K3 – Apply;     K4 – Analyze;    K5- Evaluate;   K6 – Create 

 

MAPPING WITH PROGRAMME OUTCOMES 

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 
CO1 M S L M M L L S M M 
CO2 M S L M L M L S M M 
CO3 M S M M M M M S M M 
CO4 M M M M L S S M M S 
CO5 S M S L M M M L S S 

S-Strong; M-Medium; L-Low 

 

 

 

 

 

 

12



 

Year: I ELECTIVE COURSE (EC) - IA Credits: 4 

22PH124A COMPUTATIONAL METHODS 

OBJECTIVES  

● Understand the fundamentals of C++ programming, including variables, loops, conditional 
statements, and key operations for scientific computation. 

● Learn and apply methods for curve fitting and numerical integration, including least- squares 
fitting and Newton-Cotes quadrature techniques. 

● Solve linear equations using Gauss elimination and Gauss-Jordan methods, and find roots of 
nonlinear equations with Newton-Raphson method. 

● Develop numerical solutions to first- and second-order differential equations using Euler, Runge-
Kutta, and symplectic methods with error analysis. 

● Explore the Monte Carlo technique for random number generation, testing randomness, and 
solving physics problems through simulations in C++. 

UNIT 1: C++ PROGRAMMING 

Constants and variables - I/O operators and statements - Header files - “main” function - 

Conditional statements - “switch” statement - “void” function - Function program - “for”, 

“while” and “do-while” loop statements - “break”, “continue” and “goto” statements. 

UNIT 2: CURVE FITTING AND NUMERICAL INTEGRATION OF A FUNCTION 

Curve fitting: Method of least-squares - Normal equations - Straight-line fit - Exponential and 

power law fits. Numerical integration: Newton-Cotes quadrature formula - Trapezoidal, 

Simpson’s 1/3 and 3/8 rules - Errors in the formulas - Composite Trapezoidal and Simpson’s 

rules - Errors in the formulas. 

UNIT 3: SOLUTIONS OF LINEAR AND NONLINEAR EQUATIONS 

Simultaneous linear equations: Gauss elimination method - Jordan′s modification - Inverse 

of a matrix by Gauss-Jordan method. Roots of one-dimensional nonlinear equations: 

Newton- Raphson method - Termination criteria - Pitfalls - Order of convergence. 

UNIT 4: NUMERICAL SOLUTION OF ORDINARY DIFFERENTIAL EQUATIONS 

First-order equations: First-order Euler method - Geometric interpretation - Local and 

global truncation errors - Fourth-order Runge-Kutta method - Error Versus step size. Second-

order equations: Euler method and Fourth-order Runge-Kutta method - Symplectic method 

for conservative linear harmonic oscillator and pendulum system. 

UNIT 5: MONTE CARLO TECHNIQUE 

Random variable and random numbers - Uniform random numbers: Mean and variance 

- Generation by Park-Miller method - Tests for randomness - Basic idea, features and 

components of Monte Carlo simulation - Description of the methods and C++ programs for the 

evaluation of definite integrals, estimation of π, radioactive decay and electronic distribution 

of hydrogen atom. 

UNIT 6: CURRENT CONTOURS (FOR DISCUSSION ONLY AND NOT FOR FINAL EXAMINATION) 

Systems of equations with word problems - Richardson Extrapolation - Minimization of a two- 

dimensional function by Melder-Mead-Simplex method - Solving time-dependent Schrödinger 

equation by a finite-difference method - Discrete and continuous wavelet transforms. 

L T P C 

4 1 0 4 
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BOOKS FOR STUDY 

[1] J. R. Hubbard, Programming with C++ (McGraw-Hill, New Delhi, 2006). 

[2] J. H. Mathews, Numerical Methods for Mathematics, Science and Engineering (Prentice- Hall of 
India, New Delhi, 1998). 

[3] S. Rajasekar, Symplectic Integrators for Hamiltonian Systems (Lecture Notes, 2022). 

[4] S. Rajasekar, Monte Carlo Technique (Lecture Notes, 2022). 

BOOKS FOR REFERENCE 

[1] M. K. Jain, S. R. K. Iyengar and R. K. Jain, Numerical Methods for Scientific and Engineering 
Computation (New Age Int. Pub., New Delhi, 2012). 

[2] M. Pal, Numerical Analysis for Scientists and Engineers: Theory and C Programs (Alpha Science 
International, Oxford, 2007). 

[3] William H. Press, Saul A. Teukolsky, William T. Vettering and Brian P. Flannery, Numerical Recipes 

in C++: The Art of Scientific Computing, 2nd Ed. (Cambridge University Press, Cambridge, 2007) 

ONLINE/WEB RESOURCES 

 

[1] J. Li and A.D. Heap, Environmental Modelling & Software 53 (2014) 173-189. 
[2] https://www.lce.hut.fi/teaching/S-114.1100/lect_9.pdf 

[3] https://en.wikibooks.org/wiki/Introduction_to_Numerical_Methods 

COURSE OUTCOMES 

[CO1]  Demonstrated proficiency in C++ programming concepts, including variables, loops, conditional 
statements, and operations for scientific computations (K1, K2, K3). 

[CO2]  Applied curve fitting techniques such as least-squares and implemented numerical integration 
methods like Newton-Cotes quadrature and Simpson's rules (K2, K3, K4). 

[CO3]  Solved linear systems using Gauss elimination and Gauss-Jordan methods and determined roots of 
nonlinear equations with the Newton-Raphson method (K3, K4). 

[CO4]  Developed numerical solutions for first- and second-order differential equations using Euler, 
Runge-Kutta, and symplectic methods, with error analysis (K3, K4, K5). 

[CO5]  Utilized the Monte Carlo technique for random number generation, verified randomness, and 
conducted simulations for physical problems in C++ (K4, K5, K6). 

 

K1 – Remember;     K2 – Understand;        K3 – Apply;     K4 – Analyze;      K5- Evaluate;        K6 – Create 

MAPPING WITH PROGRAMME OUTCOMES 

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 
CO1 S L M L L M S M L S 
CO2 S M M L L S S M L S 
CO3 S M M L L S S M L S 
CO4 S M M L L S S M L S 
CO5 S L M L L S S M M S 

S-Strong; M-Medium; L-Low 
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Year: I CORE PRACTICAL (CP) - I Credits: 4 

22PH115 COMPUTATIONAL PHYSICS LABORATORY 

OBJECTIVES 

This computer laboratory course is aimed to provide a working knowledge of practical 
numerical methods. A series of computer programs in C++ programming language on basic 
numerical methods will be provided. Students will be asked to write programs involving 
various mathematical and physics problems and test them in the computer. 

ANY TWELVE EXPERIMENTS 

1. Curve fitting - Straight-line fit.  

2. Curve fitting - Exponential and power-law fits.  

3. Newton-Raphson Method - Real roots of one-dimensional equations.  

4. Newton-Raphson Method - Complex roots of one-dimensional equations.  

5. Solution of simultaneous equations - Gauss-Jordan method.  

6. Composite Trapezoidal rule.  

7. Composite Simpson's rule.  

8. Euler method for second-order ordinary differential equations.  

9. Fourth-order Runge-Kutta method for second-order ordinary differential equations.  

10. Uniform random numbers generation by the Park-Miller method and computation of 

their mean and variance.  

11. Evaluation of definite integrals and the value of π by Monte-Carlo method. 

12. Application of Monte Carlo method to radioactive decay. 

13. Simulation of electronic distribution of hydrogen atom by the Monte Carlo method. 

14. Symplectic integration for linear harmonic oscillator. 

15. Numerical solution of one-dimensional Schrödinger equation (linear harmonic 

oscillator). 

REFERENCES 

[1] P. Muruganandam and S. Rajasekar, Computational Physics Laboratory Manual 

(Department of Physics, Bharathidasan University, 2022) 

OUTCOMES 

Students will acquire hands-on knowledge of programming practices in C++. Students will 
learn some of the mathematical and physics problems including curve fitting, roots of 
algebraic equations, the solution to linear systems, numerical integration and differentiation, 
numerical solution procedures for second order ordinary differential equations, random 
numbers, Monte-Carlo methods, Symplectic integration and numerical solution to one-
dimensional Schrödinger equation. 
 

  

L T P C 

0 0 5 3 
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Year: I ELECTIVE COURSE (EC) - IB Credits: 5 

22PH124B COMPUTATIONAL PHYSICS WITH PYTHON 

OBJECTIVES  

 Developing Python programming skills towards application to numerical methods. 
 Learning the curve fitting of data to certain functions. 
 Familiarizing with the methods of solving the system of linear equations and finding the zeros of 

nonlinear functions. 
 Acquaintance with the numerical integration of functions and ordinary differential equations. 
 Understanding  the basics of Monte Carlo technique and applying it to mathematical and physical 

problems. 

UNIT 1: PYTHON PROGRAMMING 

Introduction to Python – Basic Syntax -  Variable and Data Types – list, tuple, dict, and set –  

Operators – Conditional Statements – if, if- else, Nested if-else – Looping – for, while, Nested 

loops – Control Statements – break, continue, pass – String Manipulation - Basic Operations 

and String slices – Python Functions – Defining a function, Calling a function, Types of 

functions, Function Arguments, Anonymous functions,  Global and local variables – Modules  

UNIT 2: CURVE FITTING AND NUMERICAL INTEGRATION OF A FUNCTION 

Curve fitting: Method of least-squares - Normal equations - Straight-line fit - Exponential and 

power law fits. Numerical integration: Newton-Cotes quadrature formula - Trapezoidal, 

Simpson’s 1/3 and 3/8 rules - Errors in the formulas - Composite Trapezoidal and Simpson’s 

rules - Errors in the formulas. 

UNIT 3: SOLUTIONS OF LINEAR AND NONLINEAR EQUATIONS 

Simultaneous linear equations: Gauss elimination method - Jordan′s modification - Inverse of a 

matrix by Gauss-Jordan method. Roots of one-dimensional nonlinear equations: Newton-

Raphson method - Termination criteria - Pitfalls - Order of convergence. 

UNIT 4: NUMERICAL SOLUTION OF ORDINARY DIFFERENTIAL EQUATIONS 

First-order equations: First-order Euler method - Geometric interpretation - Local and global 

truncation errors - Fourth-order Runge-Kutta method - Error Versus step size. Second-order 

equations: Euler method and Fourth-order Runge-Kutta method - Symplectic method for 

conservative linear harmonic oscillator and pendulum system. 

UNIT 5: MONTE CARLO TECHNIQUE 

Random variable and random numbers - Uniform random numbers:  Mean and variance - 

Generation by Park-Miller method - Tests for randomness - Basic idea, features and 

components of Monte Carlo simulation - Description of the methods and C++ programs for the 

evaluation of definite integrals, estimation of π, radioactive decay and electronic distribution 

of hydrogen atom. 

 

 

 

L T P C 

4 1 0 4 
 

16



 

UNIT 6: CURRENT CONTOURS (FOR DISCUSSION ONLY AND NOT FOR FINAL EXAMINATION) 

Systems of equations with word problems - Richardson Extrapolation - Minimization of a two-

dimensional function by Melder-Mead-Simplex method - Solving time-dependent Schrödinger 

equation by a finite-difference method - Discrete and continuous wavelet transforms. 

BOOKS FOR STUDY 

[1] A. Downey, J. Elkner and C. Meyers, Learning with Python (Dreamtech Press, New Delhi, 2015) 

[2] S. Taneja and N. Kumar, Python Programming: A modular Approach (Pearson India, Noida, 

2018).  

[3] J. H. Mathews, Numerical Methods for Mathematics, Science and Engineering (Prentice-Hall of 

India, New Delhi, 1998). 

[4] S. Rajasekar, Symplectic Integrators for Hamiltonian Systems (Preprint, 2018). 

[5] S. Rajasekar, Monte Carlo Technique (preprint, 2022). 

BOOKS FOR REFERENCE 

[1] M. K. Jain, S. R. K. Iyengar and R. K. Jain, Numerical Methods for Scientific and Engineering 

Computation (New Age Int. Pub., New Delhi, 2012). 

[2] M. Pal, Numerical Analysis for Scientists and Engineers: Theory and C Programs (Alpha Science 

International, Oxford, 2007). 

ONLINE/WEB RESOURCES 

[1] J. Li and A.D. Heap, Environmental Modeling & Software 53 (2014) 173-189. 

[2] https://www.lce.hut.fi/teaching/S-114.1100/lect_9.pdf 

[3] https://en.wikibooks.org/wiki/Introduction_to_Numerical_Methods 

COURSE OUTCOMES 

Upon completion of this course students should able to 

(a) Develop Python programs for numerically solving problems.  

(b) Derive computational methods and error analysis for various mathematical tasks. 

(c) Acquire a working knowledge of solving initial value problem of ordinary differential equations. 

(d) Apply the Monte Carlo technique to solve simple stochastic processes. 

(e) Improve the communication skill by working out problems on the blackboard. 
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SEMESTER II 
 

Year: I 
 

CORE COURSE (CC) - III 
      Credits: 5 

22PH201 QUANTUM MECHANICS 
OBJECTIVES 

 Analyze the Schrödinger equation, interpret wave functions, and explore fundamental postulates, 
operators, and the Heisenberg uncertainty principle. 

 Solve exactly solvable quantum systems like harmonic oscillators, potential barriers, tunneling 
effects, and rigid rotators using Schrödinger's equation. 

 Apply time-independent and time-dependent perturbation theories to systems, including Stark 
effect and anharmonic oscillators, to determine energy corrections. 

 Explore angular momentum in quantum mechanics, commutation relations, eigenvalue problems, 
and spin operators, including their properties and expectation values. 

