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VISION STATEMENT OF VELLORE INSTITUTE OF TECHNOLOGY 

 

Transforming life through excellence in education and research. 

 

MISSION STATEMENT OF VELLORE INSTITUTE OF TECHNOLOGY 

 

 World class Education: Excellence in education, grounded in ethics and 

critical thinking, for improvement of life. 

 Cutting edge Research: An innovation ecosystem to extend knowledge and 

solve critical problems. 

 Impactful People: Happy, accountable, caring and effective workforce and 

students. 

 Rewarding Co-creations: Active collaboration with national & international 

industries & universities for productivity and economic development. 

 Service to Society: Service to the region and world through knowledge and 

compassion. 

 

VISION STATEMENT OF SCHOOL OF ADVANCED SCIENCES 

 

To be an internationally renowned science school in research and innovation by 

imparting futuristic education relevant to the society. 

 

MISSION STATEMENT OF SCHOOL OF ADVANCED SCIENCES 

 To nurture students from India and abroad by providing quality education 

and training to become scientists, technologists, entrepreneurs and global 

leaders with ethical values for a sustainable future. 

 

 To enrich knowledge through innovative research in niche areas.  

 

 To ignite passion for science and provide solutions for national and global 

challenges. 
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Integrated M.Sc. Physics 

 

PROGRAMME EDUCATIONAL OBJECTIVES (PEOs) 

 
 

1. Graduates will be practitioners and leaders in their chosen field. 

 

2. Graduates will function in their profession with social awareness and 

responsibility. 

 

3. Graduates will interact with their peers in other disciplines in their work 

place and society and contribute to the economic growth of the country. 

 

4. Graduates will be successful in pursuing higher studies in their chosen 

field. 

 

5. Graduates will pursue career paths in teaching or research. 
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Integrated M.Sc. Physics 
 

 

PROGRAMME OUTCOMES (POs) 

 
PO_01: Having a clear understanding of the subject related concepts and of 

contemporary issues. 

 

PO_02: Having an ability to design and conduct experiments, as well as to analyze 

and interpret data. 

 

PO_03: Having an ability to use techniques, skills, and modern tools necessary for 

solving scientific problems. 

 

PO_04: Having problem solving ability- solving social issues and societal problems 

having cross cultural competency exhibited by working in teams. 

 

PO_05: Having adaptive thinking and adaptability. 

 

PO_06: Having a clear understanding of professional and ethical responsibility. 

 

PO_07: Having cross cultural competency exhibited by working in teams. 

 

PO_08: Having a good working knowledge of communicating in English. 

 

PO_09: Having a good cognitive load management [discriminate and filter the 

available data] skills. 

 

PO_10: Having interest in lifelong learning. 
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PROGRAMME SPECIFIC OUTCOMES (PSOs) 

 
 

On completion of the Integrated M.Sc. Physics (5yr.) Programme, graduates will 

be able to 

 

PSO_01: Develop a multi-disciplinary approach for solving real life problems 

through various foundational core courses. 

 

PSO_02: Hone the basic concepts in various areas of Physics through discipline 

core courses for quantitatively understanding the various phenomena observed in 

nature. 

 

PSO_03: Perform experiments in foundational and discipline core courses with 

appropriate analysis for proper interpretation of results. 

 

PSO_04: Independently carry out research/ investigation to solve practical 

problems/write and present a substantial technical report/document. 
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CATEGORY-WISE CREDIT DISTRIBUTION 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

Category  B. Sc. B. Sc. 

(Hons)  

B. Sc. 

(Research) 

M. Sc. 

Foundation Core Courses  47 47 47 50 

Discipline Core Courses 36 52 52 68 

Discipline Elective Courses 27 36 36 45 

Ability Enhancement Compulsory Courses 9 9 9 9 

Skill Enhancement Courses 4 4 4 8 

Open Elective Courses 0 6 0 6 

Project/Capstone Project 0 6 12 14 

 Total Requirement 123 160 160 200 
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DETAILED CURRICULUM 

 

Foundation Core 

 
 

S.No. Course Code Subject L T P C 

1 TBIT101L Biological Sciences 3 0 0 3 

2 TBIT101P Biological Sciences Lab 0 0 2 1 

3 TCHY102L Inorganic and Organic Chemistry 3 0 0 3 

4 TCHY102P Inorganic and Organic Chemistry  Lab 0 0 2 1 

5 TCHY103L Physical and Analytical Chemistry 3 0 0 3 

6 TCHY103P Physical and Analytical Chemistry 0 0 2 1 

7 TCSE103L Programming in Python 2 0 0 2 

8 TCSE103P Programming in Python Lab 0 0 4 2 

9 TCSE104L Structured and Object Oriented Programming   2 0 0 2 

10 TCSE104P Structured and Object Oriented Programming Lab 0 0 4 2 

11 THUM101L Ethics and Values 2 0 0 2 

12 TMAT103L Calculus and Analytical Geometry 3 0 0 3 

13 TMAT103P Calculus and Analytical Geometry Lab 0 0 2 1 

14 TMAT104L Ordinary and Partial Differential Equations 3 1 0 4 

15 TMGT401L Principles of Management 3 0 0 3 

16 TPHY102L Physics of Waves 3 0 0 3 

17 TPHY102P Physics of Waves Lab 0 0 2 1 

18 TPHY103L Modern Physics 3 0 0 3 

19 TPHY103P Modern Physics Lab 0 0 2 1 

20 TRES101L Research Methodology 3 0 0 3 

21 TSSC201L Critical thinking 2 0 0 2 

22 TSSC202L Intra and Interpersonal Skills 2 0 0 2 

23  Foreign Language 2 0 0 2 
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 DETAILED CURRICULUM 

 

Foreign Language Basket 

 
 

S.No. Course Code Subject L T P C 

1 TARB101L Arabic 2 0 0 2 

2 TCHI101L Chinese I 2 0 0 2 

3 TESP101L Spanish 2 0 0 2 

4 TFRE101L French I 2 0 0 2 

5 TGER101L German I 2 0 0 2 

6 TGRE101L Modern Greek 2 0 0 2 

7 TITL101L Italian 2 0 0 2 

8 TJAP101L Japanese 2 0 0 2 

9 TKOR101L Basic Korean I 2 0 0 2 

10 TKOR102L Basic Korean II 2 0 0 2 
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DETAILED CURRICULUM 

 

Discipline Core 

 
 

 

S.No. Course Code Subject L T P C 

1 TCHY407L Electro and Surface Analytical Techniques 3 0 0 3 

2 TPHY201L Mechanics 3 1 0 4 

3 TPHY201P Mechanics Lab 0 0 4 2 

4 TPHY203L Solid State Physics 3 1 0 4 

5 TPHY204P Materials Science Lab 0 0 4 2 

6 TPHY205L Heat and Thermodynamics 3 0 0 3 

7 TPHY301L Mathematical Physics 3 1 0 4 

8 TPHY302L Electricity and Magnetism 3 1 0 4 

9 TPHY303L Analog & Digital Electronics 3 0 0 3 

10 TPHY304P Electronics Lab 0 0 4 2 

11 TPHY305L Advanced Mathematical Physics 3 1 0 4 

12 TPHY306L Optics & Spectroscopy 3 1 0 4 

13 TPHY401L Classical Mechanics 3 1 0 4 

14 TPHY402L Principles of Quantum Mechanics  3 1 0 4 

15 TPHY403L Statistical Mechanics 3 1 0 4 

16 TPHY404L Laser Physics 3 0 0 3 

17 TPHY405P Advanced Physics Lab 0 0 4 2 

18 TPHY406L Advanced Quantum Mechanics 3 1 0 4 

19 TPHY407L Condensed Matter Physics 3 1 0 4 

20 TPHY408L Electromagnetic Theory 3 1 0 4 

21 TPHY409P Laser and Photonics Lab 0 0 2 1 

22 TPHY410P Computational Physics Lab 0 0 4 2 
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DETAILED CURRICULUM 

 
Discipline Elective 

 
 

 
 

S.No. Course Code Subject L T P C 

1 TPHY206L Properties of Matter 3 1 0 4 

2 TPHY207L Sound and Acoustics 3 1 0 4 

3 TPHY307L Semiconductor Device Physics 3 0 0 3 

4 TPHY308L Physics of Nanoscale 3 0 0 3 

5 TPHY309L Physics and Technology of Thin Films 3 0 0 3 

6 TPHY310L Physics of Superconductors 3 0 0 3 

7 TPHY390J Study Project 0 0 0 3 

8 TPHY392J Design Project 0 0 0 3 

9 TPHY393J Laboratory Project 0 0 0 3 

10 TPHY397J Special Project 0 0 0 3 

11 TPHY411L Nuclear and Particle Physics 3 1 0 4 

12 TPHY412L Microprocessor and Microcontroller 3 0 0 3 

13 TPHY413L Electronic Instrumentation 3 0 0 3 

14 TPHY414L Quantum Optics 3 0 0 3 

15 TPHY415L Quantum Information Theory 3 0 0 3 

16 TPHY416L Functional Materials 3 0 0 3 

17 TPHY417L Fiber and Nonlinear Optics 3 0 0 3 

18 TPHY418L Characterization of Materials 3 0 0 3 

19 TPHY419L Ferroelectrics and Dielectrics 3 0 0 3 

20 TPHY420L Crystal Growth Techniques 3 0 0 3 

21 TPHY421L Statistical Studies of Complex System 3 0 0 3 

22 TPHY422L Applied Solid State Physics 3 0 0 3 

23 TPHY424L Physics of Renewable Energy Systems 3 0 0 3 

24 TPHY425L Molecular Simulation 3 0 0 3 

25 TPHY426L Fluid Dynamics and Plasma Physics 3 0 0 3 
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DETAILED CURRICULUM 
 

 

Ability Enhancement Compulsory Courses 
 

 

 
S.No. Course Code Subject L T P C 

1 TCHY140L Environmental Studies 3 0 0 3 

2 TENG101L Effective English Communication 0 0 4 2 

3 TENG102L Technical English Communication     2 0 0 2 

4 TENG102P Technical English Communication Lab 0 0 2 1 

5 TENG103P Technical Report Writing 0 0 2 1 

 

 

 

 
Skill Enhancement Courses 

 

 

 

S.No. Course Code Subject L T P C 

1 TCSE201E Programming in Java 3 0 2 4 

2 TEEE201P Electrical workshop 0 0 4 2 

3 TPHY202P Analytical Instrumentation Lab 0 0 4 2 
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Ability Enhancement Compulsory Courses 
 

 

 
S.No. Course Code Subject L T P C 

1 TCHY140L Environmental Studies 3 0 0 3 

2 TENG101L Effective English Communication 0 0 4 2 

3 TENG102L Technical English Communication     2 0 0 2 

4 TENG102P Technical English Communication Lab 0 0 2 1 

5 TENG103P Technical Report Writing 0 0 2 1 
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Foundation core 
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TMAT104L Ordinary and Partial Differential Equations L T P C 

  3 1 0 4 

Pre-requisite TMAT103L, TMAT103P Syllabus version 

  1.0 

Course Objectives 

1. To develop mathematical skills so that students can apply mathematical methods & 

principals in solving problems arising in real life. 

2. To understand how real-life problems can give rise to differential equations. 

3. To solve the problems choosing the most suitable method. 

4. To utilie Laplace and Fourier transform techniques to solve the differential 

equations. 

Course Outcome 

1. Recognize the order and degree of differential equations and solve first order 

differential equations by different methods. 

2. Understand the role of complementary functions and particular integrals in finding 

solution and should be able to apply variation of parameters and method of 

undetermined coefficients in solving differential equations. 

3. Apply Frobenius’ method to obtain series solution of second order differential 

equations. 

4. Utilize the method of characteristics in handling partial differential equations of first 

order and should be able to solve partial differential equations of second and higher 

order. 

5. Apply Laplace and Fourier Transform to solve differential equations. 
 

 
Module:1 Differential equations of first order 7 hours 

Differential equation of first order-exact and linear differential equations, First order 
equations of higher degree, Clairaut’s form, singular solutions. Orthogonal trajectories, 
Applications in geometrical and mechanical problems. 

Module:2 Differential equations of higher order 6 hours 

Linear equations, linearity, linear independence and Wronskian, Reduction of order, 
Homogeneous linear equations with constant coefficients, Nonhomogenous equation- 
Cauchy-Euler Equation, Solution by method of Undetermined Coefficients and Variation of 
Parameters. 

Module:3 Series solution 4 hours 

Power Series representation of functions, Power Series method, Method of Frobenius, 
Series solution of Legendre and Bessel differential equations. 
Module:4 First order partial differential equations 8 hours 

Formation of Partial Differential equations, Solution of first order PDE (Standard forms), 
Complete integral, General Solution, Singular Solution, Lagrange’s Equation, Nonlinear 
Equation-Charpit’s method. 

Module:5 Higher order partial differential equations 6 hours 

Homogeneous linear equation with constant co-efficient, Nonhomogenous linear equations 
of any order, Non-linear equations of second order-Monge’s method. 

Module:6 Laplace transform 6 hours 
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Laplace Transform, Sufficient conditions for existence, Translation theorems, Operational 
properties, Periodic functions, Inverse Laplace Transform, Convolution, Application to the 
solution of Differential Equations, Heaviside Functions and Pulses, Impulses and Delta 
Function. 
Module:7 Fourier transform 6 hours 

Fourier Series, Convergence, Fourier Sine and Cosine series, Complex Fourier Series, 
Fourier Transform and its properties, Fourier Cosine and Sine Transform, Parseval’s 
theorem. 

Module:8 Contemporary Issues 2 hours 

 

 Total Lecture hours: 45 hours Lecture 
15 hours Tutorial 

Text Book(s) 

1. G. F. Simmons, Differential Equations with Applications and Historical Notes, 2017, 
3rd edition, CRC Press, USA 

2. B. S. Grewal, Higher Engineering Mathematics, 2018, 44th edition, Khanna 
Publishers, India 

Reference Books 

1. Shepley L. Ross, Differential Equations, 2007, 3rd edition, Wiley, India 
2. Ian N. Sneddon, Elements of Partial differential equations, 2006, 1st edition, Dover, 

USA 
3. Murray R. Spiegel, Schaum’s outline of Theory and Problems of Laplace Transform, 

McGraw Hill, 1965, USA 
Mode of Evaluation: CAT , Written assignment , Quiz , FAT 

Recommended by Board of Studies 24-06-2021 

Approved by Academic Council No. 64 Date 16-12-2011 

 

  



Integrated M.Sc. Physics Page 35 

 

 

 

 

  



Integrated M.Sc. Physics Page 36 

 

 

 

 

  



Integrated M.Sc. Physics Page 37 

 

 

 

   



Integrated M.Sc. Physics Page 38 

 

 

 

 

  

 
 



Integrated M.Sc. Physics Page 39 

 

 

 

 

  

 
 



Integrated M.Sc. Physics Page 40 

 

 

 

   



Integrated M.Sc. Physics Page 41 

 

 

 

 

  

 
 



Integrated M.Sc. Physics Page 42 

 

 

 

 

  

 
 



Integrated M.Sc. Physics Page 43 

 

 

 

TRES101L Research Methodology L T P C 

  3 0 0 3 

Pre-requisite NIL Syllabus version 

  1.0 

Course Objectives 

The course is aimed at students to 
1. Identify the societal lead hypothesis and ability to design the research framework. 
2. Understand the value of Research ethics. 

3. Scrutinize the raw data and derive to the conclusion. 
4. Compose and present the research investigation report. 

 
Course Outcomes: 

At the end of the course the students will be able to 
1. Understand the basic concepts of research and values of research ethics. 
2. Sketch out the research problems and carryout the literature review. 
3. Articulate the research design and execute the sampling method. 

4. Fetch, Organize, Investigate and Interpret the data. 
5. Perform the statistical analysis and identify the significance of research. 
6. Use of search engines and various research tools judiciously for research purposes. 

 
Module:1 Introduction to Research 5 hours 

Research- Definition, objectives, motivation and its importance. Concepts of theory: 

empiricism, deductive and inductive theory. Scientific method- definition, characteristics. The 

language of research- definition-theory, hypothesis, conceptualization, variables- dependent 

and independent variables, sample, population, validity, reliability, data. 

Module:2 Identification and Formulation of Research Problem 5 hours 

Research Problem- Need, definition, components, characteristics and formulating the 
research problem. Literature review- research articles, review articles, case studies and their 
importance. Hypothesis- null and alternative. 
Module:3 Research Ethics and Intellectual Property Rights 7 hours 

Introduction to research ethics, moral issues in research. Different types of animal models 
and human model used in research, basics to animal ethical guidelines. Introduction to 
Intellectual Property Rights (IPR), basics of patent rights, copy right, trademark. Common 
authorship issues in publications. 

Module:4 Research Design and Sampling 7 hours 

Research Design- Importance, features and their concepts. The research process basics. 

Types of Research Design- Historical, descriptive, exploratory and experimental design. 

Sampling methods- types, advantages and disadvantages. Criteria to determine the sample 

method and size. 

