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REGULATIONS 
 

ABOUT THE PROGRAMME 
 

The M.Sc. Physics programme at Bharathidasan University is designed to provide 

students with a rigorous and in-depth understanding of the fundamental and advanced 

principles of Physics.   This two-year postgraduate programme serves as a strong foundation 

for careers in teaching, research, and a wide range of scientific and technological fields. 

 

The curriculum offers a comprehensive blend of theoretical knowledge and practical 

expertise, spanning diverse areas such as Mathematical Physics, Classical Mechanics, Quantum 

Mechanics, Electrodynamics, Electronics, Atomic and Molecular Physics, Condensed Matter 

Physics, and Nuclear and Particle Physics.  Alongside these core subjects, the programme 

provides opportunities for specialization in cutting-edge research areas such as: 

 Non-linear Dynamics and Complex Systems 

 Nanoscience and Materials Physics 

 Crystal Growth and Thin Films 

 Non-linear Optics and Photonics 

 Surface Physics and Nano-photonics 

Students are encouraged to explore these domains through advanced elective courses, 

laboratory-based learning, and project work.   The programme structure includes core courses, 

skill-based value-added courses, non-major electives, and innovative laboratory courses, all of 

which are aligned with recent scientific developments and technological trends. The 

programme also emphasizes the development of essential professional skills, including 

independent research, scientific communication, problem-solving, and teamwork, preparing 

students to contribute meaningfully in academic, industrial, or research environments. 

 

The Department of Physics also offers Ph.D. programmes in several of the above-

mentioned specializations, creating a seamless academic and research pathway for students 

interested in pursuing doctoral studies in frontier areas of Physics. 

 
OBJECTIVE OF THE PROGRAMME  

1. To develop a strong foundation in core areas of Physics : Equip students with 

comprehensive and in-depth knowledge in fundamental branches of Physics such 

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

Electromagnetic Theory, Atomic and Molecular Physics, Nuclear and Particle 

Physics, and Condensed Matter Physics. 

2. To prepare students for careers in academia, research, and industry : Nurture 

and mentor students towards successful careers in teaching, advanced research, 

scientific institutions, and high-technology industries by nurturing critical 

thinking, analytical skills, and a research-oriented mindset. 

3. To promote hands-on learning and practical skills: Enhance experimental and 

computational skills through laboratory courses, project work, and exposure to 

modern tools, techniques, and instrumentation used in Physics. 

4. To develop interdisciplinary and application-based learning : Provide 

opportunities to explore elective and value-added skill-based courses that bridge 



Physics with emerging fields such as nanoscience, materials science, data science, 

renewable energy, and computational physics. 

5. To cultivate scientific temperament and problem-solving ability : Encourage 

logical reasoning, mathematical rigor, and model-based thinking to approach and 

solve complex real-world problems using principles of Physics. 

6. To encourage professional ethics, communication, and lifelong learning 

Develop communication, teamwork, and leadership skills while instilling a sense of 

scientific responsibility, ethics, and the importance of lifelong learning in the 

dynamic landscape of science and technology. 

7. To promote research aptitude and innovation: Encourage participation in 

research projects, internships, workshops, and seminars to build innovation, 

curiosity, and independent scientific inquiry among students. 

PROGRAMME OUTCOMES  
Upon successful completion of the M.Sc. Physics programme, graduates will be able 

to: 

 Demonstrate professional excellence, supported by a solid knowledge base, a 

versatile skill set, analytical thinking, and practical wisdom in their chosen areas of 

specialization. 

 Exhibit intellectual maturity and purposeful engagement, making meaningful 

contributions to society and national development, particularly in the fields of 

science and technology. 

 Cultivate leadership qualities through structured mentoring, enabling them to take 

initiative and promote innovation, creativity, and excellence within their 

respective domains. 

 Internalize ethical principles and social responsibilities, nurturing moral integrity, 

cultural sensitivity, and a strong commitment to civic values in both personal and 

professional contexts. 

 Critically evaluate and synthesize knowledge from diverse sources, leading to a 

comprehensive and interdisciplinary understanding of complex scientific concepts. 

 Graduates will proficiently design, conduct, and interpret experiments, and apply 

modern computational methods and simulation tools to solve advanced problems 

in physics and related fields. 

 Graduates will demonstrate the ability to formulate research problems, apply 

appropriate methodologies, and contribute original ideas and solutions to frontier 

areas in physics and interdisciplinary sciences. 

 Graduates will convey complex physical concepts, experimental results, and 

research findings clearly and concisely through oral presentations, scientific 

writing, and visual communication for both academic and non-specialist audiences. 

 Graduates will plan, execute, and manage scientific projects efficiently, work 

collaboratively in diverse and multidisciplinary environments, and adapt to 

leadership or supportive roles as required. 

 Graduates will continuously update their knowledge and skills in response to 

evolving scientific and technological landscapes, fostering personal and 

professional growth throughout their careers. 

 



PROGRAMME SPECIFIC OUTCOMES 
 
  

 The M.Sc. Physics curriculum developed by the Department of Physics is designed 

to address local, national, and global needs by nurturing a deep understanding of 

both theoretical and experimental aspects of Physics.    The programme includes a 

wide range of core courses that emphasize fundamental principles while keeping 

pace with the dynamic and evolving nature of the discipline. 
 

 A well-equipped laboratory environment enables students to perform experiments 

that range from classical demonstrations to cutting-edge research techniques. In 

addition, a diverse set of advanced elective courses introduces students to frontier 

areas such as nonlinear dynamics, nanoscience, high-pressure research, green and 

clean energy, photovoltaics, and photonics. These electives also help students 

identify and pursue semester-long project topics aligned with current research 

trends. 
 

 The programme also emphasizes skill development in areas such as scientific 

instrumentation, glass blowing, electronic circuit design, computational methods, 

and Python programming. Students receive hands-on training in operating 

sophisticated equipment including AFM, FESEM, Raman spectroscopy, DLS, XRD, 

and XPS, among others. 

 

 Graduates of the M.Sc. Physics programme have diverse career opportunities. 

Many pursue research positions in prestigious national and international 

universities, laboratories, and research institutes. Others take up roles in 

interdisciplinary research, industry, or non-academic professions, including civil 

services and national security sectors. 

 

 
 
 
 
 
 
 
 
 
 
 
  



 
M.Sc. Physics (2 Year) Programme 

 

Curriculum and Syllabus 
(For the students admitted during the academic year 2025 – 2026 onwards)  

 

Course Structure for M.Sc. Physics 
 

Sem Course Course Title 
Ins. 
Hrs. 

Credits 
Exam 
Hrs. 

Marks 
Total 

CIA ESE 
I Core Course I (CC) Mathematical Physics – I  6 5 3 25 75 100 

Core Course II (CC) Classical Dynamics and Relativity 6 5 3 25 75 100 
Core Choice Course I 
(CCC) (Any one) 

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

6 5 3 25 75 100 

Core Practical I (CP) Computational Physics Laboratory 6 3 3 40 60 100 
Elective Course I (EC) 
(Any one) 

(1) Computational Physics with Python 
(2) Fortran Programming and  
       Numerical Methods 

6 4 3 25 75 100 

Online courses SWAYAM/NPTEL/MOOC Courses  2*    100* 
Total 30 22 - - - 500 

II Core Course III (CC) Quantum Mechanics  6 5 3 25 75 100 
Core Course IV (CC) Thermodynamics and Statistical 

Mechanics 
6 5 3 25 75 100 

Core Choice Course II 
(CCC) (Any one) 

(1) Mathematical Physics - II 
(2) Theoretical Mechanics 

5 5 3 25 75 100 

Core Practical II (CP) Electronics Laboratory 5 3 3 40 60 100 
Elective Course II (EC) 
(Any one) 

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

5 4 3 25 75 100 

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

(Offered by other Departments) 
  

3 2 3 25 75 100 

Skill based course Field / Industry Visit - 1 - - - 50 
Value Added Course I 
(VAC) (Any one) 

(1) Workshop Practices 
(2) Additive manufacturing 
(3) Python programming 

- 2* 3 25 75 100* 

Online courses SWAYAM/NPTEL/MOOC Courses  2* - - - 100* 
Total 30 25 - - - 650 

III Core Course V (CC) Electromagnetic Theory  6 5 3 25 75 100 
Core Course VI (CC) Nuclear and Particle Physics  6 5 3 25 75 100 
Core Choice Course III 
(CCC) (Any one) 

(1) Condensed Matter Physics  
(2) Advanced Materials 

5 5 3 25 75 100 

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

5 3 3 40 60 100 

Elective Course III (EC) 
(Any one) 

(1)  Physics of Nanomaterials and 
Applications 

(2) Advanced Quantum Mechanics 

5 4 3 25 75 100 

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

(Offered by other Departments)  3 2 3 25 75 100 

Skill based course Internship - 1 - - - 50 
Online courses SWAYAM/NPTEL/MOOC Courses - 2* - - - 100* 

Total 30 25 - - - 650 
IV Core Course VII (CC) Lasers and Nonlinear Optics  6 5 3 25 75 100 

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

Crystal Growth Methods and 
Characterization 

5 4 3 25 75 100 

Research Practice Research Methodology and Publication 
Ethics 

5 4 3 25 75 100 

Project   8 5 - 20 80 100 
Value Added Course II 
(VAC) (Any one) 

(1) Green energy resources  
(2) Nanophotonics and solar cells 
(3) Physics-Informed Neural Networks 

- 2* 3 25 75 100* 

Online courses SWAYAM/NPTEL/MOOC Courses - 2* - - - 100* 
Total 30 23 - - - 500 

Grand Total 120 95 - - - 2300 

*Value added / online courses are extra-credit courses and their credits will not be included in the total CGPA. 

 

 

 

 



Course Structure for M.Sc. Physics (2025 – 2026 onwards) 
 

Sem. Course Code Course Title Credits 
Marks 

Int. Ext. Total 

I CC - I 25PH101 Mathematical Physics – I  5 25 75 100 

I CC - II 25PH102 Classical Dynamics and Relativity 5 25 75 100 

I CCC - I 25PH103A 

25PH103B 

(1) Electronics and Instrumentation 

(2) Electronic Devices and Circuits 

5 25 75 100 

I EC - I 25PH124A 

25PH124B 

Elective–I: (1) Computational Physics with Python 

(2) Fortran Programming and Numerical Methods  

4 25 75 100 

I CP - I 25PH115 Practical–I: Computational Physics Laboratory 3 40 60 100 

I Online Courses --- SWAYAM / NPTEL / MOOC Courses 2* 25 75 100 

Total 22   500 

II CC - III 25PH201 Quantum Mechanics 5 25 75 100 

II CC - IV 25PH202 Thermodynamics and Statistical Physics 5 25 75 100 

II CCC - II 25PH203A 

25PH203B 

(1) Mathematical Physics – II 

(2) Theoretical Mechanics 

5 25 75 100 

II EC - II 25PH224A 

25PH224B 

Elective–II: (1) Atomic and Molecular Physics 

(2) Spectroscopy Techniques 

4 25 75 100 

II CP - II 25PH215 Practical–II: Electronics Laboratory 3 40 60 100 

II NME - I --- Non-Major Elective – I 2 25 75 100 

II Industrial Visit  25PH256 Field / Industry Visit  1 20 30 50 

II VAC - I 25PH237A 

25PH237B 

25PH237C 

(1) Workshop Practices 

(2) Additive Manufacturing 

(3) Python Programming 

2* 25 75 100 

II Online Courses --- SWAYAM / NPTEL / MOOC Courses 2* 25 75 100 

Total 25   650 

III CC - V 25PH301 Electromagnetic Theory 5 25 75 100 

III CC - VI 25PH302 Nuclear and Particle Physics 5 25 75 100 

III CCC - III 25PH303A 

25PH303B 

(1) Condensed Matter Physics 

(2) Advanced NanoMaterials 

5 25 75 100 

III EC - III  

25PH324A 

25PH324B 

Elective–III:  

(1) Physics of Nanomaterials and Applications 

(2) Advanced Quantum Mechanics 

4 25 75 100 

III CP - III  

25PH315 

Practical–III:  

General Physics & Materials Science Laboratory 

3 40 60 100 

III NME - II --- Non-Major Elective – II 2 25 75 100 

III Mini Project 25PH356 Internship / Mini Project 1 20 30 50 

III Online Courses --- SWAYAM / NPTEL / MOOC Courses 2* 25 75 100 

Total 25   650 

IV CC - VII 25PH401 Lasers and Nonlinear Optics 5 25 75 100 

IV CC - VIII 25PH402 Nonlinear Dynamics and Complex Systems 5 25 75 100 

IV CC - IX 25PH403 Crystal Growth Methods and Characterization 4 25 75 100 

IV EC - IV 25PH424A Research Methodology and Publication Ethics 4 25 75 100 

IV CC - X 25PH465 Project 5 20 80 100 

IV VAC - II 25PH436A 

25PH436B 

25PH436C 

(1) Green energy resources 

(2) Nanophotonics and solar cells 

(3) Physics-Informed Neural Networks  

2* 25 75 100 

IV Online Courses --- SWAYAM / NPTEL / MOOC Courses 2* 25 75 100 

Total 23   500 

Grand Total 95   2300 

*Value added / online courses are extra-credit courses and their credits will not be included in the total CGPA. 
CC – Core Course, CCC – Core Choice Course, CP – Core Practical, EC – Elective Course, NME – Non-Major Elective, VAC – Value 
Added Course. 
Course Code: 25PHABC, PH – Specific Discipline / Subject;  
A – Semester, 
B – 0: Core, 1: Lab, 2: Elective, 3: Value Added, 4: MOOC Course, 5: Skill Based Course, 6: Project,  
C – Course Number. 



 
Elective Courses: 
(Choose one of the Elective courses in each semester) 
 
Elective I 
 

 Computational Physics with Python 

 Fortran Programming and Numerical Methods 

 

Elective II 

 

 Atomic and Molecular Physics 

 Spectroscopy Techniques 

 

Elective III 

 

 Physics of Nanomaterials and Applications 

 Advanced Quantum Mechanics 

 

Value Added Courses: 

 

 Workshop Practices 
 

 Additive Manufacturing 
 

 Python Programming 
 

 Green Energy Sources 
 

 Nanophotonics and Solar Cells 
 

 Physics-Informed Neural Networks 
 
 
MOOC Courses: 
 

Students can register one of the online free courses, MOOC in each semester to earn 

extra credit (2) and same will be transferred on the submission of course certificate. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

*Value added courses/online courses are extra-credit courses and their credits will not be included in the total CGPA. 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sl. 
No. 

Types of the Course 
No. of  

Courses  
Credit 

/Course 
Credits Marks 

1 Core Course  8 5 40 800 
2 Core Choice Courses 3 5 15 300 
3 Core Practical 3 3 9 300 
4 Elective Courses 

(Research Practice – 1 No.) 
4 4 16 400 

5 Entrepreneurship/Industry Based 
Course 

1 4 4 100 

6 Field or Industry visit /Internship 2 1 2 100 
7 Project 1 5 5 100 
8 Non-Major Elective Courses 2 2 4 200 
9 Value Added Courses * 2*   200* 

10 Online Courses* 4*   400* 
 Total  - 95 2300 



 

DISTRIBUTION OF MARKS 
 

  Assessment  Marks 
     

A.   THEORY  Continuous Internal Assessment : 25 Marks 

   Average of three (3) Internal Tests : 20 Marks 

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

  Minimum Marks Required for CIA : 10 Marks 

      

  Final END semester Examination : 75 Marks 

  Minimum Marks Required for ESE  30 Marks 
  Total  : 100 Marks 
  Minimum Total Marks Required for Earning the Credits : 50 Marks 

 
 

B. 
   

 

LABORATORY  
 

 

Continuous Internal Assessment 

(Average of Marks Awarded in the Record Note Book for 

the Experiments done during Regular Laboratory 

Hours)  

: 40 Marks 

      
  Final Comprehensive Examination 

(For the Experiment carried out during the Final 
Examination) 
 

: 40 Marks 

  Viva-voce Examination : 20 Marks 
  Total : 100 Marks 
  Minimum Total Marks Required for Earning the Credits   50 Marks 
   

 
  

C. PROJECT    

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

  Evaluation of the Dissertation : 40 Marks 

  Viva-voce Examination : 20 Marks 

    Total : 100 Marks 

  Minimum Total Marks Required for Earning the Credits  : 50 Marks 

 
 

     

       

              

   

  



 

QUESTION PATTERN FOR END SEMESTER EXAMINATION 
 

Question 

No.  
Maximum Marks : 75  

Duration :   

3 Hours 

 

1 - 10 Part – A 

10 x 1 = 10 Marks 

Answer ALL questions 

Each questions carries ONE mark 

Two questions from each unit 

Objective questions with four choices 

 

11-15 Part – B 

5 x 5 = 25 Marks 

Answer ALL questions 

Each questions carries FIVE marks 

One question from each unit with 

internal choice of either-or type 

Out of the total ten questions 2 questions 

must be problem oriented 

 

16-21 Part – C  

4 x 10 = 40 Marks 

Answer FOUR questions out of SIX questions 

Each questions carries TEN marks 

One question from each unit and TWO  

questions from any one the units  

Out of the total SIX questions 2 questions 

must be problem oriented 

 

 

 

 

 

 

 

 

 

 

 

 



Semester  I 

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

 25PH101   MATHEMATICAL PHYSICS-I L T P C 

  4 1 0 5 

Objectives  

  To give a solid mathematical foundation in vector calculus, matrices and differential 

equations. 