 Examine relativistic quantum mechanics concepts, including Klein-Gordon and Dirac equations, 
probability densities, negative energy states, and Zitterbewegung. 

 

UNIT 1: THE SCHRÖDINGER EQUATION AND OPERATOR FORMALISM 
Schrödinger equation: Time-dependent Schrödinger equation and its solution - Physical 

meaning and conditions on admissible wave functions - Conservation of probability–

Expectation value - Ehrenfest′s theorem - Basic postulates. Operator Formulation: Linear 

operator - Adjoint and self-adjoint operators - Commuting and noncommuting operators - 

Commutator - Simultaneous eigenfunctions - Heisenberg uncertainty relation. 

UNIT 2: EXACTLY SOLVABLE PROBLEMS 
Linear harmonic oscillator: Eigenvalues and eigenfunctions by solving the one dimensional 

Schrödinger equation - Particle in a box - Rectangular barrier potential - Tunnel effect - Rigid 

rotator. 

UNIT 3: PERTURBATION THEORY 
Time-independent perturbation theory for non-degenerate states - Application to linear 

harmonic oscillator with perturbation - eFx and anharmonic oscillator with perturbation x4 - 

Perturbation theory for degenerate states - Stark effect in hydrogen atom - Time-dependent 

perturbation theory: Constant perturbation - Transition probability - Harmonic perturbation. 

UNIT 4: ANGULAR MOMENTUM 
Components of orbital angular momentum L - Commutation relations among the components 

of L, L2 and Lz - Ladder operators L± - Eigenspectra of L2 and Lz through commutation 

relations and solving the eigenvalue equation - Properties of eigenvalues of L2 - Expectation 

values of Lx, Ly, Lz, Lx2, Ly2, Lz2, L2 - Components of spin operator. 

UNIT 5: RELATIVISTIC QUANTUM MECHANICS 
Klein-Gordon equation for a free particle - Probability and current densities - Plane wave 

solutions - Dirac equation for a free particle - Dirac matrices and their properties - Probability 

and current densities - Plane wave solutions - Negative energy states - Zitterbewegung: jittery 

motion of a free particle - Spin of a Dirac particle 

L T P C 

4 1 0 5 
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UNIT 6: CURRENT CONTOURS (FOR DISCUSSION ONLY AND NOT FOR FINAL EXAMINATION) 
Entangled states - Bell’s theorem - EPR paradox - Basic ideas of quantum computers - 

Quantum cloning - Quantum teleportation - Quantum cryptography - Quantum games - 

Berry’s phase - Quantum metrology and lithography. 

 

BOOKS FOR STUDY 

[1] L. Schiff, Quantum Mechanics (Tata McGraw Hill, New Delhi, 1968) 

[2] P. M. Mathews and K. Venkatesan, A Text Book of Quantum Mechanics (Tata McGraw Hill, New 

Delhi, 1987). 

[3] S. Rajasekar and R. Velusamy, Quantum Mechanics: The Fundamentals (CRC Press, Boca Raton, 

2015) 

BOOKS FOR REFERENCE 

[1] M.S. Rogalski and B. Palmer, Quantum Mechanics (Gordon & Breach, Amsterdam,1999). 

[2] S. Rajasekar and R. Velusamy, Quantum Mechanics: Advanced Topics (CRC Press, Boca 

Raton,2015). 

ONLINE/WEB RESOURCES 

[1] http://physics.mq.edu.au/~jcresser/Phys304/Handouts/QuantumPhysicsNotes.pdf 

[2] https://www.wolframalpha.com/examples/science-and technology/physics/quantum-physics. 

[3] http://quantumphysics.iop.org. 

COURSE OUTCOMES 

[CO1]  Analyzed complex functions, applied Cauchy’s theorems, computed residues, and evaluated 

integrals using complex integration and residue methods (K3, K4). 

[CO2]  Explored Fourier and Laplace transforms, solved second-order linear differential equations, 

and applied these methods to heat equation problems (K3, K5). 

[CO3]  Applied probability laws, analyzed distributions such as Binomial, Poisson, and Normal, and 

interpreted statistical measures including mean and variance (K3, K4). 

[CO4]  Examined group theory concepts, including group representations, orthogonality, and character 

tables, with applications to symmetry operations and point groups (K2, K4). 

[CO5]  Understood tensor analysis, including coordinate transformations, covariant derivatives, 

Christoffel symbols, and contraction laws, with applications to physics and geometry (K2, K4). 

K1 – Remember;     K2 – Understand;        K3 – Apply;       K4 – Analyze;        K5- Evaluate;       K6 – Create 

 

MAPPING WITH PROGRAMME OUTCOMES 

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 
CO1 S L S L M M M L M S 
CO2 S L S L M S M L M S 
CO3 S L S L M S M L M S 
CO4 S L S L M S M L M S 
CO5 S L S L M S M L M S 

S-Strong; M-Medium; L-Low 
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Year: I CORE COURSE (CC) IV Credits: 5 

22PH202 THERMODYNAMICS AND STATISTICAL PHYSICS  

 

OBJECTIVES 

 Explain the principles of thermodynamics and distinguish between microstates and 

macrostates in classical and quantum systems. 

 Analyze the thermodynamic potentials and their applications in classical and quantum 

physics, including the Boltzmann entropy relation. 

 Understand the concept of ensembles and apply the ensemble approach to classical ideal gases 

and harmonic oscillators. 

 Apply quantum statistics to Bose-Einstein and Fermi-Dirac systems, and understand the 

behavior of identical particles in quantum systems. 

 Investigate phase transitions, including critical points and the Ising model, and apply the Landau 

approach to analyze second-order transition 

 

UNIT 1: EQUILIBRIUM THERMODYNAMICS 

Review of thermodynamics - Laws of thermodynamics - Thermodynamic potentials - 

Microstates and Macrostates of classical and quantum systems - Examples from classical and 

quantum physics - Particle in a box and simple harmonic oscillator- Phase space - µ-space and 

Γ-space - Counting number of microstates in classical and quantum systems - Principle of a 

priori probability - Thermodynamic probability - Boltzmann entropy relation - Density of 

states - Expression for density of states in energy space and momentum space - Liouville’s 

theorem. 

UNIT 2: ENSEMBLE APPROACH 

Introduction to Ensembles - Microcanonical, canonical and grand canonical ensembles - 

Definition of partition function in the ensembles - Determination of thermodynamic 

quantities from Partition function - Demonstration of ensemble approach - First example - 

Classical ideal gas in microcanonical, canonical and grand canonical ensemble - Gibbs paradox 

and correct formula for entropy - Second example - Linear harmonic oscillator in 

microcanonical, canonical and grand canonical ensemble - Demonstration of equipartition of 

energy through canonical distribution. 

UNIT 3: QUANTUM STATISTICS 

Need for Quantum Statistics - Difference between classical and quantum statistics - Identical 

particles - Bosons and Fermions - Symmetric and anti-symmetric wave functions - Difference 

between Bose-Einstein and Fermi-Dirac statistics - Calculating the partition function for 

Bosons and Fermions - Derivation of Bose- Einstein and Fermi-Dirac distributions through 

microcanonical and grand canonical ensembles - Quantum Ideal gas - Definition of thermal 

wavelength - Weakly and strongly degenerate cases - Examples for weakly and strongly 

degenerate cases. 

 

L T P C 

4 1 0 5 
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UNIT 4: APPLICATIONS 

Weakly degenerate Bose and Fermi gas - Determination of thermodynamic quantities and 

equation of state - Strongly degenerate Bose gas - Bose-Einstein Condensation - Strongly 

degenerate Fermi gas at low temperature and high temperatures - Fermi energy and Fermi 

momentum - Thermodynamic quantities - Black body radiation - Planck’s distribution law - 

Heat capacity of solids - Dulong and Petit law - Einstein and Debye’s theory of Specific heat of 

solids - Thermionic emission - Liquid Helium and its properties - Pauli Paramagnetism. 

UNIT 5: PHASE TRANSITIONS 

Introduction to phase transition - First and second order phase transitions - Critical point - 

Order parameter - Critical exponents - Scaling hypothesis - Introduction to the Landau 

phenomenological approach - Ising model in one dimension - Mean field theory - Exact 

solution of Ising model in one dimension. 

 

UNIT 6 : CURRENT CONTOURS (FOR DISCUSSION ONLY AND NOT FOR FINAL EXAMINATION) 

The Boltzmann Distribution: Convergence of the stochastic dynamics - Monte-Carlo 

Simulation – Simulated annealing - Boltzmann machines - Sampling - Interactions - 

Optimization - Inference - Learning - Restricted Boltzmann machines. Bayesian networks - 

q-bit systems - Quantum annealing. 

 

Book for Study 

[1] B. K. Agarwal and M. Eisner, Statistical Mechanics (New Age International, New Delhi, 2020). 

[2] R. K. Pathria and P. D. Beale, Statistical Mechanics (Academic Press, Cambridge, 2021). 

[3] S. L. Kakani and C. Hemrajani, Statistical Mechanics (Viva Books Private Limited, New Delhi, 2017). 

[4] A. K. Saxena, An Introduction to Thermodynamics and Statistical Mechanics (Alpha Science 

International, New Delhi, 2010). 

[5] Satya Prakash, Statistical Mechanics (Kedar Nath Ram Nath, Meerut, 2008). 

[6] S. Chandra and M. K. Sharma, A Textbook on Statistical Mechanics (CBS Publisher, New Delhi, 

2016) 

[7] S. C. Garg, R. M. Bansal and C. K. Ghosh, Thermal Physics: Kinetic Theory, Thermodynamics and 

Statistical Mechanics (McGraw Hill, New Delhi, 2013). 

Books for Reference: 

[1] D. A. McQuarrie, Statistical Mechanics (Viva Books India, Viva Student Edition, 2018). 

[2] S. C. Garg, R. M. Bansal and C. K. Gosh, Thermal Physics: with Kinetic Theory, Thermodynamics and 

Statistical Mechanics (McGraw Hill Education, 2nd edition, 2017). 

[3] B. K. Agarwal and M. Eisner, Statistical Mechanics (New Age International Publishers, 3rd edition, 

2013). 

[4] R. K. Pathria and P. D. Beale, Statistical Mechanics (Academic Press, 3rd edition, 2011). 

[5] F. Reif, Fundamentals of Statistical and Thermal Physics (Waveland Press, 2010). 

[6] W. Greiner, L. Neise and H. Stocker, Thermodynamics and Statistical Mechanics (Springer Verlag, 

New York, 1st edition, 1995). 

ONLINE/WEB RESOURCES 

[1] http://www.damtp.cam.ac.uk/user/tong/statphys/sp.pdf 
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[2] https://nptel.ac.in/courses/104103112 

COURSE OUTCOMES 

[CO1] Explained the laws of thermodynamics, microstates/macrostates, phase space, and entropy 

using examples from classical and quantum systems (K2). 

[CO2] Applied the ensemble approach to calculate thermodynamic quantities, demonstrated the 

canonical distribution, and resolved Gibbs paradox (K3). 

[CO3] Differentiated classical and quantum statistics by deriving Bose-Einstein and Fermi-Dirac 

distributions and applying them to quantum ideal gases (K4). 

[CO4] Investigated weakly and strongly degenerate quantum gases, Bose-Einstein condensation, 

Fermi energy, and thermodynamic properties across various systems (K5). 

[CO5] Examined phase transitions, critical phenomena, the scaling hypothesis, and the Landau and Ising 

models to provide theoretical and exact solutions (K6). 

K1 – Remember;     K2 – Understand;        K3 – Apply;       K4 – Analyze;        K5- Evaluate;       K6 – Create 

 

MAPPING WITH PROGRAMME OUTCOMES 

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 
CO1 S L S L L M M L L S 
CO2 S L S L L M M L L S 
CO3 S L S L L M M L L S 
CO4 S L S M L M M M M S 
CO5 S L S L L M M L L S 

S-Strong; M-Medium; L-Low 
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Year: I CORE CHOICE COURSE (CCC) - IIA Credits: 5 

22PH203A ADVANCED MATHEMATICAL METHODS 

OBJECTIVES: 

 Analyze complex functions, apply Cauchy’s theorems, compute residues, and evaluate integrals 

using complex integration techniques and residue methods. 

 Explore Fourier and Laplace transforms, solve linear differential equations, and apply these 

methods to heat equation and mathematical problems. 

 Apply probability laws, analyze distributions like Binomial, Poisson, and Normal, and interpret 

statistical measures like mean and variance. 

 Examine group theory concepts, including group representations, orthogonality, and character 

tables, with applications to symmetry and point groups. 

 Understand tensor analysis, including coordinate transformations, covariant derivatives, Christoffel 

symbols, and contraction laws, with applications to geometry and physics. 

 

UNIT 1: COMPLEX ANALYSIS 

Complex functions and variables - Condition for a function to be analytic- Complex integration 

- Cauchy’s theorem - Cauchy’s integral formula - Laurent series - Cauchy’s residue theorem - 

Computations of residue - Evaluation of integrals using residues. 

UNIT 2: FOURIER AND LAPLACE TRANSFORM 

Fourier transforms - Fourier cosine and sine Transforms - Heat equation (one dimension). 

Laplace transform - Inverse Laplace transform - Laplace transform of derivatives - 

multiplication and division - solution of second order linear ordinary differential equations by 

Laplace transform - Applications. 

UNIT 3: PROBABILITY THEORY 

Probability - Addition law of Probability - Multiplication Law of Probability - Probability 

distribution - Binomial distribution - Poisson distribution - Normal distribution - Mean and 

Variance of Binomial - Poisson and Normal distribution - Applications of Binomial, Poisson 

and Normal distributions - Central limit theorem. 