Module:5 Data Collection and Statistical Analysis 7 hours 

Introduction to primary data and secondary data, importance of data collection, open 
sources reliability. Statistical analysis- basics, univariate, bivariate, and multivariate analysis. 
Error analysis. 
Module:6 Report and Proposal Writing 6 hours 

Report Writing- Importance, types of report, precautions. Layout of research report. 
Interpreting the research results, infographic interpretation and its report writing. Oral 
presentations. Proposal writing. 
Module:7 Use of Encyclopaedias, Tools/Techniques for Research 6 hours 

Introduction to research, guides and handbooks. Academic databases for chemistry and 
biological science discipline. Software for detection of plagiarism. Software used for paper 
formatting and reference management. 
Module:8 Contemporary Issues 2 hours 
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 Total Lecture hours: 45 hours 

Text Book(s) 

1. 

2. 

C. R. Kothari, 2019. Research methodology- Methods & Techniques, (Second 
Revision Edition), New Age International Publishers. 
Gareth James, Daniela Witten, Trevor Hastie, Robert Tibshirani, 2017. An 
Introduction to Statistical Learning with Applications in R, Springer. 

Reference Books 

1. 

2. 
 
3. 

Carlos, C.M., 2000. Intellectual property rights, the WTO and developing countries: the 
TRIPS agreement and policy options. Zed Books, New York. 
Coley, S.M. and Scheinberg, C. A., 1990, “Proposal Writing”, Sage Publications. 

Catherine Dawson, Introduction to research methods : a practical guide for anyone 
undertaking a research project, Oxford : How To Books, Reprint 2010 

Mode of Evaluation: Quiz/Digital Assignment/CAT/Seminar/Project 

Recommended by Board of Studies 14-02-2022 

Approved by Academic Council No. 65 Date 17-03-2022 
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TSSC201L Critical Thinking L T P C 

  2 0 0 2 

Pre-requisite NIL Syllabus version 

  1.0 

Course Objectives: 

1. To understand the importance of critical thinking. 
2. To diagnose need analysis as well as to identify ways of improving them. 
3. To describe and apply the nuances of decision making and problem-solving. 

 
Course Outcomes: 

1. Execute the basic tools of critical and lateral thinking in solving real life issues. 
2. Develop coherent and critical thinking required for academic and corporate 

environments. 
3. Integrate leadership, decision making and motivational strategies for the professional 

milieu. 

4. Apply informal logical concepts to contemporary scenarios. 

 

Module:1 Introduction to Critical Thinking in Academic Contexts 4 hours 

History of Critical Thinking- - Basic Tools for Critical thinking - Strategies to be adopted for 
lateral thinking. 
Module:2 Critical Thinking in Reading and Argumentation 4 hours 

Finding and evaluating the line of reasoning in a text - Identifying false premises and flawed 
reasoning - Recognizing good and bad arguments. 

Module:3 Skills & Procedure 4 hours 

Socratic questioning in a professional environment - Differentiating between different types 
of statements - Grammar for Critical Thinking. 

Module:4 Purpose of adopting Critical Thinking 4 hours 

Necessity - Professional Excellence - Personality Development - Qualities of a Critical 
Thinker. 
Module:5 Decision-Making Skills 4 hours 

Cost-Benefit - Narrow Down the Options - Evaluate Significance –Prioritisation. 
Module:6 Critical Thinking in Corporate Contexts 4 hours 

Importance of Critical Thinking in the Workplace - Critical Thinking and Leadership Skills - 
Critical Thinking for Evaluating Information - Critical thinking skill development & Motivational 
strategies. 
Module:7 Informal Fallacies 4 hours 

Ad Hominem - Appeal to the Emotions - Bandwagon fallacy - False Dilemma - Appeal to 
Unqualified Authority - Begging the question - Appeal to tradition - Strawman Fallacy. 

Module:8 Contemporary Issues 2 hours 

 

 

 Total Lecture hours: 30 hours 

Text Book(s) 

1. Galen A. Foresman, Peter S. Fosl, and Jamie Carlin Watson (2017), The Critical 
Thinking Toolkit. New Sussex: Wiley Blackwell 

2. Caroselli, M. (2011). The Critical Thinking Toolkit: Spark Your Team's Creativity with 
35 Problem Solving Activities. AMACOM 

Reference Books 

1 Nevid, J. S., &Rathus, S.A. (2009). Psychology and the challenges of life (11th edition). 
New York: John Wiley & Sons. 
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2   Hanscomb, S. (2017). Critical thinking: The basics. Taylor & Francis. 

3 https://courses.lumenlearning.com/austincc-learningframeworks/chapter/chapter-7- 
critical-thinking-and-evaluating-information/. 

4. Cottrell, Stella (2017). Critical Thinking Skills: Effective Analysis, Argument and 
Reflection. London: Palgrave Macmillan. 

5. Manika Ghosh (2013) Positivity – A way of life: Orient Blackswan Private Limited - New 
Delhi. 

Mode of Evaluation: CAT / Assignment / Quiz / FAT / Case Study / Seminar 

Recommended by Board of Studies 28-06-2021 

Approved by Academic Council No. 65 Date 17-03-2022 
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1. Wood, J. T. (2015). Interpersonal communication: Everyday encounters. Cengage 
Learning. UK 

Reference Books 

1. DeVito, J. A. (2019). The interpersonal communication. Instructor, 1, 18. Pearson 
Education India; 13th edition 

2. Ury, W. (2007). Getting past no: Negotiating in difficult situations. Bantam Books. US 

3. Corey, G., & Corey, M. S. (2017). I never knew I had a choice: Explorations in personal 
growth. Cengage Learning. US. 

4. Pavord, E., & Donnelly, E. (2015). Communication and interpersonal skills. Lantern 
Publishing. UK 

5. Adler, R. B., & Proctor II, R. F. (2016). Looking out, looking in. Cengage Learning. US 

6. Goldsmith, D. J. (2008). Politeness theory. Engaging theories in interpersonal 
communication: Multiple perspectives, 255-267. Thousand Oaks. Sage Publishers. CA 

7. Diener, E., Lucas, R. E., &Oishi, S. (2021). Subjective well-being: The science of 
happiness and life satisfaction. Handbook of positive psychology, 2, 63-73. Oxford 
University Press. USA 

8. Gibson, T. (2020). Attachment theory: A guide to strengthening the relationships in your 

life. Bottom of Form. Rockridge Press. US 

Mode of Evaluation: CAT / written assignment / Quiz / FAT / group discussion/Case Study 

Recommended by Board of Studies 28-06-2021 

Approved by Academic Council No. 65 Date 17-03-2022 
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TPHY201L Mechanics L T P C 

  3 1 0 4 

Pre-requisite NIL Syllabus version 

  1.0 

Course Objectives 

1. To lay foundation for understanding physical phenomena in everyday life through 
concepts such as inertia, momentum and energy. 

2. To develop competency in solving these problems via Newtonian mechanics. 
3. To prepare for tackling advanced topics such as chaos. 

 
Course Outcomes 

At the end of the course the student will be able to 
1.   Understand the basics of kinematics in various co-ordinate systems. 
2.                         

 
3. Synthesize the concepts of Newtonian Mechanics to a variety of phenomenological 

forces. 
4. Comprehend the generality of conservation principles and their applications. 
5. Extend the Newtonian principles to rigid body motion and non-inertial frames. 

Module:1 Vectors and Kinematics 5 hours 

Review of vector algebra - Motion in one and several dimensions - Formal solution of 
kinematic equations - Rotating vectors - Motion in polar coordinates. 

Module:2 Newtonian Mechanics 5 hours 

- Fictitious forces - - Dynamics in polar 
coordinates. 

Module:3 Forces and Equations of Motion 6 hours 

Fundamental forces - Gravity - Principle of equivalence - Electrostatic force - 
Phenomenological forces - Contact forces, tension, normal force and friction - Viscosity - 

 
  

Module:4 Momentum and Energy 8 hours 

Dynamics of a system of particles - Centre of mass - Centre of mass coordinates - 
Conservation of momentum - Impulse - Momentum and flow of mass - Rocket motion - 
Momentum flow and momentum flux. 
Integrating equations of motion in multiple dimensions - Work-energy theorem in multiple 
dimensions - Power - Conservation of mechanical energy - Potential energy - Energy 
diagrams - Non-conservative forces. 
Module:5 Dynamics 5 hours 

Small oscillations in a bound system - Stability - Normal modes - Collision and conservation 
laws - Elastic and inelastic collisions - Collision and center of mass coordinates. 

Module:6 Angular momentum and Rigid Body 
Motion 

9 hours 

Angular momentum of a particle - Fixed axis rotation - Moment of inertia - Torque - 
Conservation of angular momentum - Dynamics of fixed axis rotation - The simple and 
physical pendulums - Motion involving translation and rotation - Torque on a moving body - 
Work-energy theorem and rotational motion. 
The vector nature of angular velocity and angular momentum - The gyroscope - Rigid body 
motion and tensor of inertia. 
Module:7 Non-inertial Systems and Fictitious 

Forces 
5 hours 
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Galilean transformation - Uniformly accelerating systems - Physics in a rotating coordinate 
system - Fictitious forces in a rotating system. 

Module:8 Contemporary issues 2 hours 

 

 Total Lecture hours: 45 hours 

 Tutorials 
Problems from each module, in the form of 
problem sets, will be worked out by the 
students with assistance from the faculty. 
In addition, problems related to Joint 
Admission Test for Masters (JAM) will also 
be addressed. 

15 hours 

Text Book(s) 

1. Kleppner D and Kolenkow R, An Introduction to Mechanics, 2014, 2nd Edition, 
Cambridge University Press, UK. 

Reference Books 

1. 
 
2. 

 
 

3. 

 
 

4. 

Mathur D S and Hemne P S, Mechanics, 2012, Revised Edition, S. Chand & Co. Ltd, 
India. 
 

Kittel C, Knight W D, Ruderman M A, Helmholz A C and Moyer B J, Mechanics, 
Berkeley Physics Course: Volume 1, 2011, 2nd Edition, Tata McGraw Hill, India. 
 

Feynman R, Leighton R and Sands M, The Feynman Lectures on Physics, Volume I, 
2010, The New Millennium Edition, Basic Books, US. 
 

Shankar R, Fundamentals of Physics - Mechanics, Relativity and Thermodynamics, 
2014, Yale University Press, New Haven and London. 

Mode of Evaluation: CAT, Digital assignments, Quiz, and FAT 

Recommended by Board of Studies 09-02-2022 
Approved by Academic Council No. 65 Date 17-03-2022 
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TPHY201P Mechanics Lab L T P C 
  0 0 4 2 

Pre-requisite NIL Syllabus version 
  1.0 

Course Objectives 

1. Acquire the appropriate data accurately and keep systematic record of laboratory 

activities. 

2. Interpret findings using the correct physical scientific framework and tools. 

3. Prepare professional quality textual and graphical presentations of laboratory data 

and computational results. 

4. Evaluate possible causes of discrepancy in practical experimental observations, 

results in comparison to theory. 
 

Course Outcome 

At the end of the course the student will be able to 
 

1. Understand various experimental and computational tools thereby developing 

analytical abilities to address real world problems. 

2. Formulate, conduct, analyze and interpret experiments. 
 

Indicative Experiments  

1. Determination of the Moment of Inertia of a Flywheel about its axis of rotation. 

2. Determination of the moment of Inertia of an irregular body, about an axis through its 
center of gravity and perpendicular to its plane by dynamical method (Inertia table). 

3. Determination of the Precession and nutation of a Gyroscope 

4. Verification of the linear motion under virtually frictionless conditions. 

5. Determination of Spring constant by static & dynamic methods. 

6. Verification of law of parallel and series combination of similar springs 
  

   

7. Verification of the vector addition of forces. 

8. Determination of the resonance in forced oscillations. 

9. Verification of the static, Kinetic and Rolling Friction 

10. Verification of the Conservation of angular momentum in elastic and inelastic 
rotational collision 

Total Laboratory Hours 60 hours 

Mode of assessment: Continuous assessment, FAT, and Oral examination 

Recommended by Board of Studies 09-02-2022 

Approved by Academic Council No. 65 Date 17-03-2022 
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TPHY203L Solid State Physics L T P C 
  3 1 0 4 

Pre-requisite TPHY103L, TPHY103P, TMAT104L Syllabus version 
  1.0 

Course Objectives 

1. To give an introduction to the basic concepts of solid state physics. 
2. To give an overview of the crystalline solids. 
3. To understand the electron transport in metals and semiconductors. 

 

Course Outcomes 

At the end of course the student will be able to 
1. Differentiate the crystalline and non-crystalline solids. 
2. Comprehend the crystalline structure of solids. 
3. Analyze the electrical and thermal conductivity of metals. 
4. Apply the band theory of solids. 
5. Interpret the carrier transport in semiconductors. 
6. Evaluate the electron dynamics in solids. 

 

Module:1 Crystalline Solids 7 hours 

Solids- Amorphous and Crystalline solids Interatomic forces Lattice translation vectors- 
Lattice with a basis- Unit cell - Bravais and Non-Bravais lattice - Crystal systems - Packing 
fraction- Miller indices - Wigner-Seitz cell. 
Module:2 Crystal Diffraction 6 hours 

               Scattering from an atom Crystal diffraction Reciprocal lattice - Brillouin 
zone - Laue condition - Atomic scattering factor. 

Module:3 Free Electron Theory for Metals 7 hours 

Free electron gas Drude model Electrical conductivity Resistivity vs. Temperature for 

metals Thermal conductivity of metals Wiedemann-Franz law - Sommerfeld quantum 

corrections - Density of states - Fermi energy and Fermi sphere. 

Module:4 Electrons in a Periodic Potential 6 hours 

Kronig-Penny model Elementary band theory- Band gap Concept of 
hole Effective mass Carrier mobility Hall effect 

Module:5 Semiconductors 5 hours 

Intrinsic carrier concentration Carrier generation and recombination Fermi level 
Extrinsic semiconductors Donors and Acceptors 

Module:6 Carrier Transport in Semiconductors 6 hours 

Carrier transport  Drift and Diffusion  Carrier scattering Temperature dependence of 
carrier mobility Continuity equation P-N junction Built-in potential Depletion width I- 
V characteristics 
Module:7 Elementary Lattice Dynamics 6 hours 

Concept of Phonons - Heat Capacity of solids - Classical theory -  
Theory - Debye theory- Dynamics of the chain of atoms - 1-dimensional chain of 
monoatomic atoms - 1-dimensional chain of diatomic atoms - Acoustic and Optical Phonons. 

Module:8 Contemporary issues 2 hours 
 

 

 Total Lecture hours: 45 hours 

Tutorial Tutorial Topics 15 hours 

 Assignment Problems/ Problem sets 
will be discussed 
GATE & CSIR problems related to 
the subject will be discussed 
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TPHY204P Materials Science Lab L T P C 

  0 0 4 2 

Pre-requisite NIL Syllabus version 

  1.0 

Course Objectives 

1. To make the students perform experiments related to solid state physics. 
2. To apply the theoretical knowledge for developing new materials. 
3. To analyze the theory and experimental results for better knowledge. 

 
Course Outcomes 

At the end of the course students will be able to 
1. Design and develop the materials for advanced applications. 
2. Evaluate theoretical calculations using experimental observations. 
3. Evaluate various magnetic properties of solids. 

 
Indicative Experiments  
1. Determination of lattice parameter by diffraction method 

2. Measurement of Specific heat capacity of solids 

3. Determination of I-V characteristics using Four Probe set-up 
4. Hall Effect in Metals and Semiconductors 

5. Detection of particles using Geiger Muller counter 

6.  
 
 

   
7. Measurement of Hysteresis from B- H Curve 

8. Determination of Dielectric Constant and Curie Temperature of Ferroelectric Ceramics 

9. Determination of Fermi energy of copper 

10. Determination of Charge of electron using Millikan oil drop experiment 

Total Laboratory Hours 60 hours 

Mode of assessment: Continuous assessment, FAT, and Oral examination 

Recommended by Board of Studies 09-02-2022 

Approved by Academic Council No. 65 Date 17-03-2022 

 

  



Integrated M.Sc. Physics Page 77 

 

 

 

TPHY205L Heat and Thermodynamics L T P C 

  3 0 0 3 

Pre-requisite NIL Syllabus version 

  1.0 

Course Objectives 

1. Study the concepts of heat and thermodynamics. 
2. Understand the different laws of thermodynamics. 
3. Know the function of heat engines. 

 
Course Outcomes 

At the end of the course the student will be able to 
1. Comprehend the nature of heat and conduction of heat in solids. 
2. Understand the effect of temperature in liquifying the gas. 
3. Differentiate between the conductor and superconductor. 
4. Demonstrate the specific heat capacity of the gas by experiments. 
5. Elucidate different laws of thermodynamics. 
6. Explain the change in entropy in different processes. 

Module:1 Heat, Work and Transmission of heat 7 hours 

Nature of heat - work and heat - Transmission of Heat - Conduction in solids: Thermal 
conduction - Thermal conductivity of good conductor theory and determination - 
method - Thermal conductivity of poor conductor - theory and determination - 
method Application of conduction of heat. 
Module:2 Kinetic Theory of gases 7 hours 
Introduction- Deduction of gas laws on the basis of kinetic theory-    

distribution- Boltzmann distribution- Maxwell-Boltzmann distribution formula for speeds- 
Degrees of freedom- vibratory motion of molecules- Internal energy of gases- Law  of 
equipartition energy. 
Module:3 Specific Heat of Gases 7 hours 

Specific heat of gases - Specific heat of the gas at constant volume - Specific heat of the gas 
at constant pressure - Work done during the expansion of a gas at constant pressure - Molar 
specific heats - Relation between two specific heats - the ratio of two specific heats - Change 
in internal energy of a gas - Experimental determination of sp. heat at constant volume by 

- determination of sp. heat at constant pressure 

Module:4 Basic concepts and Zeroth Law of Thermodynamics: 4 hours 

Extensive and intensive Thermodynamic Variables -Thermodynamic Equilibrium - Zeroth 
Law of Thermodynamics & Concept of Temperature - Thermodynamic coordinates - 
extensive and intensive - Equations of state - Various processes - PV indicator diagrams. 