  To provide an in-depth knowledge on orthogonal polynomials. 

  To help learn and appreciate the importance of orthogonal polynomials and their 

applications in Physics. 

  To familiarize the basics in linear vector space. 

  To develop mathematical skills and solve problems in various branches of Physics. 

 

Unit 1 : Ordinary Differential Equations 

First and second order ordinary differential equations with constant coefficients – Initial and 

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

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

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

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

Unit 2 : Orthogonal Polynomials 
General theory of orthogonal polynomials - Legendre, Hermite and Laguerre  differential 

equations – Power series solution – Polynomials – Generating functions – Rodrigue’s formula - 

Recursion relations – Orthogonality relations. 
  

Unit 3 : Matrices 

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

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

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

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

 

Unit 4 : Vector Calculus 

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

Flux – Volume integral – Green’s theorem – Stokes’ theorem – Divergence theorem – 

Orthogonal curvilinear coordinates – Unit vectors in curvilinear coordinate system – Arc length 

and volume element – The gradient, divergence, curl and Laplacian in cylindrical and spherical 

polar coordinates – Examples. 
 

 

Unit 5 : Linear Vector Space  

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

and dimensions – Norm and Inner products – Lengths and distances – Orthonormal vectors – 

Gram-Schmidt orthonormalization process – Linear transformation – Linear operator . 

 

Books for Study: 
[1] D. G. Zill and M. R. Cullen, Advanced Engineering Mathematics, Narosa, New Delhi, 2020.  

[2] E. Kreysig, Advanced Engineering Mathematics, John Wiley, New Delhi, 2011.  

[3] T.  L.  Chow, Mathematical Methods for Physicists: A Concise Introduction, Cambridge University 

Press, Cambridge, 2014.  



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

Cambridge University Press, Cambridge, 2006.  

[5] V. Balakrishnan, Mathematical Physics with Applications, Problems and Solutions, Ane Books, 

New Delhi, 2019.  

[6] B. S. Rajput, Mathematical Physics, Pragati Prakashan, Meerut, 2019.  

 

Books for Reference: 

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

Cambridge, 2011.  

[2] M. P. Boas, Mathematical Methods in the Physical Sciences, Wiley, New York, 2018.  

[3] L. Kantorovica, Mathematics for National Scientists Vols. I and II, Springer, New York, 2016.  

[4] James R. Schott, Matrix Analysis for Statistics, Wiley, New Jersey, 2017.  

[5] F. Ayres, Theory and Problems of Matrices, Schaum, New York, 1962.  

 

Online/Web Resources:  

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

[2] http://www.issp.ac.ru/ebooks/books/open/Mathematical%20Methods.pdf 

 

Outcomes: 

[CO1] Acquire the essential mathematical skills to solve problems in various branches of physics. 

[CO2]  Understand the usefulness of vector integration theorems and their utility in solving physics 

problems arising in electromagnetic theory and other branches of physics. 

[CO3] 

 

Know the usefulness of matrices and matrix operations in solving physics and engineering 

problems. 

[CO4] 

 

Attain sound knowledge of classical orthogonal polynomials and their applications in quantum 

physics. 

[CO5]  Solve various kinds of differential equations that model a variety of natural systems. 

  

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

Mapping with Programme Outcomes 

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 

CO1 S M L M S S M S M S 

CO2 S M L M S S M M M M 

CO3 S L M M S S M L L M 

CO4 S M L M S S M L L M 

CO5 S M M S S S S M M S 

S - Strong; M - Medium; L – Low 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://nptel.ac.in/courses/115103036


Semester  I 

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

 25PH102    CLASSICAL DYNAMICS AND RELATIVITY L T P C 

  4 1 0 5 

Objectives   

  Develop proficiency in applying Newton’s laws and dynamical systems to analyze particle and 

rigid body motion. 

  Master Lagrangian and Hamiltonian formalisms for formulating and solving complex 

mechanical systems. 

  Understand the role of symmetries and conservation law in classical mechanics. 

  Analyze central force motion, scattering, and small oscillations using analytical and 

numerical methods. 

  Apply special relativity principles to derive relativistic kinematics and dynamics, preparing 

for advanced physics studies. 

 

Unit 1 : Newtonian Mechanics and Dynamical Systems 
Newton’s laws of motion for particles and systems - Mechanics of a particle and a system of 

particles - Conservation laws for linear momentum, angular momentum, and energy under 

appropriate conditions - Dynamical systems, phase-space dynamics, trajectories, and stability 

of fixed points - Non-inertial frames, pseudo-forces including Coriolis and centrifugal forces, 

and their applications in rotating systems.  
 

Unit 2 : Lagrangian Mechanics and Variational Principles 
Holonomic and nonholonomic constraints - D’Alembert’s principle and derivation of Lagrange’s 

equations of motion - Hamilton’s variational principle, applications to variational problems like 

the shortest distance, minimum surface of revolution and brachistochrone problems, and 

derivation of Lagrange’s equations - Velocity-dependent potentials and Rayleigh’s dissipation 

function - Cyclic coordinates and conservation laws - Applications to systems like the double 

pendulum, bead on a rotating paraboloid, bead sliding on a uniformly rotating wire, and 

pendulum on a rotating circular rim. 

 

Unit 3 : Hamiltonian Mechanics and Advanced Formulations 

Legendre transformation, definition of the Hamiltonian, and Hamilton’s equations of motion - 

Derivation of Hamilton’s equations from the variational principle - Canonical transformations, 

including generating functions and Poisson brackets - Hamilton-Jacobi theory, Hamilton’s 

principal and characteristic functions, and separation of variables - Action-angle variables with 

applications to the harmonic oscillator and periodic systems. 

 

Unit 4 : Central Force Motion and Rigid Body Dynamics 

Central force motion, reduction to one-body problem, Kepler’s laws, effective potential, and 

orbit stability - Two-body collisions, scattering in laboratory and center-of-mass frames, and 

cross-sections - Rigid body dynamics, moment of inertia tensor, Euler angles, and Euler’s 

equations of motion - Applications to the heavy symmetric top and rotational dynamics in non-

inertial frames. 

 

Unit 5 : Small Oscillations, Classical Field Theory and Relativistic Mechanics 

Small oscillations, eigenvalue problem, normal modes, and normal coordinates, with 



applications to systems like the linear triatomic molecule - Forced vibrations and dissipation, 

including resonance and damping effects - Classical field theory, Lagrangian and Hamiltonian 

formulations for continuous systems - Special relativity, Lorentz transformations, relativistic 

kinematics, mass-energy equivalence, four-vectors, invariance of Maxwell’s equations, and 

velocity addition. 
 

Books for Study: 

[1] Classical Mechanics, H. Goldstein, C.P. Poole, and J.L. Safko, 3rd Ed., Pearson, 2011. 

[2] Classical Mechanics and General Properties of Matter, S. Prakash, Pragati Prakashan, Meerut, 2017. 

[3] Classical Mechanics, P.V. Panat, Narosa Publishing House, New Delhi, 2005. 

[4] Classical Mechanics, J.C. Upadhyaya, Himalaya Publishing House, 2021. 

[5] Classical Mechanics, N. C. Rana and P. S. Joag, Tata Mc-Graw Hill, New Delhi, 2017.  

[6] Nonlinear Dynamics: Integrability, Chaos, and Patterns, M. Lakshmanan and S. Rajasekar, Springer, 

Chennai, 2003.  
 

Books for Reference: 

[1] Introduction to Classical Mechanics: With Problems and Solutions, D. Morin, Cambridge University 

Press, 2008. 

[2] Classical Mechanics, J.R. Taylor, University Science Books, 2005. 

[3] Classical Mechanics, R.D. Gregory, Cambridge University Press, 2006. 

[4] Mechanics: From Newton’s Laws to Deterministic Chaos, F. Scheck, 6th Ed., Springer, 2018. 

[5]  Classical Mechanics and Relativity, H.J.W. Müller-Kirsten, 2nd Ed., World Scientific, 2024. 

[6]  Lectures on Physics: Mechanics, R.P. Feynman, Pearson, 2011. 

[7]  Classical Mechanics for CSIR NET/JRF, IFAS Publications, 2023 
 

Online/Web Resources:  

https://archive.nptel.ac.in/courses/115/105/115105098/ 

https://nptel.ac.in/courses/115103115 
 

Outcomes: 
 

[CO1] 

 

Students will solve dynamical problems using Newton’s laws, phase-space analysis, and stability 

techniques (K3). 

[CO2] 

 

Students will formulate and solve mechanical systems using Lagrangian and Hamiltonian 

equations (K3). 

[CO3] 

 

Students will apply conservation laws and Noether’s theorem to identify symmetries in physical 

systems (K4). 

[CO4] 

 

Students will analyze orbits, scattering processes, and normal modes in central force and 

oscillatory systems (K4). 

[CO5] 

 

Students will derive relativistic effects, including Lorentz transformations and mass-energy 

equivalence, for physical applications (K3). 

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

Mapping with Programme Outcomes 

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 

CO1 S L S L M S M L M S 

CO2 S M S L S S S M M S 

CO3 S M S L S S S M M S 

CO4 S M S L M S S L M S 

CO5 M L S L M S M L L S 

S - Strong; M - Medium; L - Low 



Semester I 

Year: I CORE CHOICE COURSE (CCC) – I A Credits: 5 

 25PH103A ELECTRONICS AND INSTRUMENTATION L T P C 

  4 1 0 5 

Objectives   

  Recap the basics of semiconductors, doping, types of semiconductors and carrier transport 

  Understand semiconductor junctions, heterojunctions, field-effect transistors, and 

optoelectronic devices, including LEDs, laser diodes, and photovoltaic devices. 

  Explore operational amplifiers, feedback principles, oscillators, voltage regulators, and 

advanced circuits like PLLs, log, and antilog amplifiers. 

  Study instrumentation systems, bridge circuits, transducers, signal conditioning, data 

acquisition, and digital signal processing techniques for practical applications. 

  Examine logic circuits, memory, microprocessors, microcontrollers, A/D and D/A 

conversions, and digital modulation in communication systems. 

 

Unit 1: Semiconductor Physics 

Energy bands – Intrinsic & Extrinsic Carrier Concentration - doping-Donors and acceptors – 

Carrier Transport - Drift-Diffusion-Generation and Recombination process – metal 

semiconductor junction – Schottky barrier – Ohmic contacts – Ideal Diode Characteristics. 

  

Unit 2: Semiconductor Devices 

p-n Junction – Heterojunction - Field effect transistors: Characteristics of FET and MOSFET, 

operation - Optoelectronics devices: Light emitting diode (LED)- Laser diode – Photodiode and 

Photovoltaic device. 

 

Unit 3: Analog Electronics 

Operational Amplifiers: Introduction - differential amplifiers – Op-Amp Parameters – negative 

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

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

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

(PLL). Voltage regulators: principle and operations. 

 

Unit 4: Electronic Instrumentation 

Basics of instrumentation system – bridge circuits: Wheatstone, AC, Wien, capacitance and 

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

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

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

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

processing. 

 

Unit 5: Digital Electronics and Communication 

Introduction – overview of logic functions and logic gates – combinational logic – flip-flops and 

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

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

conversion – DSP fundamentals. Digital modulation and communication schemes. 

 
 
 



Books for Study: 
[1] S.M. Sze and M.K. Lee, Semiconductor Devices, John Wiley & Sons, Inc. 3rd Edition, 2012. 

[2] Umesh K. Mishra and Jasprit Singh, Semiconductor Device Physics and Design,  S p r i n g e r , 

Netherlands, 2008. 

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

Boston, 2013. 

[4] H. S. Kalsi, Electronic Instrumentation, McGraw-Hill, New Delhi, 2010. 

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

2007. 

 

Books for Reference: 

[1] Horowitz and Hill, The Art of Electronics, 3rd Edition, Cambridge University Press, 2015. 

[2] Thomas F. Schubert,Jr. and Ernest M. Kim, Fundamentals of Electronics: Book 1,2,3,4, Morgan & 

Claypool Publishers, 2016. 

[3] M. Morris Mano and Michael Ciletti, Digital Design, Pearson, Harlow, 2019. 

[4] Albert Paul Malvino, David J. Bates, Patrick E. Hoppe, Electronic Principles, McGraw-Hill, New Delhi, 

2020. 

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

Education, New Delhi, 2013. 

 

Online/Web Resources:  
[1]  https://nptel.ac.in/courses/108105153 

[2] https://www.coursera.org/courses?query=electronics 

[3] https://www.edx.org/learn/electronics 

 

Outcomes: 

[CO1]   Demonstrated knowledge of semiconductor junctions, heterojunctions, field-effect transistors, 

and optoelectronic devices such as LEDs, laser diodes, and photovoltaic devices (K1, K2, K3). 

[CO2]   Gained an understanding of operational amplifiers, feedback principles, oscillators, voltage 

regulators, and advanced circuits like PLLs, log, and antilog amplifiers (K2, K3). 

[CO3]   Acquired expertise in instrumentation systems, bridge circuits, transducers, signal conditioning, 

data acquisition, and digital signal processing techniques (K2, K3, K4). 

[CO4]   Explored logic circuits, memory, microprocessors, microcontrollers, A/D and D/A conversions, 

and digital modulation techniques used in communication systems (K2, K3, K4). 

[CO5]  Analyzed nonlinear circuits, piecewise linear elements, memristive devices, oscillators, and 

chaotic systems like Chua's oscillator and Wien-bridge oscillators (K4, K5, K6). 

  

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

Mapping with Programme Outcomes 

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 

CO1 S M L L S S M L L M 

CO2 S M L L S S M M M M 

CO3 S M M M S S S M M S 

CO4 S M S M S S S M M S 

CO5 S L S M S S S M M S 

S - Strong; M - Medium; L - Low 

 

 



Semester I 

Year: I CORE CHOICE COURSE (CCC) - IB Credits: 5 

 25PH103B ELECTRONIC DEVICES AND CIRCUITS L T P C 

  4 1 0 5 

Objectives:  
 Develop a solid conceptual foundation in the physics and operation of semiconductor devices. 

 Analyze, design, and troubleshoot analog and digital electronic circuits. 

 Apply device models to understand current–voltage characteristics in real-world applications. 

 Use simulation/analysis tools to evaluate circuit performance for practical environments. 

 Integrate the knowledge of electronic devices into advanced technologies used in research and 

industry. 

 

Unit I :  Semiconductor Physics & Diode Circuits 
Energy bands, charge carriers - drift and diffusion - continuity equation - PN junction diode 

characteristics, Zener diode, LED, photodiode, solar cell - Diode circuits: rectifiers, filters, 

voltage multipliers, clippers, clampers. 

 

Unit II – Transistor Devices & Biasing Techniques 
BJT structure, characteristics, transistor action - DC load line, biasing methods, stability factors 

- Small signal models (h-parameter, hybrid-π model) - JFET, MOSFET characteristics and 

applications. 

 

Unit III – Amplifiers & Oscillators 

CE, CB, CC amplifiers: voltage gain, input/output impedance - Frequency response, bandwidth, 

multistage amplifiers - Feedback amplifiers, Barkhausen criterion - Oscillators: RC, Phase shift, 

Wien bridge, Hartley, Colpitts. 

 
Unit IV – Operational Amplifiers & Linear ICs 
Ideal and practical op-amp parameters - Inverting, non-inverting, differential amplifiers - 

Integrator, differentiator, active filters, comparators, waveform generators - IC 555 timer – 

modes of operation and applications. 

 

Unit V – Digital Electronics & Integrated Circuits 
Boolean algebra, logic gates, minimization (K-maps) - Encoders, decoders, multiplexers, flip-

flops, counters, registers - ADC/DAC types and performance parameters - Introduction to VLSI 

concepts and CMOS logic design. 

 

Books for Study :  
1. R. Boylestad and L. Nashelsky, Electronic Devices and Circuit Theory, 11th Edition, Pearson, 

2011. 
2. M. S. Tyagi, Introduction to Semiconductor Materials and Devices, Wiley, New Delhi, 2009. 

Books for Reference 
1. Millman, J., & Halkias, C. C. Electronic Devices and Circuits (4th ed.). Chennai: McGraw-Hill 

Education, 2015. 
2. Sedra, A. S., & Smith, K. C. Microelectronic Circuits (7th ed.). New York: Oxford University Press, 

2017. 
 