UNIT 4: GROUP THEORY 

Definition of Group theory - Group table - Sub Group - Classes - Isomorphism and 

Homomorphism - Schur’s Lemma - Orthogonality theorem - The Character of representation - 

Reducible and irreducible representations - Formation of Character table - Point Groups - 

Elementary ideas of rotation Groups. 

UNIT 5: TENSOR ANALYSIS 

Transformation of coordinates - summation convention - Kronecker delta - Contravariant, 

Covariant and mixed tensors - Rank of a tensor -Symmetric and anti-symmetric tensors – 

Inner and outer product - Contraction of a tensor - Quotient Law - Raising and lowering of 

suffixes - Metric tensor - Conjugate tensors - Christoffel symbols of the first and second kind - 

Covariant derivatives. 

UNIT 6: CURRENT CONTOURS (FOR CONTINUOUS INTERNAL ASSESSMENT ONLY)  

BOOKS FOR STUDY: 

L T P C 

4 1 0 5 
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[1] E. Kreyszig, Advanced Engineering Mathematics (Wiley Eastern, New Delhi, 1983). 

[2] L. A. Pipes and L. R. Harvill, Applied Mathematics for Engineers andPhysicists (McGrawHill, 

Singapore, 1970). 

[3] P. K. Chattopadhyay, Mathematical Physics (Wiley Eastern, New Delhi, 1992). 

[4] M. Hammernesh, Group Theory (Addision Wesley, New York, 1962). 

[5] C. Harper, Introduction to Mathematical Physics (Prentice Hall of India, New Delhi, 1993). 

[6] H. K. Dass, Advanced Engineering Mathematics (S. Chand & Co., New Delhi, 1998). 

BOOKS FOR REFERENCE: 

[1] B.D. Gupta, Mathematical Physics (Vikas Publishing House Pvt. Ltd, 1995). 

[2] B.S.Rajput, Mathematical Physics (20th Edition, Pragati Prakashan, 2008). 

[3] Murray R. Spigel, Theory and Problems of Laplace Transforms (Schaum’s outline series, McGraw 

Hill, 1986). 

[4] A.W. Joshi, Matrices and Tensors in Physics, (Wiley Eastern limited, 3rd Edition, 1995). 

[5] K. Dass, Mathematical Physics, (S. Chand & Co., New Delhi, 2003). 

WEBLINK: 

[1] https://nptel.ac.in/courses/115105097 

[2] https://nptel.ac.in/courses/115103036 

COURSE OUTCOMES 

[CO1]  Analyzed the Schrödinger equation, interpreted wave functions, and explored fundamental 

postulates, operators, and the Heisenberg uncertainty principle (K2, K4). 

[CO2]  Solved quantum systems like harmonic oscillators, potential barriers, tunneling effects, and rigid 

rotators using Schrödinger's equation (K3). 

[CO3]  Applied perturbation theories to systems, including linear harmonic oscillators, anharmonic 

oscillators, and Stark effect, to determine energy corrections (K3, K4). 

[CO4]  Explored angular momentum in quantum mechanics, including commutation relations, 

eigenvalue problems, and properties of spin operators (K2, K4). 

[CO5]  Examined relativistic quantum mechanics concepts, including Klein-Gordon and Dirac 

equations, negative energy states, and Zitterbewegung (K2, K5) 

K1 – Remember;      K2 – Understand;     K3 – Apply;      K4 – Analyze;    K5- Evaluate;         K6 – Create 

 

MAPPING WITH PROGRAMME OUTCOMES 

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 
CO1 S L S L M M M L M S 
CO2 S L S L M M M L M S 
CO3 S L S L M S M L M S 
CO4 S L S L M S M L M S 
CO5 S L S L M S M L M S 

S-Strong; M-Medium; L-Low 
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Year: I ELECTIVE COURSE – EC IIA Credits: 4 

22PH224A ATOMIC AND MOLECULAR PHYSICS 
L T P C 
4 1 0 4 

OBJECTIVES 
 Analyze atomic spectra using the vector atom model, LS-JJ coupling, and external field effects 

like Zeeman, Stark, and Paschen-Back. 

 Explore molecular interactions, hybridization, and bonding theories through molecular orbital 
and valence bond methods, including Huckel's approximation. 

 Examine rotational and vibrational spectra of molecules, analyze isotopic effects, and employ 
microwave and infrared spectroscopy techniques. 

 Learn electronic spectroscopy principles, including vibrational and rotational fine structure, 
molecular orbitals, and spectrophotometer applications. 

 Apply Raman and infrared spectroscopy principles to study molecular structure and 
differentiate between Raman and IR spectrometric methods. 

 

UNIT 1: ATOMIC SPECTRA & ATOMS IN EXTERNAL FIELDS 
Vector atom model – Quantum states of electron in atoms – Hydrogen atom spectrum – Stern- 

Gerlach experiment – Spin-orbit interaction – LS-JJ coupling schemes – Fine structure – 

Spectroscopic   terms   and   selection rules   – Hyperfine structure. Normal 

Zeeman effect – Anomalous Zeeman effect – Paschen Back effect – Stark effect – Auger 

transitions – Compton effect. 

UNIT 2: QUANTUM CHEMISTRY (MOLECULAR ORBITAL AND BOND THEORY OF MOLECULES) 
Introduction – Covalent, ionic and van der Waal’s interactions – Born Oppenheimer 

approximation – The LCAO Approximation – Molecular orbital theory for Hydrogen molecule. 

MO for H2 Molecule – Valance bond theory– Hybridization – Huckels molecular 

approximation and treatment for Benzene and Butadiene. 

UNIT 3: MICROWAVE & IR SPECTROSCOPY 
Rotational spectra of diatomic molecules – Intensity of spectral lines – Effect of isotopic 

substitution – The non-rigid rotor – Rotational spectra of poly atomic molecules – Linear, 

symmetric top and asymmetric top molecules – Microwave experimental techniques. 

Vibrating diatomic molecule – Diatomic Vibrating rotator – Linear and symmetric top 

molecules – Analysis by infrared techniques – Characteristic and group frequencies. 

UNIT 4: ELECTRONIC SPECTROSCOPY OF MOLECULES 
Vibrational coarse structure: Progression - The Franck-Condon principle – Dissociation 

energy and dissociation products. Rotational fine structure of electronic vibration transitions 

– Fortrat diagram - Pre-dissociation - Electronic Structure of Diatomic Molecules: shapes of 

Molecular orbitals - UV- VIS-IR spectrophotometer. 

UNIT 5: RAMAN SPECTROSCOPY 
Quantum and Classical theory of Raman effect – Pure rotational Raman Spectrum – Symmetric 

and Spherical top molecule – Vibrational Raman Spectra. Instrumentation and methods: 

Raman spectrometer – Structure determination from Raman and IR spectroscopy – Near IR 

FT- Raman Spectroscopy –Difference between Raman & IR Spectrometer. 
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UNIT - 6: CURRENT CONTOURS (FOR CONTINUOUS INTERNAL ASSESSMENT ONLY) 
Solving physical problems in atomic and molecular Physics - Analysis of Laser Raman spectra 

of organic and inorganic molecules - Identifying the molecular structure by IR and Raman 

spectrometer - UV-VIS absorption of spectrum of colloidal systems and concentration 

domination. 

BOOKS FOR STUDY 

[1] A. Beiser, Concepts of Modern Physics (McGraw Hill, New York, 1995) 

[2] A. K. Chandra, Introductory Quantum Chemistry (Tata McGraw Hill, New Delhi, 1989) 

[3] C. N. Banwell, Fundamentals of Molecular Spectroscopy (McGraw-Hill, New York, 

[4] 1981) 

BOOKS FOR REFERENCE 

[1] B. P. Straughan & S. Walker Spectroscopy: Vol. I (Chapman & Hall, 1976) 

[2] R. P. Feynman et al. The Feynman Lectures on Physics: Vol. III. (Narosa Book Distributors, New 

Delhi, 1989) 

[3] F. Pilar, Elementary Quantum Chemistry (McGraw Hill, New York, 1968) 

[4] I. N. Levine, Quantum Chemistry (Prentice-Hall of India, New Delhi, 1994) 

[5] B. H. Bransden and C. J. Joachain, Physics of Atoms and Molecules, Pearson 

[6] G. Woodgate, Elementary Atomic Structure, Oxford University Press 

ONLINE/WEB RESOURCES 

[1] http://www.kinetics.nsc.ru/chichinin/books/spectroscopy/Atkins05.pdf 

COURSE OUTCOMES 

[CO1] Analyzed atomic spectra using the vector atom model, LS-JJ coupling, and external field effects like 

Zeeman, Stark, and Paschen-Back (K4). 

[CO2] Explored molecular interactions, bonding theories, hybridization, and Huckel's approximation for 

molecules like benzene and butadiene (K2, K3). 

[CO3] Examined rotational and vibrational spectra of molecules, analyzed isotopic effects, and 

applied microwave and infrared spectroscopy techniques (K3, K4). 

[CO4] Learned the principles of electronic spectroscopy, including vibrational and rotational fine 

structures, molecular orbitals, and spectrophotometer applications (K2, K4). 

[CO5] Applied Raman and infrared spectroscopy principles to molecular structure analysis and 

distinguished between Raman and IR spectrometric techniques (K3, K5). 

 

    K1 – Remember;    K2 – Understand;     K3 – Apply;      K4 – Analyze;       K5- Evaluate;        K6 – Create 

 

Mapping Learning Outcomes (COs) to Program-Specific Outcomes (POs) 

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 

CO1 S L S L L M M L M S 

CO2 S L S L L M M L M S 

CO3 S M S M L S M M M S 

CO4 S L S M L M M L M S 

CO5 S M S M L M M M M S 
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Year: I ELECTIVE COURSE – EC IIB Credits: 4 

22PH224B SPECTROSCOPIC TECHNIQUES 

OBJECTIVES  

 To give an exposure to the methods of spectroscopy. 

  Make them understand the essential elements of spectroscopy and its applications. 

 To impart knowledge on the applications of Spectroscopy. 

UNIT 1: ULTRAVIOLET AND VISIBLE SPECTROSCOPY 

Theory of electronic spectroscopy - Beer's and Lambert's laws - Instrumentation and sampling 

uv-vis- spectrometer - Solvents and solutions - Vacuum ultraviolet - Solvent effects - 

Applications - Benzne and its substituted derivatives - Heterocyclic systems - conjugated and 

unsaturated carbonyl compounds - Stereochemical factors - Fluorescence and 

phosphorescence - Electron spectroscopy for chemical analysis (ESCA). 

UNIT 2: RAMAN AND IR SPECTROSCOPY 

FT Raman spectroscopy - Degree of depolarization- Basic principle – Quantum theory of 

Raman effect - Experimental techniques of Raman spectroscopy-IR spectra of polyatomic 

molecules-Experimental techniques of IR - IR imaging - vibrational frequencies analysis-

determination of molecular structure - XY, XY2 and XY3 type molecules using IR and Raman 

spectra - Nonlinear Raman spectroscopy.  

UNIT 3: FLUORESCENCE AND PHOSPHORESCENCE SPECTROSCOPY 

Electronic excitation and vibrational analysis of diatomic molecules - Deslander’s Table - 

Intensity distribution-Franck Condon principle - Electronic bands - Resonance and normal 

fluorescence - Intensities of transitions- Phosphorescence - Population of triplet state – 

Experimental methods - Applications of Fluorescence and Phosphorescence. 

UNIT 4: NMR AND NQR SPECTROSCOPY 

NMR spectroscopy - Basic principles -  Classical and quantum mechanical treatments - Bloch 

equations - Spin-spin and spin-lattice relaxation– Experimental technique – Single coil and 

double coil method - Principle and working of high resolution NMR spectrometer - Chemical 

shift - Applications. NQR spectroscopy: Basic principle and fundamental requirements – 

Quadruple Hamiltonian – Nuclear quadruple energy levels for axial and non-axial symmetry. 

UNIT 5: ESR AND MOSSBAUER SPECTROSCOPY 

ESR spectroscopy - Basic principles - ESR spectrometer -Nuclear interaction and hyperfine 

structure – Relaxation effects - ‘g’ factor - Experimental set up for ESR- biological applications. 

Mossbauer spectroscopy: Mossbauer Effect – Recoil less emission and absorption - Doppler 

velocity shift-experimental arrangement – Mossbauer spectrum - Chemical isomer shift - 

Magnetic hyperfine and electric quadrupole splitting – Applications. 

UNIT 6: CURRENT CONTOURS (FOR CONTINUOUS INTERNAL ASSESSMENT ONLY) 

L T P C 
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Electron and neutron spectroscopy - Ultrafast laser spectroscopy - Respiratory gas analysis in 

hospitals - Gamma ray spectroscopy - Non-destructive elemental analysis by X-ray 

fluorescence (Introduction only) - Molecular photophysics – Laser spectroscopy. 

BOOKS FOR STUDY 

[1] B. P. Straughan and S. Walkar, Spectroscopy Vols.1, 2 (Chapman and Hall, Boca Raton, 

1994). 

[2] R. Chang, Basic Principles of Spectroscopy (McGraw Hill, New York, 1980). 

[3] D. A. Long, Raman Spectroscopy (McGraw Hill, New York, 1977).   

[4] H. E. White, Introduction to Atomic Spectra (McGraw Hill, New Delhi, 2016). 

[5] S. L. Gupta, V. Kumar and H. V. Sharma, Elements of Spectroscopy (Pragati Prakashan, 

Mumbai, 2017). 

[6] C. N. Banwell, Fundamentals of Molecular Spectroscopy (McGraw Hill, New Delhi, 2016) 

[7] G. Aruldhas, Molecular Structure and Spectroscopy (Prentice Hall of India, New Delhi, 

2014). 