Module:5 First Law of Thermodynamics 6 hours 

The first law of Thermodynamics - Sign convention for heat and work - Derivation of 
equation of state - Work done in an isothermal and adiabatic process for an ideal gas -

Internal energy as a state function - Application of the first law for Cyclic Process - Adiabatic 
Process - Isochoric Process - Isobaric Process and Isothermal Process. 
Module:6 Second Law of Thermodynamics 6 hours 

Reversible and irreversible processes - Carnot Engine - Carnot Cycle and its efficiency 
(with derivation) -  their equivalence) - Practical internal combustion 
engines - Otto and Diesel Cycles (qualitative treatment) - Carnot theorem (proof) 
Refrigerator - Coefficient of performance. 
Module:7 Entropy 6 hours 

The concept of entropy - Entropy of an ideal gas - Entropy - reversible process - Entropy - 
irreversible process - Entropy and the second law - Clausius inequality - Principle of increase 
of entropy - Entropy change in adiabatic process - free expansion - cyclic process - isobaric 
process - TdS diagram of a Carnot cycle - Entropy and disorder. 
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Module:8 Contemporary issues 2 hours 

 

 

 Total Lecture hours: 45 hours 

Tutorial GATE and CSIR problems related to the subject will be 
solved in the tutorial sessions. 
Assignment problems will be discussed during the tutorial 
sessions. 

15 hours 

Text Book(s) 

1. 

 
2. 

Mark Zemansky, Richard Dittman, Heat and Thermodynamics, 2017, 8th edition, 
McGraw Hill Education, India. 
Brij Lal ,Subrahmaniyam and P.S. Hemne Heat Thermodynamics and Statistical 
Mechanics, 2012, Revised Edn. S Chand & Co., India. 

Reference Books 

1. 

 
2. 
3. 

 
4. 
5. 

S.J. Blundell and K.M. Blundell, Concepts in Thermal Physics,2012, 2nd Ed., Oxford 
University Press, UK. 
D S Mathur, Heat and thermodynamics, 2014 Sultan Chand & Sons, New Delhi, India. 
S.S. Singhal, J.P. Agarwal and Satya Prakash, Heat Thermodynamics and Statistical 
Mechanics, 1991 First Edn. Pragati Prakashan, India. 
A.B.Gupta and H.Roy, Thermal Physics (Heat and Thermodynamics), 2005, Revised 
Reprint, Books and Allied (P) Ltd, India. 
Don S. Lemons, A Student's Guide to Entropy (Student's Guides), 2013, Cambridge 
University Press, UK. 

Mode of Evaluation: CAT, Digital assignments, Quiz, and FAT 

Recommended by Board of Studies 09-02-2022 

Approved by Academic Council No. 65 Date 17-03-2022 
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TPHY301L Mathematical Physics L T P C 

  3 1 0 4 

Pre-requisite TMAT104L Syllabus version 

  1.0 

Course Objectives 

1. To provide a strong background of mathematical tools. 
2. To gain insight through examples and applications. 
3. To develop competence in solving problems independently. 

Course Outcomes 

At the end of the course, student will be able to 
1. Understand basic concepts of matrix and its application in Physics. 
2. Apply vector calculus and evaluate relevant problems in Physics. 
3. Explain the origin of Legendre polynomial, Bessel functions and Hermite polynomial 

and use their properties in relevant problems. 
4. Understand the methods of solving partial differential equation with different 

boundary conditions and apply it in relevant problems in Physics. 
5. Analyze periodic functions in the light of its Fourier components. 
6. Understand basic concepts in probability theory and apply to simple problems in 

Physics. 
Module:1 Matrices 6 hours 

Matrix Algebra: Addition, Multiplication - Transpose and Inverse of a matrix - Special type of 
matrices: Symmetric, Skew symmetric, Hermitian, Skew-Hermitian - Unitary and Orthogonal 
matrices - Normal matrices - Trace of a matrix - Solving systems of linear equations - 

 

Eigen-values and Eigenvectors (degenerate and non-degenerate cases): Simple matrix and 
defective matrix - Diagonalization of matrices - Solution of coupled linear ordinary 
homogeneous differential equations - Caley-Hamilton theorem - Functions of a matrix 
(operator). 
Module:2 Vectors 6 hours 

Vector algebra and Identities - Idea of linear independence - Basis vectors - 
Orthonormalization and completeness of basis vectors - Properties of vectors under 
rotations. 
Vector differentiation: Scalar and Vector fields - Gradient of a scalar field and its geometrical 
interpretation - Divergence and curl of a vector field and physical interpretation - Laplacian 
operator. 
Vector Integration: Line, Surface and Volume integrals - Flux of a vector field - 
divergence theorem - and Stokes Theorems and their applications (no rigorous 
proofs). 
Orthogonal curvilinear coordinate system - Gradient, Divergence, Curl and Laplacian in 
Spherical and Cylindrical Coordinate Systems - Line, Surface and Volume integrals in 
Spherical and Cylindrical coordinate systems - Jacobian of coordinate transformation. 
Module:3 Power Series Solution Method 6 hours 

Linear independence of functions - Wronskian - Ordinary point and Singular point - Power 
series solution method of second order linear homogeneous differential equation with 
examples - Frobenius method: Series solution around regular singular points - Series 
solution of Legendre Differential equation and Legendre polynomials - Series Solution of 
Bessel differential equation and Bessel function - Hermite differential equation and Hermite 
polynomial - Lauguerre differential equation and polynomials. 
Module:4 Properties of Special Functions 6 hours 

Properties   of   Legendre,   Hermite   and   Lauguerre   Polynomials:   Rodrigues   Formula, 
Generating Function, Orthogonality, Simple recurrence relations - Expansion of function in a 
series of Legendre Polynomials, Multipole expansion in Electrostatics - Harmonic oscillator 
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problem in quantum mechanics - Hydrogen atom problem in quantum mechanics - Bessel 
Functions of the First Kind: Generating Function, simple recurrence relations and 
Orthogonality. Functions represented as integrals: Gaussian integral, Error function, Gamma 
function, Beta function and related properties. 
Module:5 Partial Differential Equations in Physics 8 hours 

Partial differential equations (PDE) in Physics: preliminaries; classification of second-order 
quasilinear equations; elliptic, hyperbolic and parabolic type - Characteristics - Boundary 
conditions (Dirichlet, Neumann, and Cauchy) and types of equations - One-dimensional 
wave equation - One-dimensional diffusion equation, Solutions to partial differential 

          
 cylindrically and spherically symmetric boundary conditions - Examples from 

Electrostatics. Wave equation and its solution for vibrational modes of a stretched string - 
rectangular and circular membranes. 

Module:6 Fourier Series 8 hours 

Introduction to travelling wave - Introduction to Fourier series: Time dependent and Space 
dependent Series - Fourier representation of periodic functions - Calculating coefficients: 
Average of a function, Orthogonality of Sine and Cosine functions - Expansion of periodic 
functions in a series of sine and cosine functions and determination of Fourier coefficients - 
Odd function and Even function -  - Gibbs  Phenomenon - Fourier half 
range series - Fourier Series Using Complex number . 

Module:7 Introduction to Probability 3 hours 

Independent random variables - Mean and variance - Multiplicity - Averages, and Distribution 
functions: Bernoulli, Poisson, Gaussian, Exponential (Boltzmann), Power law, Lorentzian, 
Flat - Few applications in Physics - Law of large numbers and the central limit theorem. 

Module:8 Contemporary issues 2 hours 

Total Lecture hours: 45 hours 

 Tutorial 
Example problems from each module 
will be worked out by the student with 
help of the teacher which will also help 
them to prepare for CSIR and GATE 
examinations. 
Students' doubts will be addressed. 
Problem set is to be given as home 
work in each tutorial. 

15 hours 

Text Book(s) 
1. V. Balakrishnan, Mathematical Physics with Applications, Problems and Solutions, 
 2020, Ane Books Pvt. Ltd. India. 
2. Mary L. Boas, Mathematical Methods in the Physical Sciences, 3rd Edition, 2005, John 
 Wiley and Sons, New York 

Reference Books 
1. J.W. Brown and R.V. Churchill, Fourier Series and Boundary Value Problems, 2017, 
 McGraw Hill Education, USA. 
2. Brett Borden and James Luscombe, Mathematical Methods in Physics, Engineering, 
 and Chemistry, 2020, John Wiley & Sons, Inc., USA. 

3. George B. Arfken, Hans J. Weber and Frank E. Harris, Mathematical Methods for 
 Physicists: A Comprehensive Guide, 2012, 7th Edition, Academic Press, USA. 

4. J. F. James, A Students Guide to Fourier Transforms: With Applications in Physics and 

5. 
Engineering, 2011, Cambridge University Press, UK 
S.Pal and S.C. Bhunia, Engineering Mathematics, 2015, Oxford University Press, UK 
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TPHY303L Analog and Digital Electronics L T P C 

  3 0 0 3 

Pre-requisite NIL Syllabus version 

  1.0 

Course Objectives 

1. To learn the basic methods for the design of digital circuits and provide the 
fundamental concepts used in the design of digital systems. 

2. To explain the importance of operational amplifier and its applications. 
3. To introduce basic postulates of Boolean Algebra and show the correlation between 

Boolean expressions. 
Course Outcomes 

At the end of the course, the students will be able to 
1. Understand the properties of Semiconductor Materials. 
2. Know the design and functioning of Semiconductor Devices. 
3. Analyze the various applications of operational amplifier. 
4. Evaluate the various circuits of combinational and Sequential Circuits. 
5. Understand the application of Sequential Circuits. 

Module:1 Semiconductor Material Properties 5 hours 

Atomic Structure - Atomic Energy level diagram - Electronic configuration of Elements - 
Energy Band Theory of Crystal - Energy Band Structures and Conduction in Insulator, 
Semiconductor and Metal - Classification of semiconductor - conduction in semiconductor - 
Carrier Concentration in Intrinsic Semiconductor - Mass Action Law - Drift Current and 
Diffusion Currents - Carrier Life Time - Continuity Equation. 
Module:2 Semiconductor device 9 hours 

PN junction diode   V-I Characteristics of diode    Rectifiers    Half wave    full wave and 
bridge rectifiers Zener diode characteristics Zener diode as voltage regulator. Bipolar 
junction transistor    Basic configurations -     Characteristic curves 
of transistor   CB, CE mode   h Parameters. JFET   input and output characteristics. 
Module:3 Amplifiers and Oscillators 6 hours 

Single stage CE amplifier Power amplifiers Efficiency of class B Power amplifier Push 
pull amplifier - General theory of feedback Negative feedback Criterion for oscillations 
Hartley oscillator  

Module:4 Operational Amplifiers 5 hours 

Differential amplifier - Common mode rejection ratio Characteristics of an ideal op-amp 
Virtual ground Inverting amplifier Non inverting amplifier Applications. Adder 
Subtractor Integrator Differentiator Unity gain buffer. 
Module:5 Digital Logic and Number system 8 hours 

Introduction to decimal, binary, octal, hexadecimal number systems Interconversions 
BCD code, Excess 3 code, Gray code       Simple binary arithmetic 
operations Addition, subtraction, multiplication  and division Positive and negative logic 
Basic and derived logic gates, symbols and their truth tables  AND, OR, NOT, NAND, NOR, 
XOR, and XNOR - Boolean algebra Basic laws of Boolean algebra De-  -
Reducing Boolean expressions using Boolean laws. 
Module:6 Combinational Logic Design 4 hours 

Half and full adders Half and full subtractors   Multiplexer Demultiplexer Encoders and 
Decoders. 

Module:7 Sequential Circuits 6 hours 

Basic Latch circuits S-R Flip-Flop D Flip-Flop  J-K Flip-Flop T Flip-Flop  Triggering of 
Flip-Flops  Asynchronous Inputs in Flip-Flops Master Slave J-K Flip Flops Racing 
Condition . Counters: Asynchronous and Synchronous Counters  Mod Counters - 
Registers: 4- bit Shift Register SISO Shift Register SIPO Shift Register PISO Shift 
Register PIPO Shift Register  Ring Counter. 
Module:8 Contemporary issues 2 hours 
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 Total Lecture hours: 45 hours 

Text Book(s) 

1. 
 
2. 

Albert P Malvino, Donald P Leach and Goutam Saha, Digital Principles and 
Applications, 2015, 8th edition, McGraw Hill, India. 
Adel S Sedra and Kenneth C Smith and Arun N Chandorkar, Micro electronic circuits, 
2017, 7th edition, Oxford University Press India 

Reference Books 

1. 

 
2. 

 
3. 
4. 
5. 

Jacob Milman, Christos C Halkias and Satyabrata Jit, Electronic devices and circuits, 
2015, 4th edition, McGraw Hill, India 
Ben G. Streetman, Sanjay Kumar Banerjee, Solid State Electronic Devices, 2018, 7th 
edition, Pearson Education India. 
Thomas L Floyd, Digital Fundamentals, 2017, 11th edition, Pearson Education India. 
M.S. Tyagi, Introduction to semiconductor materials and devices, 2008, John Wiley & 
Sons Inc., India 
D P Kothari and I J Nagrath, Basic Electronics, 2017, 2nd edition, McGraw Hill, India. 

Mode of Evaluation: CAT, Digital assignments, Quiz, and FAT 

Recommended by Board of Studies 09-02-2022 

Approved by Academic Council No. 65 Date 17-03-2022 
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TPHY304P Electronics Lab L T P C 
  0 0 4 2 

Pre-requisite NIL Syllabus version 
  1.0 

Course Objectives 

1. List out and use the methods to examine electronic circuit problems. 
2. Design and construct advanced circuits for demand. 
3. Outline semiconductor devices and identify the states and working characteristics of 

circuits. 
 

Course Outcomes 

At the end of course the student will be able to 
1. Analyze and interpret the circuits and create new design and instrument. 
2. Verify theoretical calculations using experimental observations. 

 

Indicative Experiments  

1. Measurement of clipping and clamping using PN junction diode 

2. Determination of I-V characteristics of Lock-in-amplifier 

3. Determination of I-V characteristics of CE Transistor 
4. Measurement of I-V characteristics of High, Low, Band pass and Notch Filters 

5. Measurement of Output and Transfer Characteristics of MOSFET 

6. Designing Analog to Digital Converter 

7. Designing a Synchronous Counter 

8. Designing Astable and monostable Multivibrator using IC555 timer 

9. Designing Active High, Low, Band pass and Notch Filters using Op-amp 

10. Solving first order Simultaneous Equation using Op-amp 

Total Laboratory Hours 60 hours 

Mode of assessment: Continuous assessment, FAT, and Oral examination 

Recommended by Board of Studies 09-02-2022 

Approved by Academic Council No. 65 Date 17-03-2022 
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Course code Advanced Mathematical Physics L T P C 

TPHY305L  3 1 0 4 

Pre-requisite Mathematical Physics Syllabus version 

  v. 1.0 

Course Objectives 

1. To develop mathematical competence prior to undertake advanced courses in Physics 
2. To generate interest in the subject and an attitude of independent learning 
3. To develop confidence among students to undertake competitive exams like CSIR-NET, GATE 

Course Outcome 

At the end of the course, students will be able to 
1. Understand Dirac Bra-Ket Notation and Matrix representations of operators and related concepts 
2. Comprehend and evaluate contour integrals in related problems in physics 
3. Understand and apply the Fourier transform and Laplace transform method in related problems in 
Physics 
4. Apply Green’s function method to relevant problems in Physics 
5. Comprehend the basic concept of Tensor and Apply it to certain examples in Physics; Understand the 
basic concept of Group Theory and Apply it to certain examples in Physics. 

 

Module:1 Linear Vector Space 5 hours 

Linear vector space definition - Linear dependence and independence - Dimensionality of vector space - 
Basis, Orthonormality and Completeness - Introduction of Dirac Bra-Ket notation and dual space - Inner 
product and Outer product - Projection Operator - Gram-Schimdt Orthonormalization procedure - Schwarz 
Inequality. 
Linear Operator and its representation as square matrix in n-dimensional complex vector space - Adjoint or 
Hermitian Conjugate and rules to take adjoint - Transformation of representation under change of basis and 
similarity transformation - Eigenvalue problem and Diagonalization - Commuting operators and 
simultaneous eigenstates for non-degenerate and degenerate eigenvalues - Complete sets of commuting 
operators. 

Module:2 Complex Variable Theory 8 hours 

Recapitulation: Complex numbers, triangle inequalities, Schwarz inequality - Function of complex variable: 
Single and Multiple-valued function - Differentiation: Cauchy-Riemann equations and their applications - 
Analytic and harmonic function. 
Complex integrals - Cauchy’s theorem (elementary proof only) - converse of Cauchy’s theorem - Cauchy’s 
Integral Formula and its corollaries - Series: Taylor and Laurent series expansion - Classification of 
singularities - Branch point and Branch cut - Residue theorem and evaluation of some typical real integrals 
using this theorem. 