 



3. Malvino, A. P., & Bates, D. J. Electronic Principles (9th ed.). New Delhi: McGraw-Hill Education, 
2021. 

4. Gayakwad, R. A. Op-Amps and Linear Integrated Circuits (4th ed.). New Delhi: Pearson, 

2015. 

5. Floyd, T. L. Digital Fundamentals (8th ed.). Upper Saddle River, NJ: Prentice Hall, 2003. 

 

Web Resources 
1. https://nptel.ac.in/courses/122106025  
2. https://ocw.mit.edu/courses/6-002-circuits-and-electronics-spring-2007/  
3. https://ocw.mit.edu/  
4. https://www.allaboutcircuits.com/ 

 
Course Outcomes (COs) 

[CO1]  Understand semiconductor physics and device characteristics. 

[CO2]   Analyze diode and transistor circuits using appropriate models. 

[CO3]  Design and evaluate amplifiers, feedback systems, and oscillators. 

[CO4]  Apply operational amplifiers in various analog applications. 

[CO5]  Interpret digital circuits, logic families, and data converters. 

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

Mapping with Programme Outcomes 

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 

CO1 S M L L L L L L L L 

CO2 S S M S M L L L L L 

CO3 S S M S S M L L L M 

CO4 M S M M S M L M L M 

CO5 M M L M S M L M L M 

S - Strong; M - Medium; L - Low 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



Semester  I 

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

 25PH124A   COMPUTATIONAL PHYSICS WITH 
PYTHON 

L T P C 

  4 1 0 4 

Objectives   

  Develop proficiency in Python programming for solving physics-related computational 

problems. 

  Understand the principles of numerical accuracy, precision, and error analysis in 

computational methods. 

  Apply numerical techniques such as root finding, interpolation, and integration to physical 

data analysis. 

  Analyze and implement numerical solutions for differential equations using methods like 

Runge-Kutta. 

  Evaluate the effectiveness of computational algorithms for curve fitting and finite 

difference methods in physics applications.  
 

Unit 1 : Python Programming for Physics 

Python basics: variables, data types, and operators - Input/output operations and print 
formatting - Control structures: if, elif, else, and conditional statements - Loops: for, while loops, 
and list comprehensions - Functions: defining functions, arguments, return statements - Arrays 
and NumPy: array operations, indexing, and slicing - Basic plotting with Matplotlib - File 
handling for data input/output.   
 

Unit 2 : Error Analysis and Data Interpretation 
Precision and accuracy in numerical computations - Types of errors: round-off, truncation, and 

machine precision - Error propagation: linear and nonlinear error analysis - Statistical 

measures: mean, standard deviation, and uncertainty quantification - Data interpretation: 

handling experimental data, visualization, and basic statistical analysis using Python. 

 

Unit 3 : Curve Fitting and Interpolation 

Curve fitting: method of least squares, normal equations, linear, exponential, and power-law fits 
- Polynomial interpolation: Lagrange and Newton methods - Extrapolation techniques and 
limitations - Implementation in Python using SciPy and NumPy - Error analysis in fitting and 
interpolation - Applications to physical data sets (e.g., experimental measurements). 
 

Unit 4 : Numerical Integration and Root Finding 

Numerical integration: Newton-Cotes quadrature, trapezoidal rule, Simpson’s 1/3 and 3/8 
rules - Composite integration methods and error estimation - Root finding for nonlinear 
equations: bisection method, Newton-Raphson method, termination criteria, and convergence - 
Python implementation using SciPy - Applications to physics problems (e.g., potential energy 
integrals, root finding in thermodynamics). 
 
Unit 5 : Numerical Solutions of Differential Equations and Finite Difference Methods 

First-order ordinary differential equations: Euler method, geometric interpretation, local and 
global truncation errors - Fourth-order Runge-Kutta method, error versus step size - Finite 
difference methods: forward, backward, and central differences for derivatives - Applications to 
physics: solving equations of motion, heat equations - Python implementation using NumPy 
and SciPy - Analysis of numerical stability and accuracy. 
 
 



Books for Study: 
[1] Scientific Computing in Python, 3rd Ed., A. K. Gupta, Techno World, Kolkata, 2022. 

[2] Introductory Methods of Numerical Analysis, S. S. Sastry, PHI Learning, Delhi, 2017. 

[3] Numerical Methods in Physics with Python, A. Gezerlis, Cambridge University Press, 2020. 

[4] Computational Physics, J.C. Upadhyaya, Himalaya Publishing House, 2021. 

[5] Numerical Methods and Computer Programming, N. Gautham, Narosa Publishing House, 2019  

[6] Numerical Methods in Engineering and Science, B.S. Grewal, 10th Ed., Khanna Publishers, 2019.  

 

Books for Reference: 

[1] Computational Physics: Problem Solving with Python, R.H. Landau, M.J. Páez, and C.C. Bordeianu, 

3rd Ed., Wiley, 2015. 

[2] Numerical Python: Scientific Computing and Data Science Applications with Numpy, SciPy and 

Matplotlib, R. Johansson, 2nd Ed., Apress, 2019. 

[3] Computational Physics: An Introduction to Python, M. Newman, 3rd Ed., CreateSpace Independent 

Publishing, 2021. 

[4] Numerical Methods for Physics, A. L. Garcia, 2nd Ed., CreateSpace Independent Publishing, 2015. 

 

Online/Web Resources:  

[1] https://nptel.ac.in/courses/115104095 

[2] https://onlinecourses.nptel.ac.in/noc23_ph46/preview 

 

Outcomes: 

[CO1] 

 

Students will write Python programs to perform data analysis and numerical computations in 

physics (K3). 

[CO2] 

 

Students will apply error analysis and propagation techniques to assess the accuracy of 

numerical results (K3). 

[CO3] Students will implement least squares fitting to model physical data sets effectively (K3). 

[CO4] 

 

Students will solve ordinary differential equations numerically using the Runge-Kutta method 

(K3). 

[CO5]  Students will analyze the performance of numerical integration and finite difference methods 

for physics problems (K4).  

  

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

Mapping with Programme Outcomes 

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 

CO1 S L S L M S M L M S 

CO2 S M S L S S S M M S 

CO3 S M S L S S S M M S 

CO4 S M S L M S S L M S 

CO5 M L S L M S M L L S 

S - Strong; M - Medium; L - Low 

 

 

 

 

 

 

 

 



Semester I 

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

 25PH124B FORTRAN PROGRAMMING AND 
NUMERICAL METHODS 

L T P C 

  4 1 0 4 

Objectives   

  Develop proficiency in Fortran programming for solving physics-related computational 

problems. 

  Understand the principles of numerical accuracy, precision, and error analysis in 

computational methods. 

  Apply numerical techniques such as root finding, interpolation, and integration to physical 

data analysis. 

  Analyze and implement numerical solutions for differential equations using methods like 

Runge-Kutta. 

  Evaluate the effectiveness of computational algorithms for curve fitting and finite 

difference methods in physics applications.  
 

Unit 1: FORTRAN PROGRAMMING FOR PHYSICS 
Fortran basics: variables, data types (integer, real, double precision), and operators - 

Input/output operations: READ, WRITE, and FORMAT statements - Control structures: IF-

THEN-ELSE, SELECT CASE statements - Loops: DO loops, EXIT, and CYCLE statements - 

Subroutines and functions: defining procedures, argument passing, INTENT attributes - Arrays: 

declaration, indexing, and array operations - File handling: reading and writing data files for 

physics applications - Plotting and visualization basics using external tools (e.g., Gnuplot).  
  

Unit 2: ERROR ANALYSIS AND DATA INTERPRETATION 

Precision and accuracy in numerical computations - Types of errors: round-off, truncation, and 
machine precision - Error propagation: linear and nonlinear error analysis - Statistical 
measures: mean, standard deviation, and uncertainty quantification - Data interpretation: 
handling experimental physics data, statistical analysis, and visualization using Fortran 
programs. 
 

Unit 3: CURVE FITTING AND INTERPOLATION 

Curve fitting: method of least squares, normal equations, linear, exponential, and power-law fits 
- Polynomial interpolation: Lagrange and Newton methods - Extrapolation techniques and 
limitations - Implementation in Fortran for fitting and interpolation - Error analysis in fitting 
and interpolation processes - Applications to physical data sets (e.g., experimental 
measurements in mechanics or thermodynamics). 
 

Unit 4: NUMERICAL INTEGRATION AND ROOT FINDING 

Numerical integration: Newton-Cotes quadrature, trapezoidal rule, Simpson’s 1/3 and 3/8 
rules - Composite integration methods and error estimation - Root finding for nonlinear 
equations: bisection method, Newton-Raphson method, termination criteria, and convergence 
analysis - Fortran implementation of integration and root-finding algorithms - Applications to 
physics problems (e.g., computing potential energy integrals, solving nonlinear equations in 
physics). 
 
Unit 5: NUMERICAL SOLUTIONS OF DIFFERENTIAL EQUATIONS AND FINITE 

DIFFERENCE METHODS 
First-order ordinary differential equations: Euler method, geometric interpretation, local and 
global truncation errors - Fourth-order Runge-Kutta method, error versus step size - Finite 
difference methods: forward, backward, and central differences for derivatives - Applications to 



physics: solving equations of motion, heat equations, or wave equations - Fortran 
implementation of numerical algorithms - Analysis of numerical stability and accuracy. 
 

 

Books for Study: 
[1] Fortran 95/2003 for Scientists and Engineers, S.J. Chapman, 4th Ed., McGraw-Hill, 2018. 

[2] Computer Applications in Physics: With Fortran, Basic and C, S. Chandra, Narosa Publishing House, 
2014  

[3] Computer Programming in Fortran 90 and 95, V. Rajaraman, PHI Learning, 2004. 

[4] Numerical Methods and Computer Programming, N. Gautham, Narosa Publishing House, 2019  

[5] Computational Physics, J.C. Upadhyaya, Himalaya Publishing House, 2021 

[6] Numerical Analysis and Computational Programming, A. Saha and P. Das, 2nd Ed., Books & Allied 
Pvt. Ltd., 2020  

 

Books for Reference: 

[1] Modern Fortran Explained: Incorporating Fortran 2018, M. Metcalf, J. Reid, and M. Cohen, 5th Ed., 
Oxford University Press, 2018 

[2] Introduction to Numerical Programming: A Practical Guide for Scientists and Engineers Using 
Fortran, T.A. Beu, CRC Press, 2014. 

[3] Computational Physics: An Introduction, F.J. Vesely, 2nd Ed., Springer, 2013. 

[4] Numerical Methods for Physics, A.L. Garcia, 2nd Ed., CreateSpace Independent Publishing, 2015. 

[5] Computational Physics, J.M. Thijssen, 2nd Ed., Cambridge University Press, 2013. 

[6] Numerical Methods in Engineering and Science, B.S. Grewal, 10th Ed., Khanna Publishers, 2019. 

 

Online/Web Resources:  
[1] https://fortran-lang.org/learn/ 

[2] https://www.youtube.com/watch?v=PvUQndB8R9s 
 

Outcomes:  

[CO1] Students will write Fortran programs to perform data analysis and numerical computations in 

physics (K3). 

[CO2] Students will apply error analysis and propagation techniques to assess the accuracy of 

numerical results (K3). 

[CO3] Students will implement least squares fitting to model physical data sets effectively (K3). 

[CO4] Students will solve ordinary differential equations numerically using the Runge-Kutta method 

(K3). 

[CO5] Students will analyze the performance of numerical integration and finite difference methods 

for physics problems (K4).  
 

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

Mapping with Programme Outcomes 

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 

CO1 S L S L M S M L M S 

CO2 S M S L S S S M M S 

CO3 S M S L S S S M M S 

CO4 S M S L M S S L M S 

CO5 M L S L M S M L L S 

S - Strong; M - Medium; L – Low 

 

 



Semester  I 

Year: I CORE PRACTICAL (CP) - I Credits: 3 

 25PH115   COMPUTATIONAL PHYSICS 
LABORATORY   

L T P C 

  1 0 4 3 

Objectives   

  Develop proficiency in Python programming for physics simulations, including data 

handling, visualization, and numerical computations.  

  Analyze numerical errors and interpret experimental data using statistical methods in 

Python.  

  Implement curve fitting and interpolation techniques to model physical data sets.  

  Apply numerical integration and root-finding methods to solve physics problems.  

  Solve ordinary and partial differential equations using numerical methods, with 

applications to dynamics and heat transfer. 

 

Unit 1 : PYTHON PROGRAMMING FOR PHYSICS 
1. Simulating Projectile Motion with Python  

2. Modeling Harmonic Oscillator Dynamics  

3. Processing Experimental Data with File Handling  

4. Visualizing 2D Vector Fields 
 

Unit 2 : ERROR ANALYSIS AND DATA INTERPRETATION 
1.  Quantifying Numerical Errors in Taylor Series  

2.  Error Propagation in Pendulum Period Analysis  

3.  Statistical Analysis of Temperature Data 
 

Unit 3 : CURVE FITTING AND INTERPOLATION 

1. Least Squares Fitting for Radioactive Decay  

2. Lagrange Interpolation for Temperature Data  

3. Newton Interpolation for Velocity Profiles  

4. Power-Law Fitting for Planetary Orbits 
 

Unit 4 : Numerical Integration and Root Finding 

1. Numerical Integration for Gravitational Potential  

2. Bisection Method for Thermodynamic Equations  

3. Newton-Raphson Method for Nonlinear Systems. 
 

Unit 5 : Numerical Solutions of Differential Equations and Finite Difference Methods 

1. Euler Method for Planetary Motion  

2. Runge-Kutta Method for Damped Oscillator  

3. Finite Difference Method for Heat Equation  

4. Coupled Oscillators Simulation.  

 
Outcomes: 

[CO1] 

 

Students will explain Python programming concepts, including data types,control structures, 

functions, and numerical libraries, for applications in classical and nonlinear dynamics (K2). 

[CO2]   

 

Students will apply Python-based numerical methods, such as integration 

and root finding, to solve physics problems in mechanics and thermodynamics (K3).  

 

[CO3]   

 

Students will analyze numerical errors and statistical properties of data from classical and 



nonlinear dynamical systems using Python tools (K4). 

[CO4] 

 

Students will analyze the behavior of dynamical systems, including orbits and chaotic systems, 

through numerical simulations and visualizations (K4). 

[CO5]  Students will create Python simulations to model physical systems, including phase-space 

trajectories, chaotic dynamics, and soliton interactions (K5). 

  

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

Mapping with Programme Outcomes 

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 

CO1 S L S L M S M L M S 

CO2 S M S L S S S M M S 

CO3 S M S L S S S M M S 

CO4 S M S L M S S L M S 

CO5 M L S L M S M L L S 

S - Strong; M - Medium; L - Low 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Semester II 

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

 25PH201 QUANTUM MECHANICS L T P C 

  4 1 0 5 

Objectives   

  Learning the fundamentals, postulates and operator formalism of quantum 

mechanics. 

  Cultivating the skill for the determination of eigenvalues, eigenfunction of some simple 

physical systems and enumerate their features. 

  Study of time-independent and time-dependent perturbation theories and their 

applications. 

  Understanding the commutation relations of components of orbital and spin angular 

momenta and their significances. 

  Exploring certain basics of relativistic quantum mechanics. 
 

Unit 1: The Schrödinger Equation and Operator Formalism 

Schrödinger equation: Time-dependent Schrödinger equation and its solution - Physical 

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

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

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

Commutator - Simultaneous eigenfunctions - Heisenberg uncertainty relation – Dirac notations. 

 

Unit 2: Exactly Solvable Problems 

Linear harmonic oscillator: Eigenvalues and eigenfunctions by solving the one dimensional 

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

dimensional harmonic oscillator - Rigid rotator – Hydrogen atom – Hydrogenic (atomic) orbitals. 

 

Unit 3: Perturbation Theory 

Time-independent perturbation theory for non-degenerate states - Application to linear 

harmonic oscillator with perturbation - Anharmonic oscillator with perturbation x4 - 

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

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

 

Unit 4: Angular Momentum 

Components of orbital angular momentum L - Commutation relations among the components 

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

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

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

 

Unit 5: Relativistic Quantum Mechanics 

Klein-Gordon equation for a free particle - Probability and current densities - Plane wave 

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

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

motion of a free particle - Spin of a Dirac particle.  

 

 



Books for Study: 
[1] L. Schiff, Quantum Mechanics, Tata McGraw Hill, New Delhi, 1968. 

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

1987. 

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

2015. 
 

Books for Reference: 

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

[2] S. Rajasekar and R. Velusamy, Quantum Mechanics: Advanced Topics, CRC Press, Boca Raton,2015. 

 

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

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

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

 

Outcomes: 

[CO1]  Understand the postulates of quantum mechanics and the differences between classical 
mechanics and quantum mechanics. 
 