[8] M. Chandra, Atomic Spectra and Chemical Bond (Dreamtech Press, New Delhi, 2019) 

BOOKS FOR REFERENCE 

[1] G. Herzberg, Molecular Spectra and Molecular Structure (Dover, New York, 2008). 

[2] P.  C. Poole and H. A. Farach, Theory of Magnetic Resonance (Wiley, New Delhi, 1987). 

[3] J. Workman and A. Springsteen, Applied Spectroscopy (Boston Academic Press, 

Massachusetts, 1998). 

[4] D. L. Andrews and R. H. Lipson, Molecular Photophysics and Spectroscopy (IOP Publishing, 

Bristol, 2021). 

[5] P. N. Ghosh, Laser Physics and Spectroscopy (CRC Press, Boca Raton, 2018). 

ONLINE/WEB RESOURCES 

[1] https://resources.saylor.org/wwwresources/archived/site/wp-

content/uploads/2012/07/Chapter1011.pdf  

[2] https://nptel.ac.in/courses/104106122 

OUTCOME 

On the successful completion of the course, students will be able to  

(a) Acquire knowledge and problem-solving skills in atomic and molecular spectroscopy. 

(b) Understand the applications of spectroscopy in day-to-day life. 

(c) Gain knowledge about the Quantum behaviour of atoms in external electric and magnetic 

fields. 

(d) Interpret the electromagnetic spectra and the interaction of radiation with matter. 

(e) Get familiar with the light sources and spectroscopic techniques to explain the structure 

of materials 
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Year: I CORE PRACTICAL (CP) - II Credits: 4 

22PH215 ELECTRONICS LABORATORY 

OBJECTIVES  

This laboratory course is intended to give a practical knowledge of basic and essential electronics. This 

laboratory course helps students study the working principles of the elementary electronic components 

and design of various linear and nonlinear electronic circuits including analog simulation, filter circuits, 

modulation and demodulation, piecewise- linear circuits, Chua’s diode, MLC circuits. The student will also 

be introduced to the digital circuits, microprocessors and microcontrollers.  

ANY FIFTEEN EXPERIMENTS 

1. Characteristics curve of FET (BFW10).  

2. Measurement of op-amp parameters. 

3. Basic operational amplifier circuits: Comparator, inverting amplifier, non-inverting 

amplifier, adder, difference amplifier, integrator, differentiator, summing-integrator. 

4. Construction of simultaneous equation solving circuit using op-amps. 

5. Construction of op-amp active filters - LPF, HPF, BPF.  

6. Design of phase shift and Wien’s Bridge oscillators.  

7. 555 timer based astable multi-vibrator and Schmitt trigger circuits. 

8. Construction of relaxation oscillators using Op-Amp.  

9. Construction of op-amp instrumentation amplifier. 

10. DAC using R-2R network. 

11. ADC using IC-0800 or IC-0804 

12. Construction of three terminal voltage regulator-based circuits (LM 7805, LM7809). 

13. Analog multiplier circuit using AD633. 

14. Frequency modulation using IC 565. 

15. Verification of truth tables of OR, AND, NOR, and NAND logic gates. 

16. Construction of XOR logic using universal logic gates. 

17. Design and implementation of half/full-adder circuits. 

18. 8085/8086 microprocessor-based experiments. 

19. Generation of sine and square wave with TMS320C6713 DSP kit. 

20. Voltage - Current characteristics of negative impedance converter (NIC) and Chua’s diode.  

21. Construction of Chua’s circuit and observing its dynamics. 

22. Construction of Murali-Lakshmanan-Chua’s (MLC) circuit and observing its dynamics. 

23. Construction of chaotic Wien-bridge oscillator. 

24. Construction of memristor based chaotic circuit. 

25. Familiarization with ADALM2000 active learning module. 

BOOKS FOR STUDY: 

[1] Thomas L. Floyd and David M.Buchla,  Analog Fundamentals: A systems approach (Pearson, Boston, 

2013).  

[2] H. S. Kalsi,  Electronic Instrumentation (McGraw-Hill, New Delhi, 2010). 

[3] Anil K. Maini,  Digital Electronics: Principles, Devices and Applications (John Wiley & Sons Ltd., 

2007). 
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[4] L. O. Chua, C. A. Desoer and E. S. Kuh, Linear and Nonlinear Circuits (McGraw-Hill, Singapore, 1987). 

[5] M. Lakshmanan, K. Murali, Chaos in Nonlinear Oscillators: Controlling and Synchronization, (World 

Scientific, 1996). 

OUTCOME:  

Upon completion of this course, students will have the ability to  

(a) Draw the characteristic curve of FET, Op-amp, negative impedance converter. 

(b) Design op-amp circuits to carry-out mathematical operations. 

(c) Design complex digital electronic circuits with universal logic gates. 

(d) Perform experiments with microprocessor and DSP modules. 

(e) Observe ordered and chaotic phenomena in nonlinear circuits. 
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SEMESTER III 

Year: II CORE COURSE - CC V                                                Credits: 5 

22PH301 ELECTROMAGNETIC THEORY 
OBJECTIVES 

 Recall the fundamental laws governing electrostatics, including Coulomb's law, Gauss's law, and the 

principles of electric field divergence and curl 

 Explain the concepts of electric dipoles, boundary conditions, and Green's theorem as applied to solving 

Poisson and Laplace equations 

 Apply Biot-Savart and Ampere's laws to determine magnetic fields generated by current- carrying 

conductors and distant current loops 

 Analyze the implications of Maxwell’s equations in different media, including energy conservation via 

Poynting’s theorem and momentum conservation 

 Evaluate and design electromagnetic wave propagation scenarios in various mediums, exploring 

polarization, reflection, and waveguide configurations 

UNIT 1: ELECTROSTATICS 

Coulomb’s law - Gauss’ law - Divergence and curl of electrostatic field - Electric field and 

potential due to an electric dipole - Poisson and Laplace Equations - Boundary conditions and 

uniqueness theorem - Green’s theorem - Method of Images - Illustrations: Point charge in the 

presence of (i) a grounded conducting sphere (ii) an insulated conducting sphere (iii) a 

chargedand insulated sphere 

UNIT 2: FIELDS IN MATTER AND MAGNETOSTATICS 

Electric quadrupole - Multipole expansion - Dielectric polarization and field due to a polarized 

sphere - The Clausius-Mossotti relation - Magnetic interactions: Force between current carrying 

conductors - Biot and Savart law - Ampere’s law - Divergence and curl of magnetic induction - 

Comparison of electrostatics and magnetostatics - Magnetic vector potential - Application of 

Ampere’s law: Magnetic field of a distant current loop 

UNIT 3: ELECTROMAGNETICS 

Faraday’s law of induction - Self and mutual inductance - Equation of continuity - Maxwell’s 

displacement current - Maxwell equations and its derivation - Maxwell equations in free space, 

linear isotropic medium and harmonically varying fields - Lorentz and Coulomb Gauge 

invariance - Conservation of energy (Poynting’s theorem) - Poynting Vector - Conservation of 

momentum for electromagnetic fields 

UNIT 4: WAVE PROPAGATION - I 

Plane electromagnetic waves in (i) free space, (ii) isotropic non-conducting medium, (iii) 

anisotropic dielectric medium and (iv) conducting medium - Polarization of electromagnetic 

waves (Linear, circular and elliptical polarization) - Kinematic properties of reflection and 

refraction of electromagnetic waves - Fresnel’s equation (Dynamic properties) - Total internal 

reflection 

UNIT 5: WAVE PROPAGATION - II 

Metallic reflection - Propagation of electromagnetic waves between parallel conducting medium 

- Waveguides: (i) circular (ii) cylindrical and (iii) rectangular - Theory of scattering of 
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electromagnetic waves - Coherence and incoherence of scattered light - Lienard-Wiechert 

Potentials - Electromagnetic field of a moving point charge - Radiation from an accelerated 

charge (Larmor’s formula) 

 

UNIT 6: CURRENT CONTOURS (FOR CONTINUOUS INTERNAL ASSESSMENT ONLY) 

Applications of Gauss law to solve electrostatic problems - Method of images: Conducting sphere 

in uniform electric field - Applications of Ampere law to solve magnetostatic problems - 

Energystored in a capacitor - Propagation of electromagnetic waves in ionised gases - Dispersion 

in gases - Radiation due to oscillating dipole - Motion of charges in a uniform field - Magnetic lens 

and electron microscope. 

 

BOOKS FOR REFERENCE 

[1] J. D. Jackson, Classical Electrodynamics (Wiley Eastern Ltd., New Delhi, 1999) 

[2] D. Griffiths, Introduction to Electrodynamics (Prentice-Hall of India, New Delhi, 1999) 

[3] R. P. Feynman, R. B. Leighton and M. Sands, The Feynman Lectures on Physics: Vol. II 

(Narosa Book Distributors, New Delhi, 1989) 

[4] Satya Prakash, Electromagnetic Theory and Electrodynamics (Kedar Nath Ram Nath,Meerut, 2015) 

COURSE OUTCOMES 

[CO1]  Recalled foundational laws of electrostatics, such as Coulomb’s and Gauss’s laws, and identified field 

properties like divergence and curl (K1) 

[CO2]  Explained the behavior of electric fields in different configurations using boundary conditions, Green’s 

theorem, and uniqueness theorems (K2) 

[CO3]  Applied principles like Biot-Savart and Ampere’s laws to solve practical problems involving 

magnetic fields due to current-carrying conductors (K3) 

[CO4]  Analyzed Maxwell’s equations and derived conservation laws for energy and momentum, such 

as Poynting’s theorem and vector (K4) 

[CO5]  Evaluated the properties of electromagnetic wave propagation in different mediums and 

designed systems such as waveguides for optimal performance (K5, K6) 

 

K1 - Remember;     K2 - Understand;         K3 - Apply;         K4 - Analyze;        K5- Evaluate;       K6 - Create 

 

MAPPING LEARNING OUTCOMES (COS) TO PROGRAM-SPECIFIC OUTCOMES (POS) 
 

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 

CO1 S L S L L S M M M S 

CO2 S L S M L S M M M S 

CO3 S M S M M S S M M S 

CO4 S M S M M S S M S S 

CO5 S M S M S M S S S S 
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Year: II CORE COURSE – CC VI Credits: 5 

22PH302 NUCLEAR AND PARTICLE PHYSICS 

OBJECTIVES 

 Analyze the deuteron's ground and excited states, meson theory of nuclear forces, n-p 
interaction spin dependence, and effective range theory. 

 Explore nuclear models like Fermi gas, shell, collective, and liquid drop, emphasizing nuclear 
shell structure and spin-orbit interactions. 

 Explain radioactivity phenomena, including alpha, beta, and gamma decay, applying theories like 
Gamow’s, Fermi’s, and selection rules. 

 Investigate nuclear reactions, conservation laws, reaction kinematics, compound nucleus theory, 
and applications in reactors and power production. 

 Classify elementary particles, examine symmetries like SU(2) and SU(3), analyze quark models, 
and study advanced topics like Higgs bosons and QCD. 

UNIT 1: TWO BODY PROBLEM AND NUCLEAR FORCES 

Ground state of the Deuteron - Wave equation for the deuteron and its solution. Excited 

states of the deuteron-Meson theory of nuclear forces – Neutron – Proton Scattering, 

Scattering length. Spin dependence of n-p Interaction, Effective range theory. Non- Central 

Force - Quadrupole moment of the deuteron, Magnetic moment of the deuteron. 

UNIT 2: NUCLEAR MODELS 

Constitution of the nucleus- Fermi gas model of the nucleus. Nuclear shell structure- single 

particle states in nuclei- Spin-orbit interaction. Applications of extreme single particle shell 

model. Single particle shell model - Individual particle model-Collective model. Liquid drop 

model-Bohr-Wheeler Theory. 

UNIT 3: RADIOACTIVITY 

Alpha-decay and barrier penetration- Gamow’s theory of alpha decay. Beta decay- Pauli’s 

hypothesis- Fermi’s theory of β-decay-Selection Rules-Parity in β-decay- Helicity of 

Neutrino- Electron capture. Gamma-rays-Interaction of γ rays with matter-Photo-electric 

absorption- Electron-Positron pair production-Multipole radiations - Selection Rules- 

Conservation of parity-Internal conversion. 

UNIT 4: NUCLEAR REACTION 

Types of nuclear reactions- Conservation laws-nuclear reaction kinematics. Nuclear cross 

section-Classical analysis of cross-section. Partial wave analysis of reaction cross- section. 

Inverse reaction-Principle of detailed balance (Reciprocity theorem). Compound nucleus- 

Disintegration of a Compound nucleus. Resonance cross-sections: Bright- Wigner dispersion 

formula. Direct reactions-Plane wave Born Approximation Theory of direct interactions. 

Nuclear Shock waves. Nuclear Reactors- Production reactors, Power Reactors-Peaceful 

Nuclear Explosions- Nuclear Power production in India. 

UNIT 5: ELEMENTARY PARTICLES 

Classification of elementary particles-Conservation laws-CPT Theorem. Graviton, Photon, 

Gluon. Muons -Production-Nature of muon decay-muon interaction-muonium. Resonance 

particles, Symmetry classification of elementary particles-SU (2) Symmetry- SU (3) 

Symmetry- Gell-Mann-Okubo mass formula for SU (3) multiples. Quark hypothesis- Quark 
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structures of mesons and baryons. Quantum Chromodynamics. Charmed quark- Beauty and 

Truth. Higgs Bosons. 