Module:3 Fourier Transform 6 hours 

Fourier Transforms: Fourier Integral theorem - Fourier transform of trigonometric - Gaussian, finite wave 
train & other functions - Representation of Dirac delta function as a Fourier Integral - Fourier transform of 
derivatives - Inverse Fourier transform - Properties of Fourier transforms - Three dimensional Fourier 
transforms with examples - Application of Fourier Transforms to differential equations - One dimensional 
Wave and Diffusion/Heat Flow Equations. 

Module:4 Laplace Transform 6 hours 

Laplace transforms and their inverse transforms - Bromwich integral - Transform of derivative and integral 
of a function - Solution of differential equations using integral transforms. 

Module:5 Green’s Function Method 5 hours 

Inhomogeneous differential equation - Solution of Inhomogeneous differential equation by variation of 
parameter technique. 
Sturm-Liouville theory - Eigenvalues and Eigenfunctions - The Hermitian nature of the operator L Dirac 
delta function - Definition of Green’s function - Properties of Green’s function - Solution of Inhomogeneous 
differential equation using Green’s function technique. 

Module:6 Tensor 6 hours 

Tensorial Character of physical quantities - Cartesian tensors in 3-d - Tensors in index notation – Einstein’s 
notation, Inner and Outer products - Kronecker and Levi Civita tensors - Tensor rank - Symmetric and 
Asymmetric - Contraction - Quotient law - Contravariant and Covariant tensors - Metric tensors and their 
determinants - Raising and Lowering of Indices - Pseudo tensors - Simple applications: stress tensor and 
electromagnetic field tensor. 

Module:7 Group theory 7 hours 

Definitions and Nomenclature - Discrete groups (symmetry and permutation groups) and continuous 



Integrated M.Sc. Physics Page 87 

 

 

 

groups (O(n), SO(n), U(n), SU(n)) - Abelian and Non-abelian groups - Rearrangement theorem - Cyclic 
groups - Subgroups and Cosets - Conjugate elements and Class structure - Factor groups - Isomorphy and 
Homomorphy - Representation of finite groups - Reducible and Irreducible representations - The Unitarity 
of Representations - Schurs Lemma - The great orthogonality theorem - Characters of a representation - 
Character Table - Examples from solid state crystallography: Space and point group. 

Module:8 Contemporary issues 2 hours 

Contemporary research direction ; one/two lectures of experts from renowned national or international 
institutions. 

Total Lecture hours: 45 hours 

Tutorial  

Example problems from each module will be worked out by the 
student with help of the teacher which will also help them to 
prepare for CSIR and GATE examinations. 
Students' doubts will be addressed. 
Problem set is to be given as home work in each tutorial. 

15 hours 

Text Book(s) 

1. 
 
2. 

V. Balakrishnan, Mathematical Physics with Applications, Problems and Solutions, 2020, Ane 
Books Pvt. Ltd, Chennai, India. 
Mary L. Boas, Mathematical Methods in the Physical Sciences, 3rd Edition, 2005, John Wiley and 
Sons, New York 

Reference Books 

1. 
 
2. 
 
3. 
4. 
 
5. 
6. 

George B. Arfken, Hans J. Weber and Frank E. Harris, Mathematical Methods for Physicists: A 
Comprehensive Guide, 2012, Academic Press, Seventh Edition. 

J.W. Brown and R.V. Churchill, Complex Variables and Applications, 2003, Tata McGraw-Hill, 
Seventh Edition, India. 
J. Mathews and R.L. Walker, Mathematical Methods of Physics, 2004, Pearson Education, London, 
UK. 
D. G Zill and P. D Shanahan, Complex analysis, 2015, Jones and Bartlett, Sudbury, Massachusetts, 
USA. 
P. Dennery, A. Krzywicki, Mathematics for Physicists, 1996, Dover Publications Inc., New York. 
Michael Tinkham, Group Theory and Quantum Mechanics, 2003, Dover Publications Inc., New York. 

Mode of Evaluation: CAT, Quiz, Digital Assignment, FAT 

Recommended by Board of Studies 20-01-2024 

Approved by Academic Council No. 73 Date 14-03-2024 
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Course code Classical Mechanics L T P C 

TPHY401L  3 1 0 4 

Pre-requisite Mechanics Syllabus version 

  v.1.0 

Course Objectives 

1. To learn the Lagrangian and Hamiltonian formalisms of simple classical systems 
2. To learn the methods of solving central force problems and rigid body dynamics 

 

Course Outcome 

At the end of the course the student will be able to 
1. Understand basic formalism of Lagrangian and Hamiltonian dynamics  
2. Apply Lagrangian formalism for solving Kepler’s problem 
3. Understand rigid body dynamics and small oscillations using Lagrangian approach and to discuss 
conservation laws in the Hamiltonian dynamics 
4. Understand canonical transformations  
5. Explain the foundations of relativistic physics 
6. Apply Lagrangian and Hamiltonian for solving simple classical dynamics problems 

 

Module:1 Lagrangian Formalism 6 hours 

Generalized coordinates - principle of virtual work - D’Alembert’s principle – Lagrange’s formulation and 
simple applications - Variational principle and Lagrange equation 

Module:2 Hamilton’s principle 6 hours 

Hamilton’s principle - Lagrange equation from Hamilton’s principle - Symmetry and conservation laws - 
conservation of linear momentum, energy and angular momentum. 

Module:3 Central Force Problem 7 hours 

Reduction of two body problem in central force - Equations of motion - effective potential energy - nature of 
orbits - Virial theorem - Kepler’s problem; Scattering in a central force field - center of mass and laboratory 
frame. 

Module:4 Rigid Body System - Oscillating System 7 hours 

Elements of rigid-body dynamics - Euler angles – symmetric top and applications - Small oscillations - 
normal mode analysis - normal modes of a linear tri-atomic molecule - forced oscillations. 

Module:5 Hamiltonian Formulation  5 hours 

Legendre transformation - Hamiltonian equations of motion - cyclic coordinates - phase space and 
Liouville's theorem - Symmetries and conservation laws in Hamiltonian picture. 

Module:6 Hamiltonian-Jacobi Formalism 5 hours 

Canonical transformations- Poisson brackets - Hamilton-Jacobi theory - action-angle variables - Time 
dependent perturbation - examples of time dependent perturbation. 

Module:7 Special Theory of Relativity 7 hours 

Inertial frames - principle and postulate of relativity - Lorentz transformations - Matrix in Minkowski space-
time – Lorentz transformation in real four dimensional space-time - four-vector notation – energy-
momentum - four-vector for a particle - Covariant four dimensional formulation. 

Module:8 Contemporary issues 2 hours 

Contemporary research direction; one/two lectures of experts from renowned national or international 
institutions. 

 

 
Total Lecture hours: 

45 hours 

Tutorial 15 hours 

GATE, CSIR problems related to the subject will be solved in the 
tutorial sessions. 
Assignment problems/ problem sets will be discussed during the 
tutorial sessions 

 

Text Book(s) 

1. 
 
 

N. C. Rana and P. S. Joag, Classical Mechanics, 2017, 1
st
 edition, McGraw Hill Education, New Delhi, 

India. 
H. Goldstein, C. Poole and J. Safko Classical Mechanics, 2015, 3

rd
 edition, Pearson Education, Delhi, 
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2. India.  

Reference Books 

1. 
 
 
2. 

Walecka John Dirk, Introduction To Classical Mechanics, 2021, 1
st
 Edition,  World Scientific Publishing 

Co Pte Ltd, Singapore. 
Gupta, Kumar, Sharma, Classical Mechanics, 2019, 13

th
 Edition, Pragati Prakashan Educational 

Publishers, India 

  

Mode of Evaluation: CAT, Digital assignments, Quiz, and FAT 

Recommended by Board of Studies 20-01-2024 

Approved by Academic Council No. 73 Date 14-03-2024 
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TPHY402L Principles of Quantum Mechanics L T P C 
  3 1 0 4 

Pre-requisite NIL Syllabus version 
  1.0 

Course Objectives 

1. To study the formalism, concepts of quantum mechanics and apply to the one- 
dimensional problems. 

2. To understand the world of atomic scale and principles that govern the quantum 
world. 

3. To show complete understanding of hydrogen atom using the laws of quantum 
mechanics. 

Course Outcomes 

At the end of the course the student will be able to 
1. Comprehend the basic concepts and the laws governing the quantum world. 
2. Understand the fundamental ideas of quantum mechanics. 
3. Solve the one dimensional problems in atomic scale and extend to 3-dimensions. 
4. Understand the consequence of wave-particle duality using the potential problem. 
5. Apply the ideas of angular momentum at the atomic scale. 
6. Cognize the ideas of quantum mechanics and apply them to understand hydrogen 

atom. 
Module:1 Historical Perspective 6 hours 
Double slit experiment - Wave-like properties of particles - hypothesis - de 

Broglie Wavelength - Phase velocity and group velocity of de Broglie Waves - Wave-particle 
duality -Davisson-Germer experiment-Uncertainty principle and its implications - deriving 
uncertainty principles. 
Module:2 Fundamental Ideas 6 hours 

The concept of measurement in quantum theory - Specification of the state of a system in 
quantum theory - Representation of observables by Hermitian Operators - Operators 
associated with position, linear momentum, and kinetic energy - Commutation Relations - 
Properties of Hermitian Operators - Postulates of quantum theory regarding the results of 
measurement of an observable. 
Module:3 Schrödinger Equation & Basic Formalism 6 hours 

Interpretation of the wave function   - theorem - The time-independent 
Schrödinger Equation -Stationary States - Postulates of Quantum Mechanics - Eigenvalues 
and Eigenfunctions - Generalized Uncertainty principle - Identical particles - Symmetry and 
antisymmetry of wavefunctions. 
Module:4 Exactly solvable problems in One Dimension - I 6 hours 

Free particle and Box Normalization - Particle in a box - Particle in a square well potential 
Bound states eigenvalues - eigenfunctions - nonlocalized states - Energies and 
wavefunctions of the ground and excited states - Ground state energy from the uncertainty 
principle - symmetric and antisymmetric solution. 
Module:5 Exactly solvable problems in One Dimension - II 7 hours 

Potential barrier - Solution of the step potential problem with energy less than or greater 
than 
the step height - Reflection and transmission coefficients - Finite potential barrier - Barrier 
penetration - Tunnelling, Reflection and Transmission coefficients - quantum mechanical 
tunnelling - multiple potential well - Periodic potentials & energy bands - Simple harmonic 
oscillator (differential equation method - Ladder operator methods) - Problems. 

Module:6 Angular Momentum 6 hours 

Particle in a spherically symmetric potential - Form of the 2 operator in spherical polar 
coordinates -Method of separation of variables - Radial and angular parts of the wave 
function - Orbital angular momentum(L) - Operators for the components of L - Commutation 
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relations involving Lx, Ly, Lz and L2 - The forms of Lz and L2 in spherical polar coordinates - 
Space quantization. 

Module:7 Three Dimensional Problems 6 hours 

Particle in a Central Potential - Spherical Harmonics Parity - Particle in a spherical well - 
Hydrogen Atom - Energy eigenvalues - Quantum Numbers Degeneracy - Explicit form of 
the ground state wavefunction -Probability density in the ground state. 

Module:8 Contemporary issues 2 hours 
 

Total Lecture hours: 45 hours 
  

Tutorials  

 1. GATE and CSIR examinations related topics, 
Problems related to the topics discussed in the units 
2. Assignment problems will be discussed 

15 hours 

 Total Lecture hours: 60 hours 

Textbook(s) 

1. David J. Griffiths & Darrell F. Schroeter, Introduction to Quantum Mechanics, 2018, 
Cambridge University Press, UK. 

Reference Books 

1. 
 

2. 
3. 

 

4. 
5. 

S.L. Kakani SL and H. M. Chandalia, Quantum Mechanics, Theory and Problems, 2004, 
Sultan Chand & Sons, India. 
L. I. Schiff, Quantum Mechanics, 2017, McGraw Hill Education, India. 
A. P. French and Edwin Taylor, An Introduction to Quantum Physics, The M.I. T. 

introductory Physics series, W. W. Norton & Company, New York. 

H. C. Verma, Quantum Physics, 2012, 2nd edition, TPS publishers, India. 

Mathews & Venkatesan, Tb Of Quantum Mechanics, 2E, 2010, Tata McGraw-Hill 

Education. 

Mode of Evaluation: CAT, Digital Assignments, Quiz and FAT 

Recommended by Board of Studies 09-02-2022 

Approved by Academic Council No. 65 Date 17-03-2022 
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Course code Statistical Mechanics L T P C 

TPHY403L  3 1 0 4 

Pre-requisite Mathematical Physics, Modern Physics Syllabus version 

  v. 1.0 

Course Objectives 

1. To understand the properties of macroscopic systems using the knowledge of the properties of individual 
particles.  

2. To differentiate between different ensemble theories to explain the behavior of the systems.  

3. To differentiate between classical statistics and quantum statistics. 

 

Course Outcome 

At the end of the course the student will be able to 
1. Connect statistical Mechanics with thermodynamics.  
2. Compare different ensemble theories used to explain the behavior of the systems.  
3. Compare classical and quantum statistical Mechanics.  
4. Comprehend the statistical behavior of ideal Bose and Fermi systems.  
5. Understand various types of phase transitions 

 

Module:1 Foundations   8 hours  

Objective of statistical mechanics - Central Limit Theorem – Macrostates, microstates, phase space and 
ensembles - Ergodic hypothesis - Postulate of equal a-priori probability and equality of ensemble average 
and time average - Boltzmann’s postulate of entropy - Counting the number of microstates in phase space - 
Liouville’s Theorem, Maxwell-Boltzmann distribution 

Module:2 Ensembles     5 hours 

Micro canonical ensemble - Ideal gas in micro canonical ensemble - Entropy of ideal gas - Sackur-Tetrode 
equation - Gibb’s paradox. 

Module:3 Canonical Ensemble     5 hours 

System in contact with a heat reservoir - Expression of entropy - Canonical partition function - Helmholtz 
free energy - Fluctuation of internal energy, Ideal gas using canonical ensemble 

Module:4 Grand Canonical Ensemble     5 hours 

System in contact with a particle reservoir - Chemical potential - Grand canonical partition function and 
grand potential - Fluctuation of particle number - Chemical potential of ideal gas - Chemical equilibrium. 

Module:5 Quantum statistical mechanics     6 hours 

Density matrix - Quantum Liouville theorem - Density matrices for microcanonical - Canonical and grand 
canonical systems - Identical particles - Bose Einstein and Fermi Dirac statistics. 

Module:6 Ideal Bose and Fermi gas    7 hours 

Equation of state - Black body radiation - Planck's radiation law - Bose Einstein condensation - Equation of 
state of ideal Fermi gas - Fermi gas at finite T - White dwarf star. 

Module:7 Phase Transition and Critical Phenomena     7 hours 

Ising model - partition function for one dimensional case - Phase transitions - First order and continuous - 
critical exponents and scaling relations - Calculation of exponents from Mean Field Theory and Landau’s 
theory - Upper critical dimension. 

Module:8 Contemporary issues 2 hours 

Contemporary research direction ; one/two lectures of experts from renowned national or international 
institutions. 

 
 

Total Lecture hours: 45 hours 

Tutorial Tutorial Topics 15 hours 

  Gate, CSIR-NET problems related to this 
subject will be solved  

 Assignment problems / problem sets will be 
discussed 

 

 

Text Book(s) 

1. R. K. Pathria and Paul D. Beale, Statistical mechanics, 2011, 3
rd

 edition, Elsevier, Netherlands  

2. K. Huang, Statistical mechanics, 1987, 2
nd

 edition, John Wiley and Sons, Inc., UK. 
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Reference Books 

1. F. Reif, Fundamentals of Statistical and Thermal Physics, 1965 4
th
 
 
Edition, McGraw-Hill, New York, 

USA 

2. L.D. Landau, E. M. Lifshitz, Statistical Physics, 1996, 3
rd

 Edition, Butterworth-Heinemann, UK. 

Mode of Evaluation: CAT, Digital assignments, Quiz, FAT  

Recommended by Board of Studies 20-01-2024 

Approved by Academic Council No. 73 Date 14-03-2024 
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Course code Laser Physics L T P C 

TPHY404L  3 0 0 3 

Pre-requisite Optics and Spectroscopy Syllabus version 

  v. 1.0 

Course Objectives 

1. To expose the students to the physics of lasers. 
2. To know the methods of producing pulsed laser output. 
3. To get familiarized with operation of a few typical laser systems. 

 

Course Outcome 

At the end of the course, the student will be able to 
1. Understand the interaction of radiation and matter and eventually the idea of stimulated emission. 
2. Comprehend various pumping schemes in laser physics. 
3. Derive the rate equations in two, three and four-level systems. 
4. Understand the need for resonators and to know about the modes. 
5. Understand various techniques for getting pulsed laser output. 

 

Module:1 Interaction of Radiation with Matter 6 hours 

Introduction – spontaneous and stimulated emissions – Einstein’s coefficients – line shape function – Line 
broadening mechanisms – homogeneous and non-homogeneous broadening. 

Module:2 Amplification of light 5 hours 

Rates of stimulated emission and absorption – condition for amplification by stimulated emission- 
metastable state – laser action. 