[CO2]  Solve certain exactly solvable quantum systems and identify their features. 
 

[CO3]  Apply the perturbation theories to simple physical systems. 
 

[CO4]  Explain the significances of orbital and spin angular momenta. 
 

[CO5]  State the features of relativistic quantum theory. 
 

  

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

Mapping with Programme Outcomes 

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 

CO1 S M L L S M M L L M 

CO2 S M L L S S S M M S 

CO3 S M M L S S S M M S 

CO4 S M M M S S S M M S 

CO5 S M M M S S S M M S 

S - Strong; M - Medium; L - Low 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://physics.mq.edu.au/~jcresser/Phys304/Handouts/QuantumPhysicsNotes.pdf
http://www.wolframalpha.com/examples/science-and
http://quantumphysics.iop.org/


Semester II 

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

 25PH202 THERMODYNAMICS AND STATISTICAL 
PHYSICS 

L T P C 

  4 1 0 5 

Objectives   

  To understand microstates, macrostates, entropy, and equilibrium 

thermodynamics. 

  To apply microcanonical, canonical, and grand canonical ensembles to derive 

thermodynamic properties. 

  To distinguish classical and quantum statistics and derive BE and FD distributions. 

  To Use statistical mechanics to explain Fermi gases, black-body radiation, heat 

capacity, and related systems. 

  To describe phase transitions, critical behavior, and basic models such as Landau 

theory and the Ising model. 

 

Unit 1: 

 

Equilibrium Thermodynamics 

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

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

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

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

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

theorem. 
 

Unit 2: Ensemble Approach 

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

Definition of partition function in the ensembles – Determination of thermodynamic quantities 

from Partition function – Demonstration of ensemble approach – Classical ideal gas in 

microcanonical and canonical ensemble – Gibbs paradox and correct formula for entropy – 

Linear harmonic oscillator in microcanonical and canonical ensemble – Demonstration of 

equipartition of energy through canonical distribution. 

 

Unit 3: Quantum Statistics 

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

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

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

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

microcanonical and grand canonical ensembles. 
 

Unit 4: Applications 

Fermi gas at low temperature and high temperatures – Fermi energy and Fermi momentum – 

Thermodynamic quantities – Black body radiation – Planck’s distribution law – Heat capacity of 

solids – Dulong and Petit law – Einstein and Debye’s theory of Specific heat of solids – Pauli 

Paramagnetism -  Liquid Helium and its properties. 

 

 

 



Unit 5: Phase transitions 

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

Order parameter – Critical exponents – Scaling hypothesis – Introduction to Landau 

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

solution of Ising model in one dimension. 

 

Books for Study: 
[1] B. K. Agarwal and M. Eisner, Statistical Mechanics, New Age International, New Delhi, 2020. 

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

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

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

International, New Delhi, 2010. 

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

[6] S. Chandra and M. K. Sharma, A Textbook on Statistical Mechanics, CBS Publisher, New Delhi, 2016. 

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

Statistical Mechanics, McGraw Hill, New Delhi, 2013. 

 

Books for Reference: 

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

[2] S. C. Garg, R. M. Bansal and C. K. Gosh, Thermal Physics: with Kinetic Theory, Thermodynamics and 
Statistical Mechanics, McGraw Hill Education, 2nd edition, 2017. 

[3] B. K. Agarwal and M. Eisner, Statistical Mechanics, New Age International Publishers, 3rd edition, 
2013. 

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

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

[6] W. Greiner, L. Neise and H. Stocker, Thermodynamics and Statistical Mechanics,  Springer Verlag, 
New York, 1st edition, 1995. 

 

Online/Web Resources:  
[1] http://www.damtp.cam.ac.uk/user/tong/statphys/sp.pdf 

[2] https://nptel.ac.in/courses/104103112 

Outcomes: 
[CO1]  Calculate the thermodynamical quantities, theoretically, using different methods.  

[CO2]  Construct partition function for a system in thermal equilibrium and calculate the corresponding 

thermodynamical quantities.  

[CO3]  Apply ensemble approach to solve classical and quantum thermodynamic systems.  

[CO4]  Explain Bose-Einstein condensation and its applications.  

[CO5]  Demonstrate the ensemble approach to different physical problems like Black body 

radiation, white dwarfs, etc. 

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

Mapping with Programme Outcomes 

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 

CO1 S M L L S S S M L S 

CO2 S M M L S S S M M S 

CO3 S M M L S S S M M S 

CO4 S M M M S S S M M S 

CO5 S M M M S S S M M S 

S - Strong; M - Medium; L - Low 

 

http://www.damtp.cam.ac.uk/user/tong/statphys/sp.pdf


Semester II 

Year: I CORE CHOICE COURSE (CCC) - IIA Credits: 5 

 25PH203A MATHEMATICAL PHYSICS - II L T P C 

  4 1 0 5 

Objectives   

  To give a strong mathematical foundation such as Green’s Function, Complex Analysis, 

Fourier Series and Fourier Transform and Laplace Transform. 

  To develop skills to problems that occur in various branches of Physics disciplines. 

  To impart knowledge on applying Tensor analysis. 

 

Unit 1: Complex Analysis 

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

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

Computations of residue – Evaluation of integrals using residues. 
 

Unit 2: Fourier and Laplace Transform 

Fourier Series and Fourier Coefficient Theorem – Even and Odd functions – Half range Series – Parsevel’s 

identify of Fourier series - Fourier transforms – Fourier cosine and sine Transforms – Heat equation (one 

dimension). Laplace transform – Inverse Laplace transform – Laplace transform of derivatives – 

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

transform – Applications. 
 

Unit 3: Probability Theory 

Probability – Addition law of Probability – Multiplication Law of Probability - Probability distribution – 

Binomial distribution – Poisson distribution – Normal distribution – Mean and Variance of Binomial – 

Poisson and Normal distribution – Applications of Binomial, Poisson and Normal distributions – Central 

limit theorem. 
 

Unit 4: Group Theory 

Definition of Group theory – Group table – Sub Group – Classes – Isomorphism and Homomorphism – 

Schur’s Lemma – Orthogonality theorem – The Character of representation – Reducible and irreducible 

representations - Formation of Character table – Point Groups – Elementary ideas of rotation Groups. 
 

Unit 5: Tensor Analysis 

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

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

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

Metric tensor – Conjugate tensors – Christoffel symbols of the first and second kind – Covariant 

derivatives. 
 

Books for Study: 
[1] E. Kreyszig, Advanced Engineering Mathematics, Wiley Eastern, New Delhi, 1983. 

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

Singapore, 1970. 

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

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

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

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

 



Books for Reference: 

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

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

[3] Murray R. Spigel, Theory and Problems of Laplace Transforms, Schaum’s outline series, McGraw Hill, 
1986. 

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

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

 

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

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

 

Outcomes: 

[CO1]  Understand the usefulness of complex analysis that arise in various physical systems. 

[CO2]  Develop the essential mathematical skills to solve problems in various branches of physics. 

[CO3] 
 

[CO4]  
 

 

[CO5]   

Explain the usefulness of tensors in physics. 
 

Apply Fourier and Laplace transform techniques to solve differential equations and analyze 

physical systems.  

Understand and utilize group theory and probability distributions to model physical phenomena. 

 

  

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

Mapping with Programme Outcomes 

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 

CO1 S M L L S S S M L S 

CO2 S M M L S S S M M S 

CO3 S M M L S S S M M S 

CO4 S M M L S S S M M S 

CO5 S M M L S S S M M S 

S - Strong; M - Medium; L - Low 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Semester II 

Year: I CORE CHOICE COURSE (CCC) - IIB Credits: 5 

 25PH203B  THEORETICAL MECHANICS L T P C 

  4 1 0 5 

OBJECTIVES:       

  To reformulate mechanics using differential geometry and handle non-holonomic 

constraints in complex manifolds.  

  To analyze the stability of many-body systems and the influence of perturbations 

on orbital dynamics.  

  To master the geometry of rotations and the stability of asymmetric rigid bodies 

in non-inertial frames.  

  To understand the symplectic structure of phase space and the conditions for the 

onset of deterministic chaos.  

  To apply Hamilton-Jacobi theory to periodic systems and understand the 

evolution of adiabatic invariants.  

  

UNIT 1:  ADVANCED LAGRANGIAN MECHANICS AND CONSTRAINED SYSTEMS 

Differential geometry of configuration space - Generalized coordinates on manifolds - Non-

holonomic constraints and Lagrange multipliers - Routhian functional for degree-of-freedom 

reduction - Dissipative systems and Rayleigh’s function - Noether’s Theorem: Conserved 

currents from continuous symmetries - Gauge invariance in Lagrangian densities - Relativistic 

particle dynamics in electromagnetic fields.  

 

UNIT 2: N-BODY PROBLEMS AND ORBITAL PERTURBATION THEORY 

Bertrand’s Theorem on closed orbits - Restricted Three-Body Problem: Stability of Lagrange 

points (L1 to L5) - Theory of orbital perturbations - Laplace-Runge-Lenz vector as a dynamical 

symmetry - Scattering in non-spherical potentials - Inverse Scattering Problem - Relativistic 

collisions and cross-section transformations. 

 

UNIT 3: RIGID BODY DYNAMICS AND GEOMETRIC MECHANICS 

Topology of the rotation group SO(3) - Cayley-Klein parameters - Kinematics in non-inertial 

frames - Moment of Inertia tensor for asymmetric bodies - Poinsot’s construction: Polhodes and 

Herpolhodes - Stability of rotation around principal axes - Heavy symmetric top: Nutation and 

Precession - Foucault’s pendulum and Berry’s geometric phase. 

 

UNIT 4: HAMILTONIAN DYNAMICS AND SYMPLECTIC GEOMETRY 

Symplectic geometry: Phase space as a symplectic manifold - Poincaré integral invariants - 

Symplectic approach to Canonical Transformations - Poisson Brackets as a Lie Algebra - 

Integrable systems vs. Chaotic motion - KAM Theorem - Deterministic chaos: Poincaré sections 

and Lyapunov exponents. 

 

UNIT 5:       HAMILTON-JACOBI THEORY AND ADIABATIC INVARIANTS 

Hamilton-Jacobi equation as wave-front propagation - Hamilton’s Principal and Characteristic 

functions - Action-Angle variables for multi-periodic systems - Adiabatic Invariants - Bohr-

Sommerfeld quantization - Introduction to Classical Field Theory: Lagrangian/Hamiltonian 

densities for continuous systems - Stress-Energy tensor. 

 



BOOKS FOR STUDY:  

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

2. L. N. Hand and J. D. Finch, Analytical Mechanics, Cambridge University Press, 1998. 

3. L D Landau and E.M. Lifshitz, Mechanics: Volume 1, Course of Theoretical Physics, 3rd Ed., 

Butterworth-Heinemann, 1993. 

4. Steven H. Strogatz, Nonlinear Dynamics and Chaos: With Applications to Physics, Biology, 

Chemistry, and Engineering, 2nd Ed., CRC Press, 2014. 

 

BOOKS FOR REFERENCE:  

1. V. I. Arnold, Mathematical Methods of Classical Mechanics, 2nd Ed., Springer-Verlag, 1997. 

2. R. Abraham and J. E. Marsden, Foundations of Mechanics,2nd Ed., Chelsea Publishing 

Company, 2008. 

3. B. Hao and W. Zheng, Applied Symbolic Dynamics And Chaos, World Scientific, 2018. 

4. J. V. José and E. J. Saletan, Classical Dynamics: A Contemporary Approach, Cambridge 

University Press, 1998. 

5. Percival and D. Richards, Introduction to Dynamics, Cambridge University Press, 1982. 

 

ONLINE RESOURCES:  

 [1]  MIT OpenCourseWare (8.09 - Classical Mechanics II): 

[2] ArXiv.org: For contemporary papers on “Geometric Mechanics” and “Integrable 

Systems” to show students current research contours. 

 

COURSE OUTCOME:  

[CO1] Students will be able to apply the Routhian reduction and Noether’s theorem to solve 

systems with hidden symmetries and dissipation.. 

[CO2] Students will be able to locate Lagrange points in celestial systems and calculate 

scattering cross-sections for non-central force fields. 

[CO3] Students will be able to utilize Poinsot’s construction to predict the motion of satellites 

and analyze nutation in symmetric tops. 

[CO4] Students will be able to distinguish between integrable and chaotic systems using 

Poincaré sections and Lyapunov stability analysis. 

[CO5] Students will be able to compute action-angle variables for multi-periodic motion and 

bridge the gap between classical and quantum mechanics.  

 

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

MAPPING WITH PROGRAMME OUTCOMES 
COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 
CO1 S - S - M M - - L S 
CO2 S - S - M S M - M S 
CO3 S - S - L S - M S S 
CO4 S - S - S M S - S M 
CO5 S - S - M S M - M S 

S - Strong;  M - Medium;  L - Low 
 

 

 

 

 



Semester II 

Year: I ELECTIVE COURSE – EC IIA Credits: 4 

 25PH224A   ATOMIC AND MOLECULAR PHYSICS L T P C 

  4 1 0 4 

Objectives   

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

effects like Zeeman, Stark, and Paschen-Back. 

  Explore molecular interactions, hybridization, and bonding theories through molecular 

orbital and valence bond methods, including Huckel's approximation. 

  Examine rotational and vibrational spectra of molecules, analyze isotopic effects, and 

employ microwave and infrared spectroscopy techniques. 

  Learn electronic spectroscopy principles, including vibrational and rotational fine 

structure, molecular orbitals, and spectrophotometer applications. 

  Apply Raman and infrared spectroscopy principles to study molecular structure and 

differentiate between Raman and IR spectrometric methods. 

Unit 1: Atomic Spectra & Atoms in External Fields 

Vector atom model – Quantum states of electron in atoms – Hydrogen atom spectrum – Stern- 

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

Spectroscopic terms and selection   rules –  Hyperfine structure. Normal Zeeman effect – 

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

 

Unit 2: Quantum Chemistry (Molecular Orbital and Bond Theory of Molecules) 
Introduction – Covalent, ionic and van der Waal’s interactions – Born Oppenheimer 

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

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

and treatment for Benzene and Butadiene. 

 

Unit 3: Microwave & IR Spectroscopy 

Rotational spectra of diatomic molecules – Intensity of spectral lines – Effect of isotopic 

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

symmetric top molecules – Microwave experimental techniques. Vibrating diatomic molecule – 

Diatomic Vibrating rotator – The Vibrations of Polyatomic Molecules  – Analysis by infrared 

techniques – Characteristic and group frequencies. 

 

Unit 4: Electronic Spectroscopy of Molecules 

Vibrational coarse structure: Progression - The Franck-Condon principle – Dissociation energy 

and dissociation products. Rotational fine structure of electronic vibration transitions – Fortrat 

diagram - Pre-dissociation - Electronic Structure of Diatomic Molecules: shapes of Molecular 

orbitals - UV- VIS-IR spectrophotometer. 

 

Unit 5: Raman Spectroscopy 

Quantum and Classical theory of Raman effect – Pure rotational Raman Spectrum – Symmetric 

and Spherical top molecule – Vibrational Raman Spectra-Rotational Fine Structure. 

Instrumentation and methods: Raman spectrometer – Structure determination from Raman 

and IR spectroscopy. 

 



Books for Study: 
[1] B.H. Bransden, C.J. Joachain, Physics of Atoms and Molecules, Pearson (2), Paperback 2003. 

[2] A. Beiser, Concepts of Modern Physics, McGraw Hill, New York, 1995. 

[3] C. N. Banwell, Fundamentals of Molecular Spectroscopy, McGraw-Hill, New York, [4] 1981.  

[4] A. K. Chandra, Introductory Quantum Chemistry, Tata McGraw Hill, New Delhi, 1994. 

 

Books for Reference: 

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

[2] R. P. Feynman et al. The Feynman Lectures on Physics: Vol. III., Narosa Book Distributors, New 
Delhi, 1989. 

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

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

[5] G. Woodgate, Elementary Atomic Structure, Oxford University Press 1983. 

[6] P. S. Sindhu, Fundamentals of Molecular Spectroscopy, New Age, 2006. 

 

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

[2] https://nptel.ac.in/courses/104101099: Molecular Spectroscopy 

 

Outcomes: 

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

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

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

molecules like benzene and butadiene (K2, K3).  

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

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

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

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

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

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

  

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

Mapping with Programme Outcomes 

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 

CO1 S S M M M L L M L M 

CO2 S S S M M L M M L S 

CO3 S S M S S L S M M S 

CO4 S S S S S L M S M S 

CO5 S M M S S L M S L S 

S - Strong; M - Medium; L - Low 

 

 

 

 

 

 

 

 

 

 

 

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


Semester II 

Year: I ELECTIVE COURSE – EC IIB Credits: 4 

 25PH224B SPECTROSCOPIC TECHNIQUES L T P C 

  4 1 0 4 

Objectives   

  To give an exposure to the methods of spectroscopy. 