UNIT 6: CURRENT CONTOURS (FOR CONTINUOUS INTERNAL ASSESSMENT ONLY) 

Neutrinos- Sources of neutrinos – Types of neutrino-Deduction of neutrino-Neutrino 

Oscillations in matter-Neutrino communication. Scintillation detectors – Positron Emission 

Tomography – X-ray Computed. Tomography – Magnetic Resonance Imaging – Neutrino 

Telescopes. 

BOOKS FOR STUDY: 
[1] S. N. Ghoshal, Nuclear Physics (S. Chand, New Delhi, 2018). 
[2] M. L. Pandya and R. P. S. Yadav, Elements of Nuclear Physics (Kedar Nath Ram Nath, Meerut, 

2020). 
[3] D. C. Tayal, Nuclear Physics (Himalaya, Mumbai, 2020). 
[4] A. B. Gupta and H. Roy, Physics of the Nucleus (Books and Allied, Kolkata, 2011). 
[5] J. Singh, Fundamentals of Nuclear Physics (Pragati Prakashan, Mumbai, 2012). 
BOOKS FOR REFERENCE: 
[1] K. S. Krane, Introductory Nuclear Physics (Wiley, New York, 1987) 
[2] S. B. Patel, Nuclear Physics: An Introduction (Wiley, New Delhi, 1991). 
[3] R. D. Evans, The Atomic Nucleus (McGraw Hill, New York, 1955). 
[4] R. A. Serway and J. W. Jewett, Physics for Scientists and Engineers with Modern Physics 

(Cengage, Massachusetts, 2010). 
[5] A. Beiser, Concepts of Modern Physics (McGraw Hill, New York, 1995). 
[6] R. A. Powsner, M. R. Palmer and E. R. Powsner, Essentials of Nuclear Medicine Physics, 
Instrumentation and 

[7] Radiation Biology (Wiley, New Jersey, 2021). 

[8] C. P. De Los Heros, Probing Particle Physics with Neutrino Telescopes (World Scientific, Singapore, 
2020). 

ONLINE/WEB RESOURCES 
[1] https://nptel.ac.in/courses/115103101 

COURSE OUTCOMES 

[CO1]  Analyzed the ground and excited states of the deuteron, meson theory of nuclear forces, n-p spin 

interactions, and effective range theory (K4). 

[CO2]  Investigated various nuclear models, including the Fermi gas, shell, collective, and liquid drop 

models, highlighting shell structure and spin-orbit interactions (K4). 

[CO3]  Explained radioactivity processes such as alpha, beta, and gamma decay using theories like 

Gamow’s and Fermi’s, along with selection rules and parity conservation (K2). 

[CO4]  Examined nuclear reaction types, conservation laws, compound nucleus theory, resonance cross- 

sections, and their applications in nuclear reactors and power generation (K4). 

[CO5]  Classified elementary particles, analyzed SU(2) and SU(3) symmetries, studied quark structures, 

and explored advanced topics like quantum chromodynamics and the Higgs boson (K3, K5). 

K1 - Remember; K2 - Understand; K3 - Apply; K4 - Analyze; K5- Evaluate;K6 - Create 
MAPPING LEARNING OUTCOMES (COS) TO PROGRAM-SPECIFIC OUTCOMES (POS) 

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 
CO1 S L S L M M L L S M 
CO2 S L S L M M L M S S 
CO3 M L S L M M L M S S 
CO4 S L S M M S M S S S 
CO5 S L S L M M M M S S 
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Year: II CORE CHOICE COURSE – CCC IIIA Credits: 4 

22PH303A CONDENSED MATTER PHYSICS  

OBJECTIVES 

 Examine crystal structures, including Bravais lattices, unit cells, symmetry operations, and 

common structures like NaCl, CsCl, and ZnS. 

 Explore lattice vibrations, phonons, and thermal properties of crystals through models like 

Einstein and Debye, and analyze anharmonic effects. 

 Investigate free electron theory, energy bands, and semiconductor properties, focusing on 

carrier concentration and effective mass concepts. 

 Analyze the magnetic properties of solids, including diamagnetism, paramagnetism, 

ferromagnetism, and related theories like Langevin and Weiss models. 

 Understand ferroelectrics and superconductivity concepts, including ferroelectric domains, BCS 

theory, Cooper pairs, and superconducting applications. 

 

UNIT 1: CRYSTAL STRUCTURE 

Bravais lattices - primitive vectors, primitive unit cell, conventional unit cell, Wigner-Seitz 

cell, Symmetry operations and classification of 2- and 3-dimentional Bravais lattices; Crystal 

Structures: basis, crystal class, point group- Space group (information only) - Common 

crystal structures : NaCl, CsCI, ZnS and Diamond - Packing density - hcp and ccp; Reciprocal 

lattice and Brillouin zone; Atomic scattering factor and crystal structure factor - Explanation 

of experimental methods (Laue, Rotation and Powder) on the basis of Ewald’s sphere 

construction. 

UNIT 2: LATTICE VIBRATIONS AND THERMAL PROPERTIES 

Vibration of crystals with monoatomic lattices and diatomic lattices, acoustical and optical 

modes, long wavelength limits - Derivation of force constants; Quantization of lattice 

vibrations - Phonon momentum - Inelastic scattering of neutrons by phonons; Normal modes 

and phonons; Density of modes in one-dimension and three- dimension - Lattice heat 

capacity - Einstein model - Debye model of the lattice heat capacity - Anharmonic effects in 

crystals - Thermal conductivity - Thermal Resistivity - Umklapp process. 

UNIT 3: FREE ELECTRON THEORY, ENERGY BANDS AND SEMICONDUCTOR CRYSTALS 

Energy levels and density of orbitals - Fermi-Dirac distribution - Free electron gas in three- 

dimensions - Heat capacity of the electron gas - Electrical conductivity and Ohm’s law - 

Motion in magnetic fields -Hall effect - Thermal conductivity of metals - Wiedemann-Franz 

law - Nearly free electron model - Origin of the energy band gap -Bloch functions - Kronig -

Penny model; Classification of metal, semiconductor and insulator - Semiconductors - 

Bandgap - Properties of holes - effective mass in semiconductors - Intrinsic carrier 

concentration. 

UNIT 4: MAGNETIC PROPERTIES OF SOLIDS 

Origin of magnetism; Langevin theory of diamagnetism and Paramagnetism; Quantum theory 

of paramagnetism; Weiss theory - Hund’s rules - Quenching of orbital angular momentum; 
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Cooling by adiabatic demagnetization; Pauli paramagnetism; Ferromagnetism: Curie-Weiss 

law, Temperature dependence of saturation magnetization - Heisenberg’s exchange 

interaction - Magnons - Ferromagnetic domains - Origin of domains - Coercive force and 

hysteresis; Ferrimagnetism and antiferromagnetism. 

UNIT 5: FERROELECTRICS AND SUPERCONDUCTIVITY 

Ferroelectric crystals - displacive and order - disorder ferroelectrics - Ferroelectric domains. 

Occurrence of Superconductivity - destruction of superconductivity by magnetic field – 

Meissner effect; Type I and Type II Superconductors; Heat capacity, energy gap and isotope 

effect; London equation - Outline of BCS theory - BCS ground state - Cooper pairs - Flux 

quantization - Josephson superconductor tunneling - DC and AC Josephson effect - SQUID - 

Applications of superconductors. 

UNIT 6: PRACTICUM (SKILL DEVELOPMENT EXERCISE - NOT FOR FINAL EXAMINATION) 
(i) Laue and Powder pattern analyses  

(ii) Study of the dispersion relation for the mono-atomic lattice 

(iii)      Determination of Hall voltage and calculation of Hall coefficient 

BOOKS FOR STUDY: 

[1] C. Kittel, Introduction to Solid State Physics, 8th Edition (Wiley Eastern, New Delhi, 2012) 

[2] N. W. Ashcrof and N. D. Mermin, Solid State Physics (Harcourt College Publishers,Philadelphia, 
1976) 

[3] J. S. Blakemore, Solid State Physics, Second Edition (Cambridge University Press, Cambridge, 
London, 1985) 

[4] A. J. Dekker, Solid State Physics (Macmillan India, 2000). 

[5] T. P. Sheahen, Introduction to High-Temperature Superconductors (Plenum Press, New York, 
1994) 

[6] S. O. Pillai, Solid State Physics, Seventh Edition (New Age International, New Delhi, 2014) 

[7] J. R. Christman, Fundamentals of Solid State Physics (John Wiley & Sons, NY, 1988) 

[8] J. P. Srivastava, Elements of Solid State Physics (Prentice-Hall of India, 2006) 

ONLINE/WEB RESOURCES 

[1] http://nptel.ac.in/courses/115105099/ 

[2] http://nptel.ac.in/courses/115106061/ 

COURSE OUTCOMES 

[CO1]   Described crystal structures, including Bravais lattices, unit cells, symmetry operations, and 
common structures like NaCl, CsCl, and ZnS (K2). 

[CO2]   Investigated lattice vibrations, phonons, and thermal properties of crystals using Einstein and 
Debye models and analyzed anharmonic effects (K4). 

[CO3]   Analyzed free electron theory, energy bands, and semiconductor properties, focusing on 
carrier concentration and effective mass calculations (K4). 

[CO4]   Explained magnetic properties of solids, including diamagnetism, paramagnetism, 
ferromagnetism, and key theoretical models like Langevin and Weiss (K3). 

[CO5]   Summarized ferroelectric and superconductivity concepts, including BCS theory, Cooper pairs, 
Josephson effects, and their practical applications (K5). 

 

 

 

 

36

http://nptel.ac.in/courses/115105099/
http://nptel.ac.in/courses/115106061/


 

 

K1 - Remember;    K2 - Understand;    K3 - Apply;     K4 - Analyze;      K5- Evaluate;      K6 - Create 

MAPPING LEARNING OUTCOMES (COS) TO PROGRAM-SPECIFIC OUTCOMES (POS) 

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 

CO1 S L S M S M M S S S 

CO2 S L S S S M M S S S 

CO3 S N S S M M S S S S 

CO4 S L S M M M M S S S 

CO5 S L S M S M S S S S 
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Year: II ELECTIVE COURSE – EC IIIA Credits: 4 

22PH324A PHYSICS OF NANOMATERIALS AND APPLICATIONS   

 

OBJECTIVES 

 Examine the physical concepts of nanoscale dimensions, quantum confinement effects, and their 

significance in nanostructures and nanoelectronics. 

 Explore top-down and bottom-up synthesis methods, including physical and chemical 

techniques, for fabricating low-dimensional nanomaterials. 

 Understand the principles and techniques for characterizing nanomaterials, focusing on 

electron microscopy and scanning probe methods. 

 Analyze optical and electrical properties of nanostructures, including size-dependent effects, 

excitons, plasmonics, and carrier transport phenomena. 

 Investigate applications of nanotechnology in energy devices, single-electron systems, artificial 

photosynthesis, and biomedical fields. 

UNIT 1: INTRODUCTION 
Comparison of length scales in physics - Surface-volume-ratio - Low dimensional 

Nanostructures - Band theory of solids and density of states of bulk and nanostructures (1D, 

2D and 0D NS) - Size Effects - Quantum confinement: particle in a box - carriers in 3D, 2D, 1D 

and its significances - Introduction to Nanoelectronics - Moore’s law - the importance of 

lithographic techniques and limitations. 

UNIT 2: SYNTHESIS METHODS 
Top down and Bottom up approach - Ball milling - Gas phase condensation - Physical vapor 

deposition (PVD): Thermal evaporation - E-beam evaporation - DC/RF magnetron sputtering 

- Pulsed Laser deposition - Molecular Beam Epitaxy (MBE) growth of low-dimensional 

structures - Chemical methods: Chemical vapor deposition (CVD) - Sol-Gel - Electro 

deposition - Hydrothermal synthesis - Colloidal methods. 

UNIT 3: CHARACTERIZATION OF NANOMATERIALS 
Field Emission Scanning Electron Microscopy (FESEM) - X-ray photoelectron spectroscopy 

(XPS)- Auger Electron Spectroscopy (AES) - Energy Dispersive x-ray spectroscopy (EDS) - 

Transmission Electron Microscopy (TEM) - Scanning probe Microscopy: Scanning Tunneling 

Microscopy (STM) - Atomic Force Microscopy (AFM) - Scanning Near filed optical 

microscopy (SNOM) 

UNIT 4: OPTICAL AND ELECTRICAL PROPERTIES 
Radiative processes: Absorption - emission and luminescence - Size induced Optical 

properties of metals and semiconductors - Coulomb interaction in nanostructures - Quasi-

particles and excitons. Excitons in semiconductors - Plasmonics - Surface Plasmon Resonance 

(SPR). Electron Transport: Carrier transport in low - dimensional systems (LDS) - Coulomb 

blockade effect - SET phenomena - Thermionic emission - tunnelling and hoping conductivity 

- Quantum Hall effect - topological insulators. 

UNIT 5: APPLICATIONS 
Nanowires and thin films for LED, Laser Diode and solar cells - Single electron devices - 

Artificial photosynthesis - Nanoparticles in medicine/drug delivery 

L T P C 

4 1 0 4 
 

38



 

 

UNIT 6: CURRENT CONTOURS (FOR DISCUSSION ONLY AND NOT FOR FINAL EXAMINATION) 
Heterostructure - Quantum tunnelling - Time Crystals - Green Energy - Design of 

Chips - Advances in Semiconductor Industry and Nanoelectronics - Physics of the impossible. 