Module:3 Laser rate equations 7 hours 

Pumping schemes – two, three and four-level pumping schemes – laser rate equations – two, three and 
four level systems -condition for population inversion -gain saturation -laser amplifiers 

Module:4 Optical Resonators and Modes 7 hours 

Plane mirror resonators -resonance frequencies – cavity loss – cavity life time and Q-factor -stable and 
unstable resonators – resonator stability conditions -longitudinal modes – transverse modes. 

Module:5 Laser and its output characteristics  6 hours 

Laser oscillator – Optical feedback – threshold condition – variation of laser power near threshold -
characteristics of laser output. 

Module:6 Some laser systems  6 hours 

He-Ne, CO2, Nd-YAG, Fiber lasers – tunable lasers: Ti sapphire laser – Semiconductor laser 

Module:7 Methods of pulsing lasers  6 hours 

Optimization for pulsed output – methods – Q-switching – Cavity dumping – Mode locking 

Module:8 Contemporary issues 2 hours 

Contemporary research direction; one/two lectures of experts from renowned national or international 
institutions. 

 

 
 

Total Lecture hours: 45 hours 

 Tutorials 15 hours 

 1. GATE and CSIR examinations related topics, 
Problems related to the topics discussed in the units 
2. Assignment problems will be discussed 

 

Text Book(s) 
 

1. William T. Silfvast, Laser Fundamentals, 2009, Cambridge University Press, UK 

2. K. Thyagarajan and Ajoy Ghatak, Lasers: Fundamentals and Applications, 2011, 2
nd

 Edition, 
Macmillan Publishers India Ltd., India 
 

Reference Books 

1. Richard S.Quimby, Photonics and Lasers, 2006, Wiley Interscience, USA. 

2. Orazio Svelto, Principles of Lasers, 2010, 5
th
 Edition, Springer, USA. 

3. Jeff Hecht, Understanding Lasers, 2008, 3
rd

 Edition, John Wiley, USA. 



Integrated M.Sc. Physics Page 97 

 

 

 

Mode of Evaluation: CAT, Digital assignments, Quiz, and FAT 

Recommended by Board of Studies 20-01-2024 

Approved by Academic Council No. 73 Date 14-03-2024 
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Course code                     Advanced Physics Lab L T P C 

TPHY405P  0 0 4 2 

Pre-requisite  Syllabus version 

  v. 1.0 

Course Objectives 

1. To make the students perform advanced experiments  
2. To apply theoretical knowledge for developing new science 
3. To analyze the theory and experimental results for better understanding 

 

Course Outcome 

 At the end of the course the student will be able to 
1. Design and develop the instruments for advanced studies. 
2. Evaluate theoretical calculations using experimental observations. 

 

Indicative Experiments   

1. Determination of splitting of Spectrum line - Zeeman Effect  

2. Measurement of Kerr coefficient - MOKE 

3. Determination of birefringence with respect to applied voltage – pockel effect 

4. Refractive index of a given material using Mach - Zehnder Interferometer 

5.  Determination of refractive index of transparent materials using Michelson Interferometer 

6.  Preparation of Thin film preparation using DC sputtering  

7. Preparation of Bulk alloys using Induction Melting furnace 

8. Preparation of Nanomaterial using wet chemical method 

9. Determination of Charge to Mass ratio using Thomson’s method 

10.  To measure the Lande’s g-factor in a free radical using Nuclear Magnetic Resonance (NMR) 
Simulation 

Total Laboratory Hours 60 hours 

Mode of assessment:   Continuous assessment, FAT, and Oral examination 

Recommended by Board of Studies 20-01-2024 

Approved by Academic Council No. 73 Date 14-03-2024 
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Course code Advanced Quantum Mechanics L T P C 

TPHY406L  3 1 0 4 

Pre-requisite Principles of Quantum Mechanics Syllabus version 

  v. 1.0 

Course Objectives 

1. Understanding of quantum mechanical principles and apply to three dimensions problems 
2. Describe the structure of the hydrogen atom and understand quantization of angular 
momentum 
3. Apply techniques such as ladder operators for selected problems in quantum mechanics 

Course Outcome 

At the end of the course, the student will be able to 
1. Understand the basic concepts in quantum Mechanics. 
2. Apply Mathematics to understand the physical operations 
3. Understand the language of quantum mechanics in 1-dimensional and 3-dimensional problems 
and the concept of angular momentum 
4. Understand the effect of perturbations to the energy values on hydrogen-like problems 
5. Understand the interactions between the system under consideration and external forces, 
Understand the concept of relativity in quantum Mechanics, Understand the complete picture of 
existence of matter and antimatter 

Module:1 Basics formalism 6 hours 

Schrödinger’s wave equation – physical interpretation and conditions on wave function – 
eigenvalues and eigen functions – Continuity equation and probability current density-Expectation 
values and Ehrenfest’s theorem, Quantum Confinement Problems (1D, extension to 3D) 

Module:2 Operator formalism 5 hours 

Linear operators-Hermitian operators and their properties – Commutation relations - 
Uncertainty relation – Dirac representations - Bra and Ket vectors - Hilbert space – Schrödinger, 
Heisenberg and interaction pictures. 

Module:3 Quantum mechanical problems 6 hours 

Harmonic oscillator – Operator method – Schrödinger equation for spherically symmetric 
potentials – Angular momentum operator – Condition on solutions and eigenvalues – spherical 
harmonics – Rigid rotor – Radial equation of Central potential – Hydrogen atom – Degenerate 
states. 

Module:4 Angular Momentum Theory 6 hours 

Angular momentum-Commutation relations- Eigenvalues of angular momentum J – Matrix 
representation of J – Addition of angular momentum – Clebsch-Gordan coefficients – Identical 
particles with spin – Pauli exclusion principle. 

Module:5 Perturbation Theory 6 hours 

First order perturbation theory for non-degenerate states – Removal of degeneracy – Zeeman 
effect and Stark effect – Variation method – WKB approximation. 

Module:6 Scattering Theory 6 hours 

Theory of scattering- Scattering cross section- Optical theorem- Scattering by attractive square 
well potential- Scattering Amplitude-Born approximation. 

Module:7 Relativistic Quantum Mechanics 8 hours 

Klein-Gordon equation for a free particle and in an electromagnetic field – Dirac equation for a 
free particle - Charge and current densities - Dirac matrices – Plane wave solution – Negative 
energy states 

Module:8 Contemporary issues 2 hours 

Contemporary research direction; one/two lectures of experts from renowned national or 
international institutions. 

Total Lecture hours: 45 hours 

Tutorials  

 
 

1. GATE and CSIR examinations related topics, Problems related to the 

topics discussed in the units 

15 hours  
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2. Assignment problems will be discussed 

 

 Total Lecture hours 60 hours 

Textbook(s) 

1. 
 
2. 

D. J. Griffiths, Introduction to Quantum Mechanics, 2018, 3rd, Cambridge University Press, 
United Kingdom. 
E. Merzbacher, Quantum Mechanics, 2016, Cambridge India. 

Reference Books 

1. 
 
2. 
3. 
4. 
5. 

L.D. Landau and E.M. Lifshitz, Quantum Mechanics (Non-relativistic Theory), 2011, 3rd 
edition, Elsevier, Netherlands. 
R. Shankar, Principles of Quantum Mechanics, 2014, Springer, Verlag, Berlin, Germany.  
E. Hecht, Y. Peleg; R. Pnini, E.  Zaarur, Quantum Mechanics, 2012, McGraw-Hill 
R. L. Liboff, Introductory Quantum Mechanics, 2003, Addison-Wesley, Pearson Education, 
USA.   
J. J. Sakurai, Jim Napolitano, Modern Quantum Mechanics, 2020, Cambridge University 
Press, UK,  

Mode of Evaluation: CAT, Digital assignments, Quiz, and FAT 

Recommended by Board of Studies 20-01-2024 

Approved by Academic Council No. 73 Date 14-03-2024 

 

  

http://libgen.rs/search.php?req=Hecht%2C+Eugene&column=author
http://libgen.rs/search.php?req=+Peleg%2C+Yoav&column=author
http://libgen.rs/search.php?req=+Pnini%2C+Reuven&column=author
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Course code Condensed Matter Physics L T P C 

TPHY407L  3 1 0 4 

Pre-requisite Solid  State Physics, Statistical Mechanics Syllabus version 

  v. 1.0 

Course Objectives 

1.To study the properties of the condensed phase of matter. 
2.To understand physics of matter and its properties.  
3. To gain the knowledge of the emerging topics like metamaterials and computational 

analysis of materials 

 

Course Outcome 

At the end of the course, the student will be able to 
1. Knowledge of the various types of materials phenomenon  
2. Describe the features and classification of crystal and amorphous  
3. Understand the effect of the size on nano properties of solids. 
4. Classify the condensed matter upon the properties of materials. 
5. Simulate and analyze the structure and other important parameters related to possible 
applications. 
6. Apply the concepts in condensed matter physics to meet the challenges 

 

Module:1 The Nature of Condensed Matter 7 hours 

Some basic orders of magnitude - Chemical bonds- The van der Waals bond - Ionic, covalent 
and metallic bonds - The hydrogen bond - The exchange interaction - magnetic  order and 
energies - Crystalline order and cohesive energies - Solids, liquids, and gases - phase diagram - 
Colloidal Crystals - Other ordered states - Disordered condensed matter 

Module:2 Crystalline Solids 7 hours 

Crystal structures - Scattering by crystals - Crystal vibrations - Monatomic basis- Diatomic basis- 
Scattering from phonons- Elastic (Bragg) scattering: The Debye–Waller factor - Inelastic 
scattering by single phonons - Reconstruction and surface stress - roughening transition - 
Equilibrium crystal shapes -liquid crystal - Thermotropic liquid crystals - Nematic phase - Liquid 
crystal displays - static self assembly - lyotropic liquid crystals 

Module:3 Amorphous Materials 7 hours 

A statistical structure - Two amorphous structures - Random close packed structure - Continuous 
random network - scattering by amorphous matter - polymers - Polymerisation mechanism-
degree of polymerisation -Classification of polymers-structure, properties and fabrication process 
of polymers -Conducting polymers - importance of conducting polymers in electric and electronic 
devices. 

Module:4 Liquid dynamics and superfluidity 6 hours 

Dynamic structure factor - Hydrodynamic modes in liquids - Glass transition - Structural relaxation 
- Polymer liquids - Rouse model - Reptation (qualitative) - Tg measurement - Bose–Einstein 
condensation and superfluidity - 3Helium -  Microscopic theory - Ginsburg–Landau model. 

Module:5 Fourth state of Matter 5 hours 

Plasma - basics beyond the conventional matters -  low temperature and high temperature 
plasma - enthalpy changes - classification of plasma- common forms of plasma - concept of 
temperature and density, Debye shielding, collision in plasma, plasma oscillations , plasma 
creation- wave propagation in plasma (qualitative) - Response of plasma to the fields - DC 
discharge, RF discharge and microwave discharge - Plasma display. 

Module:6 Smart Materials 5 hours 

Natural and Artificial Materials - Non - linear behaviour of electric, magnetic and optical properties 
- nanomaterials basics - carbon nanotubes, fullerenes, Graphene - Concept of Metamaterials - 
negative permittivity and permeability - negative refractive index -  Meta structure vs wavelength - 
applications.  
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Module:7 Computational Analysis ( hands -on training 
with software) 

6 hours 

Density Functional Theory - Basics of DFT, Hohenberg-Kohn Theorem; Kohn-Sham Equation; 
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Thomas-Fermi approximation and beyond (qualitative); Brief review on empirical and semi-

empirical approaches in electronic structure calculation - Practical DFT in a many body 

calculation and its reliability.  

Module:8 Contemporary issues 2 hours 

Contemporary research direction; one/two lectures of experts from renowned national or 

international institutions. 

 

 
 

Total Lecture hours: 45 hours 

Tutorial Tutorial Topics 15 hours 

  GATE, CSIR problems related to the 

subject will be solved in the tutorial 

sessions 

 Assignment problems/ problem sets will 

be discussed during the tutorial sessions 

 

Text Book(s) 

1. 
 
 
2. 

Fundamentals of Condensed Matter Physics by Marvin L.Cohen and Steven G.Louie, 2019, 
Cambridge University Press 
 
Advanced Condensed Matter Physics by Leonard M. Sander, 2009, Cambridge University 
Press 

Reference Books 

1. 
 
2. 
3. 
 
 
4. 
 
 
5. 
 

Fundamentals of Condensed Matter and Crystalline Physics by David L. Sidebottom, 2012, 
Cambridge  
superconductivity, Superfluids,and Condensates by James F. Annett, 2004, Oxford 
University Press 
Principles of Plasma Discharges and Materials Processing by Michael A. Lieberman and 

Alan J. Lichtenberg, 2nd edition (2005) Wiley 

Polymer Processing: Principles and Design, 2nd Edition by Donald G. Baird, Dimitris I. 

Collias, 2014, Wiley-Interscience. 

Density Functional Theory - A Practical Introduction, David S. Sholl and Janice A. Steckel, 

2009 Published by John Wiley & Sons, Inc. 

Mode of Evaluation: Quiz, Written assignment, CAT, FAT 

Recommended by Board of Studies 20-01-2024 

Approved by Academic Council No. 73 Date 14-03-2024 
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Course code Electromagnetic Theory L T P C 

TPHY408L  3 1 0 4 

Pre-requisite Mathematical Physics Syllabus 
Version 

  v.1.0 

Course Objectives 

1. To understand how materials are affected by electric and magnetic fields. 
2. To apprehend the relation between the fields under time varying situations and Maxwell equations and 

principles of propagation of Electromagnetic waves. 
3. To appreciate special and general theory of relativity 

 

Course Outcome 

At the end of the course, the student will be able to 
1. Understand the concepts of electrostatics for different charge distribution systems. 

2. Comprehend the basics of magnetostatics and their applications to understand the concepts of 

magnetism in magnetic materials. 

3. Derive the electromagnetic wave equations from Maxwell’s equations and calculate the energy carried 

by electromagnetic waves. 

4. Understand the propagation of electromagnetic waves and the phenomena of reflection, refraction, 

transmission of these waves in different mediums. 

5. Realise the concepts of waveguides/transmission lines and modes of electromagnetic waves and 

correlate the concept of relativity with electrodynamics 

 

Module:1 Electrostatics and special techniques 7 hours 

Directional & Normal derivatives – Dirac delta function – Electric field – Gauss’s law –  Electric potential – 
Laplace’s equation(1-D, 2-D and 3-D) and its solution –  Boundary conditions and uniqueness theorems –  
The method of images –  Multipole expansion 

 

Module:2 Electrostatic fields in Matter 4 hours 
Dielectric- concepts of polarization, electric susceptibility, dielectric constant, Bound charges – Electric field 
of a polarized dielectric – Gauss’s law for a dielectric 

 

Module:3 Magnetostatics and Magnetic fields in Matter 5 hours 

Magnetic field – Magnetic Vector potential –Magnetization –Ampere’s law for a magnetized material –  
Magnetic field due to solenoid and toroid–energy density – Properties of different magnetic materials-linear 
and nonlinear media 

 

Module:4 Electrodynamics 7 hours 

Electromagnetic Induction: Faraday’s Law, Electrodynamics before Maxwell – Maxwell’s equations–
boundary conditions– Scalar and vector potentials –  gauge invariance – electromagnetic energy – 
Poynting’s theorem – Newton’s third law in electrodynamics – Maxwell’s stress tensor – conservation of 
momentum and angular momentum 

 

Module: 

5 

EM Waves and their propagation 6 hours 

Electromagnetic wave equation –propagation of EM waves in non - conducting media and conducting 

media – Reflection and refraction at the boundary of non-conducting media –Fresnel’s coefficients – 

Brewster’s angle and critical angle – reflection from a conducting plane. 

 

Module:6 Wave Guides and electromagnetic radiation 7 hours 

Wave guide; TE, TM and TEM modes – Rectangular wave guide – Dynamics of charged particles in static 

and uniform electromagnetic fields –  Radiation from moving point charges & dipoles and retarded 

potentials 

 

Module:7 Electrodynamics & Relativity 7 hours 

Revisit of Special theory of relativity –  Relativistic energy and momentum – relativistic kinematics – 
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relativistic dynamics – Relativistic electrodynamics(qualitative analysis) 

 

Module:8 Contemporary Issues 2 hours 

Contemporary research direction ; one/two lectures of experts from renowned national or international 
Institutions. 

 
 

Total Lecture hours: 45 hours  

 

Tutorials Tutorial topics 15 hours  

  2 tutorials hours for problems on the 
topics in each of the 7 modules 

 Assignment/ Assessments questions and 
problems 

  

Text Book(s) 

1. D. J. Griffith, Introduction to Electrodynamics, 2020, 4
th
 edition, Addison-Wesley Professional, 

Boston, USA. 

2. J. R. Reitz., F.J. Milford and R. W. Christy, Foundations of Electromagnetic Theory, 2010, 4
th

 
edition, Pearson, India. 

Reference Books 

1. J. D. Jackson, Classical Electrodynamics, An Indian Adaptation, 2020, Wiley-India, Delhi. 

2. W. Greiner, Classical Electrodynamics, 2012, 3rd edition, Springer, New York, USA. 

Mode of Evaluation: CAT, Digital assignments, Quiz, and FAT 

Recommended by Board of Studies 20-01-2024 

Approved by Academic Council No. 73 Date 14-03-2024 
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Course code Course title L T P C 

TPHY409P Laser and Photonics Laboratory 0 0 2 1 

Pre-requisite  Syllabus version 

  v. 1.0 

Course Objectives 

1. To get hands-on experience with the various photonic components, devices and instruments.  
2. To measure the various physical parameters related to lasers and optical fibers. 