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

  To impart knowledge on the applications of Spectroscopy. 

 

Unit 1: Ultraviolet and Visible Spectroscopy 

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

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

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

carbonyl compounds - Stereochemical factors - Fluorescence and phosphorescence - Electron 

spectroscopy for chemical analysis (ESCA). 

 

Unit 2: Raman and IR Spectroscopy 

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

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

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

molecular structure - XY, XY2 and XY3 type molecules using IR and Raman spectra - Nonlinear 

Raman spectroscopy.  

 

Unit 3: Fluorescence and Phosphorescence Spectroscopy 

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

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

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

Experimental methods - Applications of Fluorescence and Phosphorescence. 

 

Unit 4: NMR and NQR Spectroscopy 

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

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

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

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

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

 

Unit 5: ESR and Mossbauer Spectroscopy 

ESR spectroscopy - Basic principles - ESR spectrometer -Nuclear interaction and hyperfine 
structure – Relaxation effects - ‘g’ factor - Experimental set up for ESR- biological applications. 
Mossbauer spectroscopy: Mossbauer Effect – Recoil less emission and absorption - Doppler 
velocity shift-experimental arrangement – Mossbauer spectrum - Chemical isomer shift - 
Magnetic hyperfine and electric quadrupole splitting – Applications. 
 

 
 
 

 



Books for Study: 
[1] B. P. Straughan and S. Walkar, Spectroscopy Vols.1, 2, Chapman and Hall, Boca Raton, 1994. 

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

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

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

[5] S. L. Gupta, V. Kumar and H. V. Sharma, Elements of Spectroscopy, Pragati Prakashan, Mumbai, 2017. 

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

[7] G. Aruldhas, Molecular Structure and Spectroscopy, Prentice Hall of India, New Delhi, 2014. 

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

 

Books for Reference: 

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

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

[3] J. Workman and A. Springsteen, Applied Spectroscopy, Boston Academic Press, Massachusetts, 1998. 

[4] D. L. Andrews and R. H. Lipson, Molecular Photophysics and Spectroscopy, IOP Publishing, Bristol, 
2021. 

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

 

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

content/uploads/2012/07/Chapter1011.pdf  
[2] https://nptel.ac.in/courses/104106122 

 

Outcomes: On the successful completion of the course, students will be able to 
(CO1) Acquire knowledge and problem-solving skills in atomic and molecular spectroscopy. 

(CO2) Understand the applications of spectroscopy in day-to-day life. 

(CO3) Gain knowledge about the Quantum behaviour of atoms in external electric and magnetic fields. 

(CO4) Interpret the electromagnetic spectra and the interaction of radiation with matter. 

(CO5) Get familiar with the light sources and spectroscopic techniques to explain the structure of 

materials 

  

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

Mapping with Programme Outcomes 

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 

CO1 S S M M M L L M L L 

CO2 S M L L M L M M L L 

CO3 S S M M L L L M L L 

CO4 S S S S M L L M L L 

CO5 S M S S S L L M L L 

S - Strong; M - Medium; L - Low 

 
 
 
 
 
 
 
 

 



Semester II 
Year: I CORE PRACTICAL (CP) - II Credits: 3 

 25PH215 ELECTRONICS LABORATORY L T P C 

  1 0 4 3 

Objectives: 

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

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

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

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

be introduced to the digital circuits, microprocessors and microcontrollers. 

 

Any Twelve experiments: 
 

[1] Characteristics curve of FET (BFW10).  

[2] Measurement of op-amp parameters. 

[3] Basic operational amplifier circuits: Comparator, inverting amplifier, non-inverting amplifier, 
adder, difference amplifier, integrator, differentiator, summing-integrator. 

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

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

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

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

[8] Construction of relaxation oscillators using Op-Amp.  

[9] Construction of op-amp instrumentation amplifier. 

[10] DAC using R-2R network. 

[11] ADC using IC-0800 or IC-0804 

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

[13] Analog multiplier circuit using AD633. 

[14] Frequency modulation using IC 565. 

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

[16] Construction of XOR logic using universal logic gates. 

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

[18] 8085/8086 microprocessor-based experiments. 

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

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

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

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

[23] Construction of chaotic Wien-bridge oscillator. 

[24] Construction of memristor based chaotic circuit. 

[25] Familiarization with ADALM2000 active learning module. 
 

References:  

[1] Thomas L. Floyd and David M.Buchla,  Analog Fundamentals: A systems approach (Pearson, 
Boston, 2013).  

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

[3] Anil K. Maini,  Digital Electronics: Principles, Devices and Applications (John Wiley & Sons Ltd., 
2007). 

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

[5] M. Lakshmanan, K. Murali, Chaos in Nonlinear Oscillators: Controlling and Synchronization, 
(World Scientific, 1996). 



 

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

   [CO1]  Draw the characteristic curve of FET, Op-amp, negative impedance converter. 

   [CO2] Design op-amp circuits to carry-out mathematical operations. 

[CO3] Design complex digital electronic circuits with universal logic gates. 

[CO4] Perform experiments with microprocessor and DSP modules. 

[CO5] Observe ordered and chaotic phenomena in nonlinear circuits. 
 

 

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

Mapping with Programme Outcomes 

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 

CO1 S S M S M M M M L M 

CO2 S S S M S M S M M S 

CO3 S S S S S L S M M S 

CO4 M S S S S L M M L S 

CO5 M M M M M S M S S S 

S - Strong; M - Medium; L - Low 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

Semester III 

Year: II CORE COURSE - CC V Credits: 5 

 25PH301 ELECTROMAGNETIC THEORY L T P C 

  4 1 0 5 

Objectives   

  To understand the fundamental theories that explain electrostatics and magnetostatics 

  To couple the electrostatics and magnetostatics phenomena and explain the elementary 

ideas of electromagnetic theory  

  To illustrate the plane electromagnetic wave equations and its applications. 

  To extend the electrodynamics principle for explaining the optical wave propagation  

 

Unit 1: Electrostatics 

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

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

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

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

and insulated sphere. 

 

Unit 2: Fields in Matter and Magnetostatics 

Electric qudrapole – Multipole expansion – Dielectric polarization and field due to a polarized 

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

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

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

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

 

Unit 3: Electromagnetics 

Faraday’s law of induction – Equation of continuity –Maxwell’s displacement current – Maxwell 

equations and its derivation – Comparison of Maxwell equations in free space, linear isotropic 

medium and harmonically varying fields – Vector and Scalar Potential – Lorentz and Coulomb 

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

Conservation of momentum for electromagnetic fields. 

 

Unit 4: Plane Electromagnetic Waves and Wave Propagation 

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

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

waves – Kinematic properties of reflection and refraction of electromagnetic waves – Fresnel’s 

equation (Dynamic properties) – Total internal reflection – Scattering of electromagnetic 

waves. 

 

Unit 5: Wave Guides and Radiating Systems 

Metallic reflection – Propagation of electromagnetic waves between parallel conducting 
medium – Waveguides: (i) circular (ii) cylindrical and (iii) rectangular – Resonating cavities– 



  

Lienard-Wiechert Potentials – Electromagnetic field of a moving point charge – Radiation from 
an accelerated charge (Larmor’s formula). 
  

Books for Study: 

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

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

Distributors, New Delhi, 1989. 

[3] Satya Prakash, Electromagnetic Theory and Electrodynamics, Kedar Nath Ram Nath, Meerut, 2015. 

 

Books for Reference: 

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

[2] Edward C. Jorden, Keith G. Balmin, Electromagnetic Waves and Radiating Systems, Prentice-Hall of 
India Ltd, New Delhi, 2003. 

[3] J.R. Reitz, F.J. Milford, R.W. Christy, Foundations of Electromagnetic Theory, Norosa Publishing  
House, New Delhi, 1998. 

 

Online/Web Resources:  
[1] https://nptel.ac.in/courses/ 115104088 

[2] https://nptel.ac.in/courses/ 115101005 

[3] https://nptel.ac.in/courses/ 108104087 

 

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

(CO1) Explains the fundamentals of electrostatics  

(CO2) Briefs out the various concepts of magnetostatics  

(CO3) Describes the elementary ideas of electromagnetic theory  

(CO4) Elaborates the utilization of electromagnetic theory in optics  

(CO5) Improves the problem-solving skills in realistic electrostatics, magnetostatics and 

electromagnetics situations. 

  

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

Mapping with Programme Outcomes 

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 

CO1 S S M M M L L M L M 

CO2 S S M S M L M M L M 

CO3 S S S S S L M S M S 

CO4 S M S M S L S S M S 

CO5 M M S M S L S M M S 

S - Strong; M - Medium; L - Low 

 

 

 

 



  

Semester III 

Year: II CORE COURSE – CC VI Credits: 5 

 25PH302 NUCLEAR AND PARTICLE PHYSICS L T P C 

  4 1 0 5 

Objectives   

  Analyze the deuteron's ground and excited states, meson theory of nuclear forces, 

n-p interaction spin dependence, and effective range theory. 

  Explore nuclear models like Fermi gas, shell, collective, and liquid drop, emphasizing 

nuclear shell structure and spin-orbit interactions. 

  Explain radioactivity phenomena, including alpha, beta, and gamma decay, applying 

theories like Gamow’s, Fermi’s, and selection rules. 

  Investigate nuclear reactions, conservation laws, reaction kinematics, compound 

nucleus theory, and applications in reactors and power production. 

 Classify elementary particles, examine symmetries like SU(2) and SU(3), analyze 

quark models, and study advanced topics like Higgs bosons and QCD. 

 

Unit 1: Two Body Problem and Nuclear Forces 

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

of the deuteron-Meson theory of nuclear forces- Normalization of the deuteron wave Function, 

Low energy Neutron – Proton Scattering, Scattering length. Spin dependence of n-p Interaction, 

Effective range theory. Non-Central Force - Quadrupole moment of the deuteron, Magnetic 

moment of the deuteron. Proton-Proton scattering, Exchange interaction and saturation of the 

nuclear force. 
 

Unit 2: Nuclear Models 
Constitution of the nucleus- Fermi gas model of the nucleus. Nuclear shell structure-single 

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

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

model-Bohr-Wheeler Theory.  

 

Unit 3: Radioactivity 

Radioactive decay-Decay law -Types of decays -Alpha-decay and barrier penetration- Gamow’s 

theory of alpha decay. Beta decay- Pauli’s hypothesis- Fermi’s theory of β-decay-Selection 

rules-Parity in β-decay- Helicity of Neutrino-Electron capture. Gamma-rays-Interaction of γ 

rays with matter-Photo-electric absorption-Electron-Positron pair production-Multipole 

radiations – Selection Rules- Conservation of parity-Internal conversion. 

 

Unit 4: Nuclear Reaction 

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

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

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

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

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



  

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

Explosions- Nuclear Power production in India. 

  

Unit 5: Elementary Particles 

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

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

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

Gell-Mann-Okubo mass formula for SU(3) multiplets . Quark hypothesis-Quark structures of 

mesons and baryons. Quantum Chromodynamics. Charmed quark-Beauty and Truth. Higgs 

Bosons. 

  

Books for Study: 

[1] S. N. Ghoshal, Nuclear Physics, S. Chand, New Delhi, 2018. 

[2] M. L. Pandya and R. P. S. Yadav, Elements of Nuclear Physics, Kedar Nath Ram Nath, Meerut, 2020. 

[3] D. C. Tayal, Nuclear Physics, Himalaya, Mumbai, 2020. 

[4] A. B. Gupta and H. Roy, Physics of the Nucleus, Books and Allied, Kolkata, 2011. 

[5] J. Singh, Fundamentals of Nuclear Physics, Pragati Prakashan, Mumbai, 2012. 

 

Books for Reference: 

[1] K. S. Krane, Introductory Nuclear Physics, Wiley, New York, 1987.  

[2] S. B. Patel, Nuclear Physics: An Introduction, Wiley, New Delhi, 1991. 

[3] R. D. Evans, The Atomic Nucleus, McGraw Hill, New York, 1955.  

[4] R. A. Serway and J. W. Jewett, Physics for Scientists and Engineers with Modern Physics, Cengage, 
Massachusetts, 2010. 

[5] A. Beiser, Concepts of Modern Physics, McGraw Hill, New York, 1995. 

[6] R. A. Powsner, M. R. Palmer and E. R. Powsner, Essentials of Nuclear Medicine Physics, 
Instrumentation and Radiation Biology, Wiley, New Jersey, 2021. 

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

 

Online/Web Resources:  
[1] https://nptel.ac.in/courses/115103101 

 

Outcomes:  

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

spin interactions, and effective range theory (K4).  

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

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

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

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

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

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

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

structures, and explored advanced topics like quantum chromodynamics and the Higgs boson 

(K3, K5). 

 

 



  

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

Mapping with Programme Outcomes 

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 

CO1 S S M M M L L M L M 

CO2 S S S M M L M M L M 

CO3 S S M S M L S S M S 

CO4 S S S S S L S M M S 

CO5 S M S M S L M S M S 

S - Strong; M - Medium; L - Low 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

Semester III 

Year: II CORE CHOICE COURSE – CCC IIIA Credits: 5 

 25PH303A CONDENSED MATTER PHYSICS L T P C 

  4 1 0 5 

Objectives   

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

and common structures like NaCl, CsCl, and ZnS. 

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

like Einstein and Debye, and analyze anharmonic effects. 

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

on carrier concentration and effective mass concepts. 

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

ferromagnetism, and related theories like Langevin and Weiss models. 

  Understand ferroelectrics and superconductivity concepts, including ferroelectric 

domains, BCS theory, Cooper pairs, and superconducting applications. 
 

Unit 1: Crystal Structure 

Bravais lattices - classification of 2- and 3-dimentional Bravais lattices - Symmetry operations : 

point group- Space group (information only) - Common crystal structures : NaCl, CsCI, ZnS and 

Diamond - Packing density - hcp and ccp; Reciprocal lattice and Brillouin zone; Atomic 

scattering factor and crystal structure factor - Explanation of experimental methods (Laue, 

Rotation and Powder) on the basis of Ewald’s sphere construction. 
 

Unit 2: Lattice Vibrations and Thermal Properties 
Vibration of crystals with monoatomic lattices and diatomic lattices, acoustical and optical 

modes, long wavelength limits - Quantization of lattice vibrations - Phonon momentum - 

Inelastic scattering of neutrons by phonons; Density of modes in one-dimension and three- 

dimension - Lattice heat capacity - Einstein model - Debye model of the lattice heat capacity - 

Anharmonic effects in crystals - Umklapp process. 
 

Unit 3: Free Electron Theory, Energy Bands and Semiconductor Crystals 

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

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

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

free electron model - Origin of the energy band gap -Bloch functions - Kronig -Penny model; 

Classification of metal, semiconductor and insulator - Semiconductors - Bandgap - Properties of 

holes - effective mass in semiconductors - Intrinsic carrier concentration. 

 

Unit 4: Magnetic Properties of Solids 

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

paramagnetism; Weiss theory - Hund’s rules - Quenching of orbital angular momentum; Pauli 

paramagnetism; Ferromagnetism: Curie-Weiss law, Temperature dependence of saturation 

magnetization - Heisenberg’s exchange interaction - Magnons - Ferromagnetic domains - Origin 

of domains - Coercive force and hysteresis; Ferrimagnetism and antiferromagnetism. 
 

Unit 5: Superconductivity 



  

Occurrence of Superconductivity - destruction of superconductivity by magnetic field – 

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

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

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

Applications of superconductors. 
 

Books for Study: 
[1] C. Kittel, Introduction to Solid State Physics, 8th Edition, Wiley Eastern, New Delhi, 2012. 

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

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

[4] J. S. Blakemore, Solid State Physics, Second Edition, Cambridge University Press, Cambridge, 

London, 1985. 
 

Books for Reference: 

[1] A. J. Dekker, Solid State Physics, Macmillan India, 2000. 

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

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

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

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

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

Outcomes:  

[CO1]  Described crystal structures, including Bravais lattices, unit cells, symmetry operations, and 

common structures like NaCl, CsCl, and ZnS (K2).  

[CO2]  Investigated lattice vibrations, phonons, and thermal properties of crystals using Einstein and 

Debye models and analyzed anharmonic effects (K4).  

[CO3]  Analyzed free electron theory, energy bands, and semiconductor properties, focusing on 

carrier concentration and effective mass calculations (K4).  

[CO4]  Explained magnetic properties of solids, including diamagnetism, paramagnetism, 

ferromagnetism, and key theoretical models like Langevin and Weiss (K3).  

[CO5]  Summarized ferroelectric and superconductivity concepts, including BCS theory, Cooper 

pairs, Josephson effects, and their practical applications (K5). 
 