BOOKS FOR STUDY: 

[1] Guozhong Cao and Ying Wang, Nanostructures and Nanomaterials: Synthesis, Properties, and 
Applications, Volume 2 (World Scientific Publishing Co. Pte. Ltd, 2011) 

[2] Charles P. Poole, Jr. and Frank J. Owens, Introduction to Nanotechnology (John Wiley & Sons, 
2007) 

[3] Sulabha K. Kulkarni, Nanotechnology: Principles & Practices (Wiley, Capital Publishing Company, 
Third Edition, 2011) 

BOOKS FOR REFERENCE 

[1] M. Hosokawa, K. Nogi, M. Naito and T. Yokoyama, Nanoparticle Technology Handbook (Elsevier, 
2012) 

[2] Bharat Bhushan, Springer Handbook of Nanotechnology (Spinger-Verlag Berlin Heidelberg, New 
York, 2004) 

[3] Paul Harrison, Quantum Wells, Wires and Dots: Theoretical and Computational Physics of 
Semiconductor Nanostructures, (John Wiley & Sons, Second Edition, 2005) 

[4] John H. Davies, The principles of low-dimensional semiconductors an introduction, (Cambridge 
University Press, 1998) 

ONLINE/WEB RESOURCES: 
[1] https://nptel.ac.in/ 
[2] https://ocw.mit.edu/courses/ 
[3] https://nanohub.org/ 
[4] https://physicsworld.com/ 

COURSE OUTCOMES 

[CO1] Examined the principles of nanoscale physics, including quantum confinement effects and 
their implications for nanostructures and nanoelectronics (K2). 

[CO2] Investigated synthesis techniques for nanomaterials, employing both physical and 
chemical approaches to create low-dimensional structures (K3). 

[CO3] Applied advanced characterization methods such as electron microscopy and scanning probe 
techniques to analyze nanomaterials (K3). 

[CO4] Analyzed the optical and electrical properties of nanostructures, focusing on size-dependent 
effects, excitons, plasmonics, and carrier transport (K4). 

[CO5] Evaluated the applications of nanotechnology in energy devices, single-electron systems, artificial 
photosynthesis, and medical innovations (K5). 

K1 - Remember;    K2 - Understand;    K3 - Apply;     K4 - Analyze;     K5- Evaluate;            K6 – Create 

Mapping Learning Outcomes (COs) to Program-Specific Outcomes (POs)  

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 

CO1 M L M S M L L S M M 

CO2 L S L S M L L M M M 
CO3 M S L S S L L M M M 

CO4 M L M S M M L S S M 

CO5 M M L S S M L S S S 
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Year: II ELECTIVE COURSE – EC IIIB  
Credits: 4 

22PH324B ADVANCED QUANTUM MECHANICS 

OBJECTIVES: 

 To get acquainted with approximation methods for time-independent and time-dependent 

Hamiltonians. 

 To provide a sound knowledge of atomic and molecular structure through quantum formalism. 

 To give a basic understanding of the theory of relativistic quantum mechanics.  

UNIT 1:  TIME INDEPENDENT PERTURBATION THEORY 

Stationary theory – Non-degenerate case: First and Second order corrections - Normal 

Helium atom – Degenerate case: Energy correction - Stark effect in Hydrogen atom and 

Hydrogen molecule – Zeeman effect without electron spin. 

UNIT 2. TIME DEPENDENT PERTURBATION THEORY 

Constant perturbation – Transition probability - Fermi Golden Rule –Harmonic perturbation 

– Adiabatic and sudden approximation.  Semi classical theory of Radiation: Application of the 

Time dependent perturbation theory to semi classical theory of radiation. 

UNIT 3: VARIATION METHOD 

Variation principle – Upper bound states – Ground state of Helium atom – Hydrogen Molecule 

– WKB approximation – Schrödinger equation – Asymptotic solution – Validity of WKB 

approximation – Solution near a turning point – Connection formula for perturbation barrier. 

UNIT 4:  RELATIVISTIC QUANTUM MECHANICS 

Klein-Gordon equation - Charge and current densities – Interaction with electromagnetic field 

– Hydrogen like atom – nonrelativistic limit – Dirac relativistic equation: Dirac relativistic 

Hamiltonian – Probability density – Dirac matrices – Plane wave solution – Eigen spectrum – 

Spin of Dirac particle – Significance of negative eigenstate – electron in a magnetic field – Spin 

magnetic moment. 

UNIT 5: MANY ELECTRON SYSTEMS  

The Hartree - Fock self-consistent field method – Electron correlation – The atomic 

Hamiltonian – The Cordon State rules – The Born – Oppenheimer – Approximation – The 

Hydrogen molecule ion  - Approximate treatment of H2+ ground state – Molecular orbitals 

theory – The Hydrogen molecule ion – H2+. s 

UNIT 6: CURRENT CONTOURS (FOR CONTINUOUS INTERNAL ASSESSMENT ONLY) 

Lagrangian and Hamiltonian formulation of classical fields – Quantization of fields – 

Quantization of the Schrödinger equation – Klein Gordan and Dirac field – Quantization of 

electromagnetic fields. 

 

L T P C 

4 1 0 4 
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BOOKS FOR STUDY 

[1] Satya Prakash, Advanced Quantum Mechanics (Kedar Nath Ram Nath, Meerut, 2014). 

[2] P. M. Mathews and K. Venkatesan, Quantum Mechanics (McGraw Hill, New Delhi, 2010). 

[3] I. N. Levine, Quantum Chemistry (Pearson, New Delhi, 2016). 

[4] K. D. Krori, Principles of Non-Relativistic and Relativistic Quantum Mechanics (Prentice Hall of 

India, New Delhi, 2012). 

[5] Ajit Kumar, Fundamental of Quantum Mechanics (Cambridge University Press, Cambridge, 

2018). 

[6] S. Rajasekar and R. Velusamy, Quantum Mechanics I: The Fundamentals (CRC Press, Boca Raton, 

2022). 

BOOKS FOR REFERENCE 

[1] V. K. Thankappan, Quantum Mechanics (New Age International, New Delhi, 2003). 

[2] A. K. Ghatak and S. Lokanathan, Quantum Mechanics, (Trinity, New Delhi, 2019). 

[3] D. J. Griffiths, Introduction to Quantum Mechanics (Cambridge University Press, Cambridge, 

2020). 

[4] N. Zettili, Quantum Mechanics: Concepts and Application (Wiley, New Delhi, 2022). 

[5] L. I. Schiff, J. Bandhyopadhyay, Quantum Mechanics (McGraw Hill, New York, 2017). 

WEBLINK: 

[1] https://nptel.ac.in/courses/115103104 

[2] https://theory.physics.manchester.ac.uk/~judith/AQMI/PHYS30201.pdf 

OUTCOME:  

On the successful completion of the course, students will be able to 

(a) Understand three approximation methods. 

(b) Compute the correction in energy using the approximation technique. 

(c) Apply the approximation method to the stationary state problem. 

(d) Appreciate the relativistic effect in quantum mechanics. 

(e) Acquire basic knowledge of atomic and molecular structures. 
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Year: II CORE PRACTICAL (CP) - III Credits: 4 
 

22PH315 GENERAL PHYSICS & MATERIALS SCIENCE LABORATORY 
 

 

OBJECTIVES 
 

The objective of the course is to provide the student hands-on experiences in materials 

science through laboratory experiments that explore the properties of materials and the 

interplay between processing and performance. 

 

ANY TWELVE EXPERIMENTS 
 

1. Preparation of metal oxide nanoparticles (CuO) by Sol-gel method  

2. Preparation of magnesium ferrite by single step combustion method  

3. Growth of semiconducting/insulating/polycrystalline thin films and their   

          characterization.  

4. Solubility measurements at various solvents at room temperature by gravimetric 

method.  

5. Growth of magnesium sulfate crystals  

6. Determination of Melting Point of crystalline materials  

7. X-ray Powder diffraction - Determination of cell parameter and indexing lattice planes  

8. Lattice constants (Cell) refinement using computer program  

9. Analysis of molecular structure: FTIR and Raman  

10. Calculation of dipole moment, linear polarizability and energy gap of ZnO nanoclusters 

by  Semi- empirical method  

11. Experiments with laser: determination of wavelength of laser and refractive index of the  

given material using He-Ne Laser.  

12. Determination of particle size & surface potential analysis by Dynamic Light Scattering  

(DLS)  

13. Evaluating nonlinear optical properties of a material.  

14. I-V characteristics of light emitting diodes  

15. Determination of Planck’s constant by photoelectric effect  

16. Optical constant of dielectric and metal films.  

17. Dispersion relation in a periodic electrical circuit: an analog of monoatomic and  

diatomic lattices.  

18. Energy band gap of a semiconductor by studying photoluminescence spectra.  

19. Hall Coefficient of a semiconductor.  

20. Energy bandgap of a semiconductor by four probe methods  

21. Curie temperature measurements for ferroelectric materials.  

22. Dielectric constant of insulating and ferroelectric materials at room temperature  

23. Calibration check of survey instruments and pocket dosimeters.  

24. Determination of plateau and resolving time of a G.M. counter and its application in  

estimating the shelf-ratio and activity of a beta source.  

 

L T P C 

0 0 5 3 
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OUTCOME:  
(a) After completing the course, the student will be able to:  
(b) Understand the concepts and use research equipment (microscope, oscilloscope, etc.) 

for materials analysis and data acquisition.  
(c) Design and conduct experiments that probe materials properties.  
(d) Apply math, science concepts to the analysis of experimental data.  
(e) Work independently and function as a team.  
(f) Develop communication skills (oral, graphic and written).  
(g) Apply a methodology for materials selection to scientific problems.  
(h) Locate or estimate materials data and information relevant to a successful design 

analysis.  
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SEMESTER IV 
Year: II CORE COURSE – CC V Credits: 5 

22PH401 LASERS AND NONLINEAR OPTICS 

OBJECTIVES 

 Understand the principles of laser action and various types of lasers, including solid-state, 

gas, liquid, and semiconductor lasers. 

 Explore Q-switching, electro-optic shutters, and mode-locking techniques for generating 

ultrashort pulse lasers in advanced laser systems. 

 Analyze the wave propagation in anisotropic crystals, the polarization response of materials, 

and the harmonic generation processes in nonlinear optics. 

 Investigate multi-photon absorption processes, intensity-dependent refractive index, and 

phase-conjugated optics in nonlinear absorption and refraction. 

 Study the applications of lasers in materials processing, communication, ophthalmology, and 

optical computing, including techniques like holography and laser gyros. 

UNIT 1: CONVENTIONAL LASERS 

Spontaneous and Stimulated Emission - Einstein Coefficients – Levels of laser action: Two 

level – Three level – Four level lasers – Types of lasers (outline only) – Solid State Lasers: 

Ruby laser and Nd: YAG laser – Gas lasers: He-Ne laser and CO2 laser – Liquid laser: Dye 

laser and Liquid Eu3+ laser – Semiconductor laser. 

UNIT 2: ADVANCED LASERS 

Q-Switching: Electro-optic Shutter (Kerr effect and Pockels effect) – Mechanical and 

Saturable Absorber Shutters – Theory of Giant Pulse  dynamics –  Laser amplifiers –  

Mode locking – Generation of ultrashort pulse lasers through mode locking technique. 

UNIT 3: BASICS OF NONLINEAR OPTICS 

Wave propagation in an anisotropic crystal – Polarization response of materials to light – 

Harmonic generation – Second harmonic generation – Phase matching – Sum and difference 

frequency generation – Third harmonic generation – Parametric generation of light – Self- 

focusing of light. 

UNIT 4: NONLINEAR ABSORPTION AND REFRACTION 

Fundamentals of multi-quantum photoelectric effect – Theory of Two photon process – 

Experiment evidences of 2PA materials – Multi and Three photon process – Intensity 

dependent refractive index – Phase Conjugated Optics – Stimulated Raman scattering – 

Classical treatment of Hyper Raman effect. 

UNIT 5: APPLICATIONS OF LASERS 

Materials processing with lasers: Drilling, Cutting, and Welding – Nuclear fusing with lasers 

– Communication by lasers – Principle of holography – Applications of holography 

(Holography microscopy and Particle size analysis) – Laser range finders – Laser Gyro – 

Lasers in ophthalmology (Photocoagulation and LASIK) – Optical computing. 

 

L T P C 

5 1 0 5 
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UNIT 6: CURRENT CONTOURS 

Time dependent perturbation theory of interaction of light with matter – Masers – Laser 

resonators – Colour centre lasers – Mode locked ring dye lasers – X-ray lasers – Free 

electron lasers – Classification of nonlinear absorption - Physical mechanisms of nonlinear 

refraction - Single atom detection and Isotope separation using lasers. 

BOOKS FOR STUDY 

[1] K.R. Nambiar, Lasers: Principles, Types and Applications (New Age Inter-national 
Publishers Ltd, New Delhi, 2014). 

[2] B.B. Laud, Lasers and Nonlinear Optics, 3rd Edn. (New Age International Pvt. Ltd., New 
Delhi, 2011). 

[3] Ralf Menzel, Photonics (Springer-Verlag Berlin Heidenberg, New York, 2007) 

BOOKS FOR REFERENCE 

[1] Richard L. Sutherland, Handbook of Nonlinear Optics, (Marcel Decker Inc, New York, 2003) 

[2] R.W. Boyd, Nonlinear Optics, 2nd Ed. (Academic Press, New York, 2003) 

[3] W.T. Silfvast, Laser Fundamentals (Cambridge University Press, Cambridge, 2003) 

[4] Y.R. Shen, The Principles of Nonlinear Optics, (Wiley & Sons, New Jersey, 2003) 

ONLINE/WEB RESOURCES 

[1] https://nptel.ac.in/courses/ 104104085 

[2] https://nptel.ac.in/courses/ 115102124 

[3] https://nptel.ac.in/courses/ 115101008 

COURSE OUTCOME 

[CO1] Explained the principles of laser action and described the different types of lasers such 
as solid-state, gas, liquid, and semiconductor lasers (K2). 