 

Course Outcome 

At the end of the course the student will be able to 
1. Comprehend the various laser characteristics.        
2. Analyze the important characteristics of photonic components   
3. Apply the gained practical knowledge for possible innovations in photonics. 

 

Indicative List of Experiments   

1. To study the Gaussian beam profile by determining the mode field diameter of a laser beam.  

2. To determine the divergence of a laser beam and to study its nature of polarization. 

3. To determine the wavelength of laser light using Michelson interferometer. 
4. To study absorption of laser light in various filters. 

5. To explore the P-I characteristics of a laser diode and an LED  

6. To study the characteristics of an opto-coupler. 

7. To study the characteristics of a photodiode and a phototransistor. 

8. To determine the numerical aperture and acceptance angle of an optical fiber.  

9. To estimate the loss due to bending and splicing in optical fibers  

10. To find the mode field diameter of an optical fiber. 

Total Laboratory Hours 30 hours 

Mode of assessment: Continuous assessment, Oral examination and FAT 

Recommended by Board of Studies 20-01-2024 

Approved by Academic Council No. 73 Date 14-03-2024 
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Course code Computational Physics Lab L T P C 

TPHY410P  0 0 4 2 

Pre-requisite  Syllabus version 

  v. 1.0 

Course Objectives 

1. To develop numerical, computational and logical skills relevant to theoretical and experimental physics 
problems 
2. To enhance the understanding of the theory courses using computational methods 

 

Course Outcome 

At the end of the course, student will be able to 
1. Employ computational techniques to solve physics problems 
2. Write computer codes for numerical differentiation and integration  
3. Learn basic methods, tools, and techniques of computational physics and develop practical 
computational problem-solving skills 

 

Indicative Experiments   

1. Finding solutions of first order differential equations using the Runge-Kutta method 

2. Solving the roots of equations by Bisection Method, False position method and Newton 
Raphson method. 

3. Solving the Linear Interpolation, Lagrange, and Newton Interpolation; Linear and non-linear curve 
fitting 

4. Differentiation of continuous functions Integration by Trapezoidal and Simpson’s rule.  

5. Determination of vacancy formation energy in Silicon lattice using Ab-initio calculation 

6. Material properties from DFT- Electronic structure, Band gap, effective mass 

7. Material properties from DFT- Phonon dispersion, Thermal Properties, Heat capacity 

8. Material properties from DFT- Mechanical properties, Elastic moduli 

9. Monte Carlo simulation: Metropolis algorithm 

10. Molecular Dynamics: Computer simulation of many body systems 

Total Laboratory Hours 60 hours 

  

Mode of assessment: Continuous assessment, Oral examination , FAT 

Recommended by Board of Studies 20-01-2024 

Approved by Academic Council No. 73 Date 14-03-2024 
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Course code                           Quantum Optics L T P C 

TPHY414L  3 0 0 3 

Pre-requisite               Principles of Quantum Mechanics Syllabus version 

 v. 1.0 

Course Objectives 

1. To review the quantum optical description of light 
2. To build the foundations for quantum optics 
3. To prepare the students for quantum technological applications such as quantum communication 

using photonic qubits.  

 

Course Outcome 

At the end of the course, student will be able to 
1. Explain the basics of quantum optics. 
2. Understand the quantum nature of light  
3. Demonstrate the photon antibunching, coherent states, and squeezed states 
4. Design a micro-cavity  for a strong light-matter interaction 
5. Explain the quantum nature of single-photon measurements   

 

Module: 1 Review of quantum mechanics 6 hours 

Two-level systems – Picture of quantum mechanics- Schrodinger, Heisenberg, and interaction picture- 
Correlation functions of light waves 

Module: 2 Field quantization  6 hours 

Single-mode field quantization - Multimode field quantization- Single-mode field in thermal equilibrium 

Module: 3 Coherent states and squeezed states 6 hours 

Field quadrature - Vacuum field - Coherent states - squeezed states - a quantum theory of Hanbury Brown 
and Twiss experiments. 

Module: 4 Photon statistics 6 hours 

Coherent light - Poisson distribution - Classification of light by photon statistics - thermal light - chaotic light 
- sub-Poissonian light - a quantum theory of photon detection. 

Module: 5 Photon Antibunching 6 hours 

Hanbury Brown and Twiss experiment with photons - The second-order correlation function - Antibunched 
light (with no classical equivalence) - single-photon sources. 

Module: 6 Atoms in cavities  6 hours 

Optical cavities- atom-cavity coupling- Weak coupling- strong coupling - Purcell effect - Applications of 
cavity effects 

Module: 7 Interaction between atoms and quantized fields  7 hours 

Dressed states- Rabi-oscillations - the Jaynes-Cummings model - Single-Mode Spontaneous Emission 

Module: 8 Contemporary issues 2 hours 

Contemporary research direction; one/two lectures of experts from renowned national or international 
institutions. 

 

 
 

Total Lecture hours: 45 hours 

 
Textbook(s) 
 

1. 
 
2. 

Pierre Meystre and Murray Sargent III, Elements of quantum optics,1998, 3
rd

 edition  Springer-
Verlag Berlin and Heidelberg GmbH & Co. K, Germany. 
Mark Fox, Quantum Optics: An Introduction, 2006, Oxford University Press, New Delhi 
 
 

 
Reference Books 
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1. 
 
2. 
3. 
4. 
 

Paul R. Berman and Vladimir S. Malinovsky, Principles of laser spectroscopy and quantum optics, 
2010, Princeton University Press, USA 
M.O. Scully and M.S. Zubairy, Quantum Optics, 2001, Cambridge University Press, UK  
C.C. Gerry and P.L. Knight, Introductory Quantum Optics, 2005, Cambridge University Press, UK  
Alexey V. Kavokin, Jeremy J. Baumberg, Guillaume Malpuech, and Fabrice P. Laussy, 
Microcavities, 2010, Oxford university press, New York, USA 

Mode of Evaluation: CAT, Quiz, Digital Assignment, and FAT  

Recommended by Board of Studies 20-01-2024 

Approved by Academic Council No. 73 Date 14-03-2024 
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Course code Quantum Information Theory L T P C 

TPHY415L  3 0 0 3 

Pre-requisite Principle of Quantum Mechanics Syllabus version 

  v. 1.0 

Course Objectives 

1. To introduce the foundations of quantum information 
2. To expose the applications is quantum algorithms 
3. To introduce the applications of quantum cryptography 

 

Course Outcome 

At the end of the course, the student will be able to 
1. Explain the basics of quantum information 
2. Apply different measures of information 
3. Appreciate quantum algorithms 
4. Apply quantum mechanics in cryptography  
5. Perform the fidelity calculations 

 

Module:1 Basics of quantum information 6 hours 

Quantum States – Reduced density matrix, physical realization of qubits - Quantum Operators - 
Measurements - Quantum gates and circuits - Quantum Entanglement  

Module:2 Quantum information measures 7 hours 

Distance measures - Trace distance - Fidelity. Entropy measures -  Shannon entropy and its properties - 
Von Neumann entropy and its properties 

Module:3 Quantum algorithms – I 7 hours 

Quantum parallelism - Deutsch-Jozsa algorithm - Simon’s algorithm - Advantages of quantum algorithm 

Module:4 Quantum algorithms – II 6 hours 

Quantum search algorithm - Grover’s algorithm and its implications - Factoring and period finding  - 
Quantum Fourier Transform  - Shor’s algorithm towards factorization 

Module:5 Quantum cryptography 6 hours 

Basics of Quantum cryptography - No cloning theorem - Quantum key distribution (QKD) - Security 
analysis  

Module:6 QKD protocols 6 hours 

Analysis of QKD protocols: Bennett-Brassard (BB84) protocol - Bennett (B92) protocol – Bennett-Brassard- 

Mermin (BBM) protocol 

Module:7 Noise models 5 hours 

Types noise models - Amplitude damping - Phase damping - Collective noise - Pauli noise – Analysis of 
fidelity 

Module:8 Contemporary issues 2 hours 

Contemporary research direction; one/two lectures of experts from renowned national or international 
institutions. 

 

 
 

Total Lecture hours: 45 hours 

Text Book(s) 

1. Bernhardt Chris, Quantum Computing for Everyone, 2020, MIT Press, Massachusetts, USA 

Reference Books 

1. 
 
 
2. 

Anirban Pathak, Elements of Quantum Computation and Quantum Communication, 2015, CRC Press, 
Boca Raton, USA.   

Michael A. Nielsen and Issac L. Chuang, Quantum Computation and Information, 2010, 2nd Edition,   
Cambridge University Press, Cambridge, UK. 

Mode of Evaluation: CAT, Digital assignments, Quiz, and FAT 

Recommended by Board of Studies 20-01-2024 

Approved by Academic Council No. 73 Date 14-03-2024 
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Course code Functional Materials L T P C 

TPHY416L  3 0 0 3 

Pre-requisite Solid State Physics Syllabus version 

  v. 1.0 

Course Objectives 

1. To introduce functional materials and the science behind the performance of the functional material. 
2. To enable the understanding of the applications of functional materials. 
3. To inculcate the knowledge of a wide range of important functional materials. 

 

Course Outcome 

At the end of the course the students will be able to  
1. Relate properties of functional materials to crystal structure. 
2. Understand the relationship between specific material properties and their function in applications using 
electric, dielectric and/or magnetic materials. 
3. Understand the relation between the size and functional properties of materials. 
4. Design materials for photovoltaic solar energy harvesting applications and for magnetic and electric 
coupling phenomenon 
5. Have thorough knowledge of material aspects of functional devices and its fabrication. 

 

Module:1 Functional Properties 5 hours 

Characteristics and types of functional materials - Crystal structure and Properties - Effect of size on 
properties - effect of interfaces on properties - Magnetic materials and storage applications. 

Module:2 Size effect and electronic properties 5 hours 

Size and interface effects on properties - Electronic bands structures - Charge transport in Semiconductor 
devices. Band structure - Semiconductor devices – Theory, examples and applications. 

Module:3 Optical properties 5 hours 

Optical reflectivity – photoemission - absorption coefficient - free carrier absorption in semiconductors and 
metals - Direct and indirect inter band transitions - Optical active materials: theory - examples of materials 
and applications. 

Module:4 Magnetic properties 7 hours 

Microscopic origin of magnetic moments - Magnetic susceptibility- Exchange interaction- Types of 
Magnetism in materials- Hysteresis in ferromagnetic materials- Response of the functional materials to 
external parameters- e.g. pressure- temperature. Applications in Giant magneto-resistance effect- 
Spintronics. 

Module:5 Dielectric Properties 7 hours 

Dielectrics- piezo and ferroelectric materials: Introduction- properties- applications. Recent developments 
in advanced dielectric- piezoelectric and ferroelectric materials. High strain high performance piezo- and 
ferroelectric single crystals. Electric f ield-induced effects and domain engineering.  

Module:6 Solar Energy and Photovoltaic materials  8 hours 

Introduction of energy storage/conversion devices- State-of-the art of portable power sources-  
Solar/photovoltaic (PV) cells as a source of green energy; Fundamentals- Materials- Design and 
Implementation aspects of PV energy generation and consumption; Solar cell technologies- Efficiency of 
solar cells and PV array analysis- Photovoltaic system design (stand alone and grid connected) and 
applications. 

Module:7 Smart Materials  6 hours 

Material aspects and design rules of functional devices- applications- factors affecting properties of smart 
materials. Applications in electronic- communication- aerospace- automotive- energy industries- shape 
memory alloys 

Module:8 Contemporary issues  2 hours 

Contemporary research direction; one/two lectures of experts from renowned national or international 
institutions. 

 

 
 

Total Lecture hours: 45 hours 
 
 

Text Book(s) 

1. 
 
2. 

S. Banerjee, A.K.Tyagi, Functional Materials - Preparation, Processing and Applications, 2021, 1
st
 

Edition, Elsevier, USA. 
Ewa Klodzinska, Functional Materials: Properties, Performance and Evaluation, 2015, CRC Press, 
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USA. 

Reference Books 

1. 
 
2. 
3. 
 
4. 
 
5. 

Zhengwei Li, Nigel M. Sammes, An Introduction to Electronic Materials for Engineers, 2011, World 
Scientific Publishing Co. Pte. Ltd., USA  
David K. Ferry, Jonathan P Bird, Electronic Materials and Devices, 2001, Wiley, USA. 
H. S. Nalwa, Handbook of Advanced Electronic and Photonic Materials and Devices: Ferroelectrics & 
Dielectrics, 2001, Vol. 10, (ed.), Academic Press, USA. 
H. P. Garg and J. Prakash, Solar Energy: Fundamentals & Applications, 1997, Tata McGraw Hill, 
India. 
G. N. Tiwari, S. Dubey & Julian C. R. Hunt, Fundamentals of Photovoltaic Modules and their 
Applications, 2009, RSC Energy Series, UK. 

Mode of Evaluation: CAT, Digital assignments, Quiz, and FAT 

Recommended by Board of Studies 20-01-2024 

Approved by Academic Council No. 73 Date 14-03-2024 
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Course code Fiber and Nonlinear Optics L T P C 

TPHY417L  3 0 0 3 

Pre-requisite Laser Physics Syllabus version 

  v. 1.0 

Course Objectives 

1. To understand the light guiding mechanism in optical fibers and to study the various linear effects and 
their mitigations. 

2. To expose to the origin of nonlinearity in optics. 
3. To learn various nonlinear effects in optical fibers and eventually the realization of optical solitons. 

 

Course Outcome 

At the end of the course, the student will be able to 
1. Recall the basic structure of an optical fiber and the pulse propagation in optical fibers. 
2. Understand the various linear effects in optical fibers and their mitigations. 
3. Comprehend the basics of nonlinear optics and multiphoton processes. 
4. Analyze the various nonlinear effects in optical fibers. 
5. Design a typical soliton based fiber communication system.  

 

Module:1 Light propagation in optical fibers  5 hours 

Optical fibers – basic structure – light propagation in a step index fiber – conditions – total internal 
reflection-acceptance angle –numerical aperture. 

Module:2 Attenuation and its mitigations    6 hours 

Linear effects – attenuation – bending losses- scattering-absorption-transparent windows-measuring 
attenuation – Mitigations to attenuation- repeaters-optical amplifier-Erbium doped fiber amplifier-fiber 
Raman amplifier. 

Module:3 Dispersion and its mitigations  7 hours 

Dispersion – intermodal and intramodal dispersions– fiber modes – V-parameter – computing intermodal 
dispersion in a step index fiber- advent of graded index fibers- single mode fiber-mode field diameter- pulse 
spreading due to chromatic dispersion- mitigations to dispersion-dispersion compensating fibers-fiber Bragg 
gratings-photonic crystal fibers. 

Module:4 Nonlinear optics 6 hours 

Wave propagation in an anisotropic crystal – Polarization response of materials to light – Harmonic 
generation – Second harmonic generation – Sum and difference -frequency generation – Phase matching – 
Third harmonic generation. 

Module:5 Multiphoton processes  6 hours 

Two photon process –Parametric generation of light – Oscillator – Amplifier –Stimulated Raman scattering 
– Intensity dependent refractive index optical Kerr effect.  

Module:6 Nonlinear effects in optical fibers  6 hours 

Nonlinear effects in optical fibers – Kerr effect – self-phase modulation – cross-phase modulation-
stimulated Raman scattering effects- stimulated Brillouin scattering-self-frequency shift.  

Module:7 Optical solitons 7 hours 

Modeling pulse propagation in optical fibers – nonlinear Schrödinger equation – optical solitons-soliton 
based optical fiber communication systems. 

Module:8 Contemporary issues 2 hours 

Contemporary research direction; one/two lectures of experts from renowned national or international 
institutions. 

 

 
 

Total Lecture hours: 45 hours 

Text Book(s) 

1. 
2. 

D. K. Mynbaev, and L. L. Scheiner, Fiber Optics Communications Technology, 2002, Pearson, 
India.  
G. P. Agrawal, Nonlinear Fiber Optics, 2019, 6

th
 Edition, Academic Press, USA 

 
 
Reference Books 
 

1. A. Ghatak, and K. Thyagarajan, Introduction to Fiber Optics, 2017, Cambridge University Press,UK. 
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2. 
 

P. E. Powers, and J. W. Haus, Fundamentals of Nonlinear Optics, 2017, 1
st
 Edition, CRC Press, 

Taylor & Francis Group, USA. 

 
Mode of Evaluation: CAT, Digital assignments, Quiz, and FAT 

 
Recommended by Board of Studies 

20-01-2024 

 
Approved by Academic Council 

No. 73 Date 14-03-2024 
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Course code Characterization of Materials L T P C 

TPHY418L  3 0 0 3 

Pre-requisite Solid State Physics, Principles of Quantum Mechanics Syllabus version 

  v. 1.0 

Course Objectives 

1. To empower students with basic physics of the advanced material characterization techniques to 
understand the materials properties.  
2. To provide an introduction to different types of characterization techniques, their importance and uses. 
3. To introduce the students to the principles of various spectroscopic techniques for understanding of 
optical properties. 