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

Mapping with Programme Outcomes 

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 

CO1 S S M M M L L M L M 

CO2 S S M S M L M M L M 

CO3 S S S M S L S M M S 

CO4 S S M S M L M M L S 

CO5 S M S M S L S S M S 

S - Strong; M - Medium; L - Low 

 

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


  

Semester III 

Year: II CORE CHOICE COURSE – CCC IIIB Credits: 5 

 25PH303B   ADVANCED NANOMATERIALS  L T P C 

  4 1 0 5 

Objectives:  

 To understand bulk synthesis methods for nanostructured materials. 

 To study physical, chemical, and electrochemical approaches for nanomaterial fabrication. 

 To learn nucleation and growth mechanisms of zero-dimensional nanostructures. 

 To analyze growth processes of one-dimensional nanowires and nanotubes. 

 To understand synthesis and epitaxial growth of two-dimensional thin film nanostructures. 

Unit-I: Bulk Synthesis  

Synthesis of bulk nanostructured materials - Sol Gel processing- Mechanical alloying and milling-

inert gas condensation technique-bulk and nano composite materials - Grinding - high energy 

ball milling-types of balls-WC and ZrO2-materials –ball ratio-limitations- melt quenching and 

annealing. 

 

Unit-II:  Physical and Chemical approaches  

Self assembly-Self Assembled Monolayers (SAM) - Vapour Liquid Solid (VLS) approach-Chemical 

Vapour Deposition (CVD) - Langmuir-Blodgett (LB) films - Spin coating - Templated self 

assembly Electrochemical approaches: Anodic oxidation of alumina films, porous silicon and 

pulsed electrochemical deposition  - Spray pyrolysis - Flame pyrolysis - Thin films -Epitaxy -

Lithography. 

 

Unit-III: Zero Dimensional (OD) structures: Nanoparticles 

Homogenous Nucleation -diffusion and surface controlled growth process - synthesis of metallic 

nanoparticles - semiconductor nanoparticles-metal oxide nanoparticles - vapor phase reactions -

solid state phase segregation -Heterogenous nucleation - kinetically confined nanoparticles. 

 

Unit-IV: One Dimensional (1D) nanostructures: Nanowires and Nanotubes  

Evaporation-condensation - Vapor- liquid - solid  (VLS) - VLS model - Nucleation and growth - 

surface and bulk diffusion – kinetics – growth of various nanowires –control of size –precursors 

and catalysts - single- and multi- wall CNT - Si nanowires – density and diameter – doping in 

nanowires.   

 

Unit-V: Two dimensional (2D) Nanostructures: Thin films  

Thin films- Environment for thin film deposition (Gas and Plasma) - Introduction to vacuum 

technology-physical vapour deposition techniques (Reactive sputtering (DC and RF), laser 

ablation); Epitaxy-different types of Epitaxy -  Lattice mismatch - Liquid Phase Epitaxy (LPE) - 

Molecular Beam Epitaxy (MBE)-Chemical vapour deposition (CVD) - Atomic layer deposition 

(ALD)  



  

Books for study and References: 
1. W. Gaddand, D.Brenner, S.Lysherski and G.J.Infrate (Eds), Handbook of nanoscience, Engg 

and Technology, CRC Press,2002. 

2. G.Cao, Naostructures and Nanomaterials: Synthesis, properties and applications, Imperical 

College Press, 2004. 

3. J.George, Preparation of thin films, Marcel Dekker, InC., New York, 2005. 

4. C.N.R.Rao, A.Muller, A.K.Cheetham (Eds), The chemistry of nanomaterials: Synthesis, 

properties and applications, Wiley VCH Verlag Gmbh&Co, Weinheim, 2004. 
 

Course Outcomes:  
CO1: Understand bulk synthesis techniques for nanostructured and composite materials. 

CO2: Explain physical, chemical, electrochemical, and lithographic approaches for nanomaterial synthesis. 

CO3: Understand nucleation and growth mechanisms of zero-dimensional (0D) nanostructures. 

CO4: Analyze growth mechanisms and properties of one-dimensional (1D) nanostructures such as 

nanowires and nanotubes. 

CO5: Understand synthesis and epitaxial growth of two-dimensional (2D) nanostructures and thin films. 

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

Mapping with Programme Outcomes 

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 

CO1 S M M L M L L L L L 

CO2 S M M M S L L L L M 

CO3 M S M M M L M L L M 

CO4 M S M M S L L L L M 

CO5 M S S M S M L L M M 

S - Strong; M - Medium; L - Low 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

Semester III 

Year: II ELECTIVE COURSE – EC IIIA Credits: 4 

 25PH324A PHYSICS OF NANOMATERIALS AND 
APPLICATIONS   

L T P C 

  4 1 0 4 

Objectives   

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

and their significance in nanostructures and nanoelectronics. 

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

techniques, for fabricating low-dimensional nanomaterials. 

  Understand the principles and techniques for characterizing nanomaterials, 

focusing on electron microscopy and scanning probe methods. 

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

effects, excitons, plasmonics, and carrier transport phenomena. 

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

artificial photosynthesis, and biomedical fields. 

 

Unit 1: Introduction 

Length scales in materials and physics - Surface-volume-ratio - Low dimensional 

Nanostructures - Band theory of solids and density of states of bulk and nanostructures (1D, 2D 

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

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

lithographic techniques and limitations-Roadmap of Semiconductor Industry. 

 

Unit 2: Synthesis Methods 

Top down and Bottom up approach - Ball milling - Gas phase condensation - Physical vapor 

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

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

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

Hydrothermal synthesis - Colloidal methods. 
 

Unit 3: Characterization of Nanomaterials 

Field Emission Scanning Electron Microscopy (FESEM) - X-ray photoelectron spectroscopy 

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

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

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

(SNOM). 
 

Unit 4: Optical and Electrical Properties 

Radiative processes: Absorption - emission and luminescence - Size induced Optical properties 

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

excitons. Excitons in semiconductors - Plasmonics - Surface Plasmon Resonance (SPR). Electron 

Transport: Carrier transport in low - dimensional systems (LDS) - Coulomb blockade effect - 



  

SET phenomena - Thermionic emission - tunnelling and hoping conductivity - Quantum Hall 

effect - topological insulators. 
 

 

Unit 5: Applications 

Nanoelectronics & Photonics: Nanowires and thin films for LED, Laser Diode and solar cells - 

Single electron devices. Energy & Environment:  Artificial photosynthesis. Biomedical & 

Healthcare Applications: Nanoparticles in medicine/drug delivery. 

 

Books for Study: 

[1] Guozhong Cao and Ying Wang, Nanostructures and Nanomaterials: Synthesis, Properties, and 

Applications, Volume 2, World Scientific Publishing Co. Pte. Ltd, 2011. 

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

2007. 

[3] Sulabha K. Kulkarni, Nanotechnology: Principles & Practices, Wiley, Capital Publishing Company, 

Third Edition, 2011. 

[4] David Schmool, Nanotechnologies: The Physics of Nanomaterials (2-Volume Set) by, Apple 

Academic Press/Routledge, 2021. 

 

Books for Reference: 

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

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

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

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

 

Online/Web Resources:  
[1] https://nptel.ac.in/ 

[2] https://ocw.mit.edu/courses/ 

[3] https://nanohub.org/ 

[4] https://physicsworld.com/ 

 

Outcomes:  

[CO1]  Examined the principles of nanoscale physics, including quantum confinement effects 

and their implications for nanostructures and nanoelectronics (K2).  

[CO2]  Investigated synthesis techniques for nanomaterials, employing both physical and chemical 

approaches to create low-dimensional structures (K3).  

[CO3]  Applied advanced characterization methods such as electron microscopy and scanning 

probe techniques to analyze nanomaterials (K3).  

[CO4]  Analyzed the optical and electrical properties of nanostructures, focusing on size-

dependent effects, excitons, plasmonics, and carrier transport (K4).  

[CO5]  Evaluated the applications of nanotechnology in energy devices, single-electron systems, 

artificial photosynthesis, and medical innovations (K5). 

  

 



  

  

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

Mapping with Programme Outcomes 

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 

CO1 S S M M M L M M L S 

CO2 S M S M S M S L M M 

CO3 S S M S S M M M L S 

CO4 S S S S S L S M M S 

CO5 S M S M M M S S M S 

S - Strong; M - Medium; L - Low 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Semester III 

Year: II ELECTIVE COURSE (EC) IIIB Credits: 4 

 25PH324B ADVANCED QUANTUM MECHANICS L T P C 

  4 1 0 4 

Objectives   

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

Hamiltonians. 

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

formalism. 

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

 

Unit 1: Time Independent Perturbation Theory 

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

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

effect without electron spin. 
 

Unit 2: Time Dependent Perturbation Theory 
Constant perturbation – Transition probability - Fermi Golden Rule –Harmonic perturbation – Adiabatic 

and sudden approximation.  Semi classical theory of Radiation: Application of the Time dependent 

perturbation theory to semi classical theory of radiation. 
 

Unit 3: Variation Method 

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

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

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

Unit 4: Relativistic Quantum Mechanics 
Klein-Gordon equation - Charge and current densities – Interaction with electromagnetic field – 

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

Probability density – Dirac matrices – Plane wave solution – Eigen spectrum – Spin of Dirac particle – 

Significance of negative eigenstate – electron in a magnetic field – Spin magnetic moment. 
 

Unit 5: Many Electron Systems 

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

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

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

theory – The Hydrogen molecule ion – H2+. S 
 

 

Books for Study: 

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

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

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

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



 

 

India, New Delhi, 2012. 

[5] Ajit Kumar, Fundamental of Quantum Mechanics, Cambridge University Press, Cambridge, 2018. 

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

2022. 

 

Books for Reference: 

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

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

[3] D. J. Griffiths, Introduction to Quantum Mechanics, Cambridge University Press, Cambridge, 2020. 

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

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

 

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

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

 

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

[CO1] Understand three approximation methods. 

[CO2] Compute the correction in energy using the approximation technique. 

[CO3] Apply the approximation method to the stationary state problem. 

[CO4] Appreciate the relativistic effect in quantum mechanics. 

[CO5] Acquire basic knowledge of atomic and molecular structures. 

  

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

Mapping with Programme Outcomes 

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 

CO1 S S S M M L L M L M 

CO2 S S S S M L M M L S 

CO3 S S S M S L L M L S 

CO4 S S S S S L M S L S 

CO5 S S S M S L M M L S 

S - Strong; M - Medium; L - Low 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://nptel.ac.in/courses/115103104
https://theory.physics.manchester.ac.uk/~judith/AQMI/PHYS30201.pdf


 

 

Semester III 
Year: II CORE PRACTICAL (CP) - III Credits: 3 

 25PH315 GENERAL PHYSICS & MATERIALS SCIENCE 
LABORATORY 

L T P C 

  1 0 4 3 

Objectives: 

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

laboratory experiments that explore the properties of materials and the interplay between processing 

and performance. 

 

Any Twelve experiments: 
 
[1] Preparation of metal oxide nanoparticles (CuO) by Sol-gel method  

[2] Preparation of magnesium ferrite by single step combustion method  

[3] Growth of semiconducting/insulating/polycrystalline thin films and their 

characterization. 

[4] Solubility measurements at various solvents at room temperature by gravimetric method.  

[5] Growth of magnesium sulfate crystals  

[6] Determination of Melting Point of crystalline materials  

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

[8] Lattice constants (Cell) refinement using computer program  

[9] Analysis of molecular structure: FTIR and Raman  

[10] Calculation of dipole moment, linear polarizability and energy gap of ZnO nanoclusters by  

Semi- empirical method  

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

given material using He-Ne Laser.  

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

(DLS) 

[13] Evaluating nonlinear optical properties of a material.  

[14] I-V characteristics of light emitting diodes  

[15] Determination of Planck’s constant by photoelectric effect  

[16] Optical constant of dielectric and metal films.  

[17] Dispersion relation in a periodic electrical circuit: an analog of monoatomic and diatomic 

lattices.  

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

[19] Hall Coefficient of a semiconductor.  

[20] Energy bandgap of a semiconductor by four probe methods.  

[21] Curie temperature measurements for ferroelectric materials.  

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

[23] Calibration check of survey instruments and pocket dosimeters.  

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

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

 



 

 

 

Outcomes:  

After completing the course, the student will be able to:  

[CO1] Understand the concepts and use research equipment (microscope, oscilloscope, etc.) for 

materials analysis and data acquisition.  

[CO2] Design and conduct experiment that probe materials properties.  

[CO3] Apply concepts to the analysis of experimental data.  

[CO4] Apply a methodology for materials selection to scientific problems.  

 

 

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

Mapping with Programme Outcomes 

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 

CO1 S S M M M L L M L M 

CO2 S S S M M L M M L S 

CO3 S S M S S L S M M S 

CO4 S S S S S L M S M S 

CO5 S M M S S L M S L S 

S - Strong; M - Medium; L - Low 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

Semester IV 

Year: II CORE COURSE – CC VII Credits: 5 

 25PH401 LASERS AND NONLINEAR OPTICS L T P C 

  5 1 0 5 

Objectives   

  To understand the basic theory of laser action and apply them to classify lasers 

  To explain the concept of Q-switching and illustrate the working of various advanced 

lasers available  

  To describe the basic Physics of nonlinear optics and demonstrate different NLO 

phenomena 

  To illustrate the application of lasers in various fields  

 

Unit 1: Conventional lasers 

Spontaneous and Stimulated Emission - Einstein Coefficients – Levels of laser action: Two level – 

Three level – Four level lasers – Types of lasers (outline only) – Solid State Lasers: Ruby laser 

and Nd:YAG laser – Gas lasers : He-Ne laser and CO2 laser – Liquid laser : Liquid Eu3+ laser and 

Dye laser – Semiconductor laser – White laser. 

 

Unit 2: Advanced lasers 
Q-Switching: Electro-optic Shutter (Kerr effect and Pockels effect) – Mechanical and Saturable 

Absorber Shutters – Theory of Giant Pulse dynamics – Laser amplifiers – Mode locking – Nobel 

Prizes in Physics (2018 and 2023) and ultrashort pulses – Generation of Femtosecond pulse 

lasers (Chriped Pulse Amplification) – Attosecond light pulses. 

 

Unit 3: Basics of Nonlinear Optics 

Wave propagation in an anisotropic crystal – Polarization response of materials to light – 

Harmonic generation – Second harmonic generation –Phase matching – Sum and difference 

frequency generation– Third harmonic generation – Parametric generation of light – Self-

focusing of light.  

 

Unit 4: Nonlinear Absorption and Refraction 

Fundamentals of multi-quantum photoelectric effect – Theory of Two photon Absorption (2PA) 

process – Experiment evidences of 2PA materials – Three and Multi photon process –Intensity 

dependent refractive index –Phase Conjugated Optics – Stimulated Raman scattering – Classical 

treatment of Hyper Raman effect.  

 

Unit 5: Applications of Lasers 

Materials processing with lasers: Drilling, Cutting, and Welding – Nuclear fusing with lasers – 

Fibre Optic Communication – Principle of holography – Applications of holography (Holography 

microscopy and Particle size analysis) – Laser range finders – Laser Gyro – Lasers in 

ophthalmology (Photocoagulation and LASIK) – Optical computing.  



 

 

Books for Study: 

[1] K.R. Nambiar, Lasers: Principles, Types and Applications, New Age Inter-national Publishers Ltd, New 

Delhi, 2014.  

[2] B.B. Laud, Lasers and Nonlinear Optics, 3rd Edn., New Age International Pvt. Ltd., New Delhi, 2011. 

[3] Ralf Menzel, Photonics, Springer-Verlag Berlin Heidenberg, New York, 2007. 

 

Books for Reference: 

[1] Richard L. Sutherland, Handbook of Nonlinear Optics, Marcel Decker Inc, New York, 2003. 

[2] R.W. Boyd, Nonlinear Optics, 2nd Edn., Academic Press, New York, 2003. 

[3] W.T. Silfvast, Laser Fundamentals, Cambridge University Press, Cambridge, 2003. 

[4] Y.R. Shen, The Principles of Nonlinear Optics, Wiley & Sons, New Jersey, 2003. 

 

Online/Web Resources:  
[1] https://nptel.ac.in/courses/ 104104085 

[2] https://nptel.ac.in/courses/ 115102124 

[3] https://nptel.ac.in/courses/ 115101008 

 

Outcomes:  

(CO1) Explain the fundamental theory of laser actions  

(CO2) Brief out the various concepts of advanced laser systems  

(CO3) Describe the elementary ideas of nonlinear optics  

(CO4) Elaborates the utilization of NLO phenomenon in various optical scenarios.  

(CO5) Illustrates the outline of application of lasers in various sectors  

  

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

Mapping with Programme Outcomes 

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 

CO1 S S M M M L M M L M 

CO2 S S S M S L M M L S 

CO3 S S S S S L M M L S 

CO4 S S S S S L M M L S 

CO5 S M M M S M S S M S 

S - Strong; M - Medium; L - Low 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

Semester IV 

Year: II CORE COURSE (CC) - VIII Credits: 5 

 25PH402 NONLINEAR DYNAMICS AND COMPLEX 
SYSTEMS   

L T P C 

  5 1 0 5 

Objectives   

  Explore nonlinear phenomena in physical systems using foundational physics and 

mathematics. 