[CO2] Examined the processes of Q-switching, electro-optic shutters, and mode-locking 
techniques used in generating ultrashort pulse lasers (K3). 

[CO3] Analyzed the wave propagation in anisotropic crystals, the polarization response of 
materials, and the generation of harmonics in nonlinear optics (K4). 

[CO4] Investigated multi-photon absorption processes, intensity-dependent refractive indices, 
and phase-conjugated optics in nonlinear absorption and refraction (K4). 

[CO5] Studied the diverse applications of lasers in materials processing, communication, 
ophthalmology, and optical computing, focusing on holography and laser gyros (K3). 

 

MAPPING WITH PROGRAMME OUTCOMES 

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 

CO1 M M M M M L M S S M 

CO2 M S M M M L M S M M 

CO3 M M S S M S M M S M 

CO4 M M S S M S M M S M 

CO5 M M M S S M M S S S 

S-Strong;   M-Medium;   L-Low 
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Year: II ELECTIVE COURSE (CC) - IVA Credits: 4 

22PH402 NONLINEAR DYNAMICS   

OBJECTIVES 

 Understand the classification of equilibrium points in planar systems, study phase 
trajectories, and apply the Poincaré-Bendixson theorem. 

 Analyze bifurcation theory and chaos in three-dimensional systems, study Lyapunov 
exponents, and identify strange attractors and their behaviors. 

 Investigate discrete dynamic systems, including logistic maps, chaos synchronization, and 
controlling chaos with stability properties and applications. 

 Explore fractals, cellular automata, and pattern formation in chaotic systems, with focus 
on the dimension of regular and chaotic attractors. 

 Derive soliton solutions, study integrable systems, analyze Korteweg-de Vries equations, 
and explore Fermi-Pasta-Ulam recurrence phenomena through numerical experiments. 

 

UNIT 1: DYNAMICAL SYSTEMS 

Linear and nonlinear differential equations - Autonomous and nonautonomous systems 

- Phase trajectories, phase-space, flows and limit sets - Classification of equilibrium points in 

planar systems 

- Invariant manifolds - stable, unstable and center manifolds - Periodic orbits, limit cycles, 

Poincaré maps and Floquet theory - Poincaré-Bendixson theorem - Exercises and problems. 

UNIT 2: BIFURCATIONS AND CHAOS 

Bifurcation theory - Local and global bifurcations - Three dimensional autonomous systems 

and chaos, Lyapunov exponents - Torus - quasi-periodic attractor - Poincaré map - Period 

doubling cascades - Feigenbaum number - characterization - Homoclinic orbits, heteroclinic 

orbits - Strangeattractor and strange non-chaotic attractor - Exercises and problems. 

UNIT 3: DISCRETE DYNAMICS SYSTEMS, SYNCHRONIZATION AND CONTROLLING OF CHAOS 

Linear and nonlinear discrete dynamics systems - complex iterated maps - Logistic map - 

Linear stability - Period doubling phenomena and chaos - Lyapunov exponents - Chaos 

synchronization - Synchronization manifold and stability properties - Controlling of Chaos - 

applications. 

UNIT 4: FRACTALS, CELLULAR AUTOMATA AND PATTERN FORMATION 

Dimension of regular and chaotic attractors - Fractals - Koch curve - Cantor set - Sierpinski set 

- Julia and Mandelbrot sets - Self organized criticality - Stochastic resonance -  Pattern 

formation - Turing patterns. 

UNIT 5: INTEGRABLE SYSTEMS AND SOLITONS 

Finite dimensional integrable systems - Linear and nonlinear dispersive systems - Cnoidal 

and solitary waves - The Scott Russel phenomenon and derivation of Korteweg-de Vries 

(KdV) equation - Fermi - Pasta - Ulam (FPU) numerical problem - FPU recurrence 

phenomenon - Numerical experiments of Zabusky and Kruskal - Explicit soliton solutions: 

one-, two- and N- soliton solutions of KdV equation - Hirota’s bilinear method 

UNIT 6: CURRENT CONTOURS (FOR DISCUSSION ONLY AND NOT FOR FINAL EXAMINATION) 

A series of numerical experiments in Python (Python 3) will be provided for the better 

understanding of nonlinear dynamics and complex systems: Solving nonlinear difference and 

L T P C 

5 1 0 5 
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differential equations - Plotting phase portraits (fixed points, limit cycle and chaotic 

attractors) - Iterated maps (periodic and chaotic behaviour) - Bifurcation diagrams - 

Calculation of Lyapunov exponent - Power spectral analysis - Calculation Fractal dimension. 
 

BOOKS FOR STUDY 

[1] M. Lakshmanan and S. Rajasekar, Nonlinear Dynamics: Integrability Chaos and Patterns 
(Springer-Verlag, Berlin, 2003) 

[2] M. Lakshmanan and K. Murali, Chaos in Nonlinear Oscillators, (World Scientific, Singapore, 
1996) 

[3] A. Fuchs, Nonlinear Dynamics in Complex Systems: Theory and Applications for the Life-, Neuro- 
and Natural Sciences (Springer, 2013) 

[4] S. H. Strogatz, Nonlinear Dynamics and Chaos: With Applications to Physics, Biology, Chemistry, 
and Engineering, II Edition (CRC Press, 2014) 

BOOKS FOR REFERENCE 

[1] C. Misbah, Complex Dynamics and Morphogenesis: An Introduction to Nonlinear Science 
(Springer, 2017) 

[2] S. Wolfram, A New Kind of Science, (Wolfram Media Inc., 2002) 

[3] H. G. Schuster, Deterministic Chaos: An Introduction (Wiley-VCH, 2005) 

ONLINE/WEB RESOURCES 

[1] https://nptel.ac.in/courses/115106059 

[2] https://nptel.ac.in/courses/104102114 

[3] https://nptel.ac.in/courses/108101002 

COURSE OUTCOMES 

[CO1] Classified equilibrium points in planar systems, studied phase trajectories, and applied the 
Poincaré- Bendixson theorem to dynamical systems (K2 - K4). 

[CO2]   Analyzed bifurcation theory, chaos in three-dimensional systems, and identified strange 
attractors, Lyapunov exponents, and period doubling phenomena (K2 - K5). 

[CO3] Investigated discrete dynamic systems, including logistic maps and chaos synchronization, 
and applied methods for controlling chaos in nonlinear systems (K2 - K6). 

[CO4] Explored fractals, cellular automata, and pattern formation in chaotic systems, analyzing 
regular and chaotic attractors and Turing patterns (K2 - K6). 

[CO5] Derived soliton solutions for finite-dimensional integrable systems, studied the Korteweg-de 
Vries equation, and analyzed FPU recurrence phenomena through numerical experiments (K2 – 
K6). 

K1 - Remember;     K2 - Understand;     K3 - Apply;      K4 - Analyze;      K5- Evaluate;            K6 - Create 

MAPPING LEARNING OUTCOMES (COS) TO PROGRAM-SPECIFIC OUTCOMES (POS) 

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 

CO1 S L S L M M S L M M 

CO2 S L S L M M S L M M 

CO3 S L S M M S S L M M 

CO4 M L S S M M S L S M 

CO5 S L S M M S S L S M 
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Year: II ENTREPRENEURSHIP/INDUSTRY BASED COURSE - I Credits: 5 
 

22PH443 CRYSTAL GROWTH METHODS AND CHARACTERIZATION 
 

OBJECTIVES 

 Discuss different crystal growth methods, emphasizing nucleation theory and the kinetics 
of homogeneous and heterogeneous nucleation. 

 Explain the process of solution growth techniques, including various methods for 
crystal growth from low-temperature solutions and the gel growth technique. 

 Analyze the principles and processes involved in melt growth techniques, including the 
Bridgman and Czochralski methods for crystal growth. 

 Describe the physical and chemical vapor transport methods for crystal growth, focusing 
on the transport processes and conditions for successful growth. 

 Demonstrate the use of various characterization techniques such as XRD, FT-IR, 
Raman, UV-Visible spectroscopy, and micro hardness testing for material analysis. 

UNIT 1: NUCLEATION THEORY 
Importance of crystal growth – Classification of crystal growth methods – Nucleation Theory 

- Kinds of nucleation – Homogeneous nucleation - Heterogeneous nucleation - secondary 

nucleation - Classical theory of nucleation: Gibbs Thomson equations for vapour and 

solution – Kinetic theory of nucleation – Becker and Doring concept on nucleation rate – 

Energy of formation of a spherical nucleus - Statistical theory on nucleation: Equilibrium 

concentration of critical nuclei, Free energy of formation. 

UNIT 2: SOLUTION GROWTH TECHNIQUES GROWTH FROM LOW TEMPERATURE SOLUTIONS 
Selection of solvents and solubility – Meir’s solubility diagram – Saturation and 

supersaturation – Metastable zone width – Growth by restricted evaporation of solvent, slow 

cooling of solutionand temperature gradient methods - Gel Growth Technique: Principle – 

Various types –Structure of gel – Importance of gel – Experimental procedure – Chemical 

reaction method – Single and double diffusion method – Chemical reduction method – 

Complex and decomplex ion method – Advantages of gel method. 

UNIT 3: MELT GROWTH TECHNIQUES 
Basics of melt growth - Bridgman method – Growth apparatus: Crucibles, Heater, 

measurement and control of temperature – growth process – Applications of Bridgman 

method; Czochralski technique – Growth apparatus – seed preparation – pulling rate – shape 

of crystal melt interface – Growth process. 

UNIT 4: VAPOUR GROWTH TECHNIQUES 
Physical Vapour Transport (PVT) – Processes of sublimation and condensation - principle – 

crystal growth in closed and semi-open ampoules – Chemical Vapour Transport – Criteria for 

the choice of transport reaction – Transported materials and transporting agents – 

Temperature variation method for crystal growth: Stationary temperature profile, linearly 

time varying temperature profile and Oscillatory temperature profile. 

L T P C 

5 1 0 5 
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UNIT 5: CHARACTERIZATION TECHNIQUES 
X-Ray Diffraction (XRD) – Powder and single crystal – Fourier transform Infrared – Raman - 

analysis (FT-IR) – TG-DTA /DSC - UV-Visible spectrometer – Photoluminescence - Vickers 

Micro hardness - Chemical Etching. 

UNIT 6: CURRENT CONTOURS (FOR DISCUSSION ONLY AND NOT FOR FINAL EXAMINATION) 
Demonstration of solution growth instruments and solubility measurements Demonstration 

of and vertical Bridgman growth and Czochralski growth process and ampoule designing for 

Bridgman growth Demonstration of chemical etching process. 

BOOKS FOR STUDY 
[1] Govindhan Dhanaraj, Kullaiah Byrappa, Vishwanath Prasad, Michael Dudley (Eds.), Hand book 

of Crystal Growth (Springer Heidelberg Dordrecht London New York, 2010) 
[2] J. C. Brice, Crystal Growth Processes, John Wiley and Sons, New York, 1986. 
[3] P. Santhana Ragavan and P. Ramasamy, Crystal Growth Processes and Methods (KRU 

Publications, Kumbakonam, 2001) 
[4] A.C. Zettlemoyer, Nucleation (Edited) (Marcel Dekker, Inc. NewYork, 1969) 
[5] J.W. Mullin, Crystallization (Elsevier, Butterworth-Heinemann, London, 2004) 
[6] A.W. Vere, Crystal Growth: Principles and Progress (Plenum Press, New York, 1987) 
[7] Ichiro Sunagawa, Crystals: Growth, Morphology and Perfection (Cambridge University Press, 

Cambridge, 2005) 
[8] B.R. Pamplin, Crystal Growth (Pergamon Press, Oxford. 1975) 
[9] K. Sangwal, Elementary Crystal Growth (Edited) (SAAN Publishers, Lublin, 1994) 

 

BOOKS FOR REFERENCE 
[1] H.L. Bhat, Introduction to Crystal Growth Principles and Practice (CRC Press, Taylor & Francis 

Group, Boca Raton, Florida, 2015. 

[2] R. Rodriguez-Clemente and C. Paorici, Crystalline Materials: Growth and Characterization (Etd.) 
(Trans Tech Publications Ltd, Switzerland, 1991) 

[3] Sam Zhang, Lin Ki, Ashok Kumar, Materials Characterization Techniques (CRC Press, Taylor& 
Francis Group, Boca Raton, Florida, 2009) 
 

COURSE OUTCOMES 
[CO1] Discussed the different crystal growth methods, focusing on nucleation theory and the 

kinetics of homogeneous and heterogeneous nucleation (K1, K2, K4). 
[CO2] Explained the process of solution growth techniques, including methods for crystal growth from 

low- temperature solutions and gel growth techniques (K2, K3). 
[CO3] Analyzed the principles and processes involved in melt growth techniques, with a focus on 

the Bridgman and Czochralski methods for crystal growth (K3, K4). 
[CO4] Described the physical and chemical vapor transport methods for crystal growth, 

including sublimation, condensation, and transport agents (K2, K3). 
[CO5] Demonstrated the use of various characterization techniques such as XRD, FT-IR, Raman, UV-

Visible spectroscopy, and micro hardness testing for material analysis (K2, K4). 

K1 - Remember;    K2 - Understand;   K3 - Apply;   K4 - Analyze;   K5- Evaluate;  K6 - Create 

Mapping Learning Outcomes (COs) to Program-Specific Outcomes (POs) 

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 
CO1 M L M M S L L L M S 
CO2 M L M S S L L L M S 
CO3 M L M M S L L M M S 
CO4 M L M M S L L M M S 
CO5 M S M M S M M S M S 
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VALUE ADDED COURSES 
 

 
 

VALUE ADDED COURSE – I A 
Credits: 2 

22PHVA1A PYTHON PROGRAMMING 

OBJECTIVES: 

 To provide an introductory level learning of python programming.  
 To give a hands on experience in Python programing with programming practices. 