 

Course Outcome 

At the end of the course the students will be able to 
1. determine phase, crystal structure and chemical composition of materials. 
2. use appropriate spectroscopic technique to measure the optical properties of materials. 
3. optimize material research in selecting the most appropriate morphological and scanning technique, as 
well as the interpretation of their results. 
4. analyze and interpret electrical and magnetic properties of the materials. 
5. choose the appropriate characterization technique for suitable analysis. 

 

Module:1 Structural and Chemical Characterization 8 hours 

Introduction to materials characterization methods and its importance - Bragg’s law - principle of X-ray 
diffraction and techniques - powder diffraction-particles and polycrystals - phase identification - indexing 
and lattice parameter determination - structure analysis - crystallite size - examples of X-Ray diffraction and 
applications - elemental/ compositional analysis by Energy dispersive X-ray analysis (EDAX) - X-ray 
photoelectron spectroscopy (XPS). 

Module:2 Optical Characterization 8 hours 

Light interaction with matter - fundamental concepts in spectroscopy and instrumental techniques - 
principle and applications of Ultraviolet–visible (UV-VIS) spectroscopy - Fourier-transform infrared (FT-IR) 
spectroscopy - photoluminescence spectroscopy – Raman spectroscopy - examples for each spectroscopy 
technique. 

Module:3 Morphological Characterization 5 hours 

Microscopy and the concept of resolution - interaction of electrons with matter, Scattering- elastic 
scattering, inelastic scattering, and diffraction - electron sources - lenses, apertures - electron detectors - 
image recording - scanning and transmission electron microscopy. 

Module:4 Scanning Probe Microscopy 5 hours 

Working principles - scanning elements - sample positioning and precise control of tip - acquisition and 
processing of scanning probe microscopy images - atomic force microscopy - scanning tunneling 
microscopy. 

Module:5 Electrical and Electronic Measurements  5 hours 

Conductivity and resistivity - bulk measurements - surface measurements - Hall effect in semiconductors - 
data analysis and initial interpretation. 

Module:6 Magnetism and Magnetic Measurements  6 hours 

Generation and measurement of magnetic fields - magnetic moment and magnetization - soft and Hard 
magnets - magnetometry - VSM - data analysis and initial interpretation, Weiss Gouy’s balance method 

Module:7 Magnetotransport and Spintronics  6 hours 

Physical mechanism of magnetoresistance - giant and colossal magnetoresistance - skew scattering- 
anomalous Hall effect - quantum Hall effect - spin Seebeck effect. 

Module:8 Contemporary issues 2 hours 

Contemporary research direction; one/two lectures of experts from renowned national or international 
institutions. 

 

 
 

Total Lecture hours: 45 hours 

 
Text Book(s) 

1. 
2. 

Kittel, Charles, Introduction to solid state physics, 2005, 8th ed., Wiley, New York. 
N. W. Ashcroft and N. D. Mermin, Solid State Physics, 1976, Saunders College Publishing, New York. 

Reference Books 
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1. 
2. 
 
3. 
 
4. 
 
5. 

B.D. Cullity, S.R. Stock, Elements of X-Ray Diffraction, 2013, 3
rd

 Edition, Pearson Education, India 
Colin Banwell, Elaine McCash, Fundamentals for Molecular Spectroscopy, 2017, 4th Edition, McGraw 
Hill, US  
David Brandon and Wayne D. Kaplan, Microstructural characterization of Materials, 2008, 2

nd
 Edition, 

John Wiley & Sons Ltd, England. 
Ernst Meyer, Hans Josef Hug, Roland Bennewitz, Scanning Probe Microscopy, 2004, 1

st
 edition, 

Springer, Berlin, Heidelberg, New York, USA. 
Elton N. Kaufmann, Characterization of Materials, 2003, John Wiley & Sons Ltd, USA. 

  

Mode of Evaluation: CAT, Digital assignment, Quiz, FAT  

Recommended by Board of Studies 20-01-2024 

Approved by Academic Council No. 73 Date 14-03-2024 
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Course code Ferroelectrics and Dielectrics L T P C 

TPHY419L  3 0 0 3 

Pre-requisite Solid State Physics Syllabus version 

  v. 1.0 

Course Objectives 

1. To understand the dielectric and ferroelectric phenomena and its importance in new material design. 
2. To distinguish between piezoelectric, pyroelectric, ferroelectric and multiferroic materials. 
3. To apply the knowledge of the above materials for various types of energy harvesting. 

 

Course Outcome 

At the end of the course, the students will be able to: 
1. Understand the theoretical concepts of active dielectric materials.  
2. Distinguish between and explain the principles of piezoelectric, pyroelectric, ferroelectric and multiferroic 
materials. 
3. Discuss the inherent macroscopic and microscopic phenomenon of these effects. 
4. Apply the knowledge of the above materials for various types of energy harvesting. 
5. Relate the properties of the dielectric and ferroelectric materials to meet the challenges. 

 

Module:1 Dielectric Polarization 6 hours 

The microscopic concept of polarization- Langevin’s theory of polarization in polar dielectrics- The static 
dielectric constant of solids and liquids- Properties of dielectrics in alternating fields- The complex dielectric 
constant and dielectric loss-  dipolar relaxation- Time dependent Electric polarization – Kramers – Kronig 
relations - Debye equation. 

Module:2 Dielectric Relaxation 6 hours 

Introduction to Electrostatics – Dielectric Relaxation (Dielectric Retardation) – Linear Response Theory and 
Fluctuation Dissipation Theorem - Theoretical Considerations (models) – Debye Relaxation Models - Non - 
Debye Relaxation.  Cole - Cole and Cole-Davidson plot – relaxation time with temperature and frequency - 
The Relation between Dielectric Relaxation and chemical structure. 

Module:3 Dielectric measurement Techniques and 
Applications 

7 hours 

Broad band measurement techniques – Low frequency – Capacitor method –LCR meter – Microwave wave 
frequency -   Transmission/reflection line method- Free space method- Resonant method. Vector network 
Analyzer (VNA) - one port – two ports coaxial - Open ended coaxial probe method – wave guide cells – 
antenna – S-parameters measurement – applications of dielectric materials – electric and electronic 
devices – communications. 

Module:4 Piezoelectricity 5 hours 

Introduction to Piezoelectricity – History- origin and principle of piezoelectric effect - spontaneous 
polarization - non-linear variation of polarization – materials exhibiting piezoelectricity - types of phase 
transitions -  principle of piezoelectric effect for mechanical energy harvesting   

Module:5 Pyroelectricity  6 hours 

Principle of pyroelectric effect – pyroelectric coefficient and electrocaloric coefficient – primary and 
secondary pyroelectric coefficients – ternary pyroelectric coefficients and other aspects – materials 
exhibiting Pyroelectricity - phase transition in pyroelectric materials - pyroelectric materials for thermal 
energy harvesting applications 

Module:6 Ferroelectricity  7 hours 

Introduction and properties of ferroelectricity – types of ferroelectric materials – Normal and relaxor 
ferroelectrics - ferroelectric phase transitions – Landau theory – first and second order transitions – domain 
structure - coupling to strain – phonons-1D monoatomic and diatomic; phonons in 3D solids – soft modes 
and microscopic mean field theory - antiferroelectricity – ferroelectric materials exhibiting electrocaloric 
effect - ferroelectric photovoltaic solar energy harvesting 

Module:7 Applications of Ferroelectrics  6 hours 

 Energy storage devices-memory devices- FERAM - FMRAM - Field Effect transistors - Sensors for naval 
applications – MEMS, sensor devices including Piezoelectricity, Ferroelectric Tunnel Junctions (FTJ) 

Module:8 Contemporary Topics 2 hours 

Contemporary research direction; one/two lectures of experts from renowned national or international 
institutions. 
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Total Lecture hours: 45 hours 

Text Book(s) 

1. 

 

2. 

 

Qi Li , Advanced Dielectric Materials for Electrostatic Capacitors, 2020, Institution Of Engineering And 

Technology, UK 

Ashim Kumar Bain, Prem Chand, Ferroelectrics: Principles and Applications, 2017, 1
st
 edition, 

Wiley-VCH Verlag GmbH & Co., Germany. 

Reference Books 

1. 

 

2. 

 

3. 

 

4. 

 

5. 

 

M E Lines, Principles and Applications of Ferroelectrics and Related Materials, 1977, Oxford University 

Press, Oxford. 

Lines, M.E., Glass AM, Principles and Applications of Ferroelectrics and Related Materials. 2001, Oxford 

University Press, Oxford. 

Cataldo, A., Benedetto, E. D. and Giuseppe Cannazza, Broadband Reflectometry for Enhanced 

Diagnostics and Monitoring Applications, 2011, Springer, Germany 

V. Raghavan, Materials Science and Engineering – A First Course 2007, 5
th
 Edition, Prentice Hall 

India, India. 

Perembur S Neelakanta, Hand book of Electromagnetic materials – Monolithic and composite 

versions and their applications, 1995, First edition, CRC press, USA. 

Mode of Evaluation: CAT, Digital assignments, Quiz, and FAT 

Recommended by Board of Studies 20-01-2024 

Approved by Academic Council No. 73 Date 14-03-2024 
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Course code Course title L T P C 

TPHY420L Crystal Growth Techniques 3 0 0 3 

Pre-requisite Solid State Physics Syllabus version 

  v. 1.0 

Course Objectives 

1. To provide information on the important aspects of nucleation mechanisms involved in the growth 
of crystals. 

2. To evaluate the existing theories of crystal growth. 

3. To introduce the development and experimental aspects of crystal growth. 

4. To train the students in specific areas of growing techniques in making bulk single crystals related 

to Lasers, Electronics and Photovoltic activities. 

 

Course Outcome 

At the end of the course, the students should be able to: 

1. Understand the fundamentals of nucleation and theories of Crystal Growth. 

2. Know the various techniques under melt growth. 

3. Understand the methods involved in the vapour growth process. 

4. Have knowledge on Epitaxial growth techniques and its applications. 

5. Experiment the various methods solution and gel growth. 

 

Module:1 Nucelation 7 hours 

Supersaturation and supercooling – nucleation concept – Kinds of nucleation - Homogeneous 

nucleation - Equilibrium stability and metastable state -Classical theory of nucleation - Gibbs- Thomson 

equation –Kinetic theory of nucleation - Free energy of formation of nucleus considering translation, 

vibration and rotation energies. Heterogeneous nucleation - Free energy of formation of a critical 

heterogeneous - cap shaped -disc shaped nucleus. 

Module:2 Theories of Crystal Growth 7 hours 

Theories of crystal growth - Surface energy theory - Diffusion theory - Adsorption layer theory - Volmer 

theory -Bravais theory - Kossel theory - Stranski's treatment -Two dimensional nucleation theories of 

Crystal growth - Crystal growth by mass transfer processes -Bulk diffusion model - Surface diffusion 

growth theories Physical modeling of BCF theory - PCB theory of crystal growth. 

Module:3 Melt Growth 9 hours 

Growth of crystal from melt - Bridgman method - Kyropolous method - Czochralski method- Verneuil 

method - Zone melting method - LEC growth of III - V materials - Growth of oxide materials. Growth of 

crystal from flux - Slow cooling method - Temperature difference method – High pressure method - 

Solvent evaporation method - Top seeded solution growth -Growth of superconducting single crystal. 

Module:4 Vapour Growth 6 hours 

Growth of crystals from vapour phase - Physical vapour deposition - Chemical vapour transport - Open and 

closed system - Thermodynamics of chemical vapour deposition process - Physical, thermo-chemical 

factors affecting growth process. 

Module:5 Epitaxial Growth 5 hours 

Liquid Phase Epitaxy (LPE) – Vapour Phase Epitaxy (VPE)- Metalorganic Vapour Phase Epitaxy - 

(MOVPE)-Molecular Beam Epitaxy (MBE) - Atomic Layer Epitaxy (ALE) - Electroepitaxy - Chemical 

Beam Epitaxy (CBE).   

Module:6 Solution Growth 5 hours 

Growth of crystals from solutions - solvents and solutions - solubility - preparation of  a solution - 

saturation and supersaturation - Measurement of supersaturation - Expression for supersaturation - Low 
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temperature solution growth - Slow cooling method - Mason-jar method - Evaporation method - 

Temperature gradient method - Electrocrystallization. 

Module:7 Other Crystal Growth Techniques 6 hours 

Crystal growth in gels - Experimental methods - Chemical reaction method - Reduction method - Complex 

decomposition method - Solubility reduction method - Growth of biologically important crystals - Crystal 

growth by hydrothermal method. 

Module:8 Contemporary Topics 2 hours 

Contemporary research direction; one/two lectures of experts from renowned national or international 

institutions. 

 

 Total Lecture hours: 47 hours 

Text Book(s) 

1. 

2. 

3. 

Brice J.C, Crystal Growth Processes, John Wiley & sons , New York, 1986 
 Buckly H.E, Crystal Growth, John Wiley & Sons, New York, 1986. 
William Kemp, Oraganic spectroscopy, 3rd Edition, , Palgrave, New York, 2004 

Reference Books 

1. 

2. 

3. 

 

4. 

 

5. 

A. Laudise, The Growth of single crystals. Prentice Hall, 1970.  
B.Pamplin, Crystal Growth. Volume 16, Pergamon Press.1973. 
F.F. Abraham, Homogenous nucleation theory, Advances in Theoretical Chemistry, Academic Press, 
New York, 1974. 
R.F. Strickland, Kinetics and Mechanism of Crystallization, Academic Press, New York, 1968. 

AM Alper, Phase Diagrams: Materials Science and Technology, Vol. I-VI, academic Press, New 

York, 1970. 

  

Mode of Evaluation: CAT, written assignment, Quiz and FAT 

Recommended by Board of Studies 20-01-2024 

Approved by Academic Council No. 73 Date 14-03-2024 
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Course code Statistical Studies of Complex Systems L T P C 

TPHY421L  3 0 0 3 

Pre-requisite Classical mechanics, Principles of quantum mechanics 
and Statistical mechanics 

Syllabus version 

  v. 1.0 

Course Objectives 

1. To apply statistical approach to stochastic systems. 

2. To apply nonequilibrium statistical mechanical theories for understanding out of equilibrium disordered 
systems. 
3. To explain how the order parameter is used in describing phase transitions. 

 

Course Outcome 

At the end of the course the student will be able to 

1.  connect classical and quantum statistical mechanics.  

2. understand and explain the behavior of stochastic systems.  

3. comprehend the nonequilibrium phenomena using statistical mechanics.  

4. understand the fundamental principles of the motion of ideal (inviscid) and real (viscous) fluid flows  

5. comprehend the application of statistical mechanics in disordered systems  

6. understand the phenomena of phase transition. 

 

Module:1 Review of Statistical mechanics  6 hours  

Thermodynamic potentials - Equation of state - Phase transitions - Theory of ensembles - Phase space 
and ergodicity - Quantum statistics - Density matrix - Maximum entropy principle. 

Module:2 Brownian Motion    6 hours 

Brownian motion as a stochastic process - Central limit theorem - Random events - Poisson distribution - 
correlation functions - Waiting time - Langevin equation - Gaussian processes - Fluctuation-Dissipation 
theorem. 

Module:3 Stochastic Processes 6 hours 

Markovian processes - Fokker-Planck equation - Master equation - Principle of detailed balance - 
Boltzmann equation - Generalized Langevin equation and damping theory. 

Module:4 Non-equilibrium statistical mechanics    6 hours 

Linear response theory - Green-Kubo formula - Onsager regression theory - Causality and the Kramers-

Kronig Relations. 

Module:5 Hydrodynamics 6 hours 

Conserved and broken-symmetry variables - Goldstone theorem - Spin dynamics - Navier-Stokes equation 

and viscous hydrodynamics - Transport Coefficients. 

Module:6 Disordered systems   6 hours 

Spin glasses - Sherrington-Kirkpatrick model - Topological defects – Dislocations - Vortex unbinding and 

Kosterlitz-Thouless transition. 

Module:7 Phase transition and Critical Phenomena    7 hours 

Ising model - Mean-field theory - Exact solution in 1 dimension - Onsager solution in 2 dimensions - Landau 

theory of second-order phase transitions - Critical exponents and universality classes - Correlation length, 

Importance of fluctuations near critical point - Renormalization group theory 

Module:8 Contemporary issues 2 hours 

Guest lectures by industry and R & D organizations 

 

 
 

Total Lecture hours: 45 hours 
 
 
 

Text Book(s) 

1. R. K. Pathria, Paul D. Beale,  Statistical mechanics, 2011, 3
rd

 edition, Elsevier, Netherland 

2. J.M. Yeomans, Statistical Mechanics of Phase Transitions 1992, Oxford Scientific Publications, UK. 



Integrated M.Sc. Physics Page 145 

 

 

 

Reference Books 

1. P. M. Chaikin and T. C. Lubensky, Principles of Condensed Matter Physics, 1995, Cambridge 
University Press, UK  

2. L.D. Landau, E. M. Lifshitz,  Statistical Physics, 1996, 3rd Edition, Butterworth-Heinemann, UK 

Mode of Evaluation: CAT, Digital assignments, Quiz, FAT  

Recommended by Board of Studies 20-01-2024 

Approved by Academic Council No. 73 Date 14-03-2024 
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Course code Applied Solid State Physics L T P C 

TPH422L  3 0 0 3 

Pre-requisite Solid State Physics Syllabus version 

  v. 1.0 

Course Objectives 

1. To apply the topics in solid state physics and visualize their applications. 
2.  To understand the theory of Hamiltonian of different interaction mechanisms. 
3.  To know Spin dependent transport and Spin Injection for Spintronic applications. 