  Understand the emergence and characteristics of chaotic behavior in dynamical systems. 

  Study bifurcations, chaos, and synchronization with applications in real-world systems. 

  Investigate fractals and network dynamics in natural and engineered contexts. 

  Develop proficiency in Python simulations for modeling chaos, fractals, and solitons. 

 

Unit 1: FUNDAMENTALS OF NONLINEAR DYNAMICS 

Nonlinear differential equations - Autonomous and nonautonomous systems - Phase-space, trajectories, 

and limit sets - Fixed points and limit cycles in one- and two-dimensional systems - Poincaré-Bendixson 

theorem - Periodic orbits and their characteristics - Python simulations of phase portraits and limit 

cycles - Exercises on nonlinear dynamics and phase-space analysis.  

 

Unit 2: BIFURCATIONS AND CHAOTIC SYSTEMS 

Bifurcations: saddle-node, pitchfork, and Hopf - Introduction to chaos in three-dimensional systems 

(e.g., Duffing and van der Pol oscillators, Lorenz system, and Rössler equations) - Strange attractors and 

routes to chaos - Period-doubling cascades and Feigenbaum constant - Lyapunov exponents: concepts 

and computation - Python-based bifurcation diagrams and Lyapunov exponent analysis - Exercises on 

bifurcations and chaotic behavior. 

 

Unit 3: DISCRETE DYNAMICAL SYSTEMS AND CHAOS CONTROL 

Discrete systems: logistic and Hénon maps - Period-doubling routes to chaos - Poincaré sections and 

maps - Chaos synchronization: complete and phase synchronization - Chaos control: OGY and feedback 

methods - Applications in secure communications and electrical systems - Python simulations of 

discrete maps and synchronization - Exercises on discrete dynamics and control. 

 

Unit 4: FRACTALS AND NETWORK DYNAMICS 

Fractal geometry: Cantor set, Koch curve, Mandelbrot set - Fractal dimensions of attractors - Coupled 

oscillators and complex network dynamics - Pattern formation in natural systems (e.g., reaction-

diffusion) - Data-driven modeling with machine learning (e.g., chaos prediction) - Python visualization 

of fractals and network dynamics - Exercises on fractals and patterns. 

 

Unit 5: SOLITONS AND INTERDISCIPLINARY APPLICATIONS 

Nonlinear waves and solitons - Scott Russell phenomenon  and Korteweg-de Vries (KdV) equation - One- 

and two-soliton solutions - Fermi-Pasta-Ulam (FPU) problem and recurrence - Applications in biology 

(e.g., propagation of nerve impulses) and fluid dynamics - Python simulations of soliton dynamics - 

Exercises on solitons and applications. 



 

 

 
Books for Study: 
[1] Nonlinear Dynamics: Integrability, Chaos and Patterns, M. Lakshmanan, and S. Rajasekar, Springer-

Verlag, 2003. 

[2] Nonlinear Dynamics and Chaos With Applications to Physics, Biology, Chemistry, and Engineering, 

S. H. Strogatz, 3rd Ed., Chapman and Hall/CRC, 2024.  

[3] M. Lakshmanan and K. Murali, Chaos in Nonlinear Oscillators, World Scientific, Singapore, 1996. 

[4] Nonlinear Dynamics: A Hands-On Introductory Survey, M. R. Roussel, IOP Publishing, 2019. 

[5] Chaos in Dynamical Systems, E. Ott, Cambridge University Press, 2002. 

 

Books for Reference: 

[1] Chaos and Nonlinear Dynamics: An Introduction for Scientists and Engineers, R. C. Hilborn, Oxford 
University Press, 2000. 

[2] Nonlinear Dynamics and Quantum Chaos: An Introduction (Graduate Texts in Physics), 2nd Ed., S. 
Wimberger, Springer, 2022. 

[3] Nonlinear Dynamics, G. Datseris, Springer, 2022. 

 

Online/Web Resources:  
[1] https://archive.nptel.ac.in/courses/115/105/115105098/ 

[2] https://nptel.ac.in/courses/115103115 

 

Outcomes:  

[CO1] Students will analyze nonlinear dynamical systems by constructing phase portraits, 

identifying limit cycles, and characterizing chaotic attractors (K2). 

[CO2] Students will identify bifurcations, such as saddle-node, pitchfork, and Hopf, and interpret their 
role in transitions to chaos in continuous and discrete systems (K4). 

[CO3] Students will quantify chaotic behavior using Lyapunov exponents, fractal dimensions, and 

Poincaré maps through computational tools (K4). 

[CO4] Students will apply chaos control and synchronization techniques to engineering systems 

and secure communication applications (K3). 

[CO5] Students will perform Python-based simulations to model nonlinear dynamics, including 

fractal structures and soliton interactions (K6). 

  

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

Mapping with Programme Outcomes 

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 

CO1 S L S L M S M L M S 

CO2 S M S L S S S M M S 

CO3 S M S L S S S M M S 

CO4 S M S L M S S L M S 

CO5 M L S L M S M L L S 

S - Strong; M - Medium; L - Low 

 

 



 

 

Semester IV 

Year: II ENTREPRENEURSHIP/INDUSTRY BASED COURSE - I Credits: 4 

 25PH403 CRYSTAL GROWTH METHODS AND 
CHARACTERIZATION 

L T P C 

  4 1 0 4 

Objectives   

  To discuss different crystal growth methods, emphasizing nucleation theory and the 

kinetics of homogeneous and heterogeneous nucleation. 

  To explain the process of solution growth techniques, including various methods for 

crystal growth from low-temperature solutions and the gel growth technique. 

  To analyze the principles and processes involved in melt growth techniques, including 

the Bridgman and Czochralski methods for crystal growth. 

  To describe the physical and chemical vapor transport methods for crystal growth, 

focusing on the transport processes and conditions for successful growth. 

  To demonstrate the use of various characterization techniques such as XRD, FT-IR, 

Raman, UV-Visible spectroscopy, and micro hardness testing for material analysis. 

 

Unit 1: Nucleation Theory 

Importance of crystal growth – Classification of crystal growth methods – Nucleation Theory - 

Kinds of nucleation – Homogeneous nucleation - Heterogeneous nucleation - secondary 

nucleation - Classical theory of nucleation: Gibbs Thomson equations for vapour and solution – 

Kinetic theory of nucleation – Becker and Doring concept on nucleation rate – Energy of 

formation of a spherical nucleus - Statistical theory on nucleation: Equilibrium concentration of 

critical nuclei, Free energy of formation. 

 

Unit 2: Solution Growth Techniques Growth from Low Temperature Solutions 

Selection of solvents and solubility – Meir’s solubility diagram – Saturation and supersaturation 

– Metastable zone width – Growth by restricted evaporation of solvent, slow cooling of solution 

and temperature gradient methods - Gel Growth Technique: Principle – Various types –

Structure of gel – Importance of gel – Experimental procedure – Chemical reaction method – 

Single and double diffusion method – Chemical reduction method – Complex and decomplexion 

method – Advantages of gel method. 

 

Unit 3: Melt Growth Techniques 

Basics of melt growth - Bridgman method – Growth apparatus: Crucibles, Heater, measurement 

and control of temperature – growth process – Applications of Bridgman method; Czochralski 

technique – Growth apparatus – seed preparation – pulling rate – shape of crystal melt 

interface – Growth process. 

 

Unit 4: Vapour Growth Techniques 

Physical Vapour Transport (PVT) – Processes of sublimation and condensation - principle – 



 

 

crystal growth in closed and semi-open ampoules – Chemical Vapour Transport – Criteria for 

the choice of transport reaction – Transported materials and transporting agents – 

Temperature variation method for crystal growth: Stationary temperature profile, linearly time 

varying temperature profile and Oscillatory temperature profile. 

 

Unit 5: Characterization Techniques 

X-Ray Diffraction (XRD) – Powder and single crystal – Fourier transform Infrared – Raman - 

analysis (FT-IR) – TG-DTA /DSC - UV-Visible spectrometer – Photoluminescence - Vickers 

Micro hardness - Chemical Etching. 
 

Books for Study: 

[1] P. Santhana Ragavan and P. Ramasamy, Crystal Growth Processes and Methods, KRU Publications, 

Kumbakonam, 2001. 

[2] K. Sangwal, Elementary Crystal Growth (Edited), SAAN Publishers, Lublin, 1994. 

[3] Govindhan Dhanaraj, Kullaiah Byrappa, Vishwanath Prasad, Michael Dudley (Eds.), Hand book of 

Crystal Growth, Springer Heidelberg Dordrecht London New York, 2010. 

[4] H.L. Bhat, Introduction to Crystal Growth Principles and Practice, CRC Press, Taylor & Francis 

Group, Boca Raton, Florida, 2015. 

[5] Sam Zhang, Lin Ki, Ashok Kumar, Materials Characterization Techniques, CRC Press, Taylor& 

Francis Group, Boca Raton, Florida, 2009. 

[6] J. C. Brice, Crystal Growth Processes, John Wiley and Sons, New York, 1986. 

 

Books for Reference: 

[1] R. Rodriguez-Clemente and C. Paorici, Crystalline Materials: Growth and Characterization (Etd.), 
Trans Tech Publications Ltd, Switzerland, 1991. 

[2] A.C. Zettlemoyer, Nucleation (Edited), Marcel Dekker, Inc. NewYork, 1969. 

[3] J.W. Mullin, Crystallization, Elsevier, Butterworth-Heinemann, London, 2004. 

[4] A.W. Vere, Crystal Growth: Principles and Progress, Plenum Press, New York, 1987. 

[5] Ichiro Sunagawa, Crystals: Growth, Morphology and Perfection, Cambridge University Press, 
Cambridge, 2005. 

[6] B.R. Pamplin, Crystal Growth, Pergamon Press, Oxford. 1975. 

 

Online/Web Resources:  
[3] https://nptel.ac.in/courses/115106059 

[4] https://nptel.ac.in/courses/104102114 

[5] https://nptel.ac.in/courses/108101002 

 

Outcomes:  

[CO1] Discussed the different crystal growth methods, focusing on nucleation theory and the 

kinetics of homogeneous and heterogeneous nucleation (K1, K2, K4). 

[CO2] Explained the process of solution growth techniques, including methods for crystal growth from 

low- temperature solutions and gel growth techniques (K2, K3). 

[CO3] Analyzed the principles and processes involved in melt growth techniques, with a focus 

on the Bridgman and Czochralski methods for crystal growth (K3, K4). 

[CO4] Described the physical and chemical vapor transport methods for crystal 



 

 

growth, including sublimation, condensation, and transport agents (K2, K3). 

[CO5] Demonstrated the use of various characterization techniques such as XRD, FT-IR, Raman, 

UV-Visible spectroscopy, and micro hardness testing for material analysis (K2, K4). 

 

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

Mapping with Programme Outcomes 

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 

CO1 S S M M M L M M L M 

CO2 S S S M M M S M M S 

CO3 S S S M M L S M L S 

CO4 S S S M M L S M L S 

CO5 S S M S S M M S M S 

S - Strong; M - Medium; L - Low 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 SEMESTER IV 

RESEARCH BASED COURSE – IV A  

Credits: 2 

 25PH424A RESEARCH METHODOLOGY AND        
PUBLICATION ETHICS 

L T P C 

  2 1 0 2 

Objectives   

  To introduce the fundamentals of research methodology and scientific writing. 

   To create awareness about ethics, integrity, and responsible conduct in research. 

  To understand publication ethics, authorship norms, and misconduct in research 

  To familiarize researchers with open-access publishing and journal selection tools. 

  To develop the ability to identify and prevent plagiarism and other unethical practices. 

 

Unit 1: Research Methodology 

Objectives of research - importance of research - importance of research methodology in 

research study -  various stages of a research - selection of a research topic and problem - 

identification of a research topic and problems - literature survey - reference collection - mode 

of approach - presenting a scientific seminar - art of writing a dissertation.  
 

Unit 2: Scientific Conduct 
Ethics with respect to science and research Intellectual honesty and research integrity, 

copyright Scientific misconduct: falsification, fabrication and Plagiarism (FFP) Redundant 

Publication: duplication and overlapping publication n salami slicing Selective reporting and 

misrepresentation of data. 
 

Unit 3: Publication Ethics 

Publication ethics:  definition, introduction and importance -Best practices / standards setting 

initiatives  and  guidelines:  COPE,  WAME,  etc. - Conflicts  of  interest -Publication  misconduct: 

definition, concept, problems that lead to unethical behaviour and vice versa, types -Violation of 

publication  ethics,  authorship  and contributor  ship-Identification  of  publication  

misconduct, complaints and appeals - Predatory publisher and journals. 
 

Unit 4: Open access publishing 

Open access publication and initiatives SHERPA/RoMEO online resource to check publisher 

copyright and self-archiving policies Software tool to identify predatory publication developed 

by SPPU Journal  finder/journal  suggestion  tools  viz.  JANE, Elsevier  Journal  finder,  Springer,  

Journal  Suggester, etc. 
 

Unit 5: Publication Misconduct 

Group Discussion : Subject Specific Ethical Issues FFP, authorship Conflict interest Complaints 

and appeals: examples and fraud from India and abroad; Software tools : Use of plagiarism 

software like turnitin, Urkund and other open source software tools.  



 

 

Books for Study: 

 
[1] S. Rajasekar, P. Philominathan, V. Chinnathambi, Research Methodology, arXiv:physics /0601009, 

https://doi.org/10.48550/arXiv.physics/0601009 

[2] David B. Resnik, What is Ethics in Research & Why is it Important?  

[3] Ethics in Science Education, Research and Governance - Indian National Science Academy.  

[4] Paul Oliver, The Student's Guide to Research Ethics, Open University Press, 2003. 

[5] Adil E. Shamoo, David B. Resnik, Responsible  Conduct  of  Research, Oxford University Press, 2003. 

 

Books for Reference: 
[1] Kambadur Muralidhar, Amit Ghosh, Ashok Kumar Singhvi, Ethics in Science Education, Research 

and Governance Edited, Indian  National  Science  Academy,  2019. 

[2] Bordens K.S. and Abbott, B.b., Research Design and Methods, Mc Graw Hill, 2008. 

[3] Graziano,  A.,  M., and  Raulin,  M.,L., Research  Methods - A  Process  of  Inquiry,  Sixth Edition, 

Pearson, 2007. 

 

Online/Web Resources: 

[1] https://www.niehs.nih.gov/research/resources/bioethics/whatis/index.cfm 

[2] https://www.insaindia.res.in/pdf/Ethics_Book.pdf 

[3] https://ori.hhs.gov/sites/default/files/rcrintro.pdf 

 

Outcomes:  

CO1: Understand research methodology, problem formulation, literature survey, and scientific writing. 

CO2: Understand ethical principles, research integrity, and scientific misconduct. 

CO3: Apply publication ethics, authorship norms, and ethical standards in scholarly publishing. 

CO4: Understand open-access publishing models, copyright issues, and journal selection tools. 

CO5: Identify, analyze, and prevent publication misconduct using ethical reasoning and software tools. 

 
 

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

Mapping with Programme Outcomes 

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 

CO1 S M M S L L L L L S 

CO2 M M L M L S S S L M 

CO3 M M L M L S S S L M 

CO4 L L L L S M M M M M 

CO5 M S M S S S S S M M 

S - Strong; M - Medium; L - Low 

 

 

 

 

https://arxiv.org/search/physics?searchtype=author&query=Rajasekar,+S
https://arxiv.org/search/physics?searchtype=author&query=Philominathan,+P
https://arxiv.org/search/physics?searchtype=author&query=Chinnathambi,+V
https://doi.org/10.48550/arXiv.physics/0601009


 

 

 VALUE ADDED COURSE – II A  Credits: 2 

 25PH237A WORKSHOP PRACTICE L T P C 

  2 1 0 2 

Objectives   

  This course is designed to introduce students to the fundamental of Workshop practice for 

the design of different products required in research and laboratory purpose.  

  To provide machine experience in lathe, shaping and milling machine operations  

  To provide machine experience in welding fabrication techniques. 

  To teach bench work for fitting for different application. 
 

Unit 1: Lathe, Milling and shaping Machines 

Different lathe operation - Plain turning and Step turning - Different Milling operation - Cube 

machining, Step machining - Different shaping operation. 

 

Unit 2: Arc Welding and Bench work for fittings:   
Different welding joints - welding practice, Butt joint - Different bench work practices - Filing, 

filing with hacksaw cutting, square cutting, Step cutting. 

 

Books for Study :  

[1] Kumar:  Trade turnership theory and practice, New Heights, New Delhi, 1996. 

[2] R. S. Khurmi, J. K. Gupta: Theory of Machines, Eurasia Publishers, New Delhi, 2013. 