UNIT 1: PYTHON BASICS 

Introduction – Basic Syntax -  Variable and Data Types – List, tuple, dict, and set –  Operators 
– Conditional Statements – If, If- else, Nested if-else – Looping – For, While, Nested loops – 
Control Statements – Break, Continue, Pass – String Manipulation - Basic Operations and 
String slices. 

UNIT 2: ADVANCED FEATURES IN PYTHON 

Function and Methods – Functions – Defining a function, Calling a function, Types of 
functions, Function Arguments, Anonymous functions,  Global and local variables – Modules  

UNIT 3: PROGRAMMING PRACTICE 

1. Curve fitting – Straight-line, Exponential and power-law fits 
2. Real and complex roots of algebraic equations: Newton-Rapshon method 
3. Numerical Integration: Simpson’s method 
4. Monte-Carlo simulation: Estimation of the value of π 
5. Numerical solution to ordinary differential equations: Euler and forth order Runge-

Kutta methods. 

TEXTBOOKS 

[1] A. Downey, J. Elkner and C. Meyers, Learning with Python (Dreamtech Press, New Delhi, 
2015) 

[2] S. Taneja and N. Kumar, Python Programming: A modular Approach (Pearson India, 
Noida, 2018).  

[3] M. Lutz, Learning Python, 3rd Edition, (O’Reilly Media, Sebastopol, 2007) 
[4] M. Lutz, Programming Python, 4th Edition, (O’Reilly Media, Sebastopol, 2010) 

OUTCOME 

Students will be able to 
(a) learn the basics of python programming  
(b) get exposure for solving simple numerical problems.   
 

  

L T P C 

2 1 0 2 
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 VALUE ADDED COURSE – I B Credits: 2 

22PHVA1B GREEN ENERGY SOURCES 

OBJECTIVES  

 To familiarise various  green energy sources 

UNIT 1:  FUNDAMENTAL CONCEPTS IN ENERGY SYSTEMS 

Electrochemical cell, Faraday’s laws, electrode potentials, thermodynamics of electrochemical 
cells, polarization losses in electrochemical cells, electrode process and kinetics, electrical 
double layer, photoelectrochemical cell (pec), thermoelectric effect. 

UNIT 2:  SOLAR CELLS 

Principles of photovoltaic – Air Mass 1.5G filter – Schottky - Queisser limit – Thin film Solar 
cells (p-n) - Dye Sensitized Solar Cells (DSSC) - Quantum dots solar cells (QDSC), Quantum 
wire SC - Organic Solar cells - Tandem devices 

UNIT 3:  FUEL CELLS 

Fuel Cells principles and architectures – Classification; Electrolyte and Operating 
temperatures; Proton exchange membrane fuel cells (PEMFC); Phosphoric Acid fuel cell 
(PAFC); Direct methanol fuel cells (DMFC); Solid-oxide fuel cells (SOFC), Current status and 
future trends. 

UNIT 4:  HYDROGEN ENERGY  

Water electrolysis – types of hydrogen energy sources - Artificial Photosynthesis -Thermo-
chemical water splitting- Electrocatalytic,  Photoelectrochemical (PEC) water splitting   

UNIT 5:  ENERGY STORAGE  

Capacitor: Thin films and Solid states - Schottky potential barrier height model - lithium ion 
capacitor - Supercapacitors - Lithium ion Batteries: Primary and Secondary Batteries - 
Cathode and anode materials - Novel hybrid electrode materials - Charging and discharging 
characteristics. 

TEXT BOOKS  

[1] Electrochemical methods: Fundamentals and Applications, Allen J. Bard and Larry R. 
Faulkner, 2nd Edition John Wiley & Sons, Inc (2004).  

[2] D. Linden Ed., Handbook of Batteries, 2nd edition, McGraw-Hill, New York (1995).  
[3] G. A. Nazri and G. Pistoia, Lithium Batteries: Science and Technology, KulwerAcdemic 

Publishers, Dordrecht, Netherlands (2004).  
[4] J. Larmine and A, Dicks, Fuel Cell System Explained, John Wiley, New York (2000).  
[5] Science and Technology of Lithium Batteries-Materials Aspects: An Overview, A. 

Manthiram, Kulwer Academic Publisher (2000).  
[6] Nanostructured Materials for Solar Energy Conversion, Tetsuo Soga, Elsevier Science 

(2006)  

REFERENCE BOOK 

[1] M.S. Whittingham, A.J. Jacobson, Intercalation Chemistry, Academic Press, New York 
(1982).  

[2] M. Wakihara, O. Yamamoto, (Eds.) Lithium Ion Batteries: Fundamentals and 
Performance, Wiley-VCH, Weinheim (1996).  

L T P C 

2 1 0 2 
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ONLINE/WEB RESOURCES 

[1] NPTEL: Solar Photovoltaics: Principles, Technologies and Materials 
https://nptel.ac.in/courses/113/104/113104084/  

[2] NPTEL: Solar Photovoltaics Fundamentals, Technology and Applications 
https://nptel.ac.in/courses/115/107/115107116/  

[3] YOUTUBE: Lithium Ion Battery https://www.youtube.com/watch?v=no4vRKvKxcU 

OUTCOME  

(a) understand fundamental concepts in energy sources, harvesting and storage systems  
(b) apply the gained subject knowledge on understanding the mechanisms involved in 

various  devices based on thin films and nanostructures 
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 VALUE ADDED COURSE – I C Credits: 2 

22PHVA1C ADDITIVE MANUFACTURING 

OBJECTIVES :  

 To impart students to the fundamentals of various 3D Printing Techniques for 
application to various industrial needs.  

 To convert part file into STL format  
 To understand the method of manufacturing of liquid based, powder based and solid 

based techniques. 
UNIT 1: INTRODUCTION TO AM 
AM evolution, Distinction between AM & CNC machining, Steps in AM, Classification of AM 
processes, Advantages of AM and Types of materials for AM. 
 
UNIT 2: INTRODUCTION TO 3D PRINTING 
Historical perspectives, advantages. Commonly used terms, process chain, 3D modelling, Data 
Conversion, and transmission, Checking and preparing, Building, Post processing, RP data 
formats, Classification of 3D printing process, Applications. 
 
UNIT 3: STEREO LITHOGRAPHY APPARATUS (SLA) 
Models and specifications, process, working principle, photopolymers, photo polymerization, 
layering technology, laser and laser scanning, applications, advantages and disadvantages, 
case studies. 
  
UNIT 4: SOLID GROUND CURING (SGC) AND SOLID BASED 3D PRINTING LAMINATED OBJECT 

MANUFACTURING (LOM) 
Models and specifications, process, working, principle, applications, advantages and 
disadvantages; Models and specifications, Process, Working principle, Applications, 
Advantages and disadvantages, Case studies.  
 
UNIT 5: FUSED DEPOSITION MODELING (FDM)  
Models and specifications, Process, Working principle, Applications, Advantages and 
disadvantages, Case studies, practical demonstration 

BOOKS: 

[1] Ian Gibson, David W Rosen, Brent Stucker, Additive Manufacturing Technologies: 3D 
Printing, Rapid Prototyping, and Direct Digital Manufacturing, Springer, 2015, 2nd 
Edition.  

[2] Chua Chee Kai, Leong Kah Fai. 3D Printing and Additive Manufacturing: Principles & 
Applications, World Scientific, 2015, 4th Edition. 

ONLINE/WEB RESOURCES 
[1] https://www.coursera.org/specializations/3d-printing-additive-manufacturing 
[2] https://www.classcentral.com/course/3d-printing-software-5993  
[3] https://nielit.gov.in/aurangabad/content/certificate-course-additive-

manufacturing3d-printing  
OUTCOME  
On completion of the course the student will be able to:  
(a) Use software tools for 3D printing  
(b) Prepare 3D printed modules  
(c) Construct products using LOM and FDM technologies for novel applications  

L T P C 
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 VALUE ADDED COURSE – II A Credits: 2 

22PHVA2A RESEARCH METHODOLOGY 

OBJECTIVES  

To understand the techniques, and thorough knowledge of the literature.  

UNIT 1:  

Scientific research - Aims and motivation of research - Research methods and methodology -  
Selection  of  a research problem - Literature survey - Access using  Internet – Current status - 
Mode of attack – Oral report presentation in a seminar - Presentation of a research report - 
outline of dissertations. 

BOOKS/MATERIALS FOR STUDY 

[1] S. Rajasekar, P. Philominathan and V. Chinnathambi, Research methodology, arXiv: 
physics/0601009v3 [physics.gen-ph]  14 October 2013.  

[2] C. R. Kothari, Research Methodology: Methods and Techniques, (New Age International, 
New Delhi, 2006).  

OUTCOME  

(a) Students are expected to acquire clear knowledge of literature survey  

(b) Finding a suitable research problem 
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 VALUE ADDED COURSE – II B Credits: 2 

22PHVA2B PUBLICATION ETHICS 

OBJECTIVES  

 To understand  the  philosophy of science  and ethics,  research integrity  and publication 

ethics.  

 To identify research misconduct and predatory publications. 

 To understand indexing and citation databases, open access publications, research metrics 

(citations, h-index, impact Factor, etc.).  

 To understand the usage of plagiarism tools 

UNIT 1: PHILOSOPHY AND ETHICS 

Introduction to Philosophy: definition, nature, scope, concept, branches Ethics: definition, 
moral philosophy, nature of moral judgement and reactions 

UNIT 2: SCIENTIFIC CONDUCT 

Ethics with respect to science and research Intellectual honesty and research integrity, 
copyright Scientific misconduct: falsification, fabrication and Plagiarism (FFP)Redundant 
Publication: duplication and overlapping publication n salami slicing Selective reporting and 
misrepresentation of data 

UNIT 3: PUBLICATION ETHICS 

Publication  ethics:  definition,  introduction  and  importance -Best  practices  / standards  
setting initiatives  and  guidelines:  COPE,  WAME,  etc. - Conflicts  of  interest -Publication  
misconduct: definition, concept, problems that lead to unethical behaviour and vice versa, 
types -Violation of publication  ethics,  authorship  and contributor  ship-Identification  of  
publication  misconduct, complaints and appeals - Predatory publisher and journals. 

UNIT 4: OPEN ACCESS PUBLISHING 

Open access publication and initiatives SHERPA/RoMEO online resource to check publisher 

copyright and self-archiving policies Software tool to identify predatory publication developed by 

SPPU Journal  finder/journal  suggestion  tools  viz.  JANE, Elsevier  Journal  finder,  Springer,  

Journal  Suggester, etc. 

UNIT 5: PUBLICATION MISCONDUCT 

Group Discussion : Subject Specific Ethical Issues FFP, authorship Conflict interest Complaints 

and appeals: examples and fraud from India and abroad; Software tools : Use of plagiarism 

software like turnitin, Urkund and other open source software tools 

UNIT 6: CURRENT CONTOURS (FOR DISCUSSION ONLY AND NOT FOR FINAL EXAMINATION) 

Database : Indexing database, Citation database: web of science, scopus, etc.; Research 
Metrics : Impact factor of Journal as per journal citation report, SNIP, SJR, IPP, Cite Score 
Metrics: h-index, g-index, i-10 index, altmetrics 

BOOKS FOR STUDY 

[1] Bird, Alexander Philosophy of Science (Routledge, London,2006)  

[2] Alasdair MacIntyre, A Short History of Ethics (1967)  

[3] On Being a Scientist : A Guide to Responsible Conduct in Research: Third Edition (2009) - 

National Academies (U. S.), Committee on Science, Engineering, and Public Policy (U.S.), 
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National Academy of Sciences (U.S.), National Academy of Engineering, Institute of 

Medicine (U.S.) · 2009 

[4] David B. Resnik, What is Ethics in Research \& Why is it Important ?  

[5] Ethics in Science Education, Research and Governance - Indian National Science Academy  

[6] Nicholas  H.  Steneck, Introduction  to  the  Responsible  Conduct  of  Research.  Office  of 

Research Integrity. (2007) 

[7] Paul Oliver, The Student's Guide to Research Ethics (Open University Press, 2003) 

[8] Adil E. Shamoo, David B. Resnik, Responsible  Conduct  of  Research (Oxford University 

Press, 2003) 

REFERENCE 

[1] Kambadur Muralidhar, Amit Ghosh, Ashok Kumar Singhvi, Ethics in Science Education, 

Research and Governance Edited (Indian  National  Science  Academy,  2019) 

[2] Anderson B.H., Dursaton, and Poole M.: Thesis  and  assignment writing, (Wiley Eastern 

1997) 

[3] Bijorn  Gustavii, How  to  write  and  illustrate  scientific  papers? (Cambridge  University 

Press) 

[4] Bordens K.S. and Abbott, B.b., Research Design and Methods (Mc Graw Hill, 2008) 

[5] Graziano,  A.,  M., and  Raulin,  M.,L., Research  Methods - A  Process  of  Inquiry,  Sixth 

Edition (Pearson, 2007) 

ONLINE/WEB RESOURCES 

[1] https://www.niehs.nih.gov/research/resources/bioethics/whatis/index.cfm 

[2] https://www.insaindia.res.in/pdf/Ethics_Book.pdf 

[3] https://ori.hhs.gov/sites/default/files/rcrintro.pdf 

OUTCOME  

After completing the course  the  student will have awareness  about the  publication ethics and 

publication misconducts. 
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