 

Course Outcome 

1. An the end of the course the student will be able to 
1. Understand the Phase Transitions and critical points in first order and second order.  
2.   Utilize the critical exponents to model microscopic behavior. 
3. Interpret the different models and their implications in solids. 
4. Evaluate the spin interaction in reduced dimension 
5. Identify the spin transport behavior and their application for electronic industries. 

 

Module:1 Universality and its application to Critical Phenomena 6 hours 

Divergences and Critical exponents- Fluctuations and critical opalescence- the order parameter- Liquid-
gas transition- Binary fluids- Ferro-Para transitions- Anti-ferro-para transition- Helium I/helium II transitions- 
conductor/superconductors transitions-correlation functions-Universality- thermodynamic potentials 

Module:2 Applications of Landau Free Energy 6 hours 

Breaking of the Symmetry- Different Models- Landau Theory- Heisenberg Model- Ising Model- 1D & 2D, 
Consequences- Mean-Field Theory- Critical Exponents- Calculations – Scaling Laws- Excitations- 
Magnons. 

Module:3  Interactions of Electrons and its consequences 6 hours 

Spin dependent atomic Hamiltonian – exchange Interaction – Heisenberg Hamiltonian- Hubbard 
Hamiltonian – Spin-Orbit Interaction – spin-orbit Hamiltonian & its importance – Hund’s rules- Zeeman 
Interaction – Zeeman versus exchange splitting of electronic states. 

Module:4 Band Model, Stoner Model and their applications 6 hours 

Localized versus itinerant electrons – Band model – puzzle of broken Bohr magneton numbers – Stoner 
Model – Density functional theory – importance of electron correlation – spin alignment in transition metal 
oxides- Colossal magnetoresistance – RKKY exchange 

Module:5 Magnetism in nanoscale  6 hours 

Interaction in single atoms- Influence of the geometrical arrangement and surface symmetry- Clusters at 
step edges- Nanoscale Materials- Size dependence- Ring structures- Magnetic Vortices- Single Domain 
particles- single thin films- Influence on the spin dependent transport and Quantum well state. 

Module:6 Giant Magnetoresistance and its applications 7 hours 

Diffusion Equations for Spins- Spin Equilibrium processes, Distances and Times- Spin Accumulation 
voltages in metallic contact- Measurement of Spin Diffusion Lengths in Non magnets- The important roles 
of interfaces in GMR - Typical Values for the Spin Accumulation Voltage, Boundary Resistance and GMR 
Effect. 

Module:7 Spintronics 6 hours 

Origin and Properties of Spin Injection Torques – Switching of magnetization with spin currents –  
Excitation and Switching of the magnetization with Spin Currents: Experiments - Spin Currents in Metals 
and Semiconductors - Spin-Based Transistors and Amplifiers. 

Module:8 Contemporary issues 2 hours 

Contemporary research direction ; one/two lectures of experts from renowned national or international 
Institutions. 

 

 
 

Total Lecture hours: 45 hours 

Text Book(s) 

1. 
 
 
2. 
 

Jurgen M. Honig , Jozef Spalek, A Primer to the Theory of Critical Phenomena, 2018,  1
st
  Edition, 

Elsevier Science publications, Poland 
 
Joachim St¨ohr, Hans Christoph Siegmann, Magnetism: Fundamentals to Nanoscale Dynamics, 
Springer series in solid state sciences, 2006, 1

st
  Edition, Springer Nature, Switzerland. 

Reference Books 

https://www.amazon.in/Primer-Theory-Critical-Phenomena/dp/0128046856/ref=sr_1_3?crid=35W3DUZNO0XHC&keywords=critical+exponents&qid=1642772795&s=books&sprefix=critical+exponen%2Cstripbooks%2C290&sr=1-3
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1. 
 
 
2. 
 
3. 
 

J. J. Binney, N. J. Dowrick, A. J. Fisher, M. E. J. Newman, The Theory of Critical Phenomena An 
Introduction to the Renormalization Group,2002, 1

st
  Edition, Oxford Science Publications, Clarendon 

Press, Oxford, UK. 
 Bekir Aktas, Faik Mikailzade, Nanostructured Materials for Magnetoelectronics: Springer Series in 
Materials Science, 2016, 1

st
 Edition, Springer Nature, Switzerland. 

R. C. O’ Handley, Modern Magnetic Materials: Principles and Applications, 1999, 1
st
 Edition, Wiley, 

Newyork, USA. 

Mode of Evaluation: CAT , Digital assignments, Quiz  and FAT  

Recommended by Board of Studies 20-01-2024 

Approved by Academic Council No. 73 Date 14-03-2024 

 

 

 

 

 

 

 

 

 

 

  

  

https://www.amazon.in/s/ref=dp_byline_sr_book_1?ie=UTF8&field-author=Bekir+Aktas&search-alias=stripbooks
https://www.amazon.in/s/ref=dp_byline_sr_book_2?ie=UTF8&field-author=Faik+Mikailzade&search-alias=stripbooks
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Course code Physics of Renewable Energy Systems L T P C 

TPHY424L  3 0 0 3 

Pre-requisite Solid State Physics Syllabus version 

  v. 1.0 

Course Objectives 

1. To gain a basic overview of some of the renewable energy systems 
2. To gain knowledge about science of solar cell, fuel cells, thermoelectric materials 
3. To understand the appreciate the need of renewable energy system in present day scenario 

 

Course Outcome 

At the end of the course, the student will be able to 
1. Understand the importance of renewable energy and utilization. 
2. Analyze the performance of different types of solar cell. 
3. Remember basics of thermoelectric property and thermoelectric materials. 
4. Evaluate the potential of cutting-edge energy storage systems. 
5. Understand the working principle of fuel cell and present day applications. 

 

Module:1 Introduction to Renewable energy 6 hours 

What we understand by renewable and what are the various sources (classifications) - Solar energy-solar 
cells - Wind energy-continuity equation and wind turbines - Hydroenergy- physics of waves - hydroelectric 
energy and tidal energy - Geothermal energy - Shallow and deep geothermal energy.  

Module:2 Physics of Solar Cell 9 hours 

Introduction to p-n junction - Blackbody radiation - Light absorption - p-n heterojunction-formation of 
depletion layer - Band bending - Metal-semiconductor and metal-insulator-metal junction and related device 
physics - Photoinduced carrier generation and recombination - Charge carrier transport by drift and 
diffusion - One dimensional drift-diffusion equation - Characterization of Solar cell (IV, EQE, LBIC) and 
difference of IV between different types of solar cell - Degradation mechanisms and its characterization. 

Module:3 Different types of solar cell  9 hours 

Types of solar cells - First generation Si solar cells - Fabrication of Si solar cells - Second generation thin 
films solar cells - Bandgap grading in semiconductor - tandum solar cell - thin films deposition methods - 
Solar Cell Operation - Performance and Design Rules - Third generation-CIGS - Emerging solar cells-
Organic, Quantum dot - Pervoskite and dye-sensitized solar cells - Solar cell systems, modules and 
standards.  

Module:4 Thermoelectrics 6 hours 

Revisit to thermodynamic laws - Heat current - coupled electron heat transport - Review of Newton's law of 
cooling - Seebeck effect - Peltier effect - Thomson effect - Lattice thermal conductivity - Boltzmann 
transport equation - Classical thermoelectric materials - Oxides, half-Heusler and nanomaterials. 

Module:5 Storage system: Li-ion battery and Supercapacitor 5 hours 

Introduction of Energy Storage Systems - Batteries Advanced Lithium Batteries - Nickel Metal Hydride 
Battery - Lead-acid battery - Supercapacitors - Double layer and Psedocapacitors.  

Module:6 Fuel Cell 5 hours 

Introduction to fuel cells - Types of fuel cells - Proton Exchange Membrane Fuel Cells - Alkaline fuel cells - 
phosphoric acid - Solid oxide - Molten carbonate - Direct methanol fuel cells.  

Module:7 Applications and future prospect 3 hours 

Global energy demand and supply - energy economy - solar cell and fuel cells integration in mobility and 
sustainability - Advances in energy generation, storage - India present energy scenario and policies.   

Module:8 Contemporary issues 2 hours 

Contemporary research direction ; one/two lectures of experts from renowned national or international 
Institutions. 

 

 Total Lecture hours: 45 hours 

Text Book(s) 

1. 
2. 

George C. King, Physics of Energy Sources, 2017, Wiley Publications, New Jersey. 
E. L. Wolf, Physics and technology of sustainable energy systems, 2018, Oxford Press, Oxford. 

Reference Books 

1. 
2. 
3. 

David JC MacKay, Sustainable Energy - without the hot air, 2009, UIT Cambridge LTD. 
Peter Wurfel, The Physics of Solar cells, 2009, 2

nd
 Edition,Wiley. 

David Elliott, Energy Storage Systems, 2017, IOP Publishing, Bristol, UK,  

https://www.amazon.com/s/ref=dp_byline_sr_book_1?ie=UTF8&field-author=George+C.+King&text=George+C.+King&sort=relevancerank&search-alias=books
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4. R. O'hayre, S. W. Cha, W. Colella, F. B. Prinz, Fuel cell fundamentals, 2016, John Wiley & Sons. 

Mode of Evaluation: CAT, Digital Assignment, Quiz,  FAT 

Recommended by Board of Studies 20-01-2024 

Approved by Academic Council No. 73 Date 20-03-2024 
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Course code Molecular Simulation L T P C 

TPHY425L  3 0 0 3 

Pre-requisite Classical mechanics,  Statistical mechanics Syllabus version 

  v. 1.0 

Course Objectives 

1. Apply numerical methods for integration and solving differential equation. 
2. Learn Molecular Dynamics and Monte Carlo simulation techniques to study classical systems in different 
ensembles.  
3. Understand stochastic and dissipative systems using statistical mechanics. 

 

Course Outcome 

At the end of the course the student will be able to 

1. Apply different numerical techniques for integration 

2. Apply different numerical techniques for solving ordinary differential equations 

3. Comprehend the basics of scientific, numerical simulation and modeling 

4. Understand the behavior stochastic systems 

5. Understand the behavior dissipative systems 

 

Module:1 Numerical Integration    5 hours  

Generalized quadrature formula - Trapezoidal rule. Simpson’s 1/3 rules - Numerical integration by n-point 
Gaussian quadrature method. 

Module:2 Solution of Ordinary Differential Equations     6 hours 

Initial Value problem- Reduction to 1st order ordinary differential equation-Euler Cauchy Method- Runge-
Kutta Method 

Module:3 Classical Potentials and Force Fields    6 hours 

Simple fluids - continuous and discontinuous potentials - Complex molecules and force fields - Multibody 
effects – Electrostatics – Polarization - Reactive force fields - Bulk systems and periodic boundary 
conditions.  

Module:4 Molecular Dynamics    8 hours 

Integration of classical equations of motion - Inter and intra molecular forces - Various ensembles (NVE, 
NVT, NPT, NPH) - Hard Sphere and long-range interactions - Ensemble averaging - Error estimation. 

Module:5 Energy Minimization   4 hours 

Various scheme for minimization - Conjugate gradient - Steepest descent. 

Module:6 Stochastic Dynamics    8 hours 

Brownian motion - The Langevin equation - The Fokker-Planck equation - The fluctuation-dissipation 
theorem - Dissipative particle dynamics. 

Module:7 Monte Carlo Simulation 6 hours 

Markov processes - Detailed balance - Monte Carlo moves for different ensembles - The Metropolis 
Method - MC versus MD. 

Module:8 Contemporary issues 2 hours 

Contemporary research direction ; one/two lectures of experts from renowned national or international 
Institutions. 

 

 
 

Total Lecture hours: 45 hours 

Text Book(s) 
 

1. Saman Alavi, Molecular simulation – Fundamentals and Practice, 2020, 1
st
 ed, Wiley, US 

2. Paul D. Beale, edited by R. K. Pathria , Statistical mechanics, 2011, 3rd ed, Elsevier. 

Reference Books 

1. Andrew Leach, Molecular Modelling: principles and applications, 2001, 2
nd

 ed, Prentice Hall, USA. 

2. Kun Zhou, Bo Liu, Molecular Dynamics simulation, 2020, 1
st
 ed, Academic Press, USA. 

Mode of Evaluation: CAT, Digital assignments, Quiz, FAT  

Recommended by Board of Studies 20-01-2024 

Approved by Academic Council No. 73 Date 14-03-2024 

Course code Fluid Dynamics and Plasma Physics L T P C 
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TPHY426L Fluid Dynamics and Plasma Physics 3 0 0 3 

Pre-requisite Classical mechanics, Electromagnetic theory, 
Mathematical physics 

Syllabus version 

  v.1.0  

Course Objectives 

1. To impart knowledge about the basics of fluid dynamics and the plasma state. 
2. To understand the fundamental concepts of plasma physics 
3. To apply the knowledge of fluid dynamics, electromagnetic theory in elucidating the various properties of 

plasma. 

 

Course Outcomes 

At the end of the course the student will be able to 
1. Apply the governing equations to predict the behavior of simple fluids/plasma systems 
2. Develop their problem-solving and physical modeling ability for a range of flows including in plasma. 
3. Apply the different concepts of fluid dynamics and EM-theory in understanding the plasma state. 
4. Describe problems related to plasma physics. 
5. Identify different concepts to develop plasma applications and learn about devices based on plasma 

physics and their applications 

 

Module:1 Introduction to fluid dynamics 6 hours 

Different classes of fluids - continuum hypothesis – kinematics - macroscopic derivation of hydrodynamic 
equations - conservation laws - continuity equation - Euler and Navier-Stokes equations - Gas dynamics - 
Thermodynamic properties of an ideal gas 

Module:2 Fluid instabilities and Turbulence 6 hours 

Instabilities - Normal mode - the Benard problem - Kelvin-Helmholtz instability - Squids Theorem and Orr-
Sommerfeld Equation - Nonlinear Effects – Turbulence - Averaged equations of motion - Kinetic energy of 
turbulent flow - Turbulence production and cascade - Eddy viscosity and mixing length - Turbulent 
dispersion. 

Module:3 Basic Concepts of Plasma 6 hours 

Definition of a Plasma state - Debye shielding and Plasma frequency - Criteria for plasma state - 
Discussion on when an ionized gas can be considered as plasma - Plasma production/ Occurrence of 
plasma in nature - Formation of Van Allen Belt - Cosmic rays - Simple applications of plasma. 

Module:4 Plasma as a Fluid 8 hours 

Single charged particle motions in constant and uniform electromagnetic field - Non-uniform magnetic field, 
grad – B drift and curvature drift - Adiabatic invariants - Introduction to plasma as fluids - Plasma fluid 
equations - Adiabatic fluid responses - The plasma approximation. 

Module:5 Waves in Plasma 7 hours 

Linearization procedure - Plasma oscillations (Electron waves) - Plasma normal modes - Sound wave in a 
neutral gas - Plasma ion sound waves/acoustic waves - Electromagnetic Plasma waves - Wave properties 
applications - Upper and lower hybrid waves - Plasma in relation with electromagnetic waves - 
Electromagnetic wave propagation - Propagation in inhomogeneous plasma - Electrostatic waves in 
plasma energy flow. 

Module:6 Magnetohydrodynamics in Plasma  5 hours 

Induction equation and its consequences - Magneto-hydrostatics - Plasma columns - Hydromagnetic 
waves - Magneto-convection - Magnetic regions and buoyancy - Parker instability - Magnetic winds - 
Magneto-hydrodynamics applied to weakly ionized plasmas. 

Module:7 Devices Based on Plasma  5 hours 

Relativistic electron beam-plasma interaction - Growth rate - Cerenkov free electron laser - Free electron 
laser and energy gain - Controlled Fusion - Fusion History - Lawson criteria - Fundamentals of Inertial 
Magnetic Fusion - Magnetic Confinement method (Magnetic Mirrors) - Tokamak. 

Module:8 Contemporary issues 2 hours 

Contemporary research direction ; one/two lectures of experts from renowned national or international 
Institutions. 

 

 
 

Total Lecture hours: 45 hours 

Text Book(s) 

1. F. F. Chen, Introduction to Plasma Physics and Controlled Fusion, 2016, 3
rd

 Edition, Springer 
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2. 
 
3. 

International Publishing, Switzerland.  
A. R. Choudhuri, The Physics of Fluids and Plasmas: An Introduction for Astrophysicists, 2019, 1

st
 

(Latest) Edition, Cambridge University Press, UK.  
B. Zohuri, Plasma Physics and Controlled Thermonuclear Reactions Driven Fusion, 1

st
 Edition, 2016, 

Springer International Publishing, Switzerland. 
 

Reference Books 

1. 
2. 
3. 

P. K. Kundu, I. M. Cohen, and D. Dowling, Fluid Mechanics, 6
th
 Edition, 2015, Elsevier, USA 

P. M. Bellan, Fundamental of Plasma Physics, 1
st
 Edition, 2015, Cambridge University Press, UK. 

A. Piel, Plasma Physics: An Introduction to Laboratory, Space, and Fusion Plasmas, 2017, 2
nd

 Edition, 
Springer, Germany. 

  

Mode of Evaluation: CAT, Digital assignments, Quiz, and FAT 

Recommended by Board of Studies 20-01-2024 

Approved by Academic Council No. 73 Date 14-03-2024 
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Ability Enhancement 

Compulsory 
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Skill Enhancement Courses 
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