[3] H. S. Bawa: Workshop Technology, Tata Mc Graw- Hill, 1995. 

[4] S. K. Hajree Chaudhary: Workshop technology, Media Promoters and Publishers Pvt. Ltd,1999. 

 

Outcomes: Students will be able to 

[CO1] Learned about the fundamental of mechanical operation such as (a) lathe (b) milling (c) shaping 

[CO2] Understanding the practical knowledge on welding techniques 

[CO3] Learned bench work practice for (a) filing (b) hacksaw cutting (c) square cutting etc.,  

[CO4] Students would gain in workshop technology to designing and making new products that’s 

unavailable in the market. 

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

Mapping with Programme Outcomes 

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 

CO1 S M M L M L L L L M 

CO2 M S S M S M M L M M 

CO3 M S S M S S S L M M 

CO4 L M L M M S M L M M 

CO5 L M M L M M M M S S 

S - Strong; M - Medium; L - Low 
 
 



 

 

 VALUE ADDED COURSE – II B Credits: 2 

 25PH237B ADDITIVE MANUFACTURING L T P C 

  2 1 0 2 

Objectives   

  To impart students to the fundamentals of various 3D Printing Techniques for application 

to various industrial needs.  

  To convert part file into STL format  

  To understand the method of manufacturing of liquid based, powder based and solid 

based techniques. 

 

Unit 1: Introduction to AM 

AM evolution, Distinction between AM & CNC machining, Steps in AM, Classification of AM processes, 

Advantages of AM and Types of materials for AM. 
 

Unit 2: Introduction to 3D printing 
Historical perspectives, advantages. Commonly used terms, process chain, 3D modelling, Data 

Conversion, and transmission, Checking and preparing, Building, Post processing, RP data formats, 

Classification of 3D printing process, Applications. 
 

Unit 3: Stereo lithography apparatus (SLA) 

Models and specifications, process, working principle, photopolymers, photo polymerization, layering 

technology, laser and laser scanning, applications, advantages and disadvantages, case studies.  

Unit 4: 

 

Solid ground curing (SGC) and Solid Based 3D Printing Laminated object 

manufacturing (LOM) 

Models and specifications, process, working, principle, applications, advantages and 

disadvantages; Models and specifications, Process, Working principle, Applications, Advantages 

and disadvantages, Case studies.  

 

Unit 5: Fused Deposition Modelling (FDM) 

Models and specifications, Process, Working principle, Applications, Advantages and disadvantages, 

Case studies, practical demonstration.  

 

Books for Reference and study : 

[1] Ian Gibson, David W Rosen, Brent Stucker, Additive Manufacturing Technologies: 3D Printing, Rapid 

Prototyping, and Direct Digital Manufacturing, Springer, 2015, 2nd Edition.  

[2] Chua Chee Kai, Leong Kah Fai. 3D Printing and Additive Manufacturing: Principles & Applications, 

World Scientific, 2015, 4th Edition. 

 

Online/Web Resources: 

[1] https://www.coursera.org/specializations/3d-printing-additive-manufacturing 

[2] https://www.classcentral.com/course/3d-printing-software-5993  

[3] https://nielit.gov.in/aurangabad/content/certificate-course-additive-manufacturing3d-printing  

 



 

 

Outcomes: On completion of the course the student will be able to:  

[CO1] Use software tools for 3D printing  

[CO2] Prepare 3D printed modules  

[CO3] Construct products using LOM and FDM technologies for novel applications  

 

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

Mapping with Programme Outcomes 

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 

CO1 S M L L M L L L M L 

CO2 M M M L S L L L L M 

CO3 M S M M S L L L L M 

CO4 M S M M M L L L L M 

CO5 M S S M S M L L M M 

S - Strong; M - Medium; L - Low 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 VALUE ADDED COURSE – II C Credits: 2 

 25PH237C PYTHON PROGRAMMING L T P C 

  2 1 0 2 

Objectives   

  To provide an introductory level learning of python programming.  

  To give a hands-on experience in Python programing with programming practices. 

Unit 1: Python Basics 

Introduction – Basic Syntax - Variable and Data Types – List, tuple, dict, and set – Operators – 

Conditional Statements – If, If- else, nested if-else – Looping – For, While, Nested loops – Control 

Statements – Break, Continue, Pass – String Manipulation - Basic Operations and String slices. 
 

Unit 2: Advanced Features in Python 
Function and Methods – Functions – Defining a function, Calling a function, Types of functions, Function 

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

Unit 3: Programming Practice 

1. Curve fitting – Straight-line, Exponential and power-law fits 

2. Real and complex roots of algebraic equations: Newton-Rapshon method 

3. Numerical Integration: Simpson’s method 

4. Monte-Carlo simulation: Estimation of the value of π 

5. Numerical solution to ordinary differential equations: Euler and forth order Runge-Kutta methods. 
 

Textbooks:  

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

[2] S. Taneja and N. Kumar, Python Programming: A modular Approach, Pearson India, Noida, 2018.  

[3] M. Lutz, Learning Python, 3rd Edition, O’Reilly Media, Sebastopol, 2007. 

[4] M. Lutz, Programming Python, 4th Edition, O’Reilly Media, Sebastopol, 2010. 
 

Outcomes:  
[CO1] Understand Python syntax, data types, and control structures. 

[CO2] Apply Python functions, modules, and programming constructs effectively. 

[CO3] Solve basic computational and numerical problems using Python. 

[CO4] Implement numerical methods and simulations using Python. 

[CO5] Develop logical thinking and problem-solving skills through Python programming. 

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

Mapping with Programme Outcomes 

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 

CO1 S M L L M M M L M L 

CO2 M S M L S S L M L M 

CO3 M S S M S S L M L M 

CO4 M S M S S S L M L M 

CO5 M S S M M M M M M M 

S - Strong; M - Medium; L - Low 



 

 

 VALUE ADDED COURSE – IV A Credits: 2 

 25PH436A   GREEN ENERGY SOURCES L T P C 

  2 1 0 2 

Objectives   

  To provide a strong foundation in electrochemical principles, thermodynamics, and kinetics 

governing modern energy conversion and storage systems.  

  To develop an understanding of photovoltaic technologies, including conventional and 

emerging solar cells such as DSSC, quantum dot, organic, and tandem solar cells 

  To introduce the principles, design, and operation of fuel cells and hydrogen-based energy 

systems, emphasizing efficiency and sustainability.  

  To familiarize students with hydrogen production techniques, including water electrolysis, 

artificial photosynthesis, and photoelectrochemical water splitting.  

  To enable critical evaluation of energy storage technologies, including lithium-ion 

batteries, supercapacitors, and hybrid energy storage systems for real-world applications.  

  

Unit 1: Fundamental concepts in energy systems 

Electrochemical cell, Faraday’s laws, electrode potentials, thermodynamics of electrochemical 

cells, polarization losses in electrochemical cells, electrode process and kinetics, electrical 

double layer, photoelectrochemical cell (pec), thermoelectric effect. 

 

Unit 2: Solar Cells 
Principles of photovoltaic – Air Mass 1.5G filter – Schottky - Queisser limit – Thin film Solar 

cells (p-n) - Dye Sensitized Solar Cells (DSSC) - Quantum dots solar cells (QDSC), Quantum wire 

SC - Organic Solar cells - Tandem devices. 

 

Unit 3: Fuel Cells 

Fuel Cells principles and architectures – Classification; Electrolyte and Operating temperatures; 

Proton exchange membrane fuel cells (PEMFC); Phosphoric Acid fuel cell (PAFC); Direct 

methanol fuel cells (DMFC); Solid-oxide fuel cells (SOFC), Current status and future trends. 

 

Unit 4: Hydrogen Energy 

Water electrolysis – types of hydrogen energy sources - Artificial Photosynthesis -Thermo-

chemical water splitting- Electrocatalytic, Photoelectrochemical (PEC) water splitting. 

 

Unit 5: Energy Storage 

Capacitor: Thin films and Solid states - Schottky potential barrier height model - lithium-ion 

capacitor - Supercapacitors - Lithium-ion Batteries: Primary and Secondary Batteries - Cathode 

and anode materials - Novel hybrid electrode materials - Charging and discharging 

characteristics. 

  

Books for Study :  

[1] Electrochemical methods: Fundamentals and Applications, Allen J. Bard and Larry R. Faulkner, 2nd 

Edition John Wiley & Sons, Inc, 2004.  



 

 

[2] D. Linden Ed., Handbook of Batteries, 2nd edition, McGraw-Hill, New York, 1995.  

[3] G. A. Nazri and G. Pistoia, Lithium Batteries: Science and Technology, KulwerAcdemic Publishers, 

Dordrecht, Netherlands, 2004.  

[4] J. Larmine and A, Dicks, Fuel Cell System Explained, John Wiley, New York, 2000.  

[5] Science and Technology of Lithium Batteries-Materials Aspects: An Overview, A. Manthiram, 

Kulwer Academic Publisher, 2000.  

[6] Nanostructured Materials for Solar Energy Conversion, Tetsuo Soga, Elsevier Science, 2006.  

 

Books for Reference :  

[1] M.S. Whittingham, A.J. Jacobson, Intercalation Chemistry, Academic Press, New York, 1982.  

[2] M. Wakihara, O. Yamamoto, (Eds.) Lithium-Ion Batteries: Fundamentals and Performance, Wiley-

VCH, Weinheim, 1996.  

 

Online/Web Resources: 

 
[1] NPTEL: Solar Photovoltaics: Principles, Technologies and Materials 

https://nptel.ac.in/courses/113/104/113104084/  

[2] NPTEL: Solar Photovoltaics Fundamentals, Technology and Applications 

https://nptel.ac.in/courses/115/107/115107116/  

[3] YOUTUBE: Lithium Ion Battery https://www.youtube.com/watch?v=no4vRKvKxcU 

 

Outcomes:  

[CO1] Explain the fundamental principles of electrochemical energy systems, including electrode 

processes and thermodynamics. 

[CO2] Understand and analyze the working principles and performance limits of various solar cell 

technologies. 

[CO3] Describe the operating principles, classifications, and applications of different fuel cell 

systems. 

[CO4] Explain hydrogen energy production methods, including electrochemical and 

photoelectrochemical processes. 

[CO5] Analyze energy storage technologies such as batteries, supercapacitors, and hybrid 

capacitor 

 

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

Mapping with Programme Outcomes 

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 

CO1 S M L M L M L L L M 

CO2 S S M M M M S L L M 

CO3 S S S M M S S L M M 

CO4 M M M M L S S L L M 

CO5 S S S M S M S L M S 

S - Strong; M - Medium; L - Low 

  

 

 

 



 

 

VALUE ADDED COURSE – IV B Credits: 2 

 25PH436B  NANOPHOTONICS AND SOLAR CELLS L T P C 

  2 1 0 2 

Objectives   

  To understand the characteristics of light and fundamentals of photonics  

  To demonstrate the construction and working of photovoltaic solar cells  
 

Unit – I Foundation of Photonic 

 Photonics and Light Technology- Applications- Properties of Photons- Plan Waves 

monochromatic light- Geometrical Optics- Gaussian Beams- Ray matrices- Light 

Characteristics (beam parameter)- Statistical Properties of photon field- 

Interference and coherence of light (Light beats & Frequency spectrum)- Nano-

optics in Nut Shell- Photonics Crystals- Optical Properties of Nobel Metals - 

Surface Plasmon Polaritons at plane interface (SPR sensors)- Surface Plasmons in 

nano-optics.  
 

Unit – II  Basics of Solar Cells 

 Solar cell structure – Basic operational principles- The p-n junction- Formation of 

a space-charge region in the p-n junction- p-n- junction under equilibrium- p-n 

junction under applied voltage- p-n junction under illumination- solar cell 

external parameters. Types of solar cells – Inorganic thin films- Organic thin films- 

Organic and inorganic thin films. - Case Study on nanostructured semiconducting 

materials for DSSCs and Perovskite solar cells.  
 

Book for References:  
1. Ralf Menzel, Photonics : Linear and Nonlinear Interactions of Laser Light and Matter, Springer 

(India) Pvt. Ltd., New Delhi, 2004. 

2. Lukas Novotny and Bert Hecht, Principles of Nano-Optics, Cambridge University Press, UK, 2006. 

3. Ruud E.I Schropp and Micro Zeman, Amorphous and Microcrystalline Solar cells: Modelling, 

Materials and Device Technology, Springer, USA, 2014. 

4. Mario Pagliaro Giovanni Palmisano, and Rosaria Ciriminna, Flexible solar Cells:, Wiley Online 

Library, 2008.  
 

Course Outcome:  

 [CO1]  The course delivers the fundamentals behaviour of light and photonics. 

[CO2]  The course brings the capacity to construct and work solar cells.  
 

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

Mapping with Programme Outcomes 

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 

CO1 S M L M L M L L L M 

CO2 S S M M M M S L L M 

CO3 S S S M M S S L M M 

CO4 M M M M L S S L L M 

CO5 S S S M S M S L M S 

S - Strong; M - Medium; L - Low 



 

 

 VALUE ADDED COURSE – IV C Credits: 2 

 25PH436C PHYSICS-INFORMED NEURAL 
NETWORKS 

L T P C 

  2 1 0 2 

Objectives   

  Understand the mathematical formulation of PINNs and their role in solving differential 
equations. 

  Implement basic PINN architectures for ordinary and partial differential equations. 

  Apply PINNs to forward problems (simulation) and inverse problems (parameter 
estimation). 

  Analyze the advantages, limitations, and challenges of PINNs compared to traditional 
numerical methods. 

  Develop and test PINN models for a physics problem of interest. 

 

Unit 1: Foundations 

Introduction to scientific machine learning - Review of neural networks (feedforward, activation, 

backpropagation) - Automatic differentiation vs. numerical/symbolic differentiation - Mathematical 

formulation of PINNs - Loss function design (data loss, PDE residual, boundary conditions). 

Unit 2: Implementation and Optimization 
Setting up PINNs in PyTorch/TensorFlow - Collocation point sampling strategies - Optimization 

algorithms (Adam, L-BFGS) for PINNs - Adaptive loss balancing techniques - Debugging and 

visualization of training dynamics. 

Unit 3: Applications to Classical Physics 

Solving elliptic PDEs (Poisson equation) - Time-dependent problems (heat equation, wave equation) - 

Implementation of boundary conditions (Dirichlet, Neumann, Robin) - Fluid dynamics application 

(Navier-Stokes) - Comparison with traditional numerical methods. 

Unit 4: Advanced Topics and Inverse Problems 

Inverse PINNs for parameter estimation - Handling noisy/sparse data - Physics-informed variants 

(Fourier Neural Operators, DeepONets) - Uncertainty quantification (Bayesian PINNs) - Scalability and 

high-dimensional challenges. 

Unit 5: Project Work and Recent Trends 

Student project presentations - Quantum mechanics applications (Schrödinger equation) - Statistical 
physics and cosmology applications - Limitations analysis (spectral bias, optimization challenges) - 
Latest research trends and software tools. 
 

Books for Reference and study : 

[1] V. Acquaviva, Machine Learning for Physics and Astronomy, Princeton University Press, 2023. 

[2] H. D. I. Abarbanel, The Statistical Physics of Data Assimilation and Machine Learning, Cambridge 

University Press, 2022. 

 

Online/Web Resources: 

[1] https://www.youtube.com/watch?v=-zrY7P2dVC4 

[2] https://www.youtube.com/watch?v=4nF_6Trhftc 

[3] Google Colab for GPU-accelerated PINN training. 

[4] https://in.mathworks.com/discovery/physics-informed-neural-networks.html 

[5] GitHub Repositories:  



 

 

[6] https://github.com/maziarraissi/PINNs 

[7] https://github.com/lululxvi/deepxde 

[8] https://github.com/xbeat/Machine-

Learning/blob/main/Physics%20Informed%20Neural%20Networks%20with%20Python.md 

[9] https://www.youtube.com/watch?v=-zrY7P2dVC4 

 

Outcomes: On completion of the course the student will be able to:  

[CO1] Derive and explain the loss functions used in PINNs, incorporating data, physics residuals,     
           and boundary/initial conditions. 
[CO2] Design and train a PINN to solve a given partial differential equation (e.g., heat, wave, or  
            Schrödinger equation). 
[CO3] Use PINNs to infer unknown parameters or hidden fields from sparse/noisy experimental  
           data. 
[CO4] Critically evaluate PINN performance in terms of accuracy, convergence, and  
            computational cost. 
[CO5] Present a project report demonstrating a PINN application to a physics system. 

 

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

Mapping with Programme Outcomes 

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 

CO1 S S M M M L L M – – 

CO2 M S S M S L M M L – 

CO3 M S M S S M M M L – 

CO4 S S M S M M M S – L 

CO5 M M S S S M M S S S 

S - Strong; M - Medium; L - Low 
 
 
 
 
 
 

